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COLOUR IN SUBTRACTION ANGIOGRAPHY
Preliminary report

by

B Limuroutst and U WELANDER

Dinvpiay i the use of rad phic subtraction by colour addiion
angrography The basic principles of this techmque 1s that when two comple
mentary colours of monochromatc hight are mued the resultant light will be
white This means that 1f (wo exactly alike roentgenograms ate projected to-
gether through separate filters of complementary colours the image wili be totat
Iy extinguished 1f the two roentgenograms are not exactly abke the difference
will show up 1n one of the colours depending on m which hilm i ocenrs Witk
colour addition and by combiming two different angiograms from the same
angiographic senies 1t 1s thus possible simultancously to achiese subtraction of
sheletal structures and obtain a subtracuon angiogram (Frey & Norwax 1962
Scunartz 1966 Wise & Gansov 1963}

A further development of 1pis subtyachon \echmqgue has been made by Qoster
Rar (1966) A colour TV set was used to combine three roentgenograms two
beaning information and the third a mashing film for the subtractiop The
colour TV had three screens a red a blue and a green The colours are wel]
defined and so selected that any combmation of the same amount of two
colours wall always provide the colour complementary fo the third

1f one angrogram 15 projected on the red screen and another on the blue

From the Dep of Diagnostic Radial 1L (\euroradiolegy) (Director D
B Libequist) Unnersity of Ume2 Sweden Submutted for pubhcalfa?zgjunc 1368 s

6904 4t R4 Lg Dt wtol §(1969)



2 B LITIEQUIST AND U WELANDER

screen, the sheletal structures will be coloured mn a mature of red and blue
which 1s magenta By the projection of a conventional roentgenogram from one
wd the same angiographic serics on the green screen, 1t 1s possible to mahe sub
traction of bone structurcs simultaneously m the red and blue images The ves-
sels will thus be coloured red and blue and 1n the 1deal case will be seen agamnst
a neutral background

The use of colour m anglography 1s considered to offer a good method of
demonstrating, m the same image, the relation between arteries, vews and
tumour densities as wdl as the displacement of vessels The usefulness of the
method 1n teaching has been stresscd Decher et coll (1967, 1968) have prelim
manly tested the colour TV inethod for producmg colour ngiograms and
predict good future results Certam of the colour anglograms presented by
Decrer & Bacnvunn had howcver been photographically produced on colour
film with the aid of filters

An muestigation 15 now 1 progress, using a method developed by WELANDER,
with a view to assess the value of colour m the anglographic diagnosis The photo
graphic subtraction of angiograms 1s first made m black nd white according to
comcntional mcthods the subtraction anglograms are then bleached and rc
developed 1 different colours (yellow, magenta, and cyan) by a photochemical
process hodachrome dcvelopers are used, but the ongmal processing method
has been conside rably modified Three angiograms of the same senes represent
mg different phases of arculation are coloured, when combined, the vessels will
appear in successively changing colours depending on whether they are present
1n one, two or all of the threc subtraction films

We have not been able to trace any mvestigation m which a successve colour
change 1 the vessels has been matched to the flow of the contrast medium or
n which the information presented by the threc angiograms has been combmed

Results

These must be regarded as prelimnary Three successive films from a rapid
serial carotid angiography coloured according to the new techmque are pre-
sented 1n Fig 1

The circulation 1 the differcnt branches can be followed by noting the suc
cessive colour changes that appcar n the following order yellow red magenta
blue and cyan The colours express the relative time of circulation through dif-
ferent parts of the bran In other words, the same phase of arculation m any
vessel 1s expressed by the same specific colour, and this makes 1t possible to com
pare the contrast medium flow through the different carotid artery branches

By observing the colours 1t 1s possible to study very small changes m the flow
of the contrast medium, such as differences between angiograms of the capillary
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£y 1 Three combined senal ang ograms of the plemal carotid artery 10 a normal case covenng
\he complete anenal phaze the capiiary phase and the begimmg of the venous phase
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screen, the shelctal structures will be coloured m 1 nusture of red and blue,
which 1s magenta By the projection of a conventional roentgenogrun from one
and the same inglographic scrics on the green screen, it 13 possible to mahe sub
traction of bone structures sumultancously 1 the red and blue images The ves
sels will thus be coloured red ind blue nd sn the ideal case will be seen agamst
1 neutral bachground

The use of colour m gography 1s considured to offer v good method of
demonstratng, m the sune mage, the relation between arteries, vans and
tumour densitics 15 wdll 1s the displacement of vessels 1he usefulnes of the
method m tcachmyg has been stressed Drerer ot coll (1967, 1968) have prehim
marly tested the colour IV method for producing colour angiogrims, nd
predict good future rcsults Gertun of the colour angiogruns proscuted by
Decner & Bacmyunn had howaver been photographically produced on colour
film with the aud of filters

Annvestigition 1s now 1n progress, using a method developud by WELANDEL
with a view to assess the value of colour m the anglograplue dingnoss The photo
graplic subtraction of ngiograms 1s first made 1n blach 1nd white wccording to
comvcntional micthods, the subtraction anglograms arc then bleached and ¢
developed 1 different colours (yellow, magenta nd cyn) by a photochemuenl
process Kodachrome developers are used, but the original processig method
has been considerably modified  1hree angrograms of the sume <erics represent
ing diffcrent phases of airculation are coloured  when combined, the vessels will
appear m successively changing colours depending on whether they are present
mone two or all of the three subtraction films

We have not been able to trice any mvestigation 1 which a successive colour
change m the vessels has been matched to the flow of the contrast mcdum or
m which the information presented by the three angiograms has been combined

Results

These must be regarded as prehiminary Three successive films from a rapid
serial carotid angiography, coloured according to the new techmque are pre
sented m Fig 1

The crculation m the different branches can be followed by noting the suc
cessive colour changes that appear m the following order yellow rcd magenta
blue and cyan The colours express the relatne time'of circulation through dif
ferent parts of the bran In other words the same phase of airculation m any
vessel 1s expressed by the same specific colour, and this mihes it possible to com
pare the contrast medium flow through the different carotid artery branches

By observing the colours 1t 1s possible to study very small changes in the flow,
of the contrast medum, such as differences between angiograms of the capilinry
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phasc exposed at intervals of 1/6 of a second The arculaton (o the penipheral
parts 1n the frontopolar anteror cerebral and pencallosal artenies, where the
distal branches are red 15 for example faster than i the medial and postenor
cercbral arteries where the distal parts are magenta and blue The capllary
phase appears earher 1n the frontal part of the bran than i the panctal and
occipital parts the latter are colourcd blue indicatng that the capillary phase
1s present both 1n the magenta and the cyan coloured films Early filling vewns
1ppear in cyan because they were outhned at the end of the twe seconds of
culation covered by the films

A fast arculatron through muluple metastases m the bram s depicted n
Iig 2 1 wlich the arculation time cosered 1s one second  The tumour densities
appear m diferent colours which mahes it possible to decide the order of filling
Dramnge vemns are demonstrable from nearly all metasiases and bave a bluish
tone this 1s an expression of ther presence in both the cyan and the magenta
coloured films The dramage vein from red coloured tumour density ongnates
m the posterior part

SUNMARY

A new techmique of colour subtraction angio~raphy for studyim relative diffcrences i the
ctrculation tune betwe 1 separate parts of an organ 1s described This method should perm ¢
the detesmunation of the fast as well as the slov circulation even 1w the mallest vesse’s and
a stmultancous demonstration of the dramnage veing

ZUSAMMENFASSUNG

Ene ncue Techmh fur Farbsubtraktions-\n iographie wird beschrieben mit der €5 mog
fich 1st den relatnen Unterschied der Zishulatiansgeschwindi keit 1n den emzelricn Teslen
eines Organs 7u stadierten Man durfte it dse er Methode die Lurgen 5o vie the lungeren

Zukulationszesten auch 1n den klemten Gefassen obsenvieren Lovmen und glachzeing die
Dranagesenen darstellen honnen

RESUME

Les auteurs decrvent une nouselle techmque de soustraction
S angioeraphse pour ctudier les differences de vitesse arrculatore
dun organe Cette methode devrait permettre d indiquer 1a i
Ies plus petits vaisseaux et en mume temps metire en evidence

en couleus appliquee 3
dans les differertes parues
tes e esreulatonre meme daps
les veanes de dranage
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obtained by combining three coloured of the same rics
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR KJELL LIV ERUD) HE
NORWEGIAN RADIUM HOSPITAL, OSLQ \ORWAY

VIDEQ TAPE RECORDING IN SELECTIVE
CATHETERIZATION

by

Tor DREVVATNE

Selective angiography 1s usually performed with a cuned roenigen-opaque
catheter anatomic hnow ledge bemng used to position the up 1n the destred vessel
A prelimmary aortogram may be obtamnced to indicate any possible vanations m

the vasculanty and to make the selectrve catheterization easter, the vessel to be

examined 15 localized i relation to certam vertebral bodies or other fined ref

n performed m this way 1s generally successful
pend upon the routine and to some extent on 2 certain

aences Selective cathetenzatio
but mu ¢ necessanily de;
amount of lack

The fact that an aortogram 1s often

preferred for the onentauon indicates the
nece.sty for an indiidual may

p of the vessels this should preferably be projected
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Dpnoiax R L angiographic en couleurs en neuroradiologie  (Une méthode nounclle de
soustraction en coleurs ) Atlas Radiol Clin 72 (1964), 1
krey H S and Normav A Radwographuc subtraction by color addiion Radiology 8%

(1965) 123
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FROM THE ROENTCENDIAGNOSTIC DEPARTMENT (DlREL’\'OR RJELL LIVE ),
NORSYEGIAS RADIUM 1OSPITAL, OSLO, NORWAY

VIDEO TAPE RECORDING IN SLLECTIVE
CATHETERIZATION

by

Tor DREVVATNE

Sclective angography 1s usually performed with a curved roentgen-opaque
catheter anatomic hnowledge being used to position the tup m the desired vessel
A preliminary aortogram may be obtained to indicate any possible vanations
the vasculanity and to make the «clective cathetenization easier the vessel to be
examined 15 localized 1 rddation 1o certain vertebral bodies or other fixed ref
erences Sclective cathetenzation performed n this way 1s generally successful

but mu t necessanly depend upon the routine and 1o some cxtent on a certan
amount of luck

The fact that an

gram 15 often preferred {or the § the
accesity for an individual map of the vessels this should preferably be projected
on the same TV tmotutor as the fluoroscopic image dunng selecuve cathetenzation
and may be achicsed by using some type of electrome memory In the method to
be desenbed a video tape recorder connected s1a an electronic control untt to the
mmage mtepstficr and the TV momitor 15 used A catheter 15 mntroduced i the
usual manner into the aorta with the tp at the level of the artery to be examined
Subtutted for publication § July 1363
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR RJELL LIV ERLD) THE
NORWEGIAN RADILM HOSPITAL, OSLO, NORWAY

VIDEO TAPE RECORDING IN SELECTIVE
CATHETERIZATION

by

Lor DREVVATNE

Selective anglography 15 usually performed with a curved roentgen-opaque
catheter anatomic hnow ledge being used to position the up n the desired vessel
A prefiminary aortogram may be obtained to indicate any possible vananons ;n
the vasculanty and to make the selectine cathetenzation easier the vessel to be
examined 1s localized in relation 10 certam verte bral bodies or other fixed ref
crences Selective cathetenzation pesformed 1n this way s generally successful
bur ¢ accessanly depend upon the routing and to some extent on a certamn
amount of luck

The fact that an aortogram 15 often preferred for the onentation ndicates the
feee™ wy for an indnadual map of the vessels this should preferably be projected

the same TV montor as the fluoroscopre 1mage dunng selective cathetenzation
and may be achyeveqd by using some type of electrome memory In the method to
be desenbed 5 video tape recorder connected via an electtonic control unst to the
mage smensifier and the TV monitor 1s used A catheter 1s mtroduced m the
Usnal manner into the aona with the tip at the level of the artery to be examined

Sukmted for publs acion § July 1968
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Fig 1 Schemaucal drawmngs 1) Aortogram arrested on video
tipe b) Signal inverted ¢} Fluoroscopy switched on subtrac
tion d) Catheter 1n aorta

The contrast medium 1s mjected s for an ordinary nortogram with an automatic
syringe to give sufficient filhing of the norta 1he syringe 1s <o connected that the
mjection 1s mde without rclease of the film changer  the flow of the medium s
followed on the TV momtor

When optimal contrast filling of the torta wnd ats branches has becn obtuncd
the 1mage 1s arrested on the non moving tape by mens of 4 foot switch (L
1a) This image 1s then mverted by the control ungt (I1z 1b)  Swatching on of
fluoroscopy produces clectronie subtriction, the runmng positne sipnal from the
image mtensificr bung subtracted from the proviously mverted signal from the
tape recorder As 2 result, the 1orty and uts branches appear white a,amst 1
neutral bachground (Iig lc)
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Fig 7 Cathetenzation of nght
renal artery photographs of the
TV monitor images a) Aorto-
gram arrested on video tape
b) Signal interted c) Screen
ing switched on  subtraction
d) The radio opaque catheter
in aorta e) Tip of catheter in
nght renal artery

A radio-opaque catheter mtroduced 1 the aorta 1s seen as a grey citheter
m a whute aorta (Fig 1d) The movements of the up of the catheter can be
followsed <o that the catheter 15 easils manoeusred into the ostium of the vessel to
be examined (Fig 2)

The 1mage 15 recorded and played back onto the non moving tape s the
recorded 1mage will remain on the video tape for about an hour, there will be
sufficient time for selectne cathetenzation

A normal TV image lasts 0 04 seconds and 1s made up of 625 lines, 312 and a
hatf hus of which appear an cach half prcture nlternaung, between hnes 1-3—5

and 2—4—-6

We u e a Phulips video tape recorder the head of which rotates at a speed of
002 «vonds and records only a half picture The video tape signal 1s synchroniz
ed with the signal from the image inten ifier by changing the system 10 630 Ines
315 of whch m ke up one hall prcture Duning subtraction one signal emeryes
from the tape recorder 1n mverted form the other signal coming from the 1mage

twen dies and both appear on hines 1 —3-—5 the subtraction 1s made electron
1eally Ixfore the ymage appears on the momtor
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SUMMARY

A method of performimg selective cathetunization with 1 video tape recorder connected to
an mage mtensihier mnd TV momitor 1s descnibed

ZUSAMMLNIASSUNG

Tine Methode fur dic Durchfubrung der selehtiven Rathetensierung mat Hilfe von emnem
Vidcobandschreiber 1 Verbindung mut Bildverstarker und 1 ernschmomtor wird beschricben

RLSUML

1 auteur déent une methode de cuhétensime sélective avee enremistrement de Limage sur
une bande magnetique  video tape recorder  couplé v un unplificateur d image et 1 un TV
monitor
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FROM ROENTGEN DEPARTMENT I (DIRECTOR o B/\RTLEY) AND MEDICAL DEPAR\
MENTI (DIRECTOR L WERKO) SAHLORENShA SJURHLSET, GOTUENBURG SWEDE’

RENAL FUNCTION BEFORE AND AFTER UROGRAPHY
AND ANGIOGRAPHY WITH LARGE DOSES OF
CONTRAST MEDIA

by

O PBarfLEy, U Benorssoy and G Cepgrsom

The roentgen contrast media for vascular use during the early fifues were
the duodized compounds (e g Perabrodil Duodone Diodrast, Perjodal and
Umbradil) A number of cases with signs of impurment of renal function
following angiography or urography with some of these media have been
reported {ALwatt et coll 1955 IpsonrN 1956, EpLing & HEeLavber 1957
Crawrorp et coll 1957 ArwaLL 1963) During later years truodized contrast
media have replaced the duodized media some of the most frequently used
being either diatrizoate compounds such as Hypaque Urografin, Renografin,
or metnzoate compounds suchas Ysopaque Only a few cases of renal damage
Utnbuted to ther use have been published (BErtxne & Beriang 1962,
Arwarr 19683} Anmmal experrments have indicated that the newer media ate
wonsderably less nephrotoxic than those eardier employed {(McCHEsNEY &
HopeE 1937 Berg ct coll 1958 RiLeey et coll 1960, Linnares 1961 Stouns
& Bernarp 1961)

The truodized contrast medsa seem to be ecreted almost entirely by glomer

Submutted for publ cations 7 March 168
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SUMMARY

A method of performmg selective catheterization with a video tape recorder connected to
an image wtensifier and TV momnitor 1s described

ZUSAMMENFASSUNG

Fme Methode fur dic Durchfuhrung der selehtiven Ratheterisiennng nut Hilfe von emem
Videobandschresber in Verbindung mut Bildverstarher und I'emnschmomtor wird beschrichen

RLSUML
L auteur decrit une methode de catheterisme sclective avee enregistrement de 1 unage sur
une bande magnetique video tape recorder couple 1 un amplificateur dimage et v un TV
monitor
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MENT 1 (DIREGTOR L WERKO) SANLGRENSKA SJURHLSET, GOTHE\BURG SWEDE\

RENAL FUNCTION BEFORE AND AFTER UROGRAPHY
AND ANGIOGRAPHY WITH LARGE DOSES OF
CONTRAST MEDIA

by
O Barties, U Benorssos and G Ceperpoy

The roenigen contrast media for vascular use during the early fifties were

z‘;g:‘::;lc‘i\wh!pounds {eg Perabrodil Duodone Diodrast, Perjodal and
falloum‘)  number of cases with signs of impatment of renal function
“pomdg&ﬂgwgmphy or urography with some of these media have been
e & LI\\A;L et coll 1955 Ipeomngs 1936, EpLing & Heraspex 1927
medin ha\:; CO} 1957, Atware 1963) During later years triodized contrast
Bemg e dcp aced the duodized media some of the most frequently used
or et tatrizoate compounds such as Hypaque, Urografin Renografin
sttributeg ¢ C;mpﬂunds suchas Isopaque Only a few cases of renal damage
A ‘9603!;“ use have been published (BertvnE & Brriyne 1962
con derably ]lc nimal experiments have indscated that the newer media are
Hores 19,7 B:;:tf)hr;)ltonc than those earhier employed (McCugsses &
& Berange 1961 etcoll 1928, Rirtes et coll 1960 Lisperry 1961, Stones
Md‘ztd contrast media seem to be excreted almost enurely by glomer

Submutted for Ppublications 7 March 1968
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ular filtration (Wooorurr & Mirvin 1960) In an carlier study (BARTLEY
et coll 1968) good corrclation was obtamned between the serum creatimne
concentrition and the dita of the urographic exeretion rate and the filling and
density of the medium By using 40 ml Urografin 60 % 1t was possible to
obtam diagnostic urogriphies m two thirds of the number of pitients with
serum creatimine values between 2 7 and 3 3 mg/100 ml, but only occasionally
above this level It would therefore 1ppear destrable to use lugher doses of media
1n patients with marhed renal smpairment so as to obtam diagnostic urogra
phics

The aim of the present mvestigation was to study whether large doses of
media cause renal dimage or render such an evisting condition worse Renal
function studies were performed before ind after mtrwvascular admmistration
of the doses

Material and Methods The materiil comprised 43 patients Urography was
performed n 17 and angiography 1n 26 of them

In the urography series comprising sixteen women and onc man, the mean
age was 57 years (range 31 to 89 years) All the pwients suffercd from chronic
pyclonephritis In addition, renal papillary necrosis was present in aght of the
ptients

In the 1ingiogrphy scries comprismmg cloven women and fifiecn men
the men 1ge was 38 (ringe 40 to 75 years) Nimeteen patients werc ovanuned
by ncphroangiography for probable or proven renal disexse mostly milignin
cy Four patients underwent venous rteriogriphy and three were subjccted to
pelvic femoral anglography no diagnosts of renal disease had bren made

The renal function was cstimated from the scrum creatimine concentrition
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The serum creatimne was assayed by the method of Bovsnes & Taussey
{1945) and a vilueof 1 2 mg/100 ml was considered the upper normal it
The renal concentrating capacity was determined after intramuscular mjec
tion of pitressin tannate 1n o1l (3 pressure units) by the method of bE WARDENER
(1928) as modified by BeneTsson et coll (1964) A urmne concentration of
800 mOsmjhg H O was set as the lower normal hmitmnmiddle aged subjects
and 700 above 60 years of age The serum creatimine level was determsned in
all patients whercas the renal concentraung capacity was studied mn ten of
the patients i the angiography serzes The renal funcuon tests were carried out
within one week before and one week after the roentgenographic examimation
The urographtes were performed by injection of a 60 9% truodized contrast
medum The following quantitres were used 40 ml with a serum creatinine
level below 2 0 mg/100 m! 60 to 80 ml with creannine values between 2 0 and
30 mg/100 ml and 100 ml above 3 mg/100 mi The routine techmque with
urcteral compression was employed
Sty millibitre of the contrast medium was 1mjected 1n 1l the nephroangio
graphies Selective renal artenography was also performed tn two of the pa
tients by an additional injecuon of 7 ml of the contrast medium In three other
patients 30 ml was added to obtain sclective coeliac angiography The venous
arteniographies were performed with 2 x 100 mi contrast medium injected
o the inferior vena cav1 immediately caudal to the right atnum The quan
Wy of the medium 1n the peripheral angiographies varied between 180 and 220
T\\cc‘,,:,g,:r“::,:‘as,‘cl‘\eg ": :‘\:s :SCd mlall the cal:n;mmmns lun/ this materal,
i penpheral mgmgiﬂohs ¢ m%rn;)u;‘: m x: ich the 76 9 and three of
phies m wluch the 49 2, <olutions were employed
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Percutaneous puncture with the catheter technique was the rule for angio~
graphy

Results

Urography The results of the serum creattnine determunations before and
after urography 1n scventeen patients with chronic pyelonephntis are shown
m g 1 Before the myvestigation all the pauents had an clevated creatinine
value ringing from ! 3103 3 mg/100 ml Aftcr urography, no consistent change
was obscrvid and the serum crertimne averaged 2 0 mg/100 ml both before
and afier the esanunation

Angrograply  The serum crertimine values before and after angiography
m twenty six patients are presented graplucally i Fig 2 Before angiography,
the strmn ereaumnt was withn normal himits 1n siateen of the pruonts and
averaged 09 mg/100 ml (range 05 to 1 1) Llevited figures, wveraging 19
mg/100 ml (13 to 32), were present In ten patients before angiographs
Followmg angiography, no consistent chinge occurred 1n the scrum ercaunime
The mean value rcmamed unchanged both in the group with 1 normal
value and 1n the group with an (levated figure beforc angiography

Lhe renal concentraung capacity before and after angiography m ten pa-~
tients 15 given 1 g 3 Before the exammnation the osmolality vilues were
within normal imits m six patients, the range bemg 815 to 1 035 mOsm/hg
H O, and reduced 1n four paticnts to 400 to 690 mOsmfhg H,O Tollowing
anglography, no obvious changes mn osmollity were obscrved except in one
subject 1n whom the figure had decreased from 1 055 to 815 mOsm/hg H,O
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The mean value m the group 25 a whole was 784 before and 769 mOsmihg
H,0 after the imvestigation

Discussion

The patients 1n the present study were mn a chnically steady state at the time
of insestrgation Reports n the hterature on Tenal damage after urography or
angiography usually include little data about the renal state before the roent
gen examinaion The possibility may always arse that an acute exacerbation
of an underlying disease may have comaded with the examunanon, so 1t may
e difficult to analyze the role played By the contrast medsum

Most of the reports of renal damage atuibuted to 2 nephrotonic effect of
contrast media stem from the use of the dnodized substances, which have
nowadays been discarded A causal relauon between the mjected medium
and the renal damage has not been estabhished in several of the cases report
ed Some reports on mduced renal falure have included cases examined by
retrograde pyelography (PENDERGRAsS et coll 1942 Fiepor 1956, ALwaLL
1963) and fever has been afreg; symptom Subseq pyclonephntis some
times appeared to be the cause of detertoration n renal function On the other
hand there are undoubtedly cases of renal damage caused by the contrast
media previously used

There are only a few reports on renal damage followng the use of the newer
tritodized media (BERLANE & BERIYNE 1962 Arwarr 1963) The role played
by the medum cannot be judged 1n any of the cases the case of BERLYNE &

Berevag had a blood pressure fall during 24 hours and Arwarw gave no
details about his case

Some authors have considered that all media used ntravascularly carry a
rish when renal isufficiency 1s present (PENDERGRAss et coll 1923, ALWALL et
call 1955 Ippours 1956 Eniine & Heraspex 1957 Orsson 1963) On the
other hand ScrwArTzZ et coll (1963) used 60 to 100 ml of a triodszed contrast
medmm without noting any deleterious effect on the ludney (as esumated
from the serum creatinne concentration} even in cases of renal wsufficiency
Sunilar experiences were reported by FRIEDENBIRG & CaARLIN (1964) and
BisHor et ¢oll (1964) Thus the results of the creaumine determinations 1n
the present study confirm the results of these authors

Exvenifthe above mentioned studies have given no evidence of renal damage
caused by contrast media 1t cannot be excluded for two reasons (1) scrugm
tbrC\?nnmc 1s mot a precise wdex of glamerular filtration rate, although 1t 15 a
a:dc‘:'or:c::: ,Of evaluanng glomerular function than the blood Uurea nitrogen
e ﬁ:’s o ;s :’ :Ll:ogm tests and {2) nephrotoxiaity often imolves the tubules
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Percutnneous puncture with the catheter technique was the rule for angio.
graphy

Results

Urography The results of the secrum creatimne determinations before and
after urography 1n seventeen patients with chronie pyclonephritis are shown
m g 1 Before the mvestigation all the patients had n elevated creatinine
value ranging from 1 3 10 3 3 mg/100 ml Afier urography, no consistent change
was observed and the serum creatinme averaged 2 0 mg/100 ml both beforc
and after the examination

Angregraply  The serum creatinine values before nd after ngrogriphy
n twenty six patients are presented graphieally in Ing 2 Before angiography,
the scrum creianme was within normal funits m sisteen of the pitients nd
averaged 09 mg/100 ml (range 05 to 11) Llcvated figures, weriging 19
mg/l00 ml (I3 to 32), were present n ten patients before anglography
Following angrogriphy, no consistent chinge occurred 1 the serum ercumne
The mean value runaumed unchanged both in the group with 2 normnal
value and 1n the group with an elevated figure before 1ngiography

The renal concentrating capacity before and after nglography i ten pa
ticnts 1s gven 1in g 3 Budore the «xaminauon the osmolality values werc
within normal limits 1n six pauents, the range being 815 to 1055 mOsm/hg
H.0, and reduced m four patients to 400 to 690 mOsm/hg H,O lollowing
angiography, no obvious chinges 1n osmolahity were observed except n one
subject m whom the figure had decreased from 1055 to 815 mOsm/hg H.O
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“The mean value m the group as a whole was 784 before and 769 mOsm/jkg
H,O after the invesuigation

Discussion

The patients in the present study were n a chimically steady state at the time
of mvestigation Reports i the literature on renal damage after urography or
angiography usually mclude hutle data about the renal state before the roent
gen exammation The possibility may always anse that an acute eaacerbauon
of an underlying disease may have comcided with the esamination 501t may
be difficult to analyze the role played by the contrast medium

Most of the reports of renal damage attnibuted to a nephrotoxic effect of
contrast mecha stem from the use of the dnodized substances, which have
nowadays been discarded A causal relation between the mjected medium
and the renal damage has not been established 1n several of the cases report
ed Some reports on nduced renal failure have included cases examined by
retrograde pyelography (PEnDERGRAss et coll 1942, Figpor 1956, ALwarr
1963) and fever has been a frequent symp Subseq pyclonephnitis some
umes appeared to be the cause of detenoration 1n renal function On the other
hand there are undoubtedly cases of renal damage caused by the contrast
media previously used

There are only a few reports on renal damage following the use of the newer
trnodized media (BErrasE & BErRLYNE 1962 Arwarr 1963) The role played
by the medium cannot be Judged 1n any of the cases the case of BERLYnE &

Bereyne had a blood pressure fall during 24 hours and ALWALL gave no
details about lus case

Some authors have considered that all media used ntravascularly carry a
nisk when renal insufficiency 1s present (PENDERGRASs et coll 1955 ArLwary et
coll 1955 Ipmonry 1996, EpLng & HELasbER 1957, OLsson 1963) On the
other hand Scuwarz et coll (1963) used 60 to 100 ml of a truodized contrast
medium without noting any deleterious effect on the hidney (as estimated
from the serum creatimine concentration) even in cases of renal wsufficiency
Sumilar experiences were reported by FRiEDENBERG & CarLIy (1964) and
Bisuor ¢t coll (1964) Thus the results of the creatimne determinations n
the present study confirm the results of these authors

Evenifthe above mentioned studies have gnen no evidence of renal damage
caused by contrast media 1t cannot be excluded for two reasons 1) seru%n
creatimne 15 not a preeise index of glomerular filtration rate, although 1t 1s a
better means of evaluaung glomerular function than the blood urea mitrogen

and nonprotein nitrogen tests and {(2)
nephrotoxicity often involy
n the first snstance ’ foes the tubules



14 O BARTLLY, U BENGTSSON AND G CEDERBOM

In order to assess the renal function more closely, the present study was
complemented with claborate clearance studies before and afier large doscs
of contrast media in patients with advanced renal impairment No changes
were demonstrated (BEnGTsson et coll 1968)

Tubular function tests have not carhier been performed 1n the study of renal
cifects from contrist medin Such examinations were thercfore mcluded m
the present study Tubular function 1s most casily and reltably estimated from
the concentraung capacity after admimistration of pitressin tannate This test
has a good reproducibiity Fhe maximum values seldom varied more than
50 mOsm/hg H O 1n patients with renal discase (BLagtsson 1962) 1he mat
mum osmolality sccmed to vary more 1n healthy individuals (Hoop et coll
1965) The only paucnt m the present study with a noucable decrease of
masimum osmolahity afier the roentgen (samination had a normal function
The value was still within the normal range c¢ven afier the decrease, thus,
there was no evidence of imposed tubular damage

The myorty of patients of the present series with renal insufficiency had
chronic pyclonephnitis Myelomn has been considered 1 speeril rish, and a
specific reaction between the mydloma hadney and contrast media has been
suggested (Hormax 1939, Kiriaman et coll 1957, Mynre ct coll 1956) How
cver, opmons are divided and some authors have been unable to find ny
deleterious effect by urography even in large series of this disease (Vs 1966)
The present study did not contribute anything to this particular problem

SUMMARY

The renal function was studied 1n 17 patients before and after urography and 1n 26 patients
before and afier angiography using large doses of contrast media  The serum crestinine
concentration was determincd 1n all the patients and in ten paticats also the renal concen-
traung capacity All the paticnts in the urography series and ten in the angiography serie
had renal nsufficiency as judged from the serum creatmine level No changes in the venal
function could be d d following ad of the larg,e doses of contrast media

ZUSAMMENFASSUNG

Die Nierenfunktion wurde 1n 17 Patienten vor und nach Urographie und 1 26 Patienten
vor und nach Anglographie nach Injektion gros er Dosen von Rontrastmiceeln studiert
In allen P wurde dic Serum} 1 ation und 1n zchn Patienten auch die
Nierenkonzentrationshapazitat festgestcllt Alle Patienten n der Urographieyruppe und
zehn Patenten 1 der Angiographicgruppe Litten an Nieremnsuffizienz wie man s aus
den Serumkreatimnwerten crsehen konnte Dic Nierenfunktion wurde von der Darreichung
grosser Dosen ven K In mucht beenfl
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RESUNME

Les auteurs ont etudié la foncuon rénale chez 17 malades avant et apres urortaphie €t
chez 26 malades avant et apres angiographie avec d waportantes doses de moyen de con
traste La concentration de créatiune senque était determinee chez tous les malades ¢t
chez dix malades awst 1a capacité rénale de concentrauon Tous les smalades qui avaient
sube une urographee et dix des malades qur avaient subi une angio,raphie ont presenté une
insuffisance renale st on €n uge par le taux de créatinme serique Les avtenrs noont pu
ettee en € dence aucune modification de la fonction rénale apres adrmumsstration d sm
portantes doses de moy¢n de tontrasie
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VALUE OF AMNIOGRAPHY IN DFTERMINING
FETAL VIABILITY

by

H Seivbors Erasco J Ceartos Lavar and H A Crsneros

The early diagnosis of fetal viability 1s a common chinical problem and accuracy
1s obtaned only 1 about 50 per cent of cases (\WALDMAN et coll 1962) The
ob tetncian may be unable to establish the diagnosis chnically because of (1)
tbe obesity of the mother (2) the presence of hydrimnios with poor transmussion
of the fetal heart sounds and (3) the duminution of the fetal heart sounds perse
Changes m the comenuonal film + il be cvident only after sufficient time has
clapwed for signs of maceration and Joss of muscular tone to appear

Roent,

1997)
SToups

othat ¢

~enologic crtena of fetal death n the ordinary film According to Hovsy
the radiologic sugns of mtrauterine fetal death may be dvided 1nto three
Ml of them Fepresent maceration phenomena and loss of muscular tone
hey enerally occur from 5 to 8 days after fetal death They have however
«m\c\:r;ws been reparted on the second or third day (Stewagt 1961, Zup
PINGER

Group I consits 1n the evaluation of fetal hfe Demonstration of fetal
e

growth
uires repeated radiologc esamunations at mtervals of seyeral

P gl of several weeks The pres
resented at the \\ I \agional Assembly of Sur,,
D} Su

ery 13—19 November 1966 Mexico
binitted for Publication 1 Sugust 136,
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cnce or absence of futal movements 1s studicd by senal filims of the mother m the
same position Onc film may also be obtuncd with long «xposure, blurring or
double txposure of 4 futal part will suggest viability although thur absence will
not neeessanly mdicate that the fetus 1s dead  Amamography should lso be m
cluded v this group simce 1t 1s based on the fact that 1 live fetus gests the
contrast medium that has bean introduced mto the ammouc cwaty

Group IT encompasses the sugus of fuial macerion According to Zui1INGER
radiologic cvidence of macerition may be duteeted within 4 to 7 days, but m the
myority of cases dows not appear until 2 to 3 weehs after fetnl death According
to NruwHITER, these macerition signs my be divided nto two jroups, 1¢ those
that nffect the crantum and those that affect the trunk The best hnown of the
former 1s Starpine s sign (1922), which consists of overnding of the bones of
the calvarium However, overlapping of the bones at the sutures my ko be
wvident m Libour with or without rupture of the membranes and loss of amniotic
flud Brrune (1941) dumonstrated that cven without these conditions the sign
may appear in hve ftuses, when there 1s displcemient without overnding nd
the dircction of the rocntgen beam is obhque m redation to the suture i question
Sparning s sign must therefore be cvaluated with cautton Cramal nsymmetry
flattenimy, of the eramal comvexity and non umon of the erual bones due to
enlargement of the fual head may also lead o crrors Dever desenibed 1 zone
of brightness around the head, resembling 4 halo  this sign 1s rare

Evidence of maceration of the trunk may constt m oxaggeration of the cuna
turc of the fetal vertebral column, cnusing the fetus to be turned upon itscdf m the
shape of a ball (Harties 1939) Marhed lordosts of the spine and hyperaten
sion of the fetal had may i extreme cases attam 180 degrees Tacer (1952)
guve great mportace to changes m position of the fetus when filims of the
mother tihen decubitus ind standing displayed collapse of the fetus

Group 1II consists of cases with mtravascular gis m the fows ths bang the
only pathognomome sign of fttal death i the conventional film The mechanism
of the gas formation 1s unknown Several theories have boen advanced (Rosert
1944, Davipson 1940 Savurr & Guaw 1955, Liteanocis ot coll 1956, STE
WwART 1961) but none appears satisfactory The wign was mually desenibod by
Roserts nd Davinson later published two furthar cwes Tacrr (1952)
KETTUNEN (1052) and Howm (1954) have ¢ach 1dded one case, Crick & Sims
(1953) scven cases Samuir & Cunn fifteen cases and Marcors & Joves
(1954) two cases

The ammographic method and mdications for s use Ammogriphy consisty
1n the introduction mto the ammtotc flud of 1 suitable contrist medium to out
line the uterme ety and the fotus md enable 3 study of ecrtun feto maternal
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physiologic aspects MENEES et coll (1930) and CA!(PBEILL :]t co\lm(x\:figz ;.:;
_cnbed the method far detersunation of the position of the pl ;;gn oy
weeks of pregnancy herr & Mchay (1933) and Burne (1 ) used 1 ! y
to a lmuted extent because the medium employed was too iratant and on o;cashun
produced premature labour The advent of nonmiabng contrast media has
guen the procedure new adherents and attention has now been drawn to us
safety as well as its value in obstetrics (McRan Jr 196%)

As t0 the indications for ts use the followmg may be menuoned

1 For determmation of the placental mmplancauon site amniography offers
\aluable 1nformation which cannot be obtamed by chmical or by other radio-
graphic means Ammuiography always reveals the placenta as a Iilking defect 1 the
cavaty of the amniouc sac

2 In the presence of utenne tumour and pregnancy amntography focates
and dfferenuates the neoplasm from the placenta, 1t also mdicates their sizes

3 Ammograms may disclose uterme anomalies responsible for abnormal pres-
entations of the fetus

4 Fetal anomalies such as meningoceles and myeloceles may be diagnosed
Ammography 1s indicated 1n hydramnios because of an association with a high
ncidence of fetal anomabies

5 Grasjon (1948) Crrront & Azzarimr (1934), Asano & Garrpva
(1934} and herr & Mchay (1933) stated that they have sometimes been able
to determine the sex of the fetus and on occasions have rdentsfied the umbilical
cord Savicnac (1923) has never been able 10 demonsirate the cord by ammo-
graphy It s well outlined in ane case of the present matenal (Fig 6)

6 In muluple pregnancy amniography will determine whether 1t 1s uni or
biamntotic and whether the placentation 1s single or double (PorTEs et coll
1948 Cranjon ct coll 1949)

7 A vable fetus ingests the contrast medium contaned 10 the amnione fluid
which 1s eaqly identificd n the fetal gastromtestinal tract The presence of the
medium 1n the tract thus indicates that the fetus 1s alive s absence means that
the fetus 15 dead Amaiography 1s thus of great value m the diagnosis of feal
death when tius canniot be determuned by other means, this was first mentioned

by Eurnaror (1937) and later by Savienac (1953) and Warpumay et coll
(1965)

Matenral The <enies consists of 25 amniographic studies the ages of the syb-

Jects varying from 17 10 38 years and the stage of pregnancy from 22 to 40 weeks
Twenty-one cases were admuted with
fetal death two with

pebac di proporyon

the 1uttal chinca) diagnosis of probable
polyhydramnios and possible fetal death, one with cephalo-
and fetal death and one case wath polyhydrammos with of
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cence or absence of fetal movements 1s studicd by serial films of the mother m the
same position Onc filr may also be obtamned with fong exposure, blurring or
double exposurc of a fetal part will suggest viability although therr absence will
not necessanly ndicate that the fetus s dead  Ammiography should also be m
cluded 1 this group since 1t 15 bascd on the fact that a hve fetus ingests the
contrast medium that has been ntroduced mto the ammiotic cavity

Group II encompasses the signs of fctal maceration According to ZupPINGER
radiologic evidenee of maceration may be detected within 4 to 7 days, but m the
majority of cascs does not appear until 2 to 3 wechs after futal death According
to NEUWRILER, thuse maccrauon signs may be divided mto two groups, 1¢ those
that affect the cramum and those that affect the trunh The best hnown of the
former 13 S1ALDING § sign (1922), which consists of overnding of the bones of
the calvarum Howcver, overlapping of the bones at the sutures may also be
evident in labour with or without rupture of the membranes and loss of amniotic
flud Biruive (1941) demonstrated that ¢ven without these conditions the sign
may appear 1n hive fetuses, when there 15 displacement without ovurniding and
the direction of the rocntgen beam 1s ablique 1n relation to the suture i question
SPALDING’S sign must therefore be evaluated with caution Cramal asymmetry,
flattening of the cranial convexity and non union of the cramal bones due to
enlargement of the fetal head may also lead to errors Deurt described a zone
of brightness around the head, resembling a halo, this sign s rare

Lvidence of maceration of the trunk may consist 1 exaggeration of the curva
ture of the fetal vertebral column, causing the fetus to be turncd upon itself 1a the
shape of a ball (Hartrex 1939) Marked lordosis of the spine and hyperexten
sion of the fetal head may n extreme cases attamn 180 degrees Tacer (1952)
give great mportance to changes 1 position of the fetus when films of the
mother tahen decubitus and standing displayed collapse of the fetus

Group III consists of cases with mtravascular gas i the fctus, this bemg the
only pathognomonic sign of fetal death m the conventional film The mechanism
of the gas formation 1s unknown Scveral theones have been advanced (RoserTe
1944 Davipson 1949, Samuer & Gunn 1955, ELLENBOGEN ct coll 1956, Ste
wART 1961) but none appears satisfactory The sign was imually deseribed by
Rozerts, and Davipson later published two further cases Tacer (1952)
KrrTunen (1952) and Houm (1954) have cach added onc case, Crick & Sims
(1953) seven cases, SamteL & Gunn fiftcen cases and Marcoirs & Joncs
(1954) two cascs

The amniographic method and mdications for is use Ammography consists
1n the mtroduction nto the amntotic flud of a swtable contrast medium to out
Iine the uterine cavity and the fetus and enable a study of certam fcto maternal
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a b

Fg 2 a) 1ho r fitm The ammotic cavity 1s well filled with contrast medium which was
elm nated by the maternal renal tract Mo medium 1 the

hour film Thy
bladder (Rapid
the fetus 4§ Ine 4
gestation )

The amniographic diagnosis was confirmed climeally in 24 cases (96 %) One
case was erroneously diagnosed as fetal death (Fig 2 Table 1) The reasons for
this error are discussed m detail later

In ten cascs (89 €c) the nature of the ammiouc fluid suggested the diagnosis of

fetal death (Table 1) Only 1n onec case was it normal In those cases m which
the amniographic diagnosis was that of a live fetus the charactensucs of the
amniotic fluid were normal except inone case 1n which it was whitish 10 colour
and visaid (Table 2 Case 19)

Of the evidences of fetal death 1n the conventional film
"ML S SIgNS were most fre
gether (Table N T
8as were not recorq,
made labour wag

Hartley s and Spald
quently observed and these nearly always appeared to-
agers siun Deuel s halo and the presence of intrava cular
ed In those cases 1n which a diagnosis of fetal death was
mttated within 72 hours after the amniographic procedure
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Fig 1 Fetal distress The amniogram one hour
after jection shows contrast medwm i the
esophagus (arrow) Overnding of the calva
num (On the repeat film there was no further
advance of the contrast medium )

withdrawn, but a frec flow of flurd through the needle before the medum ts
mtroduced 3s essential The amount of contrast medium 1s between 30 and 40 ml
depending on the estimated total quantity of amniotic fluid present

7 The contrast medium must be warmed to body temperature to lower its
siscosity and to allow better diffusion

8 Note 1s taken of the charactensties of the amniotic flnd

9 Films 3 hourap and lateral films 1n decubitus are obtamned If no medium
appears mn the fetal gastromtestmal tract, the scnes 1s repeated at 6 hours with
occasionally a late film at 24 hours

Results

The climical data, amniographic findings and cluucal amniographic correlation
are collected 1 Tables 1 and 2

The viability of the fetus was assessed by the presence or absence of contrast
medium 1m the fetal gastromtestinal tract The location and time of 1ts appearance
are indicated 1 Table 2 The contrast medium was observed 1 13 cases (52 9¢)
(Figs 1, 3 and 5) and was not visble 1n 11 cases (44 %) (Figs 2a, 2b and 6)
The remaming case was one of a retamned placenta (Table 1, Fig 4)



VALLE OF AMNIQGRAPHY IN DETERMINING FETAL VIABILITY 23

b
Fg 7 a) L hour fim The ammouc cavity 15 well filled with contrast medmm which was
elminated by the maternal renal tract No medwm in the fetal gastromntestinal tract b} 6~
hour film The amniot ¢ cavity 1s faintly outlined contrast medium 1o the materr al unnary
bladder (Rapid elumnation of the contrast medm probabiy precluded s swa'lowing by
lghelfglus )\ Ie infant was deh ered 2 days later Erroncous diagnosis of fetal death 20 weeks
estation

The hie d

b was ¢ d clineally m 24 cases {96 §c) One
case was erroneously diagnosed as fetal death (Fig 2 Table 1} The reasons for
this error are discussed 1n detail later
. Inten caes (89 <) the nature of the ammouc fluid suggested the diagnoss of
etal death (Table 1) Only i one casc was 1t normal In those cases m which
the amniographic diagnosis was that of a live fetus the charactersstics of the
ammotic fud were normal except m one case 1 which 1t was whitish 1 colour
and visad (Table 2 Case 19)
m:)::;:\:i:nccs of fetal death 1n the convenuonal film Hartley s and Spald
e (sz]:cl;no.}x frequently observed and these nearly always appeared to-
e o acers sign Deuel s halo and the presence of mtrava cular
R boJ recorded In thowe cases 1n which a diagnosis of fetal death was
abour was imuiated within 72 hours after the amniographic procedure
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'

Fig 3 A 37 week pregnancy with clhimcal  Fig 4 Ammogram m a case of possible
diagnosis of polyhvdrammos with or without fetal death reveals 1 retuned placenta
A i

twin p 1 at 4  (Fetal parts had Deen seen the week before
hours revcals contrast medwm in scgmiental  mn the comentional roentgenogram the fetus
distibution n the fetal small mtestine {(Am had beun eapclled 1n the mtenm )}

nmographic  diagnosis  of single ke fetus
pregnancy progressed to full term )

(Table 1) However 1 the majorty of cases (8 cases) it was started within 48
hours On the other hand, m cascs m which the fetus was considercd to be alne
labour was not mmtinted after the procedure

The contrast medium was excreted by the maternal hidneys with the maternal
urnary bldder filled at 3 hours In only onc casc was the chmmaton rapid
(Ca e 3, Ig 2) The fetal urinary tract was nuver observed

In the cases hiving a hive fetus (Table 2), the vdoctty of the contrast medim
passing through the fetal gastromntestinal tract varied shghtly accordmg to age
The medium usually appeared m the small mtesune at about 3 hours after mjce
tion In one case it was obviously delayed {Table 2 Case 20) This was the
youngest fetus 1 which the procedure was carried out In Case 13 1 Table 2,
Fiy 1) the progress of the contrast medium was markedly delayed 1t faled to
advance beyond the csophagus This suggested severe feral distress, which nas
confirmed 24 hours later when a dead product was delivered

In Casc 10 with the chinical diagnoss of probable fetal death (Table 1) the
conventional film displayed fetl parts, but ammography performed one weck
later revealed only a retamed placenta (ig 4) The fetus had been expilied m

the mterim
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Fig 5 A 26 week pregnancy i which fetal
death was hhely Ite amniogram shows con
trat medwum 1 tte small and large 1n
test ne soth nodular and columpar appear
ance suggestng a Ine fetus (Pregnancy
progr swed to ful term )

Fg 6 Sbsence of contrast medium in the
gastroustestnal tract i the 3 hour amnio-
gram mdicates fetal death The umilical
Cord (arrow) as well as the fetal soft parts
aevs ble (Spontaneous delnery of a dead
product 72 hours after amniography )

No more than four exposures werc obtamed m each case Mo allergic reactions
due to the contrast medium were recorded The medium never appeared m the
fetal re prratory system Mo injunes to the fetus attnbutable to the puncture were
obscrved on exanunation alter delnery

Comments

Antmography 15 a simple and mnocuous procedure that permuts the study of
ertamn maternal fetal physiologic aspects as well as the conformation of the
utenne fetal placental relationship The amms of the method are not only diag
nostic but alse therapeutic 1n the cases 1 which the diagnosis of fetal death was
made labour began within 72 houss of the ammographic study On the other
hand the pregnancies continued their normal cousse the cases with an amnio
grapluc diagnosss of a Ine ferus It 15 possible 1n cases of polyhydramntos to carry
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out mmmniocentests, and thercby allow the pregnancy to progress, since premature
labour 1s precluded by the decrease i the utenne distension No harmful effects
have ansen cther to the ftus or mother after ammocentesis (Litey  1965),
although the possibihty of producing visceral hemorrhages enists due to a de-
compression cifect Because of this not more than 250 ml of amumotic flurd should
be withdrawn at a time PorTrs, Granjon & Hassant (1947} have withdrawn
from 200 to 300 ml weekly without apparcnt harm

The appearance of the contrist medium m the fetal gastromtestmal tract 1s
columnar n the esophagus and large mtestine and nodular i the small bowel In
the vary immature fetus the medium appears to be visad (Figs 1, 3 and 5)
Haustral marhings n the large intestine may be wdenufied (Fig 5)

Motility and gastromtestinal activity mcrease 1s the pregnancy advances
(McLaix Jr 1963, WaLpvan ct coll 1965) Becner et coll (1940) have dem
onstrated the physiologic aspects of fetal swallowmg nd gastromtestnal ac
tnaty The more immature the fetus, the slower the gastromtestinal actvaty It s
possible 1n complicated pregnancies with pathologic disorders to determme the
degree of fetal distress by assessing the rapidity or sluggishness of the gastro
mtestnal activity

Dinunution m the rate of fetal swallowmng occurs i diabetic cases, 1s well as
1 those of polyhydrammos, 1nd conscquently the gastromtestinal activity 15 de
layed This may be an mmportant factor m the devcdlopment of polyhydramnios
These observations suggest that the fetal gastromtestinal tract may play an
mmportant part m the reguliton of the ammote fhud

McLan (1963) observed that fctal gastromtestinal activaty 1s qugmented m
comphcated pregnancics by Rh 1so immumization, chronic nephropathy and tox
enua, he suggested that this nught be a siyn of early fetal distress He found di
nunution of the activity, which he regarded as a manifestation of late fetal distress
mn the hydropic fetus as well as in prumature separation of the placenta

One case 1s meluded tn which a diagnosis of fetal death was made (Case 3,
Table 1, Fig 2) m a 26 weck pregnancy m which the fetus proved to be alive
Ammograms obtamned 2t 1, 3 and 6 hours revealed no evidunce of contrast
medium 1 the fetal gastromtestmal tract and suggested the diagnosis Exerction
of the medium by the maternal kidneys was observed m the 1 hour ammogram
(maternal urography), and prsisted m the films that followed The density of the
contrast medium mn the ammotic cavity decreased sumultaineousty until enly traces
of the medium were left We believe that the phenomenon was due to an mcrease
n the permeability of the amniotic membranes which may have lessened the fetnl
swallowing McLalv esamuned these amnmiograms and expressed the opunon
that some medium lay mn the fetal gastromtestinal tract he could however, not
explam 1ts rapid elmunation by the maternnl hidneys On the other hand, Ja
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cosson suggested that the medium had been ingected ather nto the utenne wall
at mto the uabikcal cord However there was a free flow of amniotic fluid of a
normal nature through the needle to the syrnge at the time of the examunauon
‘The ncrease 1 the permeabity of the membranes may possibly offer a vahd
explanation
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SUNINARY

Amniography proved te be a uscful sumple and harmless procedure i determumng fetal
Aability 1 a series of 25 cases No untoward maternal or fetal compheations were en
<countered and accuracy ¥ as obtained in all but one of the cases

ZUSAMMENFASSUNG
Amatographie erwies sich als eme gute enfache und harmiose Methode um dic Le
ben faluglert des Fotus 1n 25 Fallen zu bestimmen Weder mateme noch fetale homplika
‘uonen wurden beobachtet und die Diagnose war mit ‘usnahme von emem Fall horrekt

RESUME

lbzmmographle sest revelee un moyen utle simple et sans danger pour determuner la
;u i€ foetale sur une sene de 93 cas 1l ny a pas eu de complications maternelles m
actales, et le diagnosc a eté exart dans tous les cas souf un
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out amnsocentests, and thercby allow the pregnancy to progress, since premature
labour 1s precluded by the decrease m the utcrime distension No harmful effects
have ansen either to the fetus or mother after immiocentess (LiLey 1965),
although the possibility of producing visceral hemorrhages easts due to a de
compression cffeet Because of this not more than 250 ml of ammotic flurd should
be withdrawn at a tme Portes, GranjoN & Hassant (1947) have withdrawn
from 200 to 300 ml weekly without apparcnt harm

The appearance of the contrast medium m the fetal gastromtestinal tract 13
columuar 1 the esophagus ind large intestine and nodular m the small bowd In
the vary immature fetus the medium appears to be visad (Tigs 1, 3 and 5)
Haustral markings m the large mtcsune may be identificd (Lig 5)

Motihty and gastromtcstinal activity increase as the pregnancy advances
(McLav Jr 1963, WaLDMAN et coll 1965) Becker et coll (1940) have dem
onstrated the physiologic aspects of fetal swallowing and gastromtestnal 1c
tivity The more mmmature the fetus, the slower the gastromtestinal activity It 1s
posstble m complicited pregnanctes with pathologic disoiders to determme the
degree of fetal distress by assessing the rapidity or sluggishness of the gastro
intestinal activity

Diminution 1n the rate of fetal swallowing occurs m diabetic cases as well as
n those of polyhydramnios, and consequently the gastromntestinal activity 1s de
layed This may be an important factor 1n the devcdlopment of polyhydrammos
These obscrvations suggest that the fetal castromtesunal tract may play an
mmportant part in the regulation of the ammotic flud

McLaIN (1963) obscrved that fetal gastromtestmal activity 1s augmented
complicated pregnanctes by Rh 1so immumzation chronic nephropathy and tox
emua, he suggested that this nught be a sign of carly fetal distress He found &
munution of the activity, which he regarded as a mamfestation of late fetal distress
m the hydropre fetus as well as 1n premature separation of the placenta

Onc case 15 included m which a diagnosis of fetal death was made (Case 3,
Table 1, Fig 2) 1 a 26 wech pregnancy m which the fetus proved to be alve
Amniograms obtamned at 1, 3 and 6 hours revcaled no evidence of contrast
medium 1n the fetal gastromntespmal tract and suggested the diagnoss Excretion
of the medium by the matcrnal hidneys was observed 1 the 1 hour ammogram
(matcrnal urography), and persisted n the films that followed The density of the
contrast medium m the amniotic cavity decreased simultancously until only traces
of the medium were left We bclieve that the phenomenon was due to an increase
1 the permenbility of the amniotic membranes, which may have lessened the fetal
swallowing McLalN exammed these amniograms and expressed the opmion
that some mcdium lay mn the fetal gastromtestinal tract he could however, not
explam 1ts rapid elimination by the maternal hidneys On the other hand, Ja
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conson suggested that the medwm had been mjected either imto the utenne wall
or 1mto the umbilical cord However there was a free {low of ammotic flud of 2
normal nature through the needle to the synnge at the tune of the cxamitation
The werease 1n the permeabidity of the membranes may possibly offer 3 valkd
evplinagon
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SUMMARY

\mmography proved to be a useful simple and harmless procedure m determsmn™ fetal
Tiability an a series of 25 cases No untoward matemal or fetal complications were en
countered and accuracy was obtaned mn all but one of the cases

ZUSAMMLENFASSUNG

Ammo raphie ont ses sich als ewe gute cmfache und hammlo ¢ Methde nm die Je
Yensfaht et des Fotus 1n 25 Fallen zu bestummen Veder mateme noch fetale Komplika
tionen v urden beobachtet und die Diagnose war st Ausnahme von einem Fall Rorrekt

RFSUME

Lamnsographie sest revelee un moyen utle simple et sans danger pour determmner la
viabilite foctale sur une serie de 25 cas Il my a pas cu de complicitions maternelles m
foctales et le diagno tic a ete eract dans tous les cas saul un
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ANEURYSM OF THE SPLENIC ARTERY
by
Frin Boipses and H O Eisine

Unted some 20 years ago the toentgen diagnoss of aneurysm of the splenic
artery was based on the demonstratson of a charactensuc calafication i the
feft hypochondmum The first aneurysms of the splenic artery diagnosed by
aortography were descnbed by Wacner (1946, Since then many calafied
ancunsms detected by comventional rocntgenogriphy have been venficd by
aortography (Surrit et coll 1952 and others) Uncaleified aneurysms have ale
been dragnosed angiographically m recent years usually m association wath the
wiestigation of acute gastromtestinal haemorrhage or diffuse abdominal pamn
tSerrTee et coll 1961 Roscw & Brer 1962 Roscu 1967 Baus et coll 1965,
Ot & Revter 1966 hurrc et coll 1967 Ssumu & Hiww 1967)

Bonsev & Exstna (1967 ) reported merasplenic aneurysms following punciure
for splenoportal phicbography m patents with portal hypertension Their scrics
weluded several paucnts with extrasplenic aneurysms of the splenic artery
5P'C"0megaly especially when caused by portal hypertension 1s somctimes ase
sociated wuh eatrasplemic aneurysms of the splemic artery (Owens & Corrgy

1933 Suzps et coll 1938) The frequency of ancurysms 1m patests with portal
hyvpertension 15 unknown
—

m‘"‘n\u;om was supported by a grant (No 23x 571 04) from Statens Medicinsha Forsh
srad Sybmutted for pubbication 4 April 1968
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Fig 1 Celiac angiography for cirthosis of the Iner and portal hypertension 1 a woman aged
56 a) Frontal b) left posterior oblique projection and ¢) operation specimen There were 3
aneurysms { - ) of respectively 25 mm 10 mm and 6 mm diameter 1 the hilum of the
spleen and also a 5 mmx6 mm mtrasplenic ancurysm { +— ) (Caleifications were ob
served on the large and medium sized ancurysins in the conventional films )

Since now celtac angiography has provided a new possibility of demonstrating
Aneurysms of the spleme artery 1t was considered important to assess the frequency
and sites of extrasplenic ancurysms of this artery 1n pauents with hepatic cirrhoss
and portal hypertension, especrally since uncalafied aneurysms have a farrly
strong tendency to rupture (von Ro~Nen 1953 and others)

We have reviewed the films of a consecutive serics of patients who had becn
examuned with celiac angiography for differcnt reasons, and the findings were
compared with those obtainud 1 a corresponding sertes of patients with hepatic
arrhosis and portal hypertension, as well 1s with those obtaned m patients who
had splenic or portal hypertcnsion secondary to some other condition

Matenal and Methods Group I consisted of 192 patients (103 males 89
females), or all the celiac angiographic exammations performed i 1966 1n
which the entire extrasplenic part of the splenic artery could be evaluated, usual
ly n two projections

Group 1I consisted of 115 patients (59 males, 56 females) examined n the
period 1957—1966 by cchiac anglography for primary or secondary affection of
the portal system Ninety one of these patients had hepatic arrhosis with or
without portal hypertension while twenty four had kesions of the portal system
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a b 3

Fig » Chrome pancreatius and poctal hypertenton i a man aged 51 with gastnic resection
for recurrent gastro ntestinal bleeding pam and increased bilrubin ) Splenoportal phlebo-
graphy Marked stenosis of the portal vem and deformation of the splemic vewn b) and c)
Celiac angiography Spleen of normal suze (14 cm) splenic artery of normal width and only
slightly tortuous. At the ongin of the pancreatic Magna artery 16 mm aneurysm of the splen ¢
\rtety penetrates mio the pancreas deformung the splenic vein {Chronic pancreatis and a wide
pancreat ¢ duct were resealed at operation the ancurysm was thought 10 have penetrated the
duct and caused the bleeding )

without co-existing arthous Again only those pauents in whom the entire extra
spleme part of the artery could be judged were included
The com entional of the abd

8

were re: d for cal
aficauons m those pauents who proved to have ancurysms

Results

Group I Celiac angiography had been performed for various reasons though
usually because of diffuse abdominal pawn [t was never done because an aneu
ry«m of the splenic artery was considered likely Nine patients had aneurysms of
the splenc artery or one of sts branches m the hilum of the spleen Re examina
tion 1n one of the patients revealed two famt aneurysmal caleifications 25 mm
and 10 mm 1 dameter (Fig 1) Six of the mne patients had histologically
venfied hepatic cirrhosis of these six patients three had portal hypertension
and 1n the other three end to-side portacaval anastomosis had previously been
established because of portal hypertension

The portal system was molved 1n two further pauents One had portal hyper
ten 10n secondary to chronic pancreattss with stenosis of the portal vemn (Fig 2)
and the other had massve nichly vasculanzed hepatic metastases (Fig 3) The
contsast medium was shunted to the portal vein with reversal of the flow mn the
portal system  venous collaterals and shight enlargement of the spleen (17 ¢
Wwere noted as signs of moderate portal hypertension b ™
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Fig 3 Hepauc metastases from
mammary carcinoma in a wom
an  aged 52 Celiac angio
graphy revealed vasculanzed
metastases of the Iner and 2 5 ¥ -
mmX7 mm ameunsm {(—) m ! LY
the mamn stem of the moder

ately tortuous splenic artery the

spleen  was shghtly enlarged

(17 cm) The contrast medium

flowed to the intrahepatic portal

vem via the metastases reyvcrse

flow and portal hypertension

with retrograde filing of the

ferior mesentene vem PY

x

Only m one pattent m this group with an ancurysm of the ctrasplemic part
of the splenic artery, was the portal system apparently unaffected A 39 year old
woman had been examimned becausc of an expanding process in the mferior
mediastinum, with displacement of the lower part of the oesophagus The tumour
proved to be a bronchogeme cyst At ccine anglogriphy (Fig 4) the hepatic and
splenic arteries were wide and tortuous and the ccliic artery was marhedly
tenosed Atheromatosts was assumed but not confirmed

Thus, of the paticuts examuned m 1966, the portal system had been affected
m some way m thirty four mncluding eight who had 1 to 3 ancurysms cach Of
the remamng 158 patients m this consecutive scrics an aneurysm was prescit m
only one

Group II This group consisted of the above mentioned 34 patients examned
in 1966, and of 81 further patients with splenic or portal vemn disease Stventun
(4 males and 13 fumales) had onc or morc ancurysms of the extraspletuc part
of the plenic artery Muluple ancurysms were found mn three patients, namely
2 1n two patients and 3 1 one patent

The extrasplenic ancurysms varied between 5 mm and 25 mm (mean 12 mm)
In one patient, no local bulging was scen but there werc shght wrregular widen
ing and a dissection along a stretch of about 2 em of the splenic artery (Fig 5)

Six of the twenty one ancurysms were stuated 10 the trunk of the splenic
artery, the others lying in branches i or near the splenic hilum Of those situated
10 the trunh, four were located at the ongin of an artenial branch runnmng to the
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Fig 4 B onchogenic cyst of anferior mediasunum n a wor
ang ography revealed a 7 mm X 9 mm aneurysm (
Iy tortuous splenic artery atheromatous changes of all branches of the celtac ams arte;

man aged 39 2) Preoperame cebac
— ) 1n the middle segment of 2 marked

which was stenosed at its ongin b) Supenor me:

sentenc angiography resealed collateral o
culaton to the celiac system

Pancreas or to one of the poles of the spleen The hilar aneu;
siuated at bifurcations of the branches of the splenic artery

The width of the splenic artery 1 the group with aneurysms was appro
mately the same as in comparatne groups without aneurysms The tortuouty of
the splenie artery 1 cases of aneurysms was approximately the same as in the
rest of the matenal

The length of the spleen was measured 1n the
§rams and the spleen was said 10 be enlarged when
deftmtion see Rosei 1987) Fourteen of the 17 pau
enlarged pleen The mean value for the entire
182 cm The ages of the patients with ol ement of the portal system bue
without aneurysms ranged from 6 to 76 (mean 55 years) The corresponding
figures for the seventeen patiens {4 males 13 females) s ith aneurysms were 17
and 66 (mean 48 years)

Extrasplenuc aneury<ms
and pontal by pertension {

rysiins were usually

apillary phase of the angio-
st was 15 ¢m or Jonger {for
ents with aneurysms had an
group with aneurysms was

WEre Most common 1n patients with hepauc curhosss
7 out of 42 pauents) in those

=G0 4 B s o
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Only 1n one patient m this group, with an 1ncurysm of the \traspleme part
of the splenic artery, was the portal system apparently unaffected A 39 year old
woman had been eximuned because of an cxpandmg process m the micror
mediasunum, with displicement of the lower part of the oesophagus The tumour
proved to be a bronchogenic ¢yst At cehac anglography (Tig 4) the hepatic ind
splenic arteries were wide and tortuous and the cchac artery was marhedhy
<tenosed Atheromntosis was assumed but not confirmed

Thus, of the patients exammed m 1966, the portal system had been affected
m some way m thirty four, mcluding exght who had 1 to 3 ancunysms each Of
the remaming 158 patients m this consecutive series an ancurysm was present m
only one

Group II This group consisted of the above mentioned 3% patents examned
m 1966, and of 81 further patients with splenic or portal van disease Scyenteen
{+ males and 13 females) had onc or more ancurysms of the «\traspleme part
of the plemc artery Multiple ancurysms were found m three pauents namehy
2 m two patients and 3 m one patient

The extrasplenc aneurysms vaned between 5 mm and 25 mm (me1n 12 mm)
In one patient, no local bulging was seen, but there were shght irregular widen
ing and a dissection along a stretch of about 2 cm of the splenic artery (Fig 5)

Sin of the twenty one aneurysms were situated m the trunk of the <pleme
artery, the others lyng m branches i or near the splenic lulum Of thoe situated
n the trunk, four were located at the ongin of an artenal branch running to the
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Fig 6 Carcinoma of body ard tad of the pancreas 10 a woman aged 91 a) Splenoportal
b ébography Ocelusion of the splemae_ em and marked senous coll teral circulation b) Celiac

angiogiaphy Stenosts of the st segmert of the splesic artery and a & mm X 10 mm ancunysm
Gty € 378 “cond aneurysm { - ) a% the pont m the syleen to which the
catheter had been advanced at splenoportal phiebography

than arrhosis of the Iner or spontancous thrombosts extrasplenic ancurysms of
the splenc artery were present in four mcluding one patient who had an mntra
splentc aneunsm as well In the majonty of these patents the portal hyp.rten
100 was usually sccondary to pancreatitis {9) or carcinoma of the pancreas {7)
Two patients with richly vasculanzed hepatic metastases had reverse flow through
the portal vemn and wgns of portal hypertension One of them had a 7 mm>
7 mm ancurysm in the termediate part of the main trunk of the splenic artery
¥n patients with carcmoma of the tad or body of the pancreas the spleme
artery was often stenosed and the splenic vein occluded with consequent splenic
hyperiension The splecn was of normal size or only shyhtly enlarged despite
a well developed collateral curculation Only one out of the seven pauents with
carcinoma of this part of the pancreas had an extrasplensc aneurysm  Thus
measured 8 mm . 10 mm and was stuated immediately distal to the stricture 1t
was concened 4s a jet ancurysm  The patient also had an ntrasplenic aneu
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Tig 5 Chronic pancreatitis and pscudocyst formation close to the tail of the pancreas i 1
man aged 41 shght portal hypertcnsion due to compression of the splenic van Celiac angio
graphy (a) and combined angiogriphy (b) performed 1n ap and right oblique projections
Long (about 2 ¢m) irregular widening of first segment of splemic artery  subintimal Ieakage

—> } of contrast wedium There 15 a stcond aneurysmal widening of the first segment of
the gastroduodenal artery

more tortuous and wider, and the spleen was larger, than m the ramainmg
patients with portal mvolvement Extrasplenic ancurysms were demonstrated m
thurteen (19 ¢ ) of the 68 patients Intrasplenic aneurysms were prescnt m the
same groups of patents of the previously mentioned 68 patents intrasplenic
aneurysms were obscrved 1n fourteen, and m eight of these, cxtrasplonic aneu
rysms of the splenic artery were also present

The total number of patients with cxtrasplenic aneurysms mught have been
hlgher for 1 some mstances the arteries were so tortuous that aneurysms mlghl
have been mussed despite more than one projection Morcover, the changes were
accepted as aneurysms only when the diagnosis was definite

It 1s noteworthy that neither extrasplemc nor trasplemic aneurysms were
observed 1n 12 pauents with hepatic crrhosis without portal hypertension nor
m 14 with primary carcmomn of the Iiver which 1 ten of the patients was as
sociated with portal hypertension

Of 21 patients with portal hypertension secondary to some condiuon other
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two to three tumes mofe common in women while ancurysms of other artefies
or of the aorta occur four to fne tmes pore often m men (SuerLock & LEAR
wonT 1942, Ourvs & Correv 193, SeirreL et coll 1961 Yaxc et coll
1963) Among older patients the madence is roushly equal in both <exes
(Frunvan 1925, LENSIE & Sneeiian 1942 Suernis & GorpiMer 1920) The
same remarhable distibution was csen more stnfing 10 the present senes anly
four of the 18 patients being men, despite a shght preponderance of males i the
<enes examuned by cehac angography

The frequency of caleilx ations 1n aneprysms of the splente artery vanes widely
fram one seftes to another depending on selection factors Thus SerrTes et coll
(1961) reported that scventeen of mincteen patents with ancurysms exammned
chcally had calaifications and Bykrs & Buaros (1967) stated that the diag
nosis was made almost entircly on the basis of calcilications 11 <ix out of ther
seven patients Onens & Corfes 1 a collecuve review of ancurysms of the
<plemic artery found that roentgenography or fluoroscopy gave valuable dia
emostic informaton 1 19 of 131 cases (15 S¢) and demonstrated calaficauons
as well as a pulsanle mass of the stomach Since 46 G¢ of the cases examined
bad a ruptured aneurysm of the splemc artery this reviesed matenal was also
selected and therefore does not reflect the true frequency of calaficauons The
frequency of calcifications 1n ancurysms of the splemc artery s fow 1 patients
with portal hypertension as demonstrated i the present matensal Only 1 two of
the twenty-one aneurysms with cocxisting portal hypertension were any caleifica
tions observed The mean diameter of the ancurysms m the compilation of
Owev & Corrgy was 31 mm, while n the present matenal it was 12 mm and
signs of rupture were seen 10 only one patient in whom the ancurysm was 16 mm
1 diameter This therefore suggests that calafications appear 1n a late stage of
deselopment of an aneurysm The fow frequency of calalicatons i aneurysms
m this matenial may probably be expl. 1 by the
r33ms were discovered early with angrography

Calafications formerly played an mmportant role i the diagnosis and it was
enously questioned whether calafied ancurysms really could rupture (von Ron
~in 1993 Cervir & Prrsov 1957 \oore & Inis 1961) That rupture of a

calofied ancurysm may occur has however,
(Tagart 1952,

p that the aneu

been unequivocally demonstrated
SrirTeL et coll 1961) The chances of a ruptured aneurysm
being calafied are small simply because so few aneurysms are caleified

“The frequency of rupture of aneus
rysms of the splenic artery has be:
25 35 St {Beresr et coll 1953) The frequency was 38 “‘n 2 et

o 1n the 32 cases of
urilturwm aud portal hypertension collected by Onens & éorrz\ The true nsk
o rupture 1s much lower however because in the present matenial only one
patient out of 17 (6 ¢} with portal hypertension had signs of rupture This s 1n
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rysm, measuring 5 mmX5 mm, as a result of a previous puncture for splenoporta
phlebography (Fig 6) Three patients with retropuntoneal sarcoma and occly
ston of the splemc vemn, as well as involvement of the tail of the pancreas, had n
stricture or aneurysm of the splenic artery

In 9 patients with chronic panercatitis, pseudocysts, or abscess m or adjacen
to the tail and body of the pancreas, the splenic van or portal vem was athe
deformed or occluded, with conscquent portal hypertension or splenic hyper
tension T'wo patients had an ancuryam of the trunk of the splone astery The
ancurysm was sacculated i one of these pauents, 1t had penctrated the pancreat
tissue md was surrounded by nflunmatory changes [his aneurysm cause
gastromiesunal haemorrhate, for which the patent had been examined by
angiography (sce Tig 2) The other patient had =1 pscudocyst adjacent to the
tail of the pancreas and a moderate amount of fatty ussue necrosis as well a
portal hypertension A submumal accumulation of contrast medum suggested
dissection of the first part of the splumc artery (Fig 5)

Discussion

Ancurysims of the splume artery e beheved to be comparamnely rare, but
they are obviously more common than supposed, a large number may reman
undetected  Ante mortem: diagnosis of non calerfied aneurysms requures ewher
angiography or opcration, 1nd even then the discovery of the lesion 1s generally
mcidental

The frequency with wluch aneurysms of the splenic artery 1s found at autopsy
vanes widedly Sueps et coll (1958) gave a frequency of 005 ¢ on the bass of
the literature but found such aneurysms three tunes as often 1 a personal autopsy
series I'rLpMAN (1953) reported a sull lugher figure, namcdy 08 G and sug
gested that the low figures of previous imvestigators were due to mcomplete ex
ploration of the splenic artery and 1ts branches at autopsy T'errart (1938)
uxamaned the splemic artury carefully m 143 subjects m ages over 60 and reported
small ancurysms 1n 14 but none m 88 subjects below 60 years of age Opmions
thus differ widely on the meduice of ancurysms of the splume artery — even
those based on autopsy studies—and will probably contmue to do so until
angiography has become a routine method at autopsy The lugh frequency of
ancurysms of the splenic artery m the present consecutive series of cchiac angio
graplucs was duc entirely to the fact that so many patients with portal hyvper
tension were exammed

The remarkable sex distribution of ancurysm of the spleme artery 15 note
worthy, particularly 1 patients below 50 years of age It has been descnbed s
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portal hypertension 1 32 out of 204 paticats nith ancurysms Fusther cases have
since been reported including a patient who had prc\musl) been operated npon
and gnen a potacaval anastomons (WARD McQuaw 1958) Thus, though
portal by perteasion 1s obstou ly one of the commoner causes of anconyuns K18
semashable that so few ancurysms hase been descnbed w the lerature Sice
we found aneurysms s 13 out of 63 patints cxammed angographscally e
cawse of hepayic cirrhous with portal hypertension portal hypetenion rehieved
by operation or spontancous thromboss of the portal system this suggests that
the frequency of ancurysms must be sub tantially higher than htherto supposed
\o ancurysms were present 1 pauents with uncomplicated airrhoss nor were
amy ancuryss «en 1n paticits with cirthosis combined with pnimary cascinoma
of the liser, though portal hypertension was common The hyperttavon was m
these patents probably of short duration since 1t was causd by the tumour
compressng or mfiltrating the portal vain Aneurysms therefore appear to be
directly related to long standing chromse stasis and subsequent changes m the
splenic artery The clear correlations m our series between the width and the
tortuosity of the spleme artery and between the size of the spieen and 1he oo
currence of extrasplense aneurysms of the splenic artery also strongly <uggest a
refaion between the degree and duration of portal stasis and the occurrence of
aneunysms Since aneurysms were evident in almost 20 $e of patients with ar
rhosis and portal hypertension we belteve celiac angiography 1s always mdicated
for the contemplated cstablishment of a shunt Splencctomy and  plenorenal
anastomosts would appear more adequate teatments i patretts with a co-
exnting aneury m
Chromie pancreauuss Lias sometumes occurred in patents with ancurysm of the
splenic artery (Lower & Farmerr 1931 Hucnes & Josse 1955 VMoore &
Lewss 1961 Bavw et coll 1965) Our senes meluded aneurysms 1n two out of
ufic patients with chronic pancreauts associated with portal hypertension In
one of these pattenis the splenic artery was dissected for a length of about 2 ¢cm
Sutrs et coll {1958) found two dissecting aneurysms of the <plenic artery onc of
which had developed m assocation with acute hacmorrhagic pancreantis The
cause of aneurysm formation 1n pancreatiuss 1s obscure but there may be some
relavonship between artenal lestons and fatty necrosis
@ :!;;]:rl:l\c m:rsl that celiac angiography 1s useful 1n the diagnosis of ancurysms of
ery Some authors beheve selective anglography of the visceral

astenes to be unnecessanly comphicated for ths dra,
Domsn o ennecesanly p gnosts {SeITTEL et coll 1961

) Selective angrography however

; pl s necessary for
diagno ing intrasplente ancurysms (Bonsen & Ersine) and th s 1 our opinton
3l applies largely 1o ewtr. i o

asplemc ancurysms because sach a diagnosts r
equu
everal projections and high quality angiograms e e
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agreement with that (8 2 So) observed by SerTrer et coll (1961) m a compila
tion of 61 ancurysms

Owens & Cotiry reported that two thirds of all ancurysms were situated
the trunk of the splemc artery, the remander m branches, usually 1 the hitum
outside the spleen In our senes only a quarter werc suuated m the splenic trunk,
which corresponds with the observations of TrRrARI m an autopsy series with a
high merdence of small artenosclerotic ancurysms The difference may be due
to different selection factors The very high frequency of ruptured aneurysms m
the scries of Owens & Correy suggests that ancurysms of the trunk are prone
to rupture, as m the one case of rupture m our scries

It would thus appear that ancurysms c\eeeding about 15 mm m diameter and
stuated i the trunk of the splenic artery are the ones most hable to rupture
Smce calarfications n the wall usually go unnoticed the value of angiography m
the diagnosis of aneurysms 1s obvious Celiac angiography 1s thus mdicated m
all cases of portal hypertcnsion because aneurysms are so common 1 this condi
tion

It 15 widely believed that splenoportal phlebography provides all the necessary
mformation on hepatic airrhosis and portal hypertension, but judging from our
expertence this would not seem to be correct It 1s known that splenoportal
phlcbography carries a nsh of ntrasplemic ancurysms (Boyseny & Ersne)
The high frequency of ancurysms i the spleme hilum m patients with portal
hypertension should also be borne mm nund It has been recommended that at
splenaportal phlcbography the tip of the puncture needle or catheter be placed
as close as possible to the hilum This must surely mvolse the nsh of puncture
of an extrasplenic ilar aneurysm and nsk of uncontrollable mtra abdommal
haemorrhage Tt 1 quite possible that the massive hacmorrhage known to have
occurred at splenoportal phlebography, as descnibed by Lecer et coll (1964,
1966, and others, may have been caused by such a puncture Arteriosenous
fistulae have occurred m the hilum after splenoportal phlebography (Cuarr &
MarcuLis 1966) An arterio venous fistula s hable to develop more casily if
an aneurysm 15 punctured If thercfore, the mvestigation of a patient with
portal hypertension demands splenoportal phlebography there 1s every reason to
perform cehac angrography first m order to clanfy the anatomy of the splemic
artery and spleen Anglography mav in selected patients mahe splente puncture
unnecessary m the mvestigation of portal hypertcnsion Celtac angiography also
provides valuable 1nformation on the artenial circulation of the spleen and liver
and, by the wnjection of bradykinmn (Sandoz) befor the mjection of contrast
medium mto the superior mesenteric artery, 1t has been found possible 1o
obtain good mformation on the venous system (Bogjsen & Repmav 1966)

Owens & CorrEy (1933), m a review of the hiterature, noted some form of
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SUMMARY

Extrasplemic neurysms of the splemic artery were observed 1m 9 mstances m 1 consecutny ¢
series of 192 patients subjected to celine angrography for diffcrent reasons A review of 1
further 115 such exanunations performed for portal hypertension revealed extrasplemic
ancunysms 1n 17 mstances Only a few calaifications were seen The high mcidence of
weurysms i hepatic eirrhosis with portal hypertension emphasizes the mportance of celiac
angtography

ZUSAMMENTASSUNG

In emer honschutiven Serie von 192 Patienten ber denen aus verschiedenen Grunden
Angiographic der A coclinca vorgenommen war wurden m 9 Illen estralicnale Aneurys
men der Milzarterie beobachtet Beim Ubersicht von 115 weiteren allen die wegen por
talen Hochdruches mat Angiographie untersucht wurden fand man noch 17 I dle von
\neurysmen Nur ausnahmsweise wurden Verhalhungen i der Wand geschen Das haufige
Auftreten von Aneurysmen ber der Leberzirrhose durfte den Wert der ingiograpluschen
Untersuchung der A cocliaca henorheben

RLSUML

Les quteurs ont trowsé 9 cas d ancvrysnes extra splemques de 1 rtere splemique sur unc
serie consceutive de 192 malades qui avaient suby une angiograplue cochique pour différen
tes rusons Levamen dune autre serie de 115 cas d angographie cochaque fute pour
Iy pertension portale 1 montre des ancvrysmes extra splunques dans 17 cas Les auteurs ont
trouve peu de calaficwons dans les paross des ancvrysmes 1 grande frequence des ané
anvsmes dans I cirthose hepatique avec hypertension portale demontre Iinterct de Iangio
graphie codliaque
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due to partial left defects have however been descibed (Boxart 1887 Suspir
1 & Waient Saitn 1944) Both were caused by herniation of the heart and
the pulmonary artery Percardiis accompanied the pesicardial defect 1 74
per cent of an autopsy series (SouTHworTH & STEVENSON) In the majonty of
the ¢ adhesions were present at the site of the defect

Cestam roenigenologic signs charactenstic of a pericardial defect have been
described Wth the pericardium totally absent on the left side the heart may he



FROM ROENTGFN DEFARTMENT I (DIREGTOI PROF O BARTLEY), SAHLCRENSRA
SJURIUSHT, COTHENBURG, SWEDEN

ROENTGLNOI OGIC DIAGNOSIS OI' CONGENITAL
PERICARDIAL DETECT
Description of a c1se
by

N E \nregre, O Barriry and § Pauvniv

Congemital penicardinl defects are rare and only bout 120 cascs hne been
described They occur about threc times more often m nun than m women
(BaromanN & Dorrr 1963, Tasaniy et roll 1965) If cascs of cctopia cordis
nuda are excluded, all of the defects are partial the majonty occur only on the
left side but nght defects of small size have recently been descnbed (GrupEr
1949, Jones 1935, Hnona & CrumMy Jr 1964) SouTHwORTH & STEYENSON
(1938) divided the left defects mto total nd partial The former wlhich occur
three times miore often than the Iatter, must mean that the Ieft part of the heart
and the left lung arc situated m « common cavity The partial defect usually
occurs at the level of the left nuricle and the pulmonary conus and artery Other
situations have been described, however, ¢ corresponding to the apical part of
the night ventricle (kjirisrre et coll 1959)

Only n few cases of pcricardial defects present clmcal signs due to the
anomaly (Cnane & Lreu 1961, Towrrr 1962) The dia nosis has gencrally
been made at autopsy or thoracotomy ndicated by other disorders I'wo deaths

Subnutted for publication 29 May 1967
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25 the movements of the lefs sentnicle o movements typical of the 1¢ft aunicle or pulmo-
nary artery were demonstrated (Fig 2} Repeated postaperatne roeptgenologic examind
t1oms of the heast resealed no change

Discussion

A cangenital pencardial defect 1s due to non fusion of the pencardial pre
cursors Scrory {1963) has reviened the hterature on the subject and sum
manzed hypothetic esplananons suggesting the following possibiliies (1) un
usually rapid deselopment of the embryologic lung ussue {2} wnfluence of the
Twer on the development of the pencardial membrane and (3) premature 1
serston of the feft duct of Cusier The latter ¢vent would delay the development
of the left pericardial membrane which 1n turn would prevent the closure of the
Ieft pleuro-pericardial foramen This theory has generally been considered the
most plaustble since the defects almost without exception are situated on the left
sde An analogous malformation on the nght side would be incompatible with
hfe since the nght duct of Cusier becomes the superjor vena cava Whea a con
zenital pencardial defect exists the phrenic nene pasees aither along the free
edge of the membrane or near the antenior thoracic wall On the other hand if
secondary fenestration of the pericardium occurs the nenve follows ats usual
course 1¢ laterally between the pericardium and the mediastinal pleura The de
fect was probably congenital in the present case since the nerve ran ventral to 1t

Cases of perscardial defects may also have other malformations {Etsis et coll,
wmter alos) and these may domnate the chinical as well as the roentgenologic
pieture Cardiac malformations have been obsenved in the form of Fallot s tetrad
(Hipona & Cruvon Jr) patent ductus artenosus (hjectzre et coll  Cirane &
Leten) and abnosmally draining pulmonary semns (Tasanry et coll ) In addion
10 a pencardial defect many cases have congenstal pulmonary cysts of vanous
hads (Rusey & SELLoRs 1940 Jones 1905) and aberrant pulmonary lobes have
?Lo been descnbed (Brea et coll 1928) Josis observed pencardial defects 1

e out of 19 cases of congemtal pulmonary cysts Only exceptionally have

Ptrﬁrdlﬂ defects occurred without other malformations (Hering et coll 1960}

an")c Z:‘;‘:]In‘:ck;t I pracllcally[al\\a)s situated at the level of the pulmonary

for a widemng ca; :h;“::: . BT‘;r(:r: E"m"““c?t;l:ch N dd‘.'q n:ay P ¢ mistaken
| Y stenosss, pul i y embol Imon hmAyncnqon I lf‘:duic

P
Z*{:,"L anddw-called hopathic pulmonary dilatation g,mzlr;: appcaranzcs r:fa;
\mm:):\; ;:: (l::- z:)l;nunna] postioning of the heart due to 2 dimumshed sagtal

exXpansise process sitnated near the
majonty of these cond r pulrzlonaaryu)a::‘;:md'r I;
g

should be ¢l lly o
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far to the left, despite the fact that the trachea 1s on the nudlne, and 1t 1s more-
over abnormally moveable n the left hemithorax ( Assorr 1915, Eruis et coll
1959, TaBanIv et coll ) The contours of the heart and the vessels on the left side
bulge due to the abeence of the pericardtum Fowrer (1962}, and Fersow
(1962) have described scparation between the aortic arch and the pulmonary
artery 1owLER has also observed mterposition of left lung tissuc between the
diaphragm and the left ventricle The size of the heart 1s often somewhat m-
creased (AnsoTT, ELLIs et coll , TARARIN et coll ) and fluoroscopy may reveal
considerable excursions of the left side of the heart The latter changes presuma-
bly occur because of the 1bsence of the support of the pericardum so that n-
creased filling of the left ventricle occurs durmg diastole and the strohe volume
15 mcreased

The roentgenologic appearances of the left or night partial defects are less
obvious No changes may be detected (VENTURInt & Pscr 1957) although a
prominence of the cardiac or vessel contours, corresponding to the defect, 15 often
evident (HERING et coll 1960, Cnanc & Leicu, mter ahos) Exceptionally,
herntation of the lung tissue mnto the defect may be revealed (Hirona & Crum-
my Jr) A recent cast of left partial pericardial defect, which was surgically
venfied, 1s described 1n this case report

Case report

A man aged 44 with mfection of the upper respiratory tract was referted for roentgen
exannation No pulmonary changes were observed but the heart was somewhat enlarged
(470 ml/m body surface} A lateral sentral bulge of the contour of the left auncle and
pulmonary artery was present the upper part of the pulmenary artery was particularly
clearly outhned and marhedly convex upwards The vessel distribution m the lungs was
normal (Fig 1) and the nature of the bulge could nat be detenmined Heart sounds normal
blood pressure 140/90 and pulse frequency about 65/mm The rhythm was regular and
the ECG normal

Cinematography of the heart with a picture fiequency of about 80/sec was carnied out
m a further attempt to analyse the nature of the bulge The latter moved swularly to
the left ventncle but versely with the arch of the aorta Heart catheterzation and
angiocard phy wmere recc ded but not performed

Since a mediastinal tumour could not be defiutely excluded left esploratory thoracotomy
was undertahen {Docent N P Brren) No tumour was revealed but a partial defect of
the pericardwim  corresponding to the left auricle and pulmonary conus was present The
defect was approximately 7 em X 7 em 1n size and bound by adhesions the phreme nene
lay ventrally embedded m thick fatty tissue The presence of the pencardial adhesions
mummized the danger of cardiac hermauon and the defect was left untreated The post

operative course was uneventful
PElcctmLymcgraphy was carried out after the operation The movements at every part

of the penicardial defect imvesugated were synchromzed with and were of the same type
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35 the movements of 1he Jeft ventnle No movements typical of the Ieft auncle of pulmo~
nary artery ¢ erc demonstrated (Fig 2) Repeated postoperative roentgenologic examina
nons of the heart revealed no change

Discussion

\ congenual pencardial defect 15 due to non fusion of the pencardial pre
cursors Scrors (1963) has reviewed the lterature on the subject and «um
manzed hypotheie explanauons suggesting the following posstblires (1) un
usually rapid deselopment of the embryologic lung ussue (2) nflucnce of the
Iner on the development of the pencardial membrane and (3) premature e
version of the left duct of Cuvier The latter event would delay the development
of the left penicardial membrane which m tum would prevent the closuse of the
left plewco-pescardial foramen  Ihis theory has generally been considered the
most plausible since the defects almost without exception are situated on the left
sde An analogous malformation on the nght side would be mcompatble with
life since the nght duct of Cuvier becomes the superior vena cava. Whea a con
gemtal pencardsal defect exists the phrenic nene passes enher along the free
edge of the membrane or near the antenor thoracic wall On the other hand, if
secondary fenestration of the pencardium occurs, the nemve follows ats usual
course 1¢ laterally betwcen the pencardium and the mediasunal pleura The de
fect was probably congenutal 1n the present case since the nerve ran ventral to 1t

Cascs of pencardial defects may also have other malformations (ELLis et coll
inter alios) and these may dominate the chnical as well as the roentgenologic
picture Cardiac malformations have been dbserved 1n the form of Falot s tetrad
(Hirona & Cruwany Jr) patent ductus arteniosus (RJELLere et coll  Cranc &
Leten) and abnormally draiming pulmonary vems (Taaniv ct coll } In addition
to a penicardial defect many cases have congemtal pulmonary cysts of vanous
hinds (Russy & Sereors 1949 Jones 1950) and aberrant pulmonary lobes have
also been descnbed (Brea et coll 1958) Jones observed pencardial defects 1
five out of 19 cases of congenital pulmonary cysts Only exceptionally have
penicardial defects occurred without other malformations (Herine et coll 1960)

The parual defect 1s pracucally always situated at the level of the pulmonary
artery and wnce the contour 15 often promunent such a defect may be mustaken

for 3 widenmg of this artery The differential diagnosis may therefore nclude
i Y stenosis pul y embol

shunt and so-called
also be evident 1n abs
thoracic diameter or

p pulmonary hypertension left nght
diopathic pulmoenary dilatation Similar appearances may
normal pesitionine of the heart due to a dinunished sagttal
expansve process situated near the pulmonary artery The
majonty of these condions should be chnically or roentgenologically dcf?ncd or
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i Fig 2 Electrohymographic tracings from left
ventricle (a) left auncle (b) and mamn pulmo

nary artery (¢) Basically the cunes are sumlar
g 1 ' { and correspond to the left ventncle tracings

excluded, although differcntial diagnostic difficulties exsst particularly in relation
to 1diopathic pulmonary dilatation and expansive processes

Angiocardiography 1s of valuc for estimating whether or not the prominent
contours are causcd by the pulmonary artery Pencardial defects have often been
diagnosed 1n this manner (HErING et coll, mter alios) KjeLiserc et coll re
ported a case in which such a dcfect was a secondary finding at angiocardo-
graphy performed for other indications

A left artificial pneumothorax has been employed for the diagnosss of large
defects 11LL1s et coll were first to use thus method although 1t had previously
proved usciul with other indications (Danw 1937, RusBy & SELLORS SIANKS &
Kereey 1951) The method has not been used for partial defects, but Herine ct
coll 1 onc case observed gas in the defect postoperatively and stated that a
pneumothorax mught be of diagnostic value as in cases with large defects The
possibiity of the gas penetrating the defect depends however on the presence of
pencardial adhesions

An obvious prominence corresponding to the pulmonary artery was present in
this case of a left partial defect and as i some carhier descnptions of larye
defects, a large masura between the descending aorta and the pulmonary artery
existed  Abnormal movements of the contour at the site of the defect were
observed both with cinematography and electrohymography

The movements were reversed with those of the aortic arch but were syn
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<hronous with those of the left ventncle Sumlar observavons have been made
carlier by Catane & Lrtgu Wath an expansi ¢ proeess adyacent to the pulmonary
artery the contour must ewher be statonary of which 15 more common move
rhythmically with the heart or vessel section <wuated near the process  \bnormal
movements have earher bewn obsened by clectrokymography m adhesnve
pencardius without any pencardual defect {BarTizy 1957) In the present case,
operation revealcd abundant adhesions at the site of the defect, and these were
i afl probab bty the reason why the movements wese synchronous with and of
the ame type as those of the left sentnicle Flectrohymorraphy therefore affords
tiformation on the presence of peneard al adhesions that geaerally occur with
a pencarhal defect I attention 15 paid to other roenigenologic changes m thus
condition clectrohymography may be of dectave dragnosnc imponance

SUMNMARY

A case of congenital Yeft parial pencardial defect 1s desenbed A study of the move
ments of the heart contour particularhy by electrohymography ay be of dec sine diagnostc
wnfortarce n tases with pericardial adhe 1ons at the site of the defect

ZUSANMNENF ASSUNG

Fer Fall von ln sestigen hongennalen Penbarddefekt wird beschnicben. Dhe Diagnose
\apn duech die Untersuchung der Bewegungen dex Herdontur besonders muttels Elehtro-

bvmo raghie 10 solchen Fallen gestellt werden wo perdardiale Verwachsungen an der
Stelle des Defeltes orliegen

RFSUNME

Presentauon dun cas de defaut congenutal partiel gauche du pemcarde Letude des
mouvements du contour cardiaque en parucuher par clectrobymo raphie pewt avare une

mportance decs we pour le diaenostic dans les cas ou sl y ades
adherences pencard,
dans Ta regron du defaut pencardiaies
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AORTIC INSUFFICIENCY AS A COMPLICATION
OrF THE AORTITIS SYNDROME

by

Tanauiro hozuwa and TADAUARU Nosant

The extensive artertal changes in the aortiis syndrome Takayasu s artenus
produce vanous chnical manfestaons among which aortic msuffictency 15
rate Thiny-one cases have been found i the hterature Aortte mnsuffictency was
almost alwass detected by typreal diastolic murmurs in the 2ortc region ange-
graphic evidence of aertic nsufficiency bemng descnbed m only two cases

Danaraj et coll 1963 and Suan et coll 1967)

Our obsenations . fne cases of aoruc msuffiaency associated with the
aortitis syndrome are now presented

Materials and Methods The series compnsed 62 cases of the aortiis syndrome
which were d by con

tional vad phy of the chest and by aorto-
craphy Tufty two of the subjects were females and tea were males all beng
Japanese The ages ranged from 10 to 51 years with an aserage of 28 years In
foriv of the enure senes thoracic

were ob ) of con
trast mechum above the aortic valie Aortic insufficiency was m four cases dis-
—_—

Sutmutted for publication 10 March 1968
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Table
Major radwloguc findings and climcal data n five cases {all females) of aorttc wnsufficiency

Case  Age Diastolic  Blood pres Conventional radiography  Thoracic aortography
murmurs  sure right

brachial Calafi Left Regurg: Dilatation
artery cation ventric  tation of the
mm/ig of the ular to left ascending
aortic enlarge  ventnicle  aorta
wall ment
1 51 — 120/30 Arcus + + —
2 34 + 170/80 —_ + + +
3 36 — 128/0 Descending + + +
4 22 - 120/52 — + + 4
5 36 + 204/0 Laure + Not
thoracic performed

closed by filling of the 1eft ventricle with the regurgitant medium  An addional
case was revetled by typical diastolic murmurs at the aortic ostum and conven
tional roentgenography of the chest without aortography

Results

The chmcal data and the major radiologic findings related to the aortic
msufficiency are listed 1 the Table above Charactenstic diastolic murmurs 1
dicating aortic msufficiency were audible sn Cases 2 and 5 A common feature n
the five cases was low diastolic blood pressure with resultant widely varying pulse
pressure

Left ventricular enlargement was common m all the cases A Jagged or wavy
outline of the descending thoracic aorta was present as a direct roentgenologic
sign of the syndrome i three of the five cases, and eatensne calerfication of the
aortic wall throughout the enurc thoracic aorta was observed 1n one of them
Aortography disclosed dilatation of the ascending aorta n three cases and shght
regurgitation mto the left ventricle to mdicate aortic msufficiency w all the cases
m which aortography was performed

Case 4 had a marhed ancurysmal dilatation of the entire thoracic aorta The
degree of regurgitation was so slight that the left ventricle was only famtly and
partially filled, but the contrast medium was not cleared away by the subsequent
systole

Deformuty and arregular contours of the aortic cusps suggestmg, postinflam-
matory changes were detected 1n Case 3 and Case 4
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Case 2 Regurgitation of contrast medwum from the ascend
ing 2orta nto the left sentncle the lelt coronary artery mas

not outhined increase 1 wadth o the nght coronary artery

Lacept for Case 5 1n which the
pulses of the extremities four cases
tion of the lefe subclavian artery

Case 2 might have had obst
to fill and there was marhed d

e Was no evidence of weahened or absent
imvestigated with aortography had oblitera

ruction of the left coronary artery the latter failed
ilatation of the nght coronary artery

Discussion
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result wit widedy v aying pulse prosure moy be of import wice for the detection of
rortic insuffiacncy, provided the blood presure b been iccorded

If rottie meompetence 1s present, thoreie 1rtogriphy will disclose regurgin
tion of the contrwt medium mto the left vantrde nd bo preenedy dehne the
thoriae rorty wd the brichioceph ihe arteres Regurgition of the contrust
medium miy oceur 1wt et, however, ather e wse of 1rtie incompetence
mduced by cont it of the up of the ¢ wheter with w wrtie G, o by o
systole durmg the mycction s should be disungwished from truc org unc 1
Lurgit on

Lwo DNictors e the ctologie ongm of wrue msufficieney wocnited with the
wrhtis syndrowe m1y be conmdered One fretor 1 diltation of the woendig
aortv wd enhrgement of the It ventel, cwsig spawition of the witic
commssures Dilattion of the weendimg 10ty v not unconmon m this syn
drome (Rozuxa ¢t coll 1966) In the ¢ases m wlich mvolvement of the wrtic
walve B bun absont o witopsy (Yamaba @ coll 1961)  sparton of the
ortic commissutes might hwe phiyed wmomportmt tole  Phe other Dator
contriction of the wrie vilve by axtension of w mfhmmatory proces (Juner
cteoll 1962) Ddfornuty and nigid contours of the wortic valves s domonstrated
rwrtogriphicatly m Cwe 3 wd Cuse §, my mdicite such v condition

Imvolvement of the cotonary artery ostium, s suggosted m Gase 2 hoas ban
deseribed (Cast Ricorps o1 tin Massaciusi 11s Ginerat Hostrrar 1961,
Cuirtnin & Caritr 1965) Cilaficwion of the wall of the weendimg oty
the prosence of whith m thas syndromd was dumed by Grinanmins & S11 a0
(1965) occuried m Cawe 5 Although this would not, of course be dircetly
rchited o the dignoss of artie msuffiaoncy, sudh m ostensive lesion of the
wcending 1orty might myvolve the tortic cusps wd tus < s ortic msuf
fiaency

The madence of witie meompetence m this syndiome 1 9 out of H cies
wid unong the soveral disc e that mty cwse wortie msufficency i s baan
ranhed third after rheumtsm ind syphilis (Uroa et coll 1967) Aortue wsaf
fineney Cwsed by other fictors than the wortts syndrome my mcdeatally <o
exst wd must be disiguished from 1 complication of the syndrome itself T
stret sense 1 e desenibed by Trssor (1959), beawse of ats thoumntic mture
ought 1o be (xeduded Needlow 10 31y the history should be ¢ wrefully oy umnedd

Lns comphicton of wrae mcompetence may lod 1o Cidie fulure wmd
weurte dignoss s icquired - Aortic msufficieney v comphicwon of the
orties syndrome cmnot be dignosd 1 convention il rocntgenogr i of the
cheat, smee 1 dilted worty wd moenluged It vontricde frequently ocaur waith
out oruie weuffiacngy  Lheedorg, thorcae wetogriphy with mjccnon of the
contr it medium bove the wrtie valve 15 mdispansble
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SUMMARY

Obsenvations m e cases of aortic wmsulfictency in a matesal of 62 cases of the sonuus
syndrome arc presented and the important role of thoracic ortography in the detection of
s complication 1s Mressed Etoogucal factors ase discussed

ZUSAMMENFASSUNG

Beobachtungen 1 funf Fallen von Aortemnsuihizienz in emem Matenal vop 62 Fallen von
d m Aectutss Syadrom werden vorgelegt und der Wert thorabaler Nortographuz um diese
homplikauon feststellen zu honnen wird betont Auologische Faltoren werden be prechen

RESUM\ML

Les auteurs presentent cinq cas o insuffisance aortique sur une sere de b2 cas de wadreme
daotite I's msistent sur le rale wportant de 1aortorraphue thoracique dang la detection
de cette complication Us ctudient tetislogte de cette atfection
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FROM THE DEl ARTMENT OF ORTHOPEDIC SURGERY (l ROF C ]IlRSCll) AND ROENTGEN
DEPARTMENT II (DOCLNT I w lCi\BOM), SAIILGRENSKRA SJURIUSET, GOTHENBURG,
SWEDEN

LUMBAR MYLLOGRAPHY WITH WAILR-SOLUBLE
CONTRAST MLEDIA

With specral reference to the ppearnces of root pochets
by

C Hirscrr, M Rosunerantz and T Wicksom

The report by MmTer & Barr m 1934 that sciaticy mny be caused by dise
hermation and that s removal my rcdieve the symptoms of the pauent pro
duced 1 wave of enthusiasm for this hind of surgery throughout the world The
drugnosis 1s often made wath grew accuracy from the symptoms and signs and
by careful neurclogic cxanunations (Norrexn 1944) However disc hermnton
18 not always responsible for the symptoms and 1f present s correct spal level
may be difficult to determme A great number of negatnve surgical explorations
have been performed over the years and allustrate the fact that sciatica s not
synonymous with disc prolapse Yurthermore a ne atne findmg at one level
neeessitates the exploration of sevcral mtcerspaces Often the surgeon has to ac
cept the possibility of 1 conccaled disc or faces the problem of evaluating, munor
dcformations of the pusterior aspect of the disc which may be unassociated with
the prolapse although they may lead to exciston Tles 1s naturally less favourable
to the patient than the removal of a true prolapsc (I'misire & Hirsci 1916)

Submutted for publication 20 March 1968
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Fig 1 Disc hernsation at Li—L2 on night side a) Ol hque uiew horzon
tal beam Patient 1n r ght recumbent position rotated forward about 1o

marhed local indentation at the L4 —L3 snterpace the root pocket to
the L5 root s not fifled b) Corre ponding view of the leit 1de Normal

appearances ¢} Lateral view prone Sl ght antenor indentstion at
L3135

3

Combined procedures eg disc removal and fusion have often been performed
1n these conditions with unpredictable and usually discouraging end results
Several radiologic dragnostic methods have been mtroduced 1o avoud this
hind of surgery a fact that 1n 1tself indicates that none of them has been ideal
Large hermauons situated medially generally deform the dural sac in such a
way that they are eanily detected by any myelographic techmque Small herma
tions on the other hand especially of located laterally may not alter the shape
of the dural sac at all although they usually compress the root po ket The de
man.traron of such a hermation therefore demands the outhining of the root and
the root pochet as completely as possible Water soluble contrast media because
of thew low viscouty mix well with the cerebrospinal flud A more complete
view of the root pochets may therefore generally be better achiesed with such
metha than 3 tth 10dized ol compounds they possess 1 additron the advantage
of being <pontancou ly absorbed within some hours (Arxect 1944 1948 Linp



FROM THE DEPARTMENT OF ORTIIGPEDIC SURGERY (l ROF C lllRSCl[) AND ROENTGEN
DEPARTMENT II (DOCENT 1 \HC]\BO\I), SAHLGRFNSKA SJURMUSET, GOTIIENBURG,
SWEDEN

LUMBAR MYELOGRAPHY WITH WATLR-SOLUBLE
CONTRAST MEDIA

With special reference to the 1ppearances of root pochets
by

C Hiwsci, M Rosencrantz ind I Wickponm

The report by MiaTerR & Barr m 1934 that scatica m1y be caused by disc
hermation and that 1ts removal may reheve the symptoms of the patent pro
duced a wave of enthustasm for this hind of surgery throughout the world The
dragnoss 1s often made with great accuricy from the symptoms and signs and
by careful ncurologic exanunations (NorLeN 1944) However, disc hermation
1s not always responsible for the symptoms and, if present, 1ts correct spinal Ievel
may be difficult to detcrmme A great number of negative surgcal explorations
have been performed over the years and illustrate the fact that saiatica 1s not
synonymous with disc prolipse Turthermore a nesative finding at onc level
necessitates the exploration of scveral mterspaces Often the surgeon has to ac
cept the possibility of a concealcd disc or faces the problem of evaluating minor
deformations of the posterior aspect of the disc which may b unassocrated with
the prolapse although they may lead to excision Thus 1s naturally less favourable
to the patient than the removal of a truc prolapse (I'riserc & Hirsci 1946)

Submutted for publication 20 March 1968
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1

5 root ¥
Fig 3 Duc hermauon ar Li—Lo Small  Fig 3 The soor pocket 1o the L e
indentation cearly seen in {3} where beam  pears shorier on de nety ude (a) than cn
was parallel o thg dise but not in (Y

the Jeft (B) o herriation was preert at
where beam was parallel to the L5—§1  ¢pesation

disc In the latter 1ew the normal 51 root
pouket 1s better demonstizied

w15 wstances leaving, 489 surgical exploravons sn which the myelographic
findings could directly be evaluated with those at eperaton This matertal ap-
peared swable for study since myclography was performed m every panent
who was considered a canddate for surgery The whumate deomon whethes to
operate or not was made after consideranon of the chnreal signs and the myelo-
araphic changes Operation was sometimes performed m spite of negative myelo-

graphy beeause of severe symptoms mostly duning more than six months of
meapaoty Only muld symyproms and minor myel }

sndrcated the contmuation of conwsuatne eatment

changes

Myclographic techarque The patient kses on a ulng table with the head end
clesated 15 10 20° Aftes lumbar anacstbesss with 2 m heavy wloran 10 ml
hontrast U (4B Leo Sweden) arc stowly mjected  Films are obtamed under
fluorascopsc control with a honzontal bewvm the pauent lyme first on the af
fexted wde then prone and finalty on the opposite side The Tilms are exposcd
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Fig 2 Disc hermation at 13 —S1 on left side patient in left recumbent
position with various degrees of forward rotation Ihe small mdentation
at the disc lovel s clearly seen n (c) less well m (b) 1nd not at all in
(a) the corrcsponding root pochet (81} s displaced literally and com
pie sed and the toot 1s thichened

prosm 1946, Knutsson 195071951) Ihe mam disadsantage s the arritation
they cause 5o that spimal anacesthesta 1s neeessary  They ean furthermore be used
only for the lumbar region and hardly cver above L2, 4 fall m blood pressure 1s
farly common More scrious complications have also been reported but these
have probably been due mamly to an inappropnate techmque

Scveral studies have been made to compare the myclograplic and surgic
findings (I'mizcre & Hutt 1950, Hirscir & NacuEMSON 1963 Avunpsra ot
coll 1963) Smcc the myclographic changes did not always correspond to truc
hamated dises at operation, we deadad to mvestigate the rehabibty of the
method and especrally the sigmificance of changes m the appearance of the root
pochets

T'ive hundred and four patwents m all, subsequently opcrated upon dunng 1
3 year pertod (1962—1961), were reviewed  The total number of myclographic
exmnations performed m patints i the orthopacdic department for saiatien
was 878 dunng the same pariod  Che operation was performed for recurrences
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Fig 6 Large sndentavion from
termaton was seen at o eranon

front maw)y on 1be nght side Only fibross and no

111 Do or enly incomplete fillng of one root pochet but no indentaton
the dural sac ac thys pomnt  smafl antenor indentations were howes¢r sometimes
secn m the Jateral view (Figs 2t0 5)

% ™o or incomplete filling of one root pocket combined with a shallow
wdentation 1n the dural sac

% Marhed deformation with more or less complete obhteranon of the durat
sac tFigs 6 and 7V

The surgical findings were diuded into fine groups

0 Normal findings with the root lying frec in the epidural fat
1 Disc rupture with typical hernrauon

2 Dusc protrusion usually eausng a <hight displacement of the root but no
y1ible hermation

3 Fibrosis with the root more or less fined by adhestans
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Lig o Dhsc hermation at 11—1) tanly lage antenor mdenta
ton Root pochet to the 15 100t appears shorter on the left side
than on the 1lht

with differcne degrees of rotation of thie patient m order 1o sccure views with the
root pochet projected frec from the dural sac (Figy 2) Care 1s t1hen to get the
beam paralld to the dises and thus usunlly requires two different degrees of
wgulation (T1g 3) A fall in blood pressure s presented by givmg 1 oml eplie
drme subcutancously before the contrast medium mnjection In spite of this
howcever, 4 fall may occur after the ¢x wination <o 1t 1s necesary to watch the
patient carcfully for several hours following the procedure

Results

Lhe myclogruns were raviewed nd the classific won wis made by one of tic
withors (W) who had no knowldse of the clmieal wgns nor of the surgical
fndings  1he results of the study e gven m Iable 1 Fhe mycdogrphic
changes were chsafied s follows

0 Normal findings with no deform ition wd normal ppearinces of the root
pochets

I Typical changes with marked Jocl mdentation it the st of the root
pochet and no or only meomplete filling, of the pocket (Tig 1)

11 Marhed antertor mdentation observed only m the lateril view but normal
filling of the root pochets
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Fie 7 Large filling defect at the lesel of L3—L#
o | sion present at operation however

had a true prolapse Six pauents had neiher the 1asegue sgn nor neurologic
disorders two of these had a prolapse The rest of the group with myelo-
craphucally defectne fillng of the root pochet (73 patients) had chnteal sigus
clearly mdicating root mnvolvement 1n terms of both positine leg rawsing and
neurologic disturbance In spite of this only 49 patients had a prolapse Al
together prolapses were present m 6o per cent of those 1n whom myelography
revealed only a short root pocket In the majonty of the other pattents, fibrosis
at the disc level and root adhesions were evident at operation, which may at
least to some extent explan the myclographuc changes and the chimcal signs

n order to find out whether a small difference could be found between cases
with or without 1rue hermavon the myelograms of group HI were again re
viewed with specsal reference 1o the thickness of the corresponding root and the
appearance of the root pochets One of the authors agan had no knowledge of
the surgrcal findings nor of the chnreal signs The results of this repeat review
appear m Table 2 The myelograms have m this table been divided 1nto two
croups More abrupt cessation of the contrast filing and as a rule a thickening
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Table 1

Matenal grouped according to the myelographic changes (O—V) and the surgical findings (0—4) For
definitions, see pp 58—a9

Surgical findings

Groups 0 1 2 3 4 Total
Myeclographic mterpretations 0 15 2 — 3 1 21
1 1 26t —_ — — 265
s 1 4 3 1 _— 9
Ir 9 7 8 18 2 108
w 1 36 2 is 1 23
v 2 17 4 3 a 31
Total 29 394 17 40 9 489
Table 2

Cases with incomplete filling of the root pocket as the only myelographic findng A wdicates somewehat
more marked myelograpluc changes than B For defimtions, see p 62

Surgical findings 1n group 11T (¢f Table 1)

1] 1 2 3 4
A 2 44 1 —
Ayelographic interpretations {u q 27 7 12 2

4 Miscellaneous changes mcluding one neurmoma, anomalies, hacmatomas

It was sometimes not quite clear from the surgical report to which group the
case should be referred The surgeon m the team (H) deaded on the groupmg
when doubt cxisted

Hermation was present n all but one of the cases with typical myelographic
changes (Table 1) There 1s no explanation for the only excepion Good cor
relation was found 1n the cases with a negative myclogram A wterval of several
months between the myelographic exammation and operation occurred m the
cases of true herniation

As previously mentioned, special attention was paud to the 108 cases with small
myelographic changes, mamly consising of more or less wcomplete filling of
the root pochet (group II1) Only 29 of the patients in this group had a positive
leg raising test, no neurologic disturbances such as muscle weahness Joss of
senstbility or absence of reflexes, were observed Twenty two of these 29 patients
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3 Changes only of a oot pocket are often {mn about two-thirds of cacs) but
not necessantly caused by lateral hermation

4 Fyen with marhed myclographic changes operatian may occastonally fat
to reveal a disc levon

SUMMARY

The mytographic changes and the surgical findings were compared 1n 2 material of 489
paticnts considered climcally to have disc hermjation Prolapse correcponding 1o the npieat
arytlographyt thangts wes conliemed at aperation 1 264 patents while in 108 patients with
only shight myclographic changes 6 per cent v ere found 1o have true herniations. The
di crepancies are discussed

ZUSANIMENFASSUNG

Die myelographischen \ erandetungen m eumem Material von 489 Pauenten die Minsche
Zeichen von Dislushemien aufwiesen wurden mit den operatnen Befunden serglichen
Trolaps wurde ber der Operation n 204 Patienten bestapgt dic tm Myclogramm typische
Veranderungen hatten In 108 Pauenten mit nur genngen myetorraphischen \ eranderungen

tag b 1 62 Lrazent 0 \ uklichee Disku prolaps vor Die Urcachen der Duskrepanz werden
disbutiert

RESUME

Les auteurs ont compare les signes rayel h et Jes c per-op sur
une senie de 489 malades consideres chimuquement comme ayank une bermic discale Les
<ignes myeloraphiques ty piques de prolapsus discal ont ete confirmes a 1 operation chez 264
matades alors que 62 pour cent des 108 matades qu avalent seulement de Ppeuts signes

mjelographiques avment reellement une hermie discale Les auteurs exanuncnt les rassons
de cey discordanc s
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of the root, existed 1n group A, there was also sometimes a suggestion of a small
mdentation at the ongin of the root pochet In group B, the difference between
the root pochets on the two sides was less marhed, and the root was not thichencd
The correlation was somewhat better in group A than i group B (1¢ a higher
metdence of hermation found at operation) although 1t sull appeared mmpossible
to distinguish with certamty between cases with and without true herniation
It 1s evident, on the other hand, that 2 careful study of the root pochets 1s of
great mmportance since changes m these were the only signs of a hermation m
about 15 per cent, and the mam findmg m a further 5 per cent, of all the
patients with disc hermaton

It 1s indecd mteresting and rather disippomtmg that hermiation occurred only
m shightly more than 50 per cent of the patients with very marked deformation
and sometimes with almost complete obhteration of the dural sac (group V)
Tt 1s well known that scar ussuc after an earher operanon can cause such
changes and simulate a recurrence The matennl mcludes 15 pauents (not m
the tables) with changes of this hind who had earlier had a hermation removed
In seven patients recurrant harmations were presant and m the remanung aght
pttents only scar tissue was present at the second operation Thus material has
not confirmcd CRONQVIST s opinton that a deformation at the disc level mndrcates
hermation whereas scar tissue produces dcformation somesshat above and below
the disc We have not scen it reported m the hiterature that such marked
changes may be produced by scar tissuc without a previous operation Lien
morc remarhable 15 the fact that exploration was almost completely negitive m
two of our patients with such a large deformation There appears to be no
reasonable explanation for this One of these cases 1s briefly described below

The patient was 2 42 year old man who had had pamn radiating down the
nght leg to the knee jomt for 6 months but othcrwise no symptoms A large
mmdentation at the level of the L3—L+4 disc was demonstrated at myclography
(g 7) This region was cxplored but no abnormality was found The patent s
symptoms contmucd and myclography was repeated 6 months later with the
same result A second operation was performed, this time by a neurosurgeon of
great experience On tlns occasion the dura was also opened but only small
postoperative changes were present The symptoms gradually disappeared

Conclusions

1 No disc prolapse was cvident at operation m 17 per cent of the patients m
spite of carcful selcction based on chnical and myelographic considerations
2 “Typical changts of the hind shown i Fig 1 defuutely mdicate disc her

niation
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SIZE OF INTERPEDUNCULAR, PONTINE,
PONTOCEREBELLAR CISTERNS AND CISTERNA
A\AGNA IN CHILDHOOD

by
B Carwssoy and H Looiv

The suprascllar and mtery’ duncular asterns are according to Roserzson
deeper m cfuldren than mn adults The central part of the pontine crstern 15 of
tte ame depth 1 children as i adults while us Jateral recesses on the other
hand afe greater n nfants RoBERTSON presents no detailed analysis, honever
of the sice of the asterns duning different stages of the growth peniod The sub-
arathnoid spaces have been apalysed fully by Lijeguist but hus matenal in
cludes nio cases below the age of 15 years

The suze of the suprasellar asterns n the sagittal plane was abo analysed m
direcly 1 the 1 esigation of changes m position of the third sentncle dunng
the period of growth These aisterns are remarhably large dunng the ficst yeass
of kife but then become smaller by the displacement of the third sentncle 1 a
basal and dorsal direction (Lopiv 1968 Fig 3) The size of the mterpeduncular
pontine and pontocercbellar cisierns as well as the asterna magna will be discus-
sed W s commumication

Submutted for publication ™9 Febsuary 1968
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k~utsson ' Lumbar myeclography with water soluble contrast in cases of disc prolapse
Acta orthop scand 20 (1950/1951) 294

Linoorom K Lumbar myclography by Abrodil Acta radiol 27 (1946), 1

Mivter W ] and Barr ] S Rupture of the interertebral disc with involyvement of the spmal
canal New Engl J Med 211 (1934) 210

NorLeN G On the value of the neurological symptoms n sciatica for the localization of a
lumbar disc herniation A contnibution to the problem of the surgical treatment of sciatica
Acta chir scand Suppl No 94, 1944
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<1 123458783 RWRWUIL Fig 3 Age distnbution m the interpe
Yars

duncular custern matenal

Results

Ponting crstern The height of thus crstern was measurable i 125 cases (Fig 1)
The mea.urements were made on lateral films obtained sitting i 112 cases and
on lateral films obtained supine 1 13 cases In these latter cases the gas filhng of
the cisterns had not been <ausfactory 1 the films mn sittng position One of these
patients was 1 year old two were 3 years two 7 years, one was 8 years one 9
years two were 11 years one was 12 years one 13 years and two were 14 years
old

The height of the aistern 1s given as the shortest perpendicular distance (Cl—
P) between the clivus and the anterior contour of the pons The mean values for
this distance 1 the different year groups are gnenan Fig 2

There 1s no noteworthy change i heigbt of the ponune astern duning the
growth peniod (Fig 2} It appears to have the same width, 1e 5 mm even
down to the lowest age groups The mean value 1n Litjeguist s adult senes
exanuned m the situng position was also 5 mm

Interpeduncular astern The size of this astern was studied 1n 122 cases
{Fig 3) In 112 cases the measurements were made on lateral fitms m sitting
position and m 10 cases on lateral films obtamed supine —Of the latter 10
patents one was 1 year old one 3 years two were 7 years one was 8 jears, one
9 years one 10 years one 11 years one 12 years and ope 13 years old

The size of the cistern was determuned both by measuring certamn absolute
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Fig 1 Age distnbution n the pontme <11 23456789091 1213%6
cstern matenal Years

Haterial The composition of the normal series of encephalographics upon
which this study was based 1s given n Tigs 1, 3, 6 and 8 No cases with sub
dural arr or marhedly wide suler are mcluded The siz¢ of-the asterns was deter
mined partly by measunng certamn distances from given reference pomnts m the
cramal bones, and partly by calculating the ratios between these distances and
certamn reference lines within the cranmum The means of the absolute values and
ratios were calculated for each year group and are presented as curves No con
sideration has been taken of the mdividual enlargement factors dependent on
variations in shull size

mm
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6 //\ N //
5 — — —— ~
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Fig 2 Width of pontine cistern in respective age groups mean values Cl—clhvus P—pons
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reference pomnt used (Fig 4) Liueguist measured the depth from the up of
the dorsum sellac n 107 cases his values varyng from 14 to 23 mm with an
esumated mean value of 19 mm This value m pauents of the present matenal
of ages below one year was 10 mm but after the age of 2 years it had mereased
to about 20 mm

The wize of the mterpeduncular astern 1n relation to the cramal cavity ts 1l
fustrated 1n Fig 5 Dunng the first two years of life there 15 an increase n size

i relation to the posterior cramal casity, thereafter no change mn the relative
$12¢ ocCurs

Pontocerebellar cisterns The pontocerebellar aisterns were measured on frontal
films n suang positton and with the central ray directed so that the supenor
contour of the pyramids was projected above the supraorbital margin Only
films 1n this projection or 1n a projection diffenng only very shightly from 1t were
used for the measurements (121 cases 1 all) (Fig 6)

‘The width of the pontocerebellar cisterns 15 given as the perpendicular dis-
tance from the pars petrosa immediately medial to the internal acoustic meatus
A mean of the values on the two sides was used n the subsequent analysis 1n
cases with different values on the night and left sides The lateral extension of
the pontocerebellar cisterns was also studied by the method of group clasafica
tion recommended by LivtrQuisT 1n patsents of 4 years and under

The pontocerebellar cisterns are somewhat wider dunng the very furst years
of hife as compared to the rest of cluldhood {Fig 7} A caleul of the mean
width for all patients below 4 years of age gave an average of 70 mm while
for the age group 5~ 15 years the corresponding values was 5 2 mm
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Fig 4 Width of the interpeduncular cistern mean values A—tuberculum sellae D—dorsum
sellae B—bottom of wterpeduncular cistern
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Tig 5 Size of interpeduncular cistern 1n relation to eramal cavity mean values A—tuberculum
sellac D—dorsum sellac B—hottom of interpeduncular cistern

distances and by calculating the ratios butween these distances and gnen refer
ence lines within the cramum Thus, the distances from the tuberculum sellac
(A) and the tip of the dorsum sdlac (D) to the bottom of the mterpeduncular
fossa (B) were measured (Tig 4)

The relauve size of the cstern was dotermined by calevlating the ratos be
tween these two distances (A—B, D—B) and the distances along the projected
lme {A—C, D—E) through the mterpeduncular fossa to the mner surface of the
shull
The depth of this estern, measured 1 absolute values, wereases somewhat
durmg the first two years of life, after which 1t remains constant regardless of the
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reference pomt used (Fig 4) Litteguist measured the depth from the up of
the dorsum <ellag 1n 107 cases his values varying from 14 to 23 mm with an
estumated mean value of 19 mm This value i patients of the present matenal
of ages below one year was 10 mm but after the age of 2 years st had ncreased
to about 20 mm

The size of the interpeduncular tstern 1 relaton to the cranal casity 1s 1l
lustrated 1 Fig 5 Dunng the first two years of hfe there 15 an mcrease mn size

1n relation to the posterior crantal cawity, thereafter no change 1n the relatne
s1z¢ oceurs

P bell,

L cisterns The p bellar cisterns were i on frontal
films n suung posiion and with the central ray directed so that the supertor
contour of the pyramids was projected above the supraorbutal margin Only
films 10 this projection or 1n a projecuon differmg only very shghty from 1t were
nscd for the measurements (121 cases in all) {Fig 6)

The width of the pontocerebellar cisterns 15 given as the perpendicular dis-
tance from the pars petrosa immediately medial to the mternal acoustic meatus
A mean of the values on the two sides was used m the subsequent analysis 1n
cases with different values on the night and left sides The lateral extension of
the pontocerebellar cisterns was also studied by the method of group clasafica
tion recommended by LiLtequist 1n patients of 4 years and under

The pontocerchellar asterns are somewhat wider duning the very first years
of Iife s compared to the rest of childhood (Fig 7) A calculation of the mean
~ sdth for all pauents below 4 years of age gave an average of 70 mm while
for the age group 515 years the corresponding values was 5 2 mm
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Fig 8 Age distnbution 1 the csterna magna <1123 4567800NRVIYH
materal Years

In a comparison of the pontocerebellar cisterns of the rght and left sdes st
was observed that the width was the same on both sides 1 40 S5 of the cases
while there was a difference of 1 mm 1 50 % In 6 <% a difference of 2 mm
between the two sides was noted and 1n 4 o of the cases the difference amounted
to 3 mm

In the anlysis of the lateral etenston of the cisterns n patients below 4 years
of 1ge, by the group classification method of TiLteQuist, the followmg results
were obtuned Fifteen per cent were assigned to group IIL, 1e the astern ex
tended a long distance laterally along the pars petrosa, and its lateral borderline
was ndistnct In a further four cases (just over 10 S5), the cstern of one side
was assigned to group III, and that of the other side to group 1T

The accuracy of measurning and evaluating the width of the pontocerebellar
cwsterns 1n the frontal projection may be questioned These cisterns vary m ap
pearance, and apparently i width, depending on the projection of the central
ray, as mentioned, dentical projection conditions were always aimed at how
ever Anatomical variations remain as posstble sources of error but these should
have been stmlar throughout the maternial The finding of a decrease in width
after the first few years of Iife should thus be an eapression of the anatomical
development withm the posterior cramal cavity The difference m width be
tween the right and left cisterns, with 2 to 3 mm difference 1n 10 9% of the cases
reflects anatomical yanatious

As regards the Iateral extension 15 % of the patients under 4 years of age
belonged, according to the LiLiegurst classification, unequivocally to group III
Thus corresponds to the distabutton w bus adult matenial In 2 further 10 ©o, how
ever, the lateral extension was asymmetric, the cistern of one side bemg asagned
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Fg 10 He ght of cisterna magna (F—C) 1n relation 10 the
distance between the internal ocerpital protuberance {P) and
the postenior margin of the foramen magnum {F) mean
values

to group 11 and that of the other ade to group 11 The lateral extenston 1n the
youngest patients 15 therefore probably greater than adults which agrees with
RoperTsoN s opinton Since the enlargement factor 1n the matenal increases with
increasing age this cannot have had any wfluence on the results

Cisterna magna The size of the asterna magna was determuned from lateral
films m sitting poson (146 cases) (Fig 8) The absolute height (F—C) of the
astern above the posteror margin of the foramen magnum was measured

Fig 9) This distance was then compared wath the distance between the internal
ocoipital protuberance (P) and the same pont on the postertor margn (F) of
the foramen magnum The ratio between these two distances was calculated
tFig 10) The cistern was thus analysed only 1n the sagital plane Measurement
of the 1 terna magna in the frontal plane was not possible
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The maximal hught of the cistern, measured m absolute values, mercases
somewhat durmg the first years of lfe, and thereafter remams constant The
reltive size conditions are illustrated in Fig 10 No difference between the year
groups was observed, the ratio between the two measurcd distances, viz the
haght of the aisterna magna and the distance to the mternal ocapital protuber
ance from the foramen magnum was about 060, 1¢ the hught of the astern
was, on the average, a httle more than half the distance from the foramen
magnum to the intcrnal occipital protuberance The mean values for the absolute
hught were as follows 0 to 2 years 24 mm, 0 to 4 years 26 mm, and 5 to 1>
years 30 mm In LiLieQuist s adult matenal, the mean value was 28 mm

The results mdicate that the absolute height of the cisterna magna increases
m small degree during the first years of Iife but that no change 1 size n rela
tion to the growth of the posterior cramal cavity occurs throughout the cntire
growth period This cistern thus develops at the same rate as the posterior cranial
cavity

Conclusions

During the first two years of lifc the depth of the suprasellar cisterns de
creases, while at the syme time the depth of the mterpeduncular astern imncreases,
both absolutely and relatnely These changes in size comcide with the rapid
growth of the curebral henmspheres and the simultancous displacement of the
central parts of the cerebrum in a dorsal direcion The pontine cistern under
goes no change i depth despite the relauve dorsal displacement of the aqueduct
This 1s explamed by a simultancous increase 1 volume of the pons The ponto
cercbellar cisterns decrcase somewhat, both in width and lateral extension after
the age of two years A rclative mcrease 1n the volumes of the cerebellar henu
spheres and pons 1 relation to the posterior cramal cavity may explam the
change m size of these asturns Finally the cistarna magna follows the growth
of the posterior cranial cavity, and its relative size remams unchanged during
the growth penod

SUMMARY
The changes in size of the pontine interpeduncular nd poutocerebellar cisterns as well
as the cisterna magna duning the growth period 1n cluldren are analysed and discussed with
reference to 1 normal sertes of encephalographies

ZUSAMMENFASSUNG

Die Grosseveranderungen der Cisternae pontis interpedunculans pontocerd bellaris und
der Cisterna magna wahrend der Wachstumspenode der Rinder wurden an cier Serie von
normalen I ncephalographien analysicrt und die Resultate werden duskutiert
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RESUME
Les auteurs &udient et a unc sene & encéphalographies normales les modifica
tions des dimensions des citernes prépontique dy 1 et pormto- 14
ams: que de la grande crterne chez les enfants pendant 1a peniade de croissance
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The mavmal height of the stern, measured 1 absolute values, mncreases
somewhat durng the first years of lfe, and thereafter remams constant The
rdlative size conditions are illustrated m Fig 10 No difference between the year
groups was observed, the rauo between the two measured distances, viz the
hught of the aisterna magna and the distance to the mternal ocaipital protuber
ance from the foramen magnum w s About 060, 1¢ the height of the cistern
was, on the average, 1 it more than half the distance from the forwmen
magnum to the internal oceipital protuberance The mean values for the absolute
hught were as follows 0 to 2 years 24 mm, 0 to + years 26 mm, and 5 to 1o
years 30 mm In LitieQuisT s adult matenal, the mean value was 28 mm

The results indicate that the absolute height of the cisterna magna mcreases
m smnll degree duning the first years of hie but that no change m size m rela
tion to the growth of the posterior cramal cavity occurs throughout the cntire
growth period This eastern thus develops at the same rate as the posterior cranal
cwity

Conclusions

Duning the first two years of fc the depth of the suprasellar cisterns de
creases, while at the same time the depth of the mterpcduncular cistern increascs,
both absolutcly and reluney These changes m size comeaide with the rpd
growth of the cerebral henuspheres and the simultancous displacement of the
central parts of the cerebrum n a dorsal dircction The pontme astern under
woes no change m depth despite the redative dorsal displacement of the aqueduct
Tis 1s explamed by a simultancous mcrease m volume of the pons The ponto
cerebellar cisterns decrease somewhat, both 1 width and lateral (xtension after
the age of two years A rdative mercase m the volumes of the cerebellar hemi
spheres and pons 1n relation to the posterior cramal cawity may explam the
change m size of these asterns Finally, the asterna magn follows the growth
of the postertor cramal cavity, and s relatne size ramamns unchanged durng
the growth period

SUMMARY
The changes 1 size of the pontine mierpeduncular and pontocerebellar cisterns as wll
as the cisturna magna during the growth penod n children are nadysed and discussed wath
refurence to 1 normal sertes of encephalographies

ZUSAMMULENFASSUNG

Dic Grossereranderungen der Cisternac pontis nterpeduncularis pontocerebellans und
der Cisterna magna wahrend der Wachstumsperiode der hander wurden an emner Serie von
normalen Lncephalographien walysiert und die Resultate werden dishutiert
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Fg ) Ap and lateral vitws at tntial Left carotid anguography \e evidence of ancurysm no
!p%sm or%l placement of the cesebral artenes (An ol lique view was also obtamned bit this
also failed 10 show any abnommality }

dawn the posterior « pe s of both fegs Tumbar punciure stvealed bloody cesebrospimal
flwd
The patient was translersed to our hospital on November 29 1966 No neurolo,ic deficit
nas observed despite sevese hesdache and stiff neck. The blood pressure + as 120 33 mm
H  Lumbar puncture retealed blood 1 CSF openme pressure 340 mm and cloung pres
ute 1,0 mm 3 O WBC 100 {53 polys) RBU $316) sugar 66 mg % and protem
tam, (o
Left common carond an 1weraphy was performed on fus firss hospual day (Fer 1) and
to afnormality + as observed The headache subsided opening pressure of Jumbar punciure
% 25 180 mm H © but the CSF was sult bloody
Fiwe days | ter there was a sudden mcrease n beadache fellewed by a buef los of
©n 3 moess The Llcod prossure 1 as 210130 The physical exammmanon shos ed oy
Mmstigmus but no other focal sign L umbar puncture at this time agam rescaled bloody
CSF wuh an opennr pressure of 350 mm and closing pres ur of 150 mm H O
Right common carotid angiogfaphy <n the nest day (Fig ?) stowed no abnormalty
The patient remasned cbtunded but re ponss € for about 2 week he then had hemiparests
on the night sde
Left common carotid anuo raphy ¢ as camied out (Fig 3} \ laree antefror c¢ mameat
ng ancurysn ath a mild deyrce of pasm i the proxmal postion of the 1 ft anterior
ceretral aneny 1 as reveated Hypothermia and steroids were started and ten davs later
fprn of the amerior communicating aneurysm was pesformed under hypothermia

Discussion

Lesteny 10 1953 reported a case of subarachnord hemorrhage The aneurssm
w0d the parent vewsel fatled ta fill ac cercbral angography A small soft tissue



FROM THE NEURORADIOLOGI( SECTION OF THE DEPARTMENT OF RADIOLOGY, NEW
YORK UNVERSITY MEDICAL CENTER, NEW YORK, USA

THROMBOSIS OT' ANEURYSM OF ANTERIOR
COMMUNICATING ARTERY

Case report
by

Josepir P Liv

The accuracy of the radiologic diagnosis of cerebral aneurysms m cases of sub
arachnotd hemorrhage has been stated to be 85 to 96 per cent (1, 18, 26) Failure
to demonstrate aneurysms angrographrcally has been attributed to spasm of the
parent vessels, the small size of the aneurysm, techmcal difficulties, inadequate
angiographic examinations, observers error, or to thrombosis of the ancurysm
(6, 8,13, 14, 15, 17, 19, 20 26, 27, 28) The majorty of reports deal with spasm
of the parent vessels or inadequate angiographic exanunations Although a few
authors have reported thrombosts as one of the causes (3, 4, 19, 21 25), the
presence of an aneurysm was erther demonstrated n surgical or post mortem
specimens, or the ancurysm was scen only at the first angographic examination
and could not be demonstrated in subsequent angiograms

In the case now reported upon the aneurysm was not filled at the first angto
graphic exanmunations but was demonstrated at a repeat exanmunation

The patient was a 43 year-old man who had been i good health unul four days prior to

Jus adnussion to hospital He had suddenly developed severe frontal headache and nech
pan which was accentuated when moving hus head He sub equently had pan radiating

Submtted for publication 1 April 1968



THROMBOSIS OF ANEURYSM OF ANTERIOR COMMUMCATING ARTERY 7

Fig 3 Left carotd angiography performed 12 days after the fust angiographic exammation
ap and Iaeral v ews. There 15 a large aneurysm at the junction of the communicatng artery
and the l¢ft antenor cerebral artery mild spasm of the proximal portion of the left anterior
ce ebral arntery

anterior commumeating artery ancurysm faled to fill at the first angiography
with presence of severe spasm of the parent vessel Three wecks later this aneu
rysm readhly filled after the spasm of the parent vessel had subsided

In our case the first left carotid angrogram was obtamed four days after the
onset of subarachnosd hemorrhage Though 1t was in the acute stage there was
10 evsdence of spasm displacement of the lefi intracramal vessels or filbng of the
aneurysm Frontal lateral and oblique views were obtained and subsequently,
night brachsal and night carotd angiographies were performed n the hope that
these studies would lead to detection of the cause of the subarachnoid hemor
thage Muluple projections with cross compession on the left mternal carotid

artery and use of the subtraction technique agam faled to demonstrate any
vascular ab lity In the cross ¢

p study the left antener cercbral
artery was well filled via the anterior commumnicating artery but no fdling of the

aneurysm of spasm of the left antenor cercbral artery were noted Two weeks
alter admsion the patient had another epwsode of subarachnod hemorthage
and be developed nght hemiparesis At thus tume 2 repeat examematen with left
carod angingraphy disclosed an aneurysm measuring 7 mmX7 mmX 19 mm,
at the junction of the antenior communicating and the left antenar cetehra'i

artenes with mild degree of spasm of the proximal portion of the left anteror
cerebral artery



76 JOSEPIL P 1IN

Fig 2 Right carotid angiography ap view
with eross compression No aneurysm could
be detected

leston n the chiasmatic aistern regrion was demonstrated by encephalography
Necropsy revealed 1 thrombosed ancurysm at the junction of the antenior com
municating and anterior cerebral artcry completely blochng ats lumen

Stern (1955) also reported a case mn which the shull roentgenograms dis
closed a fine curvilmear calaification, concave forward and ansing upwasds from
sella turcica Complete blochage of the nght intracramal porton of the nternal
carotid artery distal to the ongmn of the anteror choroidal artery was demon
strated by anglography Surgical exploration disclosed an 2ncurysmal mass,
measuring 25 emX2 5 cm, located within the Sylvian fissure, and completely
filled with thrombus In this case, the author stated that had 1t not been for the
tell tale calcification i the conventional roentgenogram, the true cause of the
nternal carotid artery occlusion would probably have escaped discovery

In the senes of Danpy (1944), there were two cases m which the aneurysms
were filled with thrombus 1n the post mortem exammation and one case m which
a spontaneous cure of the ancurysm took place by complete filling of the s
with a thrombus DaNpy stressed the necessity of mjectng both the mternal
carotid arterics and a vertebral artery before the sac could be demonstrated, and
cven then all might still have been negatinve

The failure to demonstrate an ancurysm by angiography 1s not evidence of
absence of an aneurysm It 1s possible that i 4 number of casts clotung and
organization have led to spontancous healing of the lesion (2, 12, 22) Ancurysins
on small artenes have a tendency to thrombose and the parent vessel 1s also
likely to be imolved (23) Some authors (9, 10) have considered that the timing
of angiography has played an mportant role in the false negatve cases If angio
graphy was carried out the acute stage of subarichnoid hemorrhage there
would have been a greater frequency of non filling of the aneurysm because of
djacent vasospasm FLETCHER et coll (1959) reported on a case m which the
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werden Es wird postuliert da die Taion mebt so Mewm war dass das Ausbleben des
N Mung bey der ersten faschen Untessuchuag durch Thrombose des Aneu
nysma serussacht <1 Dhe verschiedenen Faloren die die angiogriphs che Darstellung der
Aneurysmen hindern lonnen, w erden diskunert

RFSUME

Lauteur présente un cas d hemorrazie sous arachnoidienne avec ancvrysme de lartere
communiante anterieufe qui nava pu ttee mus en ewidence au cours de Vexamen angio-
gripluque 1itial Lanevrysme s et remph de moyen de contraste au cours dun examen
anglowraphique ulténieur En raison des dimensions micdérees de tanevrysme it est possible
que la thrombose de Janevrysme 1ait empeché de se remplir lors du premicr examen
angiographique L auteur examune les dwers facteurs qui pewsent empecher de mettre en
eudence anglo raphiquement un anbmysme
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In the absence of spasm of the left antenor cerebral artery at the mitial angio
graphic examination, we could not attribute the cause of non filling of the aneu
rysm to spasm of the parent vessel The angiographic exammations, wcluding
bilateral carotid and nght brachial anglograms, were adequate and the size of
the aneurysm was not too small 1he explanatton for the non filling of the aneu
rvsm seemed to be thrombosis of the aneurysm, as in the cases mentioned by
Hammy (1953) He suggested that repetition of angiography after an imterval of
time would lead to the demonstration of aneurysms i some cases but he did not
gne any example m his series “1 he patho phystologrcal response to the rupture of
an aneurysm w1s for the vessels in continuity with the aneurysm for a varymg
distance around 1t to go mto mtense spasm, and this spasm slowed up, perhaps
for a tuume, even arrested completcly the blood flow through the sac, with the
resultant relaxation of tension on 1t, the sac wall could shrink a htde, the tear
would narrow and bccome sealed with clot The spastic vessels tended to relay,
probably gradually and at different rates i diffcrent individuals, and blood
under increasing pressure flowed through the sac agam If the seal of the clot
was strong cnough there was no further hemorrhage, if not, 1t gave way and the
whole process was repeated  (Logue 1956)

It 1s possible n our case that hemorrhage had occurred from the aneurvsm
and that 1t was obliterated by thrombus or a blood clot, wherefore the contrast
medium could not enter the ancurysmal sac at the first exammation The
thrombosed ancurysm ruptured agam m the following days and the size of the
aneurysmal sac cnlarged after each bleed (2, 4, 13) Tinally, it reached the stage
when thrombus or blood clot could no lenger mnterfere with the entry of contrast
medium through the onfice of the aneurysm and the lesion could readily be
contrast filled at repeat angiography

SUMMARY

A case of subarachnoid hemorrhage with an anterior communtcating artery ancurysim
which could not be demonstrated at the mitinl angiographic examination 1s reported upon
The ancurysm was contrast filled at a later angographic exununatrion Because of the
moderate size of the aneurysm 1t 1s postulated that the cause of non filling 1t the fint
anglographic cxamunations may have been due to thrombosis of the aneurysin The varous
factors that may lead to farlure to demonstrate an aneurysm angiographically are discussed

ZUSAMMENFASSUNG

Ein Fall von Subarachnoidalblutung wird beschrieben be1 dem ein Aneurysma der Arteria
communicans anterior ber der ersten angiographischen Untersuchung nicht entdeckt werden
konnte Das Ancurysma honnte bei emer wiederholten Angiographie mut kontrast gefullt
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RADIOGRAPHIC METHOD WITH MINIMAL
RADIATION DOSE

by

O MarTsson

A radiographic method for repeated recording amvolung the lowest possible
radiation dose 15 needed for special purposes as wn follow up exammations
of the gastro-ntesunal tract \ fawly large part of the body 1s then usually
1acluded 1 the numerous exposures made dunng the passage of the meal This
paper presents a method that has been developed to fulfil the requirements for a
planned extensive study of barium meals both n healthy <ubjects under sarying
conditions and m subjects with digestive disorders

Several studies of the transit time have been made i conventional follow up
examinations as well as by means of the cineradiographic recording of motility
Since the introduction of a low viscosity stabilized banum sulphate suspension

Eusrine & Matrsson 1963) which can be muxed with different types of
nutntve components as well as with ordinary food without much changing s
character the mterest 1 studies of the passage time has been mncreasing

Insufficient attention appears to have been pad previously to the fact that
the comventional banum meal fails to sumulate the gastro-ntestinal system
consequently no estmation of the transit time under physiologic conditions
can be made with this type of meal

A putntne meal contammng barium was wmtroduced m 1959 (Matrsson La
ceriot & Pervas) for the purpose of studying the passage of the mtestinal

Submutted for publication 28 February 1967
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RADIOGRAPHIC METIOD WITH MINIMAL RADIATION DOSE

g ° Rodwgraphic equipment with
roentgen tube below the table and the
rotating lead disc just above i the umage
ntensifter 15 situated abose the table

anatonuc localizatton or transit study can be made in this way The use of
o-called endosonds eg small radiotransmutters built mta capsules and swal-
lowed does not solve the present problem though they may of course be traced
and furmsh certain simple chemcal or physical data.

Eollow up examinations of the alimentary tract have up to now been mainly
performed by means of consentional full size roentgen films exposed repeat-
edly at fied ntervals As the nme of passage of the meal vanes considerably
frequent exposures are nceded Smce the beginning of the transit time studies
the radiation dose has recenved speaal attention The number of exposures

must be hept at the minmum necded for obtaming sausfactory nformation
and only excep Ily has the

been repeated on the same patient
el imesigations of this type require an adequate number of films and
since 1t 15 preferable to use the same subject for studies under varying con-
dions the question of the radiatron dose has been under constant crtical
obserration It should however be kept in mind that such films are not mtended
essentially lor a detailed anatomucal study but merely serve to establish the
general location of the contrast medium to enable a determination of the transit
tume In order to heep the radiation dose as low as possible 1t may therefore be
conudered permussible 1o accept a lower image quality than must be demanded
from a comentional full size film

Trom a conaderation of existing alternatives 1t was thought that by employing



82 O MATTSSON

TV monitor

Rtp tube

-
Synetr nou 1y
Tttigdl e
Object
Inage
atensifier

with TV cecers

Cacera

Fig 1 The radiographic system includes 2 rotating shutter mn front of the
tube 15 well 15 one between the cimeri and the momtor Both are
synchronized and produce esactly one complete scanning for each eaposure

contents, especially in different disturbances of nutrtion The msestigations uth
erto made have clearly idicated the mflucnce of the nutritive contents, typical
changes were evident 10 certain pathologic conditions 1t has also buen possible
to gather useful iformation about the normal motility of the gastro-mtestinal
tract These mvesugations mcereased the mterest of the present author n the
conditions of mouhty of the alimentary tract under the influence of various
mternal and cxternal factors

Many questions regardng the transt of food through the gastro mtestinal
tract remamn unanswered The conditions that anse when many small meals
are tahen, as compared with those prevathng with normal eauny or when
a fuw heavy meals are tahen, are unknown The patterns of movement ansing
from diffcrent types of dicts, or from food contammng cxcessive amounts of e g
fat or carbohydrates must be important The effects of fluid taken before, during
or after a meal, and 1n this connection the fluence of alcoholic beverages may
be of certamn mterest, and the effects of varous drugs given to patients with
digestive trouble are well worth knowing Changes duc to sedentary hfe and
phystcal exercse as well as to stress are other important factors

These are only some of the aspects requiring cucidation Many digestive
disturbances are of course merely deviations from the normal mtestinal activity
about which, agam, little 15 known Radiography offers an easy and adequate
means of exanumng the almentary tract, the tube techmique used by physt
ologsts 1s also of considerable value 1 the analysis of chemucal and enzymatic
cor ditions, which to some extent closely follow imtestmal activity but no genceral
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Fig + Roentgenogram of the small
intestne reproduced from a follow up
examunation as recorded on the momitor
The coarse grain was caused by quantum
noise but the mage 15 good enough for
s purpose

A Hasselblad type 500 C camera with magazine loading 1s used for recording
the monutor screen 1mage By changing the magazine, two or more pattents can
be exasmned at the same ume The 2 174 by 2 1/4 inch films are well suited for
direct siening Some detatls of the arrangement are shown m Fig 2 The roent
gen tube with the rotating shutter 15 placed below the exammation table

The quality of the image obtamed with thus radiographic method 1s very much
dependent on the amount of quanta avalable and an adjustment of the
mullianperage must always be made to obtan a swtable compromise \n
acceptable 1mage ran be obtamed even at a relamely low nulllamperage
Synchromzation of the camera exposures must be so precise that the shutter 15
closed except dunng the period when the scanming takes place electronic noise
presented on the momtor screen may otherwise show up and destroy the video
signal mage

Two films obtained by the system described are reproduced m Figs 3 and 4
The former 15 a recording from the monntor of a wire mesh 1t was produced
from just one pl and the I y 15 good A film of the
small mtesune as recorded from the montor m a follow up exammauon 1s

depicted in big 4 1t has a coarse gram caused by quantum noise but the film 1s
<atisfactory for its purpose

Thus instead of using full wze roentgenograms for which some 10 m.\s are
required the miliamperage can be reduced to a range between 01 and 1 mA
while the time needed for a complete scanmng will be less than a tenth of a
second  \ssuming the hilovolta e to be the same in this companson, the total
gamn might be of the order of 500 when the recording 1s made 1 the manner
described It mighe be mentioned m this connection that the exposure gan with a
0 mm film and an 1mage mtensihier durectly connected to the output phosphor
1s generally considered 1o be about 4 times but 1t should also be kept 1in mind that
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Fig 3 Recording of 1 wire mesh from
the monitor produced lrom one complete
scanning

an mmage mtensthier coupled with a television cimera, the television image on
the momtor nught serve as a basis of documentation and by employing a
spectal techmque at the same tune offer an effective way of reduang the
radiation dose So-called cunescopic recordings have been made m aneradio
graphy, and the recording of the video signal on tape 15 a well known procedure,
but smgle caposures from the monstor screen do not seem to have been widely
u.cd for dose reduction although 1t s possible to produce quite good results
mn this way

In the case of stationary objects the image on the monuor corresponds to
dentical presentations continuously repeated Its mformatton can be fully utt
lized 3f 2 complete scanming 1s recorded once by 1 camera The roentgen esposure
can then be as short as the time needed to cover one angle scanmg An ex
penimental device based upon thus principle has been deseloped

In view of the objects to be studid, the abdonunal region an mtensifying
system with a front screen of sufficient size was needed It seemed that the
Cmelx 1mage mtensifying system combmmg a 121 2 mch screen with an
Orthicon tube could be well worth trving out for this purpose The requirements
were a synchromzed exposure system producing a photographic exposure just
sufficient to cover one complete scanmmg and at the same time functioning as a
mechanical shutter for the rocntgen rays m order to obtamn 2 suitably short
exposure It must be stressed that at low currents because of the conuderable
delay inolved the roentgen exposures cannot be controlled by electrical meaus
The roentgen tube 1s therefore continuously energized, and the cxposure 1s
made with the shutter The synchronized exposure system may be based on the
function of syngon elements or precisely adjusted synchronous motors (hig 1)



FROM THE RADIO DIAGNOSTIC DEPARTMENT AND THE PHYSICS DEPARTMENT OF
THE LONDON HOSPITAL WIITECHAPEL LONDOY ENGLAND

EVALUATION OF THE NEW CONTRAST MEDIUM
UROVISON

by

RosaLb B Pripie and § KLEVENHAGEN

A completely scientific tral of a contrast medium under climcal conditions
15 not possible eacept i himuted circumstances All such substances carry a nish,
albeit a very low one of producing toxic comphcations and the sk ncreases
with the dose It s not justtiable therefore on ethical grounds to g a second
mjection nor 15 1t reasonable 1o give extra irradiation with the sole obyect of
comparing two densities  Furthermore subsequent injections of contrast
media will not necessanify provide a valid comparson because the first
myecuon affects the vascular bed of the panent 8ano {1963) showed that mast
contrast media produce fisst a transitory increase 1n ceststance to blood flow
and then shortly afteswards vasodilation RosgRrTs et coll (1967} have shown
that there 1s a constant drop 1 systemic blood pressure following angiography
with Conray 280 Tlus alteration of the vascular bed results 1o yartation 1n the
rate of flow withim the artenes and so vanation m the didution of the contrast
materiaf even if the mjection rate 1s constant The matulity to standardise
conditions within patients means that 1n vitro comparisons under conditions

simulating those found 1n v1vo are likely to be more reliable than ins estigations
using either expenmental ammals or patients

Submstted for pub! cation 2 February 1968
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4 companison can never be made between the quite different qualines of the
radiographic images thus obtamed Certan vanations of the hilovoltage (lugh
voltage techmque) may be of importance and produce favourable values for
full size films, although within a comparativcly hmited range

As a complete exanunation 1s «stimated to melude about 20 exposures, the
total dosc may only amount to some 5 per cent of the exposure dose for a
single conventional full size film This means that safe conditions with respect
to exposure dosc may be created The expanmental results have shown that it 1s
po sible to obtam 1 radiographic image of acceptable quality for the planned
studies of transit imes and motlity 1he system 15 not comphcated and may be
atlized with diffcrent tvpes of rountgen cquipment

SUMMARY

A means of ebtumng roentgenogrims with 1 very low rocntgen dose to the patient 1s
deseribed The method myvolyes 1 considerible reduction 1 image qualiy but may be useful
for those purposes i which the rdiaton dose must be particulrly considered

ZUSAMDMULNFASSUNG

11ne Methode wird angegeben die es crmoghcht Rontenfilme muttels einer mimmalen
Strahlenbelastung der Patienten zu erzelen Die Methode fuhrt zu cmer erheblichen Ver
minderung, der Bidquahtat trotzdem 15t sie wertvoll wo cine vermunderte Strahlenbelastung
besonders angebracht st

RLSUML

Deseription d une techmique permettant d obtemr des ridiographies avee une tres fuble
dose dirradinion du milde Cette methode implique une dimmution consderable d la
qualite de Limage mass clle peut ctre utile dans les cas ou on doit taur particulicrement
compte de la dose dinadation
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Table
Plysical deta for different contrast media

Todine V15c051y 1N centiposse Speaific grasity at

content

mg/ml 20 C 37 C 20 C 374G
Hypaque to ° 270 al 29 1297 1290
Urografin 60 °, 290 72 13 132 1318
Urovison 320 61 3> 1349 134
Urografin 76 * 370 16 4 8, 1435 1424
Conray 120 120 89 54 1450 1 41
Triosil 70 © Ho 94 29 1420 1413

In this paper, the physicil mvestigations we hwnve made of the propertics
of a new contrast medium, Urovison (Schering Chemicals Ltd), we described
ind the chinial apphentions of the medium are reported briefly

Plysical properties of Lrovason Lach mullilitre of Urovison contuns 100 mg of
the sodium salt of N N diacetyl 3,5 dianuno 2,4,6 trnodobenzoic acid, 180 mg
of the methylglucimme salt of NN’ diacetyl 3,5 dinmino 2,4,6 trnodobenzoic
1ad, 1nd 0 + mg disodm ethylenediammetetraacette (Tutriples 111, USP
VI The viscosty 1t 37 € as 35 cenupoise nd 1t contuns 325 mg of
1odme per muflihtre Comprntive figures for Urovison and fivc other contrst
medin are given 1 the Table The odine contents were tihen fiom the manu
frcturers hterature, but the values for viscosity wnd specific gravity were mes
ured 1s all the figurcs were not avulable from the mahers

Tlow curtes The quahty of rteriogrims vancs primanly with the concentrl
tion of 1odine which 1s achieved under the crcumstances of the exummtion
To discover how Urovison m this respect compared with other contrast medit
flow curves were determuned for dufferent pressures, using blach and red kify
catheters with mnternal dinmeters of 1 96 mm and 1 32 mm respectivedy

A major problem n the determnation of flow curves 1s the ccurate tmung
of the duration of flow Previous myvestigations (KLEVENIAGEN & NaLLwAJsh
1963, hroverz ct coll 196G) have relid on microswitches operated by the
moving piston of the pump Such methods, howcver, measure the duration of
movement of the piston, not the duration of flow and these are not nece ssarily
the same

We therefore devised an apparatus shown diagrammaucally w g I, with

¢ duration of flow could he measured dircetly A photo transistor ws

which th
nt used to hold

placed 1n a nrow beam of light and the resultant electric curre:
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Table
Physical data for dufferent contrast media

lodine Viscosity th centipoise Speafic graty at

cantent

my/ml 20 C 37 cC 0 C 37 ¢C
Hypaque 1o 270 ol 29 1297 1790
Urografin 60 © 2990 72 43 1325 1318
Urovison 32, Gl 3. 1349 1345
Urografin 76 * 370 160 84 143, 1424
Conray 420 420 89 5% 14,0 11
Triosit 70 10 91 9 1420 1443

In tlus paper, the physicd mvestigitions we hve made of the properties
of 1 new contrast medium, Urovison (Schering Chemuenls Ltd), are descubed
1nd the climeal applictions of the medium arc reported briclly

Plysical properties of Urortson Lach muliilitre of Urosison cont uns 100 mg of
the sodum salt of NN dhinectyl 3,5 dinnuno 2,1,6 trnodobenzoic acid, 180 mg
of the methylglucimine salt of N N drcetyl 3,5 diammo 2, 16 truodobenzoic
aad, wnd 0 + mg disodium cthylencdiammctetraicetste (Tatriples I, uspP
NV The viseosity it 37° C s 35 centipoise nd 3t contins 325 mg of
1odme per milithitre Comparitive figures for Urovison 1nd five other contrast
medi are given n the 1ible Lhe rodme contents were tahen from the man
facturers htcrature, but the values for viscosity nd specific gravity were meas
ured 15 all the figures were not wulible from the makers

Tlow curces The quahity of arteriograms v aries primartly with the concentry
tion of 1odine which 15 2chicved under the crrcumstances of the exummation
To discover how Urovison i thus respect compared with other contr st medit,
flow curves were determned for diflerent pressurcs, using blck and red kit
catheters with mternal diymeters of 1 96 mm and 1 32 mm, respectively

A myor problem m the determim wen of flow cunves 1 the 1ccur e tunng
of the duration of flow Previous imvesigitions (KLLVENITAGEN & NALEWAJShI
1963, krovLtz ct coll 1966) have rehed on mucroswitches opcrated by the
movng piston of the pump Such mcthods, however measure the duration of
movement of the piston, not the durition of flow, 1nd these are not necessarily
the same

We therefore devised 1n app wtus, shown diagramm wically i big 1, with
which the duration of flow could be measurcd dircetly A photo transistor wis
placed i a narow beam of hight and the resultant clectric current used to hold
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open a gate between a pulse generator and 2 pulse counting scaler The photo
sensitive device was mounted below the open end of 1 catheter and above a
burette

The contrast medum to be tested was first opacified with one drop of mk
to each 100 ml of fluid and then drawn into 1 50 ml Sommerville syringe,
connected to 1 catheter 100 em 1n length, 1nd ¢jected by means of a Talley
pump When the fluid flowed out of the catheter, the light was obscured,
the gate closed and the pulses which resulted were counted on the scaler The
pulse frequency was 1 000 per second, so that the duration of the ¢jection was
recorded in nulliseconds with an accuracy of 4 5 milhseconds All the flud
was collected m a burette and the quantuty passed was measured It was thus
possible to construct 1 graph of the flow rites when different pressures were
applied to the Talley pump The pressure was read on the gauge attached to
the pump In 1ddition, a special thermostitically controlled clectric blanhet
was constructed for the Sommenville syringe, so that the temperature of the
contrast medium could be varied

Flow 1ate and 1odne imjection rate The flow rates for Urovison, Conray, Triostl,
Urografin and Hypaque for red and blach catheters at 37° C and 20° C are
shown 1 Figs 2 and 3 The curve of flow rate plotted agamnst pressurc gives
a strught linc when charted on a log log scale It can be seen that the flow
rate of Urovison s greater than that of any of the other contrast medin, at
both room and body temperatures, for both sizes of catheter and for the whole
ringe of pressures studid, with the single exception of Hypaque 45 %
narrow catheters at Jugh pressure

The delivery rate of a contrast medium 15 not however the only mdex of
its efficacy from the radiologic poimnt of view The radio density depends
essentially on 1ts 1odine content and hence the amount of 1odine which 1s
mjected per second should alse be determined Graphs of the 10dine mjection
rates 1 mg/s, plotted agunst the mjecting pressures were derned from
the flow rate curves by multiplying the ordmnates by the 1odine content per
millihtre of the contrast medium, as grven inthe Table The resulting griphs
are shown mn Figs 4 1nd 5

When wide bore tubing 1s used (black catheter) the ghcr concentration of
1odine m Conray 420 and Triosil 75 ©, gnves rise to higher 1odine mjection
rates for these media than for Urovison, m spite of the fact that the flow rate
of the latter 15 the greatest This was so 2t both 20 ° and 37° C The 1odine
mjection rate of Urografin 76 %, 15 howetver lower than that of Urovison at
both temperatures The effect of warmmng the contrist medium 15 relatrvely
small wlhen a wide bore catheter 15 used
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Fgs4and 5 Inyecuon vates of contrast media at various injectng pressures at 37 G (Jeft) and at
20" C (night) plotted on log log scate

Wath narrow (red) catheters the enhancement of the flow rates by warmng
was greater for Triosil 75 % and Conrav 420 than for Urovison so that at 37
both gave higher 10dine delivery rates than Urovison whatever the pressure
At room temperature however the maxmum todine delnery rate was

achieved with Urovison when ijected at hand pressure 1¢ below 1 45 hgfem?
{20 Ibs/sq nch)

Application of physical properties to ciinical practice

A practical duasion of mntra artenal injections 1nto two groups can be made
according to the solume of the chamber or vessel into which the 1njection 15
being made

VWhen the contrast medium 1s being mnjected 1nto a large capauty chamber
4s 1n angtocardiography or aortography with the catheter situated above the
renal artenes the pracucal effect s to dilute the rodine contamning compound
with the blood already present Hence the higher the 1odine deliy ery rate the
greater will be the density of the contrast medum on the subsequent roentgeno
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open a gate between a pulse gencrator and a pulse counting scaler The photo
sensitive device was mounted below the open end of a catheter and aboyve a
burette

The contrast medium to be tested was first opacified with one drop of mk
to cach 100 ml of flud and then drawn 1nto a 50 ml Sommerville syringe,
connected to a catheter 100 cm 1n length, and ¢jected by means of a Talley
pump When the flusd flowed out of the catheter, the ight was obscured,
the gate closed and the pulses which resulted were counted on the scaler The
pulse frequency was 1 000 per second, so that the duration of the ejection was
recorded m nulliseconds with an accuracy of 4 5 milliseconds All the flud
was collected m a burette and the quantity passed was measured It was thus
posstble to construct a graph of the flow rates when different pressures were
apphied to the Talley pump The pressure was read on the giuge attached to
the pump In addition, a specinl thermostatically controlled clectric blanket
was constructed for the Sommerville-syringe, so that the temperature of the
contrist medium counld be 1 ired

Tlow rate and rodne smection rate The fow rates for Urovison, Conray, Trsosl,
Urografin and Hypaque for red and black catheters at 37° C and 20° C are
shown 1n Figs 2 and 3 The curve of flow rate plotted against pressure gives
2 strught ine when charted on a log log scile It can be seen that the flow
rate of Urovsson is greater than that of any of the other contrast media, at
both room and body temperatures, for both sizes of catheter and for the whole
range of pressures studied, with the single exception of Hypaque 45 %, m
narrow catheters at high pressure

The dehwvery rate of a contrast medium 1s not, however, the only mndex of
its efficacy from the radiologic pomt of view The radio density depends
essenttally on 1ts 10dine content, and hence the amount of 1odine which 15
myected per second should also be determmed Graphs of the 1odine mjection
rates 1 mgfs, plotted aganst the imjecting pressures were derned from
the flow rate curves by multiplying the ordinates by the iodinc content per
mllihtre of the contrast medinm, as gnen 1 the Table The resulting graphs
are shown 1 Tigs 4 and 5

When wide bore tubing 1s used (blach catheter) the higher concentraition of
wodine m Conray 420 and Triosl 75 °, gnes rise to lagher 1odine mjection
rates for these media than for Urovison, 1 spite of the fact that the flow rate
of the latter 15 the greatest This was so at both 20 and 37° C The 1odine
myection rate of Urografin 76 9, 1s, howeser, lower than that of Urovison at
both temperatures The effect of warming the contrast medium 1s relatively
small when a wide bore catheter 1s used
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a,

1

50 1t Was d to be unyustificd to use Urovison for this
purpose even though the haemody manic situation 3s stoular

The urographic examunation 13 quite Qifferent and none of the above
arguments apply The preci.e conditions of volume flow and mjection rate
at the pomt of mjecuon are wrelesant All that counts (at Ieast to a first
approxymanon) 1s the total amount of 10ding injected Fuven here chmical ex
perience (see below) indicates that there 18 considerable lattude

Chnical experience

Over 350 patients have now been examined with Urouison and the con
clustons obtamed from the flow curs es and the chemcal composiion have been
borne out In all cases undergong penpheral arteriography by the translumbar
route or by femoral catheterisauon or cannulation sausfactory contrast
has been obtatned Good contrast has also been obtained 1n all cases of selec
tive renal, mesentenc and cochac angiography

Typreal arterograms made with Urovison are shown i Figs 6 and 7 The
first shows the popliteal artery filled with contrast medium by transiumbar
wnjection of 30 ml Urovsson The second illustration 15 of a renalartery contrast
filled by imyection of 7 ml Urovison mto 2 red kifa catheter, the up of
which 15 10 the ongin of the renal artery

In a few cases where Urpvison was used for aortography using a catheter
wath the up abose L1, the films obtamned were less satifactory from the pomt
of view of contrast than those customanily achzeved with the more concentrated
media using stmular pressures

In order 1o test the efficsency of Urovison an urography, alternate patients
undergoing this examination were njected wath 25 ml Urovison (1e one
standard ampoule) or 40 ml Hypaque 45 % (1€ two standard ampoules)
The total rodine content was 81 g and 10 8g respectively Filmswere ob
tamned without the use of compression and were assessed by a single observer
who did not know which contrast medium had been used The density of the
contrast medium 1n the pelves and calyces was graded good bad or indifferent
}]::; l‘z:sllslaﬁ:g‘ug: 75 % had good contrast density and simlar proportions

ry contrast This suggests that 22 mi Urovison 5s comparable

i opacifying power o 40 ml of Hypaque 45 9
"dll;::g?:::::eg :‘m: :}J]xo;:s}:m 15 sadusfacu;r) for urography but has no over
o ricdmcbcc: er products It 1s easier to inject than the more
use of 1its phystcal properues and relatively less is

required for the same degree of contrast as compared with the more dilute
range
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Iig 7 Sclective renal arteriogram obtained
ter one injection of 7 ml Urovison at hand
pressure

Iwg 6 (left) @eripheral arteriogram of the com
mon femoral artery and branches following the
mjection of 35 ml Urovison 1nto the lower aorta
by a translumbar needle

Fig 6

grums Therefore, reference to Iigs 1 and 5 will show that when 1 large catheter
15 used, one of the more concentrated contrast medin, such as Triosil 759, o
Conray 420, will give the best results

When, however, injcctions 1re being made into small vessels or into branches
of the aorta, or even nto the distal part of the torta peripheral to the renil
arteries, the rapid efflux of contrist medium from the catheter produces 1
bolus which displaces the blood The more rapidly the contrast medium can
be deltvered, the more Iikcly 1s 1t that bolus formation will occur that the blood
1 the vessel will be displaced completely, and that strearmng will be avorded
The Iughest flow rates were obtained with Urovison (Figs 2 and 3) which we
therefore consider preferable for peripheral and selective angrography
Cuase & Kricnerr (1965) and Tiscuer & CorvELL (1965) have demonstrated
the superior safety of methylglucamne salts over the sodwm salts 1n cercbral
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Tomaty In the urography scries, two patients of each group complamed
of nusea and three of the Urovison group felt hot There were no other
untownrd reactions In arterrographic work, one patient developed a rash
within twenty minutes but this cleared within 24 hours No other toxie mant
festation has been noted m over 350 cxanunations, most of which have been
performed under general wnacsthesia
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SUMMARY

Invitvo flow studies have indicated that Urovison fiom the point of view of flow charactenstics
15 the most satisfactory of the products tested (Conray Triosil Urografin Hypaque) for use
n angrography when the contrast medium 1s being myccted into vessels of small calibre as
well as i penipheral arter phy lor angiocard hy and aor phy the more con
centrated contrast media are better These conclusions have been confirmed by chinical use

of the media

ZUSAMMLNFASSUNG

Fluss Studien 1 vitzo haben daruf hingewiesen dass die Flussigheitscharaktensttha von
Urovison in Angiographie und auch in peripherer Arteniographie gewisse Vorteile egenuber
den gepruften Mitteln (Conray Triosit Urografin Hypaque) erbietet wenn das Kontrast
mittel 1n Memnkalbrigen Gefassen mpiziert werden soll Fur Angiokardiographic und Aorto
graphie sind Rontrastmuttel nut hoherer honzentration besser geeignet Diese Schlussfolge
rungen wurden ber der khinischen Anwendung bestatigt

RESUML

Une étude du débit in vitro a montré que ! Urovison est au point de vue de ses carac
térisuques hydrodynamiques le plus satisfaisant des produits experimentés (Conr1y Triasil
Urografin Hypaque) pour | usage angiographique quand le moyen de contraste est injecté
dans des vamsscaux de petit calibre amst que pour larténiograplue péniphénque Pour
} ango cardiographie ct 1aortographie les moyens de contraste plus concentrés sont pré
férables Ces conclusions ont ¢té confirmées pac [ usage clunque de ces produts
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THROMBOEMBOLISM OF LEG FOLLOWING
PERCUTANEOUS CATHETERISATION OF FEMORAL
ARTERY FOR ANGIOGRAPHY
Symptoms and signs
by

Bo Jacossson, Svev Pavirs and Davio Scnrossyan

Percutancous cathetersation 1s now widely used especsally 1n diagnostic roent
genalngy It would appear from the literature, however that artenal cathetensa
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antery by an embolus or by an obstructive thrombus Thromboembolism 15 a
wnous compheation and may somelmes even necessitate amputation of the
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Sen for the frequency of thromboembolism following cathetenssauon of the
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Van Voortuuisen (1967), however, found the latter complication to be more
common

The discrepancics between the frequencies reported for thromboembolism
may be explamed by differences in diagnostic cniterta, m the composition of the
series studied, and in the exammation techmque used The dependence of the
frequency of thromboembolism on the compesition of the chnical matenal and
the exannaton techmque used 1s the subject of an article to follow (Jacopssov
& Scurossman) The present paper deals with an investigation of, fust, the
reliability of the conventional climcal diagnosis of thromboembolism from the
symptoms and physical signs and, secondly, the value of supplementary oscillo
graphy A consecutive series of patients studied roentgenographically with per
cutaneous cathetensation of the femoral artery were examuned for comphcating
thromboembolism

Method and Clintcal matenal Oscillography was performed with Gesemus
Keller s oscillograph One sphygmomanometer cuff 1s wrapped tightly around the
section of the imb to be studied and another around the corresponding segment
of the mb of the opposte side (Fig 1) The cuifs are then nflated to a level
above systolic pressure, after which the pressure is reduced m steps until the
recordmg pulse wnves become maxtmal This occurs when the pressure m the
cuffs 15 cqual to that of the mean blood pressure [he artemal pulsations are
transmutted by two direct writing levers, each has a termmal mh well and a mb
that marhs graph paper fed at a rate of 35 mm, second This method thus gnes
simultancous bilateral registration of the artcrial pulsations m the segment of the
Iimb to be exammed (Hicrestap 1962)

With a cuff fitted around the largest arcumference of each calf bilateral
recordings were made on two oceasions, viz before cathetenisation and after the
relcase of arterial compression, as a rule, recordings were also made durng the
compresston This was to chech that the artery was not occluded for a long tune
shich might increase the nisk of thrombosis (Vircrow 1856)

The bilateral osallographic records obtamed after cathetensation were com
pared When the amphtude of the waves on the punctured side was more than
half of that on the other side, cathetensation was said to have been without
complications When a substantial difference between the two sides existed before
catheterisation, the amphtude of the waves on the cathetensed side was compared
with that before catheterisation, and a reduction by less than half was taken as
a sign that thromboembolism had not occurred Repeated measurements werce
made of the thigh and of the lower leg for up to 2 hours n the other patients
The reduction was only transient in many patients although fourteen m all had
oscillographic differences persisting for more than 2 hours In most of these
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Fg 1 Oscllography performed accord ng
to Geseps-heller

fousteen panents signs of ischaermia were recorded ¢ pan, changes m the
temperature and colour of the shin and dimnuuon or loss of palpable pulsations
on the cathetensed side

The pnmary matenal consisted of a consecutne senes of 880 pauents ex
armined on some occasion between | September 1965 and 10 October 1967 \fost

of the examinations conssted of abdominal aortographies the remander of
thoracic studies such as angoc.

phy and coronary phy In order
to attan complete agreement with the matenal of a further mvestigation (Ja
coBsson & Scurossyan) patients examined with coronary angiography after
I January 1967 have not been included The femoral artery was always cath
ctensed percutancously by the SELDINGER method after local anaesthesta with
03 %% Carbocain® The catheters vaned with the type of examunauon to be
performed The fourteen patients with pemsistent oscillographic changes were
selected for further study
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Van Voortuuistn (1967), however, found the latter complication to be more
common

The discrepancies between the frcquenccs reported for thromboembolism
may be explamed by differences m dignostic cntersa, m the composition of the
sunies studied, and m the oammation techmque used The dependence of the
frequency of thromboembolsm on the composition of the chmieal maternl and
the cvummation techmque used 1s the subject of an arucle to follow (Jiconson
& Scurossman) The present paper deals with an myestigation of, first, the
rchiability of the conventional chinical dingnosis of thromboembohsm from the
symptoms and phisical signs nd, sccondly, the value of suppluncntary oscillo-
graphy A consceutnve series of patints studied roentgenographically with per
cutancous cathetensation of the femoral artery were esammed for comphicating
thromboembohism

Method and Clinical material Osaillography was performed with Gesenius
Keller s osaillograph One sphygmomanometer cuff 1s wrapped tightly around the
scction of the hmb to be studied and another around the corresponding scgment
of the imb of the opposite side (11, 1) The cuffs are then mflated to 1 level
above systolic pressure, After which the pressure 1s reduced m steps until the
recording pulse waves bccome manimal Tlus occurs when the pressure m the
cuffs 15 cqual to that of the mcan blood pressure [he artenal pulsitions are
transnutted by two dircet writng levers, cich has 1 termmal mh well and a mb
that marks graph paper fod 9t a rate of 35 mmysccond  Hus method thus gines
sumultancous bilateral registration of the arteral pulsations m the segment of the
Jimb to be oxammned (Hreeestap 1962)

With a cuff fitted around the largest arcumfernce of cach calf bilateral
recordings were made on two occastons, viz before cathetensation nnd Ater the
release of artenal compression, 1s 4 rule, recordmngs were also made durmg the
compression Tlhis was to cheek that the artery was not occluded for a long ume
wiich might merease the rsh of thromboss (Vircuow 1856)

The bilateral oscillographic records obtamed after catheterisation were com
pared When the amplitude of the waves on the punctured sde was more than
half of that on the other side, catheterication was said to have been without
complications When a substantial differcnce between the two sdes enssted before
cathctensation, the amplitude of the waves on the cutheterised side was compared
with that before catheterssation and 1 reduction by less than half was taken as
a sign that thromboembohsm had not occurred Repeated measurements were
made of the thigh and of the lower leg for up to 2 hours m the other patients
The reduction was only transient in many patients although fourteen m all had

oscillographic differences perasting for morc than 2 hours In most of these
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Fg
left external iliac artery a

reteograde angiocardogtaghy of artery after cocliacography after coeliacography
left ventricle

3 Case 4 Thromboys Fig 4 Case 3 Thrombosis of
L e oot wperfiat femoral nght spefical { mosal astery

The vessel was occluded 1 seven and obstructed in the remaming three patents
(Cases 3 + and 10}

Bath comurol anglography and operauon were performed on the same day
as prumary cathctensation except m one pauent {Case 7), who was not subjected
10 ¢contro} angography untl a month later because the chmeal findings did not
wdicate ymmediate reatment

"The symptoms were nuld None of the ten patients had severe pan and only
three had moderate aching pain and a local sensatson of coldness The lower leg
was cclder or paler or both 1 four of six patients whose record sheets contamed
notes allowing <uch a ¢ Penpheral pul were palpated 1 seven
and differences betw cen the two udes were found 1 fise paticnts

€aw 10 with emboh n the hibular artery and antenor ubial artery just

below their ongn had only oscillographic changes and no other symptoris or
stgps.

I the vemaiming four of the fourteen patients the amplitude of the pulsations
m the lower leg %as 20 10 40 5 of that on the oppostte ude Swce these patients
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Table

Surtey of findings wn fourteen pat ents & i thromboembolism afier h of the
Semoral artery

Cac  Sev Age  Oscillogrphy* \nglo Opera Throm Embo Sub  Signs*® Puka

No myrs —— graphy tion  bosis hsm jective tions
Thigh Lower symp
ley, toms

1 f 54 100 100 + + + — — » ?
2 m 25 ? 80 - + + + » +
3 om0 70 80+ + o+ - - +
4 m .8 80 80+ + + _ » >
s f 15 80 9 — + + - 4 -
0 m 17 100 100 - + + + + + o+
7 w48 W o100+ — 4 + o+ o+ o+
8 £ 3 0 W0 = + - + — + ?
9 m 47 0 60+ + — + P
10 m 6l o w0+ - = + - = -
11 m 59 20 80 — _ — —
12 f 47 ] o0 — — — — ?
13 f 70 20 80 — — — » »
14 R > 80— — — + >
* Reduction in per cent of pulsation on cathetensed side
#* Determined difference between the two sides regarding colour and temper of shin
Defimtion of symbols ves + no — not noted 1n the records?

Results

Oscillographic and climcal findings m all the fourteen cases are summartzed
m the Table Cases 1 to 10 were studied further with control o riphy
(two), explorative surgery (four) or both angtography and surgery (four)
Thromboembolism was demonstrated m all these ten patents, who will be de
scribed first

The amplitude of the pulsations m the lower leg was 0 to 50 ‘¢ of the
amplitude on the opposite side The pulsations n the tigh were recorded m
nme patients, m six of whom the amplitude was 0 to 40 S of the one m the
other leg All the patients it whom the size of the pulsations was reduced both
the thigh and m the lowcr leg had thrombosis, and two of them had embolsm
as well The three patients (Cases 8, 9 and 10) with normal pulsations in the
thigh had embohsm only The thrombi were located near the site of puncture and
the emboli 1 the pophteal artery (four) or just below 1ts bifurcation (one)
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Fig 6 Case 10 Embolism of 1he
fibular artery and the antenor
‘tibial artery after coehacorraphy

Fig 7 Case 7 Embol sm of the
right popliteal artery after cor
onary angiography  Filing of
the anterior tbial artery an
the fibular artery through col
lateral cireulat on

before the present imyestigation was <arted a 43 year old woman developed
tromboss of the femoral artery following angiography Since no early symptoms
or agns of 1schaemia had been noticed  the patient was not operated upon untl
about 30 hours later It proved necessary to amputate the leg probably due
part to thus delay
The consequences of unders the frequently vague sympioms of
thromboembolism may also be exemplified by our Case 7 Osallography after
catheterisation showed reduction of the pulsations i the thigh as well as i the
lower leg The patent had enly wnsigmficant symptoms and consequently no
attempt was made to discover the cause of the reduction It was not untl one
month la er when the patent returned complaming of symptoms of claudicaion
w the previously punctured leg that control angiography was performed The
examination revealed occlusion of the deep femoral and pophteal astenes The
patient was one of the first i the matenial and the delay must be ascnbed to
the fact that at that time the rehiability of oscillography m the &
complicauions was not reahized
Reports of thromboembolism following catheterisation often contain no details
as to how the pauents were examuned for complications inmediately after with
dr;:\\al of the catheter (Lang  SAuR) but other reports state that the arterial
were palpated rouunely (RoTThE et coll  MorTEnsEN, Vav Voor-
The frequency of thromboembolism in the former group was much
lower (821004 5.) than i the latter (135 108 %) In2
the brachial artery was cathetensed d 4 7o) ‘o2 paensn whom
coll {1963) performed arterso; h“ﬂﬂg an operatton on the chest Bidax et
graphy before withdrawal of the catheter and

of such

¥
THUISEN)
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Fig 5 Case 10 Oscillographic recordings of the lower leg before (a) immediately after cochaco-
graphy (b) and 3 hours later (¢) Oscillographic recording of the thigh mmmediately after the
cxamnation s shown i (d)

were n a poor general condition and had no wuigns of severe 1schachma neither
surgery nor {urther mestigation was contemplated The record sheets of three
of these patients contamed notes on the osallographic findings i the thigh,
which were described as normal It 1s clear from the Table that the symptonis
and signs were less common 1 these four patients than m the ten patients with
svenfied thromboembolism

Discussion

Undue delay 1n the diagnosis and proper treatment of thromboembohsm can
be disastrous (Key 1922) That lach of hknowledge of the chuical picture may
have serious consequences may be exemplified by the following case One year
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RraziMeier et coll (1957) analysed the error of the method of oscillography
performed bv two examiners with Gesentus-hellers apparatus and found the
S D of the dufferences on the two sides to vary by 115 and 23 o %%, respecinely

A post catheterssation reduction of the amphtude of the pulsation 1 the af
fected leg to at least 50 5o of the ampltude on the opposite side was tahen as
evidence of thromboembolism Such a large difference as 50 G6 was deaded upon
for two reasons Fust the apparatus had not been previously tned out 1 the
department Secondly the apparatus was to be used by a relatnely large number
of exanuners However, to determine the error of method, the following control
study was subsequently performed Eight volunteers aged 20 to 40 years without
known vascular disease were represented Pressure culfs were wrapped around
the lower legs and two of s recorded the pulsations three times each at short
wtenals with replacement of the cuffs Each examner noted all the values in~
dependently of the other

Staustical analysts of the values noted disclosed no sigmificant diferences
betw cen the recordings or the reading of values by the two examiners The error
of method amounted to 156 mm between the two sides irespectnve of the
amplitude of the waves so 1t proved more suitable to measure the absolute than
the relauve difference between the sides

A difference of 254 mm between the sides was significant (p << 0 G2} provid

ed the waves on both sides were equal before cathetenisation Companson be
tween repeated recordings made on the same side put the error of method to
157 mm and a difference of 2 57 mm was thus sigmificant This smplies that a
dufference 1 amplitude of the oscillographic recordmgs can be demonstrated by
companson with the onginal value on the stde studied There 1s thus a possibtlity
of evaluation 1n the event of a difference 1 size of the oscillographic waves
between the two ades before cathetensation provided of course that the blood
pressure 1s the same as before the exammation

hCO"Mdtnng the fact that the method neser gave a false posatnve diagnosis and

:e:u::ugls of :;cf aboye stansucal analysis 1t would seem posuble to obtamn better
etbod i:\!:akld):;:gtlhc‘ :s(c:l]ographm‘ c:!c‘na. The use of the osollographic
olloucd by anenala cla c cns;\;mn of the femoral artery 1 985 patients was
Subpected 1o comt locc usion n;] ourteen patients Ten of these were afterwards
diammous of sb o,:b ang:)m;rap y o:ﬂex;r)loram: surgety which confirmed the
the remarming four p:::ntz :l::) lhna\d lhfﬁm‘l‘:‘::nb?hsr:layi\l(lhu}: |;€ assomed that
arc\flscm\s(d below as a ungle group the fourteen pauents
any of the panents had no symptoms or signs of wschaer
m the lemperatute and colour of )thcp shan (sce %blc) T}:sr:lsl?ns:gcr:cansl::ta::?i
the findings 1 MorTevses s chinical matenal 1 shch twenty of the forty
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=

Fig 8 Case 9 Embolism of the right popliteal artery after
£oTonary Mglogriphy

recorded the pulsations oscillogriphically after the catheter had been withdrawn
QOcclusion was seen 1n fourteen of the patients and m all of these the oscillo-
graphuc recordings also presented distinet abnormalities

These reports ndicate differences m the diagnostic critena used by the m
vestigators referred to above

The discrepancies between the reported frequencices of thromboembolism may
also be explamned mn part by diffcrences m the composition of the chmeal mateny
and m the examinaton techmque The possible effect of these differences will be
discussed 1n the next article (Jacossson & ScHLOSSMAN)

The diagnosis of acute artenal occlusion may be based on symptoms and signs
and on the objective recordmng of arterial pulsations or of the blood flow Ver
Mfication of the diagnosis requires angiogriphy or explortive surgery The ap
paratus necessary for recording the blood flow 15 still too expensive and com
plicated to be recommended for routne control exanunation aftcr arteral
catheterisation  In an attempt to find a umform but simple method we have
tried to supplement conventional chimeal exanunation by oscillography It would
appear that this combination has not been attempted before on a large senes
following artersal catheterisation
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hazivir et coll (1957) analvsed the error of the method of oscillography
performed by two exammers with Gesemus heller s apparatus and found the
S D of the differences on the two sidestovary by 115 and 235 G respectinely
A post cathetenssation reduction of the amphtude of the pulsation 1 the af
fected leg to at least 50 65 of the amphitude on the opposie side was taken as
evdence of thromboembolism Such a large difference as 50 €5 was decided upon
for two reasons First, the apparatus had not been previously tricd out i the
department Secondly the apparatus was to be used by a relausely large number
of However tod the error of method, the following control
study was subsequently performed Eight volunteers aged 20 to 40 years without
known vascular discase were represented Pressure cuffs were wrapped around
the Jower legs and two of us recorded the pulsations three umes each at short
smtenvals, with replacement of the cuffs Each exammner noted all the values sn-
dependently of the other
Statstical analyss of the values noted disclosed no wigmificant differences
between the recordings or the reading of values by the two examiners The error
of method amounted to 156 mm between the two sides irespective of the
amplitude of the waves so 1t proved more suitable to measure the absolute than
the relative difference between the sides
A difference of 2 54 mm betw cen the sides was significant {p << 0 02) provid
cd the waves on both sides were equal before cathetensation Companson be
tween repeated recordings made on the same side put the error of method to
157 mm and a difference of 2 57 mm was thus significant This implies that a
difference 1 amplitude of the osallographic recordings can be demonstrated by
companson with the onginal value on the side studied There 1s thus a posstbiity
of evaluation m the event of a difference 1n wze of the oscillographic waves
bewween the two sides before cathetensation provided of course that the blood
pressure 1s the same as before the exammation
\hf:;:]d‘::?% hth:: fact that the method never gave a false posinse diagnosis and
e above statisuical analysis 1t would scem possible to obtamn better
vesults by modhifying the oscillographic critena, The use of the oscillographic
method revealed that catheterisation of the femoral artery 1n 985 patients was
i‘:l‘:;‘c:fdbzoa;\oc:flocclusnon u;] fourteen lpauzms Ten of these were afterwards
Samons of ,:b angiography or explorative surgery, which confirmed the
oembolism 1n all of them It may thus be assumed that

the remaming four patients also had thromboembolism Al the fourteen patients
are discussed below as a single group

Many of the patients had no symptoms or signs of 1schag
10 the temperature and colour of the shin (sce Table)

emia such as changes
the findings ;m Morrensen s clmical material mw

This 15 1n agreement with
hich twenty of the fony
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paients with arternl occluvon presanted no evdence of wehacna One of the
patents with occlusion of the fumoril artery had no svmptoms at all A pauent
with such symptomtic occlusion has also buen reported by Masperravy &
Scruvackrr A palptory deerse i the strength of the artannl pulsations was
the most rednble sign of thrombocmbolism Tn three patients no certun dffernce
could be fult botwean the sdes two of these (Caes 10 and 1) had no symptoms
at Al while the temperature of the shinof the lower leg of the third patint was
somewhit Jow Bjork et coll huve o dosenbed patients wath mgrographically
venfied arternl occlusion without wy defunte palpable deerease m the iphiude
of pulvtions In the present smyestigation the patiants had not been cvunmed
for other wgns of el occlusion, such s 1educed capilry blood flow and
venous fillmy,

All paents with osaliogrphic chinges sasfymg the defuntion on page 98,
subjected to control mgogriphy or exploritine surgery, proved 1o have thrombo-
anbolism Ihis me s that there were no £l postine dignoses On the other
hand, there s no proof that thrombocmbohsm would hwe been deteeted more
frequently of 2 smaller dfference fictor between the sdes had been used
although evan with the Irge difference wed, the osallogriphic contrel of the
pulsitions ravealed some eases of thrombocmbelsm that nught otherwise not
have been detected

Irinsient oseillographie reduction mthe size of the wwes obwrved m some
patienits was presumably duc to vscular spaam

When the pulsitions weare reduced only i the lower Iy the reduction was
always duc to ambolnm of the poplited wtery or of the il sgment of one
of 1ts branches This teehnigue thus appears to Tocate the Ieved of the occlusion
with 1 fur degree of weuraey Of the four patients not afterwards subjected to
angiogriphy or cxploritine surgery 1nd m whom the thrombocmbolism was thus
not venficd, three most Iihely hnd anbolism beeruse the pulsations were reduced
only m the lower Iy The o between the frequency of thrombows wd am
bolism m the present seres was roughly 11 and thus about the same s that
VAN \ oorTHUISEN s but differed from the figures given by ROTTRE ¢ coll nd
by Lane, who reported a rto of 3 1 Other authors have published only angle
cses Smee the symptoms of embolism appear o be milder thn those of throm
bosts (see Table p 100) cmbolism s more apt to esepe detection

The observations made m the present myestgation mdicate that plyical
symptoms wd signs of thromboembohsm after catheternsation of the fumoral
wtery are often shight and myy sometimes be baent altogether Owlll()s;r'lph()l
has proved to be 2 valuible dingnostic nicthod md can probably be improve
by refinement of the osallographic procedure
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SUMMARY
The telubabiny of the ronsentional chancal examuation and the value of supplementary
o cillnoraphy wn the early diaenoas of th L bol following p catherer

wation of the femoral artery for anguography s assessed with reference to 14 complicated
cacs

ZUSAMMENFASSUNG

boembolische homphbattonen nach perk K g der F 1
urden ber 14 Fallen fesigestelll Die Zwveslashchlext der gewohnlichen Yimschen Lnter
suchunsmethoden wird dislutiers und der Wert zusatzlicher Oscillographic als Mael der
Fruhdiagnose m solchen Fallen wird hen orgehaben

RESUME

Fn e basant sur 14 cas de compheations les auteurs examunent la valeus de lexamen
chnique habituel et de 1examen oscillograptiqe dans le diagno tic precoce des thiombo-
embolies apres cathéten me percutane de 1 artere femorale pour angographie
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patients with arternil occluson presented no evidence of ischaenma, One of the
patints with occluston of the femoral arters had no svmptoms 1t all \ patient
with such 1symptomatic occluson has ko bren reported by ManbELRAUM &
Scuumickir A palputory deerease m the strength of the artenal pulsations was
the most rehiable sign of thrombocmbolsm In three patients no certaun difference
could be felt between the sides, two of these (Cases 10 and 11) had no symptoms
at all, whule the tempernture of the shin of the Jower leg of the third patient was
somewhat low Bjorn et coll have 1o desenibed pauents with aniogriphically
verfied arternl occlusion wathout any defimte palpable deercase mn the amplitude
of pulsitions In the present investigation the patients hd not buen exmined
for other wigns of artenal occlusion, such s reduced capiliny blood flow and
venous filling

AL patients with oscillo rphie changes sausfymg the defimtion on pige 98,
subjected to control mgiography er cxploratine surgen, proved to hne thrombo-
cmbolism This mes that there were no false poatnve dingnoss On the other
hand, there 15 no proof that thrombocmbolism would have ben detected more
frequently 1f 2 smaller difference factor between the sides had been used
Although even with the hrge difference used, the osallogriphic control of the
pulsations rovealed some eases of thromboumbelism that might otherwise not
have been detected

Transtent oscillogriphie reduction i the size of the waves observed m some
patients was presumbly duc to vasculir spasm

When the pulsations were reduced only n the lower leg, the reduction was
always duc to ambolism of the pophitel artery or of the il scgment of one
of its branches This techmque thus appeans to locate the Ieved of the occlusion
with 1 fur degree of neeuracy Of the four pauents not fters ards subjected to
angrography or cxploriue surgery nd m whom the thromboembohsm was thus
not venified, three most hikedy had embolism because the pulsations were reduced
only m the lower ley, The ratio between the frequeney of thrombosts and em
bolistn 1 the present serees was roughly 11 and thus about the same 1s that
VAN VOORTHUISEN s but diffured from the figures gnven by RoTThE ¢t coll and
by Lanc, who reported a rtio of 3 1 Other authors hawve published only smgle
cases Smce the symptoms of erubolism appenr to be nulder than those of throm
boss (see Table, p 100) embolsm s more npt to ¢serpe detection

The obscrvations made m the present miestigation mdicite that physical
symptoms and sums of thromboembolism fter cathetervation of the fcmor):xl
artery re often shight nd miy someunics be abwnt altogether Oscillograp 3
has proved to be 1 valuable diagnostic method and ¢n probably be umprove
by refincment of the oscillographic procedure
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SUMMARY
The rehability of the copvenyonal chnucal examunation and the value of supplementary
oscillography in the carly dia no 15 of boembolsm following p catbeter

2 on of the femoral artery for anolography 1s a sessed with reference 1o 14 compheated
cases

ZUSAMMENFASSUNG

bolische homplikationen nach perbutaner hath 1

der F
+urden bes 14 Fallen festgestellt. Die Zuyerfastichleit dev gewobnlichen Khintschen Unter
suchun smethoden wird di kutiert und der Wert zusatzlicher Oscailloeraphie als Mttel der
Frubdiagnose 1n salchen Fallen wird her osgehoben

RESUML

En se ba ant sur 14 cas de ¢ les auteurs fa valeur de 1examen
clinsque habutuel et de 1examen oscidlogruphuqe dans le diagnastic precoce des thrombo-
embohes aptes cathetensme percutanc de 1artere femorale pour sneographie
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THROMBOENBOLISM OF LEG FOLLOWING
PERCUTANEOUS CATHETERISATION OF FEMORAL
ARTERY FOR ANGIOGRAPHY

Predisposing factors
by
Bo Jacosssov and Davip ScHLOSSMAN

Several reports of thromt bol

following pH cathetensation of
the femoral artery have been published The irequency of the complication vanes

from onc seies to another Satr (1964) for example reported 02 o while
NOTTRE et coll (1964) gave a figure as high as 8 ¢ Such discrepancies are
probably due to differences 1n the cntenia used 1 the diagnosis of the condiion
10 the ex; 1 and 1 the of the chinical matenal

The complcation often produces only vague symptoms and 1s therefore readtly
mistd Even palpation of the pulse 1s not always conclusne These difficulties in
the diagnoss of thromboembolism following catheterssation of the femoral artery
was the wubject of the preceding arucle m this journal In many myestigations
1nto the cause of the complication tnterest has been focused on the exarunation
techisque and only secondanly on the condition of the patient

As 1o the pedformance of the examinauon the following details have been
clnfl‘:j‘: as l:‘-pomm puncture techmque (Harper 1964) the length of the

t and the volume of contrast medium used {ROTTRE et coll } durauon
Subnuted for publicanion 74 September 1968
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of the exammauon (Lune & McGran 1963, Bjorch ct coll 1965, GREENSTONE
et coll 1963) and degree of artennl compression fter the examnation (Lune &
McGraw, HALIERN, 10GERTY & RRIPAEHNE 1965, Sexpenpere & Hirwnrr
1966) As to the condition of the patient, advanced 1ge (Lane 1963), athero-
sclerosis (LURE & McGRraw, GRrbNsTOME et coll ), heart discase (Lang, Ha
1ERY) 1nd artenal spasm (Lune & McGraw, Hivrery) are bedieved to merease
the risk of thrombocnbolism following cathetersation

Though scveral factors have been pomted out 1s contributory cuses of throm
botmbolism, 1t has not been possible to wsess their relitine HNPOItANCe or to prove
any particultr one to be the man culpnt It was thercfore conadered legiimate
to try to find out whether any onc or more factors are predomumnantly responsible
for the devdlopment of thromboumbolism following percutincous cathetensation
of the femoral artery

Vaterial and Methods 1he matenal conssted of 880 consceutne angio-
graphues performed with percutancous cuheterisition of the fumornl artery by
the Serpiveer (1953) method and covered 2 2 year penod (1 September 1965
10 October 1967) The mtenl consisted m the mam of 1bdommal arterio-
Jraphis wd to some cxtent of thoracic ex uninations, mcluding coroniry ngo-
graphies Coronary angographies performed after 31 December 1966 were not
2ccepted beeruse from then and onw ards 1 modified techmque was used

The arteral pulse m the lower ke was exunmed oseillographucally before wd
After exumnation of the vessds (Jacorsson ¢t coll 1969) The matcnal was
classified according to the type of examunation  Iechmieal data such as length
and type of cathcter, average duration of the «xanumation, solume nd type of
contrast medium  the patients age and the number of (vammations m each
group are gven m Table 1 This dssification divided the matenal roughly 1nto
different groups of discase

Coronary angiography, usually beeause of coronary distase was performed
according to the method deseribed by Pavein (1964),1¢ with 1 eatheter hnmn,,
a spiral up Other thoracie exunmations, meluding retrograde catheterisation of
the Icft ventricle and exannations with the tip of the catbeter plwed m the
ascending norta, were performed with 2 catheter provided with «dc holes and
with the end hole occluded by + metal knob fastened to the end of a metal wire
These techniques were employed 1n the imvestigation of orgamc heart diseasc and
stenosis of the aortic arch and 1ts branches Only radiopaque, grey polytiune
catheters (Kafa) were used for thoricic exammations

The exanunation techmque employed for cochiacography was the same as that
for mesentenc angography In the presentation of the matertal and results, these
two types of anglography have thercfore been grouped together, and are hence
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Table 1
Examination melhods and techmcal data pertaining o the entire material

\ogographc  Data on the catheter V(lume VMean Mean  \umber of
o mon | —————————""—" ofcon sgeof cathauer P
Type O D Length grast  pavems wme  Sngo- Throm-
mm  cm  medum i nutes graphies boembo-
Tism
ml
Co onary
angography  Nafagrey 28 80 8090 45 2 s 6
Thoracic .
aortography  haagrey 28 79 4080 49 53 63
Cochac faayellow 28 4o 80—100 62 67 () ;
angiography  h fagreen 24 37
Nephro-
a gography  Teffon® 22 %0 10—80 52 16 06 O
Femoral
ate ography Tefon 22 25 80—100 57 53 1200

In 85 cases aortography was supplemented by selectne nephroangiography (hafa green)

forth referred to under the common name of cochacography Both the cochac
artery and the superior mesenteric artery were cathetenised 1n the examination of
the Iver and the pancreas The chief ndication for this examnation was possible
malignant discase The superior as well as the infenor mesentenc artery were
cathetensed 1n intestinal diseases usually nfl y Of the 106
tions belonging to this group a radiopaque yellow polythene catheter (hafa) was
used i 67anda green one 1n 39 nstances

and phies of the pelvs and the leg were per-
fonncd with 2 a uﬂon catheter \uth side holes and an occluded tip In the former
group the tip of the catheter was placed in the aorta at the Jevel of the ongin of
1hc rcnal artery and 1 the latter immediately above the aortic bifurcation

hy was d

m 85 cases by selectne nephroangio-
graphy with a radlopaquc grc:n polythene catheter (hafa) The commonest
mdications for neph graphy were an exp process, hyp and
mflammatory renal changes and for angiography of the pelvis and the leg
obliterating discases of the vessels

The puncture techmque and the technical performance of arterial compres-
sion afier the exammation were uniform throughout the penod covered by the

m The site was I with about 10
I ml carbocame
03¢ {Carbocain®) General anaesthesia was never used and on no occasion
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Table 2

Data on the patients in whom catheterisation was Sollowed by thromboembolism

\ge Sex Type of angio Catheters  Symptoms Diagnoses
graphy sation
nme m
mmates
17 m Coranary 00 Murnur
47 m 30 Adam Stohes discase
47 f 0 Sclerodernua arrhythnua
25 m 45 Friedrewch s atania
48 m s Hypercholesterolacta
5¢ m 45 Angina pectons
59 m Thoractc 00 L\ aneurysm
1ortography
35 3 15 Organic heart defect
ot f 1 Orgamic heart defect
4 f 00 Orgamc heart defect
76 T Cocliac 80 Hypernephroma
70 m 60 Pancreatic cancer
2] m 80 Pancreatic cancer
58 m 4 Hepatic cancer

was any drug njcted through the catheter Urografin and Isopaque were cm
ployed randomly for each type of exmination, each m two concentrations Uro-
grafin 1 concentrations of 290 1nd 370 mg 1odine/ml and Isopaque m con
centrauons of 260 and 370 mg 1odme ml The higher concentrations werc used
for thoracic esamnations the lower ones usually for the "bdonnnal v estigations
All angrographies of the coronary vessels and most of the other thoracic 1orto-
graphies were performed by one or the other of two rountgenologists with fong
expenence of angiography  Other angiographies were performed by n all some
ten roentgenologsts, less experienced than the two mentioned above

After these prospective studies the case records of 275 patients were studicd
retrospectnvely for any correlation between thromboembolism and malignant
tumours or heart disease (mcluding congemtal or acquircd or,amc cardiac de
fects, myocardial mfarction arrhythnuas cardiac incompensation, roentgeno-
logically demonstrated heart size eaceeding 600 ml/m ) Noted was alwo the
presence, if any, of roentgenologically demonstrated disease of the coronary ves
sels Sufficient case records from each type of mvestigation were studicd to atlow
calculation to be made of the total number of patients with the above discases
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1 each group 1¢ the records of 50 patients suby ct d to w:onaq grography,
50 to thoracte aortography, 50 to c aphy, 75 to nef glography and
50 10 angiography of the pelvis and the leg

Results

Fourteen thromboembol were diagnosed therr distnbution among the vanous
types of exarmnation being given n Table 1 data on the pauents with this com
plication are presented in Table 2

Table | indicates that comphcations occuired after coronary angiography
tharacic aortography and cocliac angiography although not following nephro-
angiography or angwography of the pelvis and leg The former group of examina
uons will heremafter be referred to as the complicated group  the latter as the

uncomplicated group

Cltmical material The ages of the patcnts who developed thromboembolism
after anyone of the above types of angiography did not differ from the others
exanuned by the same method Nor did the patients in the comphcated group
duffer ssgnifacantly m age from those in the uncomplicated group

Retrospective analysis of the case records resealed heart disease m 50 S0 of
those exarmed by coronary angtography and m 65 55 of these subjected to
thoracie aorrography Four of the six pauents who developed thromboembolism
after the former type of exammation had heart disease as had four 1n whom the
complication occurred after the latter type of examination Of the patients sub-
Jected to coehiacography with a yellow radiopaque polythene catheter 70 §, had
malignant growths four patients who developed thromboembolism after this
type of on had some mali disease The total number of patients
with heart disease was larger i the uncomplicated group than n the comphcated
group (92 and 80 respectisely) a corresponding difference was also recorded for
malignant diseases {75 and 55 respectisely)

Coronary angiography revealed changes 1 50 $5 of the patients examined

with this method Three of the six patients who developed thromboembolism
after the had no t

genog lly demonstrable changes n the
coronary sessels,

Esamanation technigue The pauents who developed comphcauons after a
guven type of exanmunauon did not differ from the others Tegardmg the duration
of the examnation type or volume of contrast medium used and compress
techruque Necher was there an betneen

y essential difference 1 these ts
the complicated and uncomplicated groups respects betneen

The ste of puncture was normal 1 appearance m fine of the six patients

B-6I0M 4t Raol pur Dieg ubol §(19%3)
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subjected to operation, 1 the sixth there was a moderate tear i the artery In
none of the paticnts n whom complications occurred was the catheter changed
duning the examination

The complicated and uncomplicated groups differed as regards the catheters
used In the former group the catheter was at least 40 cm long, its outer diameter
was 28 mm and 1t was made of radiopaque polythenc (kafa) In the uncom
plicated group, the catheter was shorter (less than 40 cm), its outer diameter
smaller (22 to 24 mm) and 1t was made of teflon — except for nephroangio-
graphy m which 2 radiopaque green polythenc catheter (hifa) was sometimes
also used (1n 85 of 506 cxanunations) All the cases of thromboembolism after
cochacography occurred among the 69 patients who were exammed with a yel
low polythene catheter whilc none was recorded among the 37 patients examin
ed with the thinner green catheter of the same matenal

Discussion

Complications following artenal catheterisation by the Seldinger method have
often been reported Some radiologists are therefore reluctant to use this proce
durc and claim that the translumbar techmque 1s the method of choce for ab-
domunal aortography (Beart Jr et coll 1963, McGraw 1963) Percutancous
cathetensation offers, however, such important advantages as to be mdlspensab]e
It was therefore considered necessary to discover the factor or factors responslblc
for the complications and find means of preventing them

Thromboembolism 15 widely belicved to be the commonest serous complica
tion (Lanc, KoTThE et coll ) Factors described as favouring this sequela were
mentioned 1n the mtroduction It 1s not possible to assess the relative umportance
of such predisposing factors from the lterature owing to mcomplete description
of diagnostic criterna or of the clincal material Many examuners believe that
advanced age and heart discase or vascular discase are predisposing conditions
For «xample, HALIERN stated that exspenence suggests that thrombosis may be
pnmarily a problem mn the cardiac group of patients , and Lanc concluded that
this 1s truc above all for  patients with low output failure

In our assessment of the importance of heart disease the term 1s to be under
stood as comprising congenital or acquired orgamic heart defects, myocardial
farcuon, arrhythmuas, cardiac incompensation and enlargement of the heart and
thus presumably tallies with the conceptions of previous worhers mn this field
Mot patients with thromboembolism after coronary angiography and all those
with such a complication after thoracic aortography had heart disease but of the
patients examuned with coronary angrography or thoracic aortography as many
as 50 % and 65 G5, respectnvely, had heart discase Moreover, since most of the
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pavients with heart discase belonged to the uncomplhcated group there 15 no
reason to assume any causal refationship between heart disease and thrombo-
embolism The fact that most of the complications 1n Hatpers s and Lanc s
senes occurred 1n pauents with such disease 15 not sufficient by stself to wanant
the cancluston that the condition predisposes 1o thromboembolism after catheter
15auon

Lasc and Luke & McGraw postulated that atherosclerosts predisposes to
thromboembolism following cathetersation No attempt was made 1o estimate
the overall mcrdence of atheroscleross in the present matertal The fact that de
monsrable peapheral vascular discase among those patients who developed
thromboembolism was uncommon and that no anglographues of the pehas and
the leg — performed marmly because of obliteratng artenal disease — were fol-
lowed by compleanons argues agaust atherosclerosis playing any substanual
role 1n the causation of complications after cathetensation Supervention of arte
nal occlusion after catheterssaton 1 these patients is howetrer ditficult to di
agnose because the circulatson 1s impaired with the blood flowing mainly through
collaterals already before the examination

Judging from the angiograms coronary atherosclerosis does not appear 1o be a
predisposing factor exther thromboembolism occurning equally ofien 1 the pres-
ence as in che absence of atherosclerosis

Vascular spasm was not recorded systematcally In view of the ages of the
patients with complications vascular spasm could hardly have been a major
causal factor since 1t occurs mamnly among young indmaduals (Wicssouw &
Baxtiey 1957)

The abote observations argue agamst the general assumption that adyanced
age heant disease atheroscleross and vascular <pasm are of major importance
m the causation of thromboembolism after cathetensation

A factor that may perhaps be of aenologic significance and one not discussed
m the angographuc terature 1s an d dency to thromt This 15
hnown o eccur pasticularly after operatton (Mcrem & Mistarp 1962, Onges
1962) and 1n the presence of malignant tumours (Crank 1957 Gross 1’960) of
R o, S, e (O, v

Many of the patients of the matenal had h f.rt dc o deleas (Gross)

c: 1sease or malign.

i e szl ucompletst g e o b

Im after cocl posing factors Al the patients who developed thromboembe-
€7 cocliacography had malignant tumours but nior does this warrant

conclusion because 70 6 of the patients subjected to coehacograph ey

lon\mdwpaquc polythene catheter had malignant disease Sraphy math 3 yel

According to Owres there 15 strong evadence that changes i the actual com

ancy bat since
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position of the blood may predispose to thrombotic complications Changes of
relevant importance are, above all, mereased adhesiveness of the platelets and
aggregation of the platelets (Onren, Nitsson 1966), both presumably capable
of ncreasing the risk of thrombosis follow ing cathetensation Jacosssov (1969),
however, could find no sigmficant difference n platelet adhesnveness between
patients subjected to coronary angiography and those examuned with nephro-
angrography or angiography of the pelvis or leg, 1€ the examnations with the
highest and lowest frcquency of complications

The frcquency of thromboembohsm did not vary with such techmcal data as
puncture technique, duration of cxamination, compression techmque or volume
and type of contrast medium

The uncompheated nd complicated groups differed however essentrally from
one another as regards length and diameter of the catheter, and often also m
regard to the material from which the catheter was made In the comphicated
group the catheter was 28 mm n diameter, at least 40 cm long and made of
radiopaque polythene, while m the uncomplicated group 1t was 22 to 24 mm
m diameter, less than 40 cm long, and 1 most cases made of teflon These data,
howevcr, do not suggest which of these differences was of the greatest importance

Eighty five selcctnve nephroangiographies were performed with catheters form
ed of the same matenal as those 1n the complicated group, and none werc fol
lowed by complhications The only technical difference between the exanunation
of these eighty five anglographics and that of the complicated group was that
the catheters used mn the former were shorter and of smaller diameter, and there
by had a smaller surface The frequency of complicating thromboembolism was
significantly lower after the use of the smaller catheter The coeliacographies
(106 exanunations) were performed with two types of catheter differing from
one another only 1 diameter All the comphcatons (four) occurred among the
69 patients cathetenised with the larger catheter Thus suggests that the use of the
thinner catheter 1s less rishy

No teflon catheters of the same diameter as the polythene catheters used 1n the
complicated group were employed It 1s therefore not possible to say anything
about the importance of the matenal of which the catheters are made

As in McGraw s and Semenserc & HurwiTT s series, thrombosis was more
common after thoracic than after abdominal aortography These authors did not,
however, ascribe this to differences 1 length of the catheters used KoTThE et
coll found thoracic exammations to be more rishy and felt that this was due to
differences m volume and type of the contrast medium used and to the length of
the catheter, but they made no attempt to find out which of these factors was

the most important
The observations made 1n the present ms estigation appear to warrant the con
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clusion that 1t 1s above all the catheter that 1s the major cause of thromboembo-
Iism after pereutaneous cathetensation of the femoral artery Other techmcal
details may occasionally play a contnbutory role but are as a rule, of only sub-
ordinate umportance

SUMMARY

The nsk of thromboembolism of the leg following percutancous cathetensaton of the
femoral artery for angiography appears to vary mainly with the length and thickness of the
catheter as well as possibly also with the type of matenal of which 1t ;s made Other
technical factors and the general condition of the patient are apparently of less importance

ZUSAMMENFASSUNG
Das Risibo eines thromboembolzschen Zwischenfall
sierung der Fe

im Bem nach perk Katheten:
schemnt an der ptsache von der Lange und der DThcke des
Ratheters abhangig zu sen, moglicherweise auch von der Art des Matenales des Ratheters

Andese techmsche Faltoren und der Gesamtzustand des Patienten schemen von gerngerer
Wichtighett zu sein

RESUME

Le danger de thrombo-embolic du membre inferieur apres catheterisme percutane de
dantere fémorale pour angiographie parait dependre surtout de la longeur et du dmeire
du catheter amnst que peut cere du type de matiere dont 1l est fait Les agtres facteurs techm
ques et L etat gineral du sujet ont apparamment moins d importance
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ANGIOGRAPHY IN ACUTE PANCREATITIS
by

TRiGVE AskHs \1nar Horstt and Eivar Vestap

Pathologte enfargement of the pancreas and the hberation of vasoactive sub-
stances n acute pancreatis may be expected to produce charactenstic features
w the angiograms. Bargsex & Oun (1964) reported shght hypervasculanty m
the pancreas and displacement of the pancreauc arterres Rosca {1966) found
entarged and numerous artertal branches with enlargement of the pancreatic
head i one case Sammons et coll (1967} held that the ncreased number,
tortuosity and size of the arteries together with the greater volume of the pan
creas and displacement of the artenes were charactenstic of acute pancreatitis
these authors also observed ncreased capillary contsast filing with wregulanty
and motthng as well as early arteriosenous shunting It would appear however
that no evaluaton of the diagnosuc yield of the angiographic findings i this
condiion has been published

Angiography has been performed as a necessary precursory examimation to the
amra artenal treatment of acute parcreatitrs with the protemase mnhubitor Tra
ol recenth warted at this hospral (VESTAD & Aannts 1968) TFifteen of the
cases were subjected to follow up anglography after the acute condition had
subded  Angogramis of the acute phase were compared with the follow up

Submitted for publicaion 22 \ugust 1968
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Fig 1 Acute pancreautis Sclecuve coehac angiography Arteral phase
m ap projections acute stage (upper) and follow up 8 months later
{lower) Companson reveals increased diameters of the hepane gasiro
duodenal and pancreatic artenes in the acute stage the number and
cahbre of the small arterial branches in the liver are markedly increased
but those mn the pancreas only shightly The cothac <ommon hepatic
splemic and gastroduodenal artenes are shghtly displaced
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Fig » Acute pancreatits Selective coehac ang ography Artersal phase 1
2P Projectio s acute stage {upper) ard follow up 4 weeks Larer (lower)

Te changes are the same s seen 1n fig 1 In this case alio dilataton of
the splenic and left gaunic artenes occurred in the acute stage

angiograms to decide if charac

teristic appearances were associated with the acute
stage
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Fig 1 Acute pancreatiis Selectie cochac angiography Arteral phase
m ap projections acute stage (upper) and follow up 8 months later
(lower) Compinson reveals increased diameters of the hepatic gastro
duodenal and pancreatic artenies m the acute stage the number and
calibre of the small artenal branches n the hver are markedly incresed
but those 1n the pancreas only slightly The coeliac common hepatic
splenic and gastroduodenal artenies are slightly displaced
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Fig » Acute pancreaiis, Select ve coehiac ngiography Artenal phase
3P P ojections acute stage (upper) and follow up + weeks later (lower)

The changes are the same as seen 1 fig 1 In this case also d latanon, of
the splenic and left gastric artenes occurred 1n the acute stage

anglograms to decide 1f charactensnc appearances were associated with the acute
stage

Material and Method The matenal consists of 8 mal
In age between 41 and 83 years The diagnosis of acu
on tharacterstic histones and chmcal fi
1024 Wohlgemuth umts or more

Conxentional films of the abdomen 1n fourteen of the cases showed Pentoneal

es and 7 females ranging
te pancreatius was based
ndings and a unnary amylase level of
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a b

Fig 3 Acute pancreatitis Selectne coehac angiography Artenal phase lateral projections
acute stage (a) and follow up angiography 2 weeks later (b) Swelling in the pancreatic region
(arrows) and raised diaphragm in the acute stage the coeliac artery appears raised

writation m ten In three of thest, soft tissue density referable to pancreatic
swelling or local oedema was observed between the stomach and the transverse
colon In four cases, no changes were demonstrated

Seral welective anglography of the coeliac artery was performed mn all cases
Superior mesentenc angiography was also carrred out 1n those cases m which
the main artenal supply to the pancreas appeared to be shared by this artery
Follow up angiography was usually performed 2 to 3 months later For coehaco-
graphy, 35 ml Isopaque 60 9% were used and for angiography of the supernor
mesenteric artery 25 ml, mjection at a rate of 10 ml, second 1n all the examuna
tions The course and calibre of the large vessels were evaluated and the size
number and course of the smaller vessels i the organs were carefully noted The
anglograms were routinely obtamned m ap projections Occasionally, a lateral
sertes was also obtamned In some nstances i the follow up sertes, two mjections
of contrast medium were given successively to evaluate the effect of the contrast
medium on the vessel caltbres The films were obtained at one second intervals
for 10 seconds This period was sufficient to cover all phases with the low
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\scosty Tsopaque but the film series permutted only a rough cvaluanon of the
Tlow velocaty of the medium m the vanous artenes,

Results

Artersal phase (Figs 1 2 and 3) Displacement of the major branches winch
could posably be referred to a swelling of the pancreas was noted 1 seven cases.
In the<e cases the cocliac the common hepauc and the splenic artenes appeared
10 he rawsed and the gastroduodenal artery pushed to the nght It was noted,
however that a dsfference n the depth of nspiration could cause a conuderable
change m the course of the arterics. It was found that the daphragm appeared
more clevated 1 acute pancreattis than at follow up m six of these seven cases

In the remaning eight cases no noticeable change i the course of the major
rteries seemed to have taken place The course of the pancreauc antenes did not
appear to be wgmlicantly altered w acute pancreatius. Fhe diameters of the
mayor artenal branches are presented 1 big 4 as the mean of three measure
ments 3 definite increase was noted n the hepatc artenes 1n most of the cases
although <emctumes no notable change or only a <ight decrease was apparent
The gastroduodenal artery was also often enlarged while only arburary changes
seemed to accur i the left gastne and splemc astenes. The doral pancreatic
artery was adequate for exact companson 1n five cases only definite dilatation
was evident The number and size of the small vessels of the lner pancreas and

<pleenn were as.essed mn cases adeq for ¢ and are tabulated below
Liver Pancreas Spleen
Increased 1 1 0
Unchanged 4 2 8
Reduced Y] 0 3
“Total 15 13 1t

Unequnoral[y increased vasculanity was usually present in the Iner and the
pancreas m acute pancreautis on the whole the hypervasculanty was more
marhed 10 the Iiver Unchanged or shghtly reduced vasculanty was noted 1n the

pleen \o define change in the course of the minor branches in the o “
f thy branch: h
the organs was

Parenchymatous and  enous Phases In these
\ere apparent in acute pancreattis A shght vanauon in contrast density of the
pancr;as nln the parenchymatous phase seemed to be completely arbitrary Signif
Icant displacement or compression of D
o p of the spleric or portal seins was not demon

phases no consistent changes
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Fig 4 Record of artersal d d mn the the values are the means of
three measurements Black columns the artenal d in_acute p 15 white
columns the follow up diameters In the follow up examunations of Cases 5 6 7 and 17 two
njections were gnen The diameters of the hepatic arteries were usually marhedly mereased
m the acute stage and the dorsal pancreatic artery shghtly dilated some dilatation of the
gastroduodenal artery was also often noted while an arbitrary varation of the calibre of the
Teft gastric and splenic artenies seemed 1o occur

Arterial blood flow The method permutted only a rough evaluation of the
flow velocity based on the transit tme of the contrast medum, withm this
linutation no definite change m the velocity of flow was noted in the arterics 1n
acute pancreatitis An increase m the volume flow apparently thus took place i
the dilated artenies and was particularly marked 1n those supplying the liver
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Fig 5 Expenimental study of the influence on the hepatic
¢ reutation of ngraportal imyecuon of bradykunin in the pig
Tnjection of 10 yg of bradykumn diluted in 0 ml saline
wta the portal ven failed to affect the portal venous flow
or the artenal blood pressure A marked risc 1n the hepauc
artenal flow occurred PVF — portal venous flow HAF —
hepatic artenal flow ABP — artenal blood pressure PVP
— portal venous pressure (Courtesy of Atne et coll)

Diascussion

Enlargement of the pancreas associated with acute inflammation may cause
displacement of the surrounding artenes A change n the course of these artenes
may however also be attributed to elevation of the diaphragm, as evidenced 1n
the present matenal

A vanety of vasoactiv ¢ substances are produced 1n acute pancreatius (Hortes
BIRG et coll 1962) as was demonstrated i the blood in expenmental and
human pancreatiis by hatz et coll (196%4) The activated proteinases trypsin
and hallikrem  pathologically released are known to hberate the polypeptides
bradyhmnin and kalldin respecuvely from the plasma a 2 globulin (Lewis 1960
Rocua & Susa 1960 Werer 1960) These polypeptides possess potent vasod:
lating and hypotensive propertics and provoke edema by increasing the perme
abilty of the capillanes (Werie 1963} The vasodilating substance histamine
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15 also released from pancreatic tissue by trypsin (Bernaro et coll 1928) It may
be assumed that these substances are present m the inflammatory exudate 1 and
atound the pancreas in acute pancreatiis and exert a dilatory acuion directhy
upon 1ts vessels

Furthermore, these substances are likely to be transported by the portal venous
system and produce edema and vasodilatation n the Iner Marked changes m
the hver were demonstrated histologically i expenmental studies of acute
pancreatiis by Hansson et coll (1961) and Anperssov (1966) It s also
hnown that imparment of the hver function may occur in cases of acute pan
creatitis (Fisuer & McCroy 1955, WensTEIN et coll 1963, FrRemen 1962)
The alteration of the vascularization of the liver noted mn the present study may
reaonably be referred to vasodilatation produced by these polypeptides Boijsen
& REpvAN (1966) demonstrated a marked increase i the veloaty of flow m the
hepatic artertes followng the mtra artenal njection of bradyhinmn, and in some
mstances an increased calibre of the arteries was noted

In prelmnary expenmental studies n the pig AUNE et coll (1968) found that
bradyhmn 1njected mto the portal ven ncrcased the hepatc artenal flow
marhedly, while the portal venous flow was unaffected (Fig 3) This mav
rea.onably be cyplamcd by a marked reduction mn resictance of all vesscls i the
Iner Such an effect will mcrease the hepatic arternal flow but leave the portal
flow unchanged, the latter 1s essentially determined by the resistance in the organs
drained mto the portal vemn, 1e the spleen stomach, bowel, and the pancreas
It 15 generally accepted that a decreased peripheral resistance with mcreased flow
results i a dilatation of the corresponding arteries

Acute pancreatitss 1s often associated with grwve disturbances of electrolyte and
fluid balance, and furthermore the effect of vasoactive substances on the pe
nipheral vascular ressstance m the body may contribute to the shock that occurs
n some cases Shock affects the circulation through the hiver (MurLer & SMiTd
1961, 1963 Franx et coll 1962) and vasoconstriction may possibly be expected
mn the hepatic artertes in some mstances However, no defimte explanation was
found for the reduced calibre of the hepatic vessels n two of the present casces.
Both these had normal blood pressures and only shght signs of hypovolemia as
judged from the hematocnit and hemoglobin values

The present angiographic findings can hardly be explamed as normal vana
tions mn the same casc The localization of the changes in certan vascular arcas
suggests that factors associated with acute pancreatiis are mvolved The same
argument may be held agamst other factors, such as catheterization procedures
contrast medium, mjection pressure and the pulse pressure that may influence
artenal calibre Some apparent dilatation may be referred to geometric enlarge
ment caused by anteror displacement of artenes duc to swelling of the gland



ANGIOGRATHY IN ACUTE PANCREATITIS 127

(Fig 3) Within reasonable hmits of pancreauc swelling however, this will
probably result i only shght artenal enlargement.

The absolute and relative sizc of the vanous branches of the cochac artery as
well as their course normally vary considerably from onc subject to another The
present angrographic findings  although referable to acute pancreauts, could
thus not be detected without the follow up angiograms. 1t must therefore be
concluded that this study was unable 1o reveal angiographic sgns of defimite
diagnostic value 1 acute pancreatius

SUMMARY

Angioorams obtamed in 15 cases of acute pancreatitis were compared with these obtained
after the acute stage had ubsided \n ancrease in the diameters of the hepauc and pan
creatic artenies and hypenvasculanty of the Iner and pancreas v erc usually observed i the
acute condivon The fogic mechanism and the d wgnili ance of the angio-
graphic findin,s are briefly discusved

ZUSAMMENFASSUNG

Angographue 1urde 1 funfzehn Fallen von akuter Pankreattis vorgenommen und dic
Erschemungen wurden mut denen verglihen dic sn Angiogrammen nach dem Ablhngen
der akuten Pha ¢ demonstriert wurden  Allmahlich wurde jn der akuten Thase emc Fr
hohung der Diameter der Leber und laokreas Arterien sowie Hypenasculiruauon der
Leber und des Panbreas observiert Der pathologische Mechanismus und die diagnostische
Sigmifikanz der anviographuschen Befunde werden kurz diskutert

RLSUME

Des anmortaphies faites dans 19 ¢as de pancreatite ague ont éte comparees avec les
angwoetaphies faites apres le stade aimu Habituellement au stade aigu les auteurs ont
constate augmentation du diametre des arteres hépatiques et pancreatiques et d hyper
sasculansauon du foie et du pancreas s by 1 hol

e
et la saleur d; des a pects h : )
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EPINEPHRO PHI EBOGRAPHY OF BENIGN TUMOURS
by

C G \IMAELSSON

Endnchanologic disturbances are often caused by adrenal neoplasms which
may be either malignant or bemign Mahgnant tumours are as a rule the auto-
nomous producers of hormones but alo benign adenomas may act m thus way
The bemign new growths are generally 10 to 30 mm n width when detected,
but even 3 3 mm tumour may ghe nsc to prnmary aldosieromsm with severe
hypertension  Adenomas are usually less vasculasized than the mahgnant growshs
and more difficult ta detect with comventional radiologic methods

Cathetesizatson of the left adrenal ven was descabed by Buonr n 1962 wnd
was used al.o for retrograde phlebography In 1964 Bucnr et coll demonstrated
an aldoste with this tech Lpnephro-phichography of the nght
adrenal gland as well was descnbed 1n a prelmnary Teport 1o the Norduc Radio
logic Congtess at Oslo i 1966 and this work was subscquently published (M
»zLsson 1967) Smce then a modification of the techmque for cathetenzation
of the lelt sidc hias been introduced and two small aldosteronomas have been
demonstrated (Misattssos 1968) Three papers by other authars hase appeared
smce 1967 Revres et coll (1967) demonstrated three adrena) tumours, 30 mm
m width 1n a serses of 45 cases SurTon (1968) described seven adrenal tumours,
detected with phichography of the left adrenal vewn 1 26 cases Meim et coll
(1967) determuned the correct 1de of the adrenal tumour by analysis of the

Submutted for publication 30 Apnl 1968 Part of this work has been fimancially supported
by the Suedish Medical Research Couniaal (Project B69 61P 7601 1)
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Fig 1 Polythene catheters for the adrenal veins
extremitics of size being marked out with
continuous and dotted lLines Tor the rnght
adrenal gland the receding shank should be 90
to 9o mm long and for the left adrenal gland
the shank should be 115 to 140 mm long Scale
m mullunetres each step indicating 10 mm

aldosteronc and cortisol m the v enous blood, selectvely sumpled from the adrenal
glands Even 3 mm wide adenomas were found to produce large quanuties of
aldosterone  The phlcbographies were positive 10 one casc only and uncertan 1n
anothar The width of the tumours, undetected with phlebography vaned be
tween 3 mm and 23 mm

Many factors, however, mfluence the results of the biochemical analyses and
1t 15 sometumes mmposstble to eatract enough blood from the adrenal vams, 1
spite of an otherwise successful catheterization

Matennal All the cases in which epmephro phlebography was attempted (55
cases) are mcluded n this sertes Angrography was performed m all of them and
retropernoneal pneumography m 17 cases The mndications for epuephro phle
bography were given by the prelummary diagnoses as follows pnmary aldos
teronism 34, phacochromocytoma 9, femmzing syndrome 4, vinlizing syndrome
2, mb Cushing 1, mahgnant tumour 1, metastasis 2, and adrenal msuffrcrency
in 2 cases Phlebography performed 1n mine healthy subjects have vot been m
cluded m the senes Most of the positive tumonr cases were referred from the
Department of Endocrinology, Karolinska sjukhusct, Stochholm

Techniques
Epnephro phiebagraphy The catheters, the end of which forms a large loop,
are differently shaped for the nght and left adrenal veins They are now made
solely of P E No 240 polythene tubing The shapes are shown 1n Fig 1
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Case Phlebography Specimen
No

w » o =N

Fg 2 Widh of tumours assessed at epin phro-phl bography and correlated to specimens The
e sures are stated w th numerals and graph cally s m lmetr s but in five of the largest specs
e mo &1 et than 1n half ceptm tres Case numbers are { om Table 2 Symbol + refers 10
post e find ngs but tumou £ wadth imposs ble to assess

The h

d catheter 1s perc ly introduced with the ard of a Sel
dinger Mo 205 guide v1a the night femoral vesn 1nto the inferior vena cava, the
loop of the catheter being reformed during the procedure the tip spontancously
enters a renal vein but when the stem of the catheter 15 pushed further up the
sena cava the preformed vertex of the loop of the catheter will move past the
renal vetn and the shape of the loop will be restored The catheter 1s now m correct
position for examinayon of the adrenal veins The receding shank of the catheter
for the left sude 1s pulled snto the left renal vein the tip being directed cramally
against the left adrenal vein which opens mnto the renal ven at a distance of 2
to 4 cm from vena cava The night adrenal vemn often runs upwards and usvally
enters the vena cava directly between the renal and hepatic vewss It 1s some

times possible to reach the nght adrenal vein with the catheter for the left ssde but
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Table 1
c of bro bhleboorank

Technical measure umber of adrenal glands

Left side Right side

Original Modified

method method
Attempted phlebographics 30 23 51
Successful phlebographics 23(77 ) 23 36 (40 )
Blood samphng for cortisol 3 ml 18 (00 o) 23 25 (49 %)
Blood sampling for aldosterone 30 ml 9 (30°) 23 21 (4 )

1f this fuls the cathcter should be replaced by the one preformed for the nght
side The techmque has been more fully descnbed m a prehmmary report (Mr
RAFLSSON 1967)

The amount and rite of njection of the contrast medim (we use between
15 ml to 10 ml Urografin 76 <) are controlled with the aid of the TV monttor
Roentgenograms arc obtamed at mtervals of 067 scconds durmyg 5 scconds.
When the uxammation 1s completed, the catheter 1s straightened with a metal
guide and withdrawn

Comments When the up of the catheter for the left side 1s 1bout to be turned,
the receding shank 1s somctimes found to be a httle longer than the renal vem
1t entered, and the stem of the catheter may then be too weak to overcome the
resulting shght resistance This may be helped if the stem 1s temporanly straight
ened with a guide, which nught cause shght pam to the pauent, tihis will dis
appear, however, as soon as this bricf manipulation 1s over

It 1s adwvisable, mn view of the mndividual vanations m the venous anatomy, to
have a few catheters of vanous shapes available for use The shorter the receding
shank 1s, the more curved should 1t be, particularly necar the tip The angles
between the big veins change somewhat with different phases of respiration, and
by controlling the movements of the diaphgram 1t may be possible to adapt the
anatomy of the vemns to a catheter which otherwise appears unsuitable

An mferior phrenic vemn which almost constantly joins the left adrenal ven
close to the gland must be avoided The ven lies near the medial part of the
gland and 1s about the same size as the adrenal vemn

The blood pressure, which usually changes, should be cheched repeatedly
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Results of epunethro-phlebography correlated ta oferalue findings of adsenal tumoury

Cae 4ge Sex Prelmmnary disgnos s

Ladiogs

Def nite & agniny

Rightglands  Left glands

Epine Oper Lpne Oper
thro- aton phro- aton
Phitbon phlcbor
grapty grapty
L 45 9 Promaryaldosteron m 0 + +  Vldostcronomasin
(Lubl by Minacessov 168)
2 4% 2 Malgnant tumour + +  Ind flerent adeno-
ma p ncreat s
336 Q@ Prmary aldosteronism ] + 4+ Ald steronomasin
4 46 2 P man aldosteron sm [ + +  \ldosteronomas o
5 83 ?  Pimaryaldosteron m 0 - \ldosteron smasin
{Publ by Bucnt et coll 1964}
6 6% 2 Prmary aldosteronsm + +~  Aldosteronomas n
Publ by MikasLssos 1.468)
7 43 2 Prman sldosteron m + ~  Mdosteronomasn
{Publ by Muxaersso 1967)
8N 9 vl ng syndrome + ~  \ndrosteror ma
{Publ by Mikaer sov 1967) un
% 3§ Fhacxhr mocytoma + + + +  Phacochrom xy
© e toma b lat
o  Femin zing syndrome + + O trogenoma dx
11 26 o Prmary aldoste oa 3o +

Adrenad wmour p ¢ ent {+) no tumour found (0)

Phich g aphy

Table 3

¢ Aldost ronoma dx

Correlation of findinys af pi! bography and. operation in 23 cases

Ncmber of ases ver fied

Right s de

alone alone

Lett side

Both sides

Total
naumber
glands
enfi d

o

Confimed (pos u ¢)
Confi med (negaus, )

Not confirmed

Cathetenizat on impos ble

Total

1
2
0
1
4

N oo~-on

wo o~

u
15
9
9

12 30

woow
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Table 1
. v of bro Phlebomsath
chnephro phiebograp
Lechmienl measure Number of adrenal glands
Left side Rught side
Ongiml \Modificd
method method
Attempted phlebographues 30 23 51
Successful phlebographies 23(77°) 23 36 (40}
Blood samphing for cortisol 3 ml 18 (b0 ) 23 7549 )
Blood sampling for aldosterone 30 m! 9 (30°) 23 21 (41 o)

if thus fuls the catheter should be replaced by the one preformed for the nght
sde Ihe techmque has been more fully descrbed m a prelmunary report (Mt
RALLSSON 1967)

Ihe amount and rate of injecuion of the contrast medium (we use between
15 ml to 10 ml Urografin 76 <5} arc controlled with the aid of the TV monitor
Rowntgenograms are obtamed at mtenns of 067 scconds dorng 5 scconds.
When the examuation 15 compkted, the catheter 1s straightened with a metal
gwde and withdrawn

Comments When the tip of the catheter for the Ieft side 1s 2bout to be turned,
the receding shank 1s somctimes found to be a hittle longer than the renal ven
it cntered, and the stem of the catheter may then be t0o weak to overcome the
rosulting shight resistance This may be helped if the stem 1s temporanly straight
ened with a guide, which mmght cause slight pun to the pauent this wilt dis
appear, however, as soon as tlus brief mampuiation 1s over

It 1s advisable, i view of the individual vanations i the venous anatomy, 0
have a few catheters of various shapes available for use The shorter the receding
shank 1s, the more curved should 1t be, particularly near the tip The angles
betwcen the big veins change somewhat with different phases of respiration, and
by controllng the movements of the diaphgram 1t may be possible to adapt the
anatomy of the vens to a cutheter which otherwise appears unsuitable

An mfcrior phrenic vein which almost constantly joms the left adrenal vem
closc to the gland must be avoided The vem lics near the med:al part of the
gland and 1s about the same size as the adrenal vein

The blood pressure, which usually changes, should be cheched repeatedly
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Table 2

Results of epinephro-phichography correlated to operatue findings of ad enal tumours

Cwe Age Sex Prel minasy diagnosts hindings Definutc diagnosss

hidogr
Rightglands  Left glands

Epne Oper Fpne- Oper
phro- auon jhre  aton

phicho phlcbo-
graphy g phy

1 4 ¢ Pomaryaldesteromism [ 0 + ~  Aldesteronorias n
(Publ by Minartsso¥ 1963)

2 49,  Malgna ¢ tumaur - +  Indifferent adeno-

fma pancr  hitis

3 36 Q Prmary aldosteromism [ + 4+ \ldosteronomna 1A

4 4 ¢ Pomary aldosteronsm 0 + «  \ldo teronoma 1

5 33 9 P maryaldosteronusm [ + Mo tcronomas
(Publ by Bucnt et coll 1904)

6 6 , Pnmary aldosteronism - +  \ld steronomasin
Publ by Mimazusson 1968)

7 43 ¢ Pnmary aldosterosm + 4 Aldosteror masn
(Publ by Minaztsson 19t7)

8 3 ¥ Vo gsyndrome + +  \ndrosteror oma
(Publ by \MrkaELsso 1967) n

9 37 4 Phacoch omocytoma + + o+ 4+ Phac xchrom ocy

toma bilat
;‘: st 4 Femnzing yndrome + + Oestr genoma dx
o Prm ry aldosteronmsm +

Adrenal tumour present (+) no tumour found (0)

PH! bogr phy

Confrm d (posy )

Confirmed {negat v )

ot confirmed

Catheter 2at o0 mposs ble
Tatal

0 Aldosteronoma dx

Table 3
Correlation of findings al phlebography and operation in 73 cases

Number of cases venhed

Total
number of
Rghtsde Lefi side Both sides glands
alone alone —— serified
R ght Left
1 « 1 3 1t
2 1 [ G 15
[ [ 0 o °
1 0 El 3 9
4 7
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Tig 3 Normal epinephro phlebography of the night {a) and left (b) adrenal glands

when the catheter 15 being mtroduced into one of the adrenal vewns [t may
somefimes decrease somewhit but it may also rice, and once mn this series 1t
wcreased from 230 to 300 mg Hg (systolic) The blood pressure always return
ed to 1ts former level however, as soon as the catheter was withdrawn from the
adrenal vein The sampling of blood was carried out with a spontaneous dnip 1n
order to avoid admuxture with atypical blood, ! or 2 ml hepunn arc mjected
through the catheter to prevent coagulaton and thrombosts

Angrography This examunation 15 usually carned out with mjection of the
contrast medium 1nto the aorta, and roentgenograms in different projections
are obtaned Selective exammations of suitable branches of the aorta, some
times after injection of epiephrine have been performed n six cases

Retropentoneal pneumograply 1In these examinations, 800 to 1200 ml
oxygen hne been msufflated between rectum and coceya Tomography has been
performed and films map, oblique and lateral projections were obtamed
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Results

All attempts at cpmrphm-phlcbography are recorded in Table 1 Cathetenza
tion of the nght side was attempted 10 51 cases and of the left ade m 53 In
one case the gland on the Jeft side could mot be cathetenzed because the left
renal vein was obliterated close to 1s openung into the wmfenor vena cava. The
short remnant was examuned but cathetenzation of the adrenal ven was im
posable and the examnationt of this side has therefore not been 1ncluded 1 the
present senes

Phlcbographies with definite filling of the intraglandular vemns were perform
ed in 70 e of the nght glands. On the Iefit side, the rate of success 1n this respect
with the ongial techmque was 77 e 1 30 cases but the sampling of blood was
less successful After modification of the method for the left ude 23 examina-
uons proved successful and a sulficient amount of blood could be extracted from
the glands

The findsngs were confirmed i 22 ¢ases I tent of which 11 tumours were
removed (Table 2} One further casc could not be cathetenized, probably because
of a previous bilateral operatie cxploration with negame result, an adenoma on
the nght side was later removed All the other cleven tumours were clearly visible
at phlebography Thar size vaned between 10 and 10> mm 1 five of the
tumours between 10 and 15 mm Thesr actual Jocation within the glands as
well as width and shape corresponded n 9 cases to the findings at operation
(Figs 2 to 8) while two tumours were only partly outhined

There were seven aldosteronomas and two phacochromocytomas 1 a single
case and further one fermmzng one vinhzing and one adenoma without hor
monal actiyity in this group Specil reports on five of these cases (1 5 6 7 and
8 1n Table 2) have previously been pubhshed (Buenr et coll 1964 MinagLssos
1967 1968)

The group of venfied phlebographies without tumour mcludes ten operated
cases two post mortem cases and one case of contralateral gland from the group
with adrenal tumours Fifteen glands were venfied seven by careful histologie
cxammation and eight by m.pection and palpation n situ No adrenal tumngzlxr
was detected Sesen of these cases were operated upon for chmcal and bio-
Cht‘mlc:l rz:s&;ns while three others were submitted to nephrectomy

n the whole control matenial of 23 cases phlebogra
formed The phlebographic nformation maps coxrfzd[;'hr):siuz\ig::] dlsl“alsapcdr
cortecily negative for 15 glands (seven of which were histologically \mneg nNg’
false information was obtained (Table 3) ) No

Ty pical phlch h g,

b pp m Two normal phleb:
are presented i Fig 3 The adenomas are well defined and us?xalfy Usir}?fr‘x’clzsl
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Fig 4 Case 2 Phlebography of adenoma of left
adrenal gland without hormonal actiuity Displaced
fattened veins around the adenoma (a) and vemns
that look narrow and compact 1n another projection
(b) Specimen in (<)
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v
2

21

Fg 5 Case 10 Phlebography of femunizing
ad noma at uppe aspect of the nght adrenal
#land Somewhat ncomplete contra t filling

fihe vet around she tumour in (a) and
more cemplete filing 1n (b} Spetimen cut
open n (c) The upper border of the gland 1
3¢ 0 to the r ght

or ovalin shape Their mummum diameter has m this paper been used as a

measure of thewr «ze No vemns could be detected withim the tumours them,.eh es
but vessels surroundins them mn the adre

these appearances
off abruptly at the



138 € G MIKAELSSON

Fig 6 Case 5 Aldosteronoma of the left adrennl gland a) \ngiography \enous phase (arrows)
b) Phlebography (Case publ by Bucur) Large venous sinuses around ‘the tumour the adrenal
gland 1s hike a small shell (arrows)

surface of the lesion and contimued 1s compressed veins runmng alongside the
tumour (Figs 4, 5 and 6)

The cortical adenomas arc often situated closc to the surface of the glands
In six specimens, one part of the tumour was free from the adrenal tissue, and
four adenomas lay hhe eggs i thar cups (Cases 1, 2, 6, 10) They were clearly
scen on phicbography, however, mn spite of the location (I'g 4)

The ndrenal gland i Case 5 (Table 2) lay ke a small shell at the sde of
the large adenoma which, because of surrounding wide vems, appeared bluush
1t operation The vens around the tumour and m the adrenal gland were filled
at phlebography and had of course simlar appearance and distribution (Ig 6)

Two further aldosteronomas are prescnted m Figs 7 and 8

Discussion

The study of many cases was often greatly helped by exwmnations m dif
forent projections The equipment hitherto available has pcrmutted only one
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Fig 7 Case 3 Phlebography of aldosteronoma of
the I 0 adrenal gl nd (arrows)

=
=
=
=
=
=

b

Fg 8 Cas 4 py,
re bogr phy () of aldosteronoma of th lefc adsenal gland (arrow) and specrmen
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a b

Tig 9 Cise 2 Angiography of adenoma without hormonal actinty in the Icft adrenal gland
(pancreautis present) a) Arteral phase hypervascular spot at left adrenal gland (arrov s) b)
Venous phase profusc venous networh vems around the adenoma and filling of the main adrena
vemn (arrows) (Phlebography of the same case 1s shown in fig 4)

projection per mjection which constitutes a constderable disadyantage A modern
unit 1s now bung procured, which will pernut canunations in several planes
by turmng the patient m a cradle between the exposures (Different projcctions
arc wmportant alse in the anglographic cxamination of the adrenal glhnds 2
stressed by Ancsack 1958 ) Recording of the mformation on the TV monttor
will be possible ind should be of particular value when the test mjction alone
has been successful, as occasonally happens because of atravasation of the
contrast medium

Small discrepancies between the width of the wdenoma at phlebography and
at operation, respectively, may be cvplamed by the occurrnce of geomctrical
enlargement, by vanatons m projcction and by the possible presence of a com
pre.sed vem n the naghbourhood of the tumour

The smallest adenomas m this sertes were detected wath the same accuracy as
the larger growths, and even smaller tumours may be discovered Smee the
lesions lie at the surface of the glinds it 1s umportant to demonstrate the corueal
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Fg 10 Hyperncph oma of upper pole of 1 ft hidney a) Ang ogra;
of the upper renal pole b) Phlebography “Normal adrenal gland

phy \lass at the medial part

part of the senous system as well This mplies an increased mtrasasal pressure
dunng the imjection as the contrast medium will have to be directed aganst the
blood stream The amount of medium and rate of injection necessary to achieve
this pressure depend upon the capaaty of the venous system and on possible
reflux of medium along the catheter mto the large veins The mncreased pressure
during the 1jection causes pan of a typical nature which may require general
anaesthesia this will however also affect the hormones 1n the blopd samples
As the pain 15 of short duration and 1 a muld form 1s often helpful duning che

catheteriation of the nght sde the patients should not be anaesthetized
be avouded

Thurty per cent of the night side
was constant throughout the

if 1t can
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1
1 a) to ¢) Exanunations of 3 case of an enlarged night gland and respectively an adrenal
{;::gno}n a; Rur)opcnloncal pneumography b) Phlcbography of the same gland as mt(;)c dl::-
tumour ¢} Retroperitoneal pneumography of Case 10 The tumour seen n fig s c;mnoc o
unguished from the general enlargement of the gland d) Phlebography of another cas!
o asal denosit of contrast medum at the peniphery of the left adrenal gland
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sein (Anson, and Jounstonr) The frequency of these vanations has not been
reported however

Apart from the two Jarge phacochromocytomas five adrenal tumours out of
ten were revealed at angiography one in the artersal phasc two i the capillary,
and four m the venous phase as well In four adenomas, the width of which was
below 19 mm sclective angrography was negatve A 10 mm adenoma (Case 2
Table 2) became wisible due to special circumstances Pancreattis caused wide
\enous communications to the left adrenal gland The adenoma appeared 1n the
venous phase at angiography (Fig 9) but was more clearly outlined at phicbo-
graphy which also revealed sts situation within the gland (Fig 4) Commum
cating verns between the left adrenal gland and the pancreas (as well as between
the nght adrenal gland and the capsule of the lner) hate been descnbed by
many authors They were in this particular case probably enlarged due to the
presence of pancreatiis

In two cases, the left adrenal gland was stated to be normal at phlebography
while other examnattons had suggested an expanding lesion 1 the region The
lesions were subsequently proven to be associated with the idney (Fig 10)

Retropentoneal pneumography was carned out in 17 cases Fuve panents were
operated upon one of them without radiologic indications An adenoma and two
large glands were present on the nght side and two large glands on the left side
All the glands had appeared pathol Ily enlarged at graphy excepting
one on the left side The left adrenal gland because 1t lies in front of the hidncy
1s more difficult to detect by anglography and p graphy than the nght
gland The smallest gland detected measured 2> mm X 35 mm 1n the films The
tumour (Case 10 Table 2) and the generally enlarged glands bore the same
appearances (Fig 11)

Complications One thrombosis of the nght diac ven was mentioned 1n the
prelimmary report One further thrombosis of the great saphenous ven occurred
the day after phichography The clinical signs disappeared after a few days.
Extravasal deposits of medium 1n the adrenal glands usually emanatng from the
penpheral vessels (Fig 11d) were obsenved 1n six cases Apart from pan 1n the

bach for some hours after the exammation no climeally untoward disturbances
haie developed

Conclustons
1 Seventy per cent of 55 cases were successfull
y examined by nght sid,
;\tﬁh\'o—phkbog\‘aphy Seventy seven per cent of the cases were fmugally succcccl:-
ully examuned on the left side After modification of the techmque  however
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il the glands (23) could be examned without difficulty, and the sampling of
adrenal venous blood was facthtated

2 The tumours displace the surrounding vams, which are compressed 1
rudial direction and widened tangentially The course of contiguous vems m
the adrenal parenchyma is abruptly broken by the neoplasm

3 Tumours with © mmmum width of 10 mm were ordinanly visble w th
series, the smll growths beng s clearly scen as the larger ones Phlcbography
has proved superior 10 wglogriphy, with which small neoplasms could usuatly
not be detected

No distinction could be made by meaus of retropertoncal pneumography be
tween small tumours and hy perplasia

SUMMARY

A new technique for epinephro phlcbogriphy has been developed and was employed
v matenal of 3y cwses Seventy per cent of the nght and all the left 1drenal gland coutd
be examed with this techmque Operation or autopsy were performed in 23 cases The
phiebographies of 26 glinds were checked and the dingnoses of cleven adrenal tumours were
confirmed

ZUSAMMLNTASSUNG

Fine neue Technik fur Epinephro Phlcbographic wurde entwickelt und ber Untersuchung
von 55 Patienten angewendet Mt dicser Techmh honnten 70 €% der rechten und alle Lker
Nebenmeren dargestellt werden In 23 Fallen Ing e Operations oder Sektions Befund vor
Insgesamt wurden 26 phlet wphische Untersucl n hontrollert und die Information
bewies sich in jedem Ealle horreht Die Diagnose von elf adrenalen Tumoren wurde bestatiet

RLSUML
L auteur a utihsé dans une série de 55 cas unc nouvelle technique pour la phlchographic
des surrénales Il a exanmuné 70 6% dos surrénales droites et toutes les surrenales ghuches
Une venfication chirurgicale ou necropsique a été faite dans ces 23 c1s Les phléhographies
de 26 surrénales ont ete controlees et venfiées ct 11 tumeurs surrcnales ont cte correctement
diagnostiquees
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NORMAL TOPOGRAPHY OI' THL CLRLBRAL
VESSELS IN CHILDHOOD

by

K Berestrom, H Lopiv and H G Orranper

Lhe roentgenologic anatomy of the cerebral vessels has been treated detail
by only a few authorn ¢g Scimirer & VerTER (1957}, IAviras & Posir
(1959) and Taveras & Woob (196%) The fint two authors wnlysed
matertal of 265 normal subjects from the 1ge aspect The matenal was divided
mto 15 1ge groups, each comprisng 1 5 year age period, and mcluded 52
children aged 1 to 19 years, with 1 distribution of 9, 17 and 26 cass m, 1t
spectively, the first, sccond and third 5 year peniods The material also wcluded
64 subjccts of ages batween 16 and 30 yeuws  1he appearances and position of
the caroud siphon, as wdll as the anterior and muddle cerebral arternies, wer¢
mvestigated  Smee the matersal compriscd only carotid angiographics, no ad
equate evaluation of the vessels m the posterior cramial cavity could be made
Taveras & Posir and Taveras & Woob studicd mamly the position of the
mmddle cerebral artenies, and an analysis was made among about 80 subjects
aged 0 to 12 ycars i year group by year group, of 1 cluld<(1 yer, 8 chuldren<
3 years and 16 children<<5 years ]

The present mvestigation was umed At mvesugating changes mn position 0

- -
Subnutted for publication 29 February 1968
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Fig 1 Age distrbution carond angiographaes (a) and tertebral angiographies (b)

the larger cerebral vessels (arteries and deep vens) in relation to certan fived
ponts in the vault and base of the shull dumng the penod of gronth

Waterial The imestigation was based on a matenal of 115 caroud and 36
sertebral angiographies of normal children of up to 15 years of age Encephalo-
graphy had been performed 1n all cases with negatnve results The age distnbu
tion s given m Fig 1 Wath a few cxceptions the same technique {rapid <enal
angiography) and the same film focus-distance were used for all the angio-
graphies so that the magnification factors vaned only with the breadth and
length of the ndividual head No correcuon for magnification was made

A group of 20 subjects aged 16 to 30 years with normal caroud angrographes
and encephalographies was used as control matenal for certan determmation

together with a group of the same number with normal vertebral angiographies
and encephalographies

Veasurement teckmgque Different pants of the mtracramal vascular system
were studied with the aid of reference pomts and hnes that are descibed 1n
detal m the reports of the respectne measurements {Loory 1968 Carisson &
Lopiv 1969) The method included both direct measurements of distances be
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Fig 2 Relationstups of the carotid siphon mean values N—T = nasion tuberculum sellie hine
Ar=the pont where the normnl from the posterior contour of the upper shank (Bf) meets
the N—T hne

tween diffrent pomnts, and caleulattons of rtios of \arious distances The mean
values for the respeetive distanees and ratios were ealeulated for each year group,
these are presented 1s coordmate systems, and curves hae been mterpolated
between the values obtuned

Results
I Artenes

Carotid siphon The rddatnve position of the upper shank of the earoud siphon
was analysed (g 2)  The reference hne between the nasion and tuberculum
sl (N—T') was projected, and the normal from thus hine up towards the
posterior contour of the upper shank of the caroud siphon was drawn (Ar—Br)
The distances I to Ay and Ay to By were measured, by means of which the post
tion of the upper shank m relaton to the tubcreutum sellae, s well as its height
above the N—T lse, could be determuned As may be scen from Fig 2, distance
T to A mcreases continuously up to the age of 9 to 10 years, the distance Ay to
By remammmg relatively constant, but then decreasing Thus, with mcreasmg
age the upper caroud shank becomes less vertical and 1s displaced m wn ocapital
dircction to come closer to the base of the shull

Carotrd bifurcation The positions of the first parts of the anterior and nuddie
cerebral arteries were studied The frontal anglogram was obtamed with the
central ray paralld to the bottom of the antenior eruial cavity, and a reference
line pcrpcndlculnr to the midhine was drawn through the most supenor part of
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Table
Posituons of the prosimal parts of the antenor and muddle cerebral asteries — Compare utth Fig 3

Antertor and middle Anterior cesebral artery Afiddle cercbral

cerebral artencs artery
Agen years 0—7 8—15 0-7 8—15 0—7 815
A 25 33 41 53 41 53

” u

Abs ¢ (+) 56 10 1 21 19 13
Hortzontal i 57 27 43 29 43
Below {(—) 24 33 32 36 22 42

the intemnal caroud artery, immediately adjacent to the poit of bifurcation The
posiions of the proximal parts of the anterior and middle cerebral artenes were
then determned 1n relanon to tus hne (Fig 3) The plus sign mdicates that
the respectise artenal parts were situated above the reference line the minus
sign that they were below the ine and honzontal means that they lay Jlevel with
this ine The proxunal parts of the antenor and wuddle cercbral arteries were
symmetnically sitated 1n relation to the reference line 1n 58 out of 94 cases that
could be evaluated while asymimetry was apparent m the remaming 36 cases
The matental was divided 110 two groups a young group aged 7 years and
under and an older group of 8 to 15 years It was found that 1 56 <% of the
sounger group the proximal parts of both the anicnor and nuddle cerebral
artenes lay abose the reference hine while this held for only 10 ¢% of the older
group (see Table) On studying each vessel separately, 11 the whole matenal of
94 cases the following observations were made The same dufferences between
the two groups were apparent esen when the asymmetnc conditions of the car
otd tufurcation were taken into consderation The first part of the middie
cercbral artery lay above the given reference Iine 1n half of the younger group,

~ Fig 3 Antenor and muddle cerebral arteres
i relation to a reference Line through the
most supenor part of the mte
artery (cf Table) mat carond
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Fig 6 The masmal d stance of the pencallosal artery from the mdline mean values.

while the corresponding part of the antenor cerebral astery lay above the line
in about two-fifths The resulis llustrate the rdatnely nigh frequency of the
snfantile type of branching event up to the age of 7 years (cf Table)

Muddle cerebral artery The relationship between the distal part of the muddle
cerebral artery and the shull was studied 1n the frontal projection (Fig 4) The
relatne poution of the vessel was determined by calculaung the ratios between
the maximal distance from the mudlne to the medial part of the Sylvian group
at the level of the msula (M to V) as well as between the rummal distance
hehind the msula (M to $) and half the iner cranal diameter or Mj to Cay
and My to Capy respectinely As may be seen from Fig 4 the ratio for the
larger distance 1e at the level of the sula reqon showed a tendency to n
crease with age On the other hand no definue change was observed m the
ratio for the postenor measuring pomnt behund the nsula region

The topographic relationshups of the muddle cerebral artery and the Sylvian
group were studied m the lateral projection with the aid of the following ref
erence pomts and lines (see Fig 5) As reference lines to the cramial bones
Pboth the so-called chino-parietal ne described by TAvEras 1€ a line from the
tuberculum sellac 1o 2 pomt 2 em frontal to the lambda (T—Ca;) and the line
between the tuberculum sellae and the lambda (T—L) were used Normals
were drawn to the Yowest main branch of the Sylsian group at distances of 2 cm
along the e lines measured from the tuberculum sellae The distances C—D and
C—E 1e the distances from the lower Sylvian branch to the clino-panetal line
and the tuberculum lambda line respectisely were measured It 1s evident from
Fig 5 that the Sylvian group as represented by this most basally situated large
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Postertor cerebral artery The study of the anatomucal refationships of the
postertor cerebral artery was based on angiographies from 65 cases ncluding 36
vertebral anglographies

For the lateral projection (see Fig 8) the Iine T—I was used as reference
lIme The distance between the pomt of ramificanion of the posterior cerebral
artery as 1t disydes mto the postenior temporal and mternal occrpital branches
and tlus ine was measured (k to P) Up to the age of about 6 jears this
ranufication point 1s stnated abose the bne T—L and after the age of 7 years
below the bae The condions are thus the same as for the upper part of the
basilar artery

Yor the frontal projecuon (Frg 9) the ratio between the greatest distance
from the posterior cerebral artery to the midhine {(My; 10 \) as well as between
the smallest distance (M, to Y) and half the wmner cranial diameter were
determmed (M, to Cavn and My to Cavr respectively) Both these ratos
increase 1 a moderate degree up to the age of 10 years

Supenior cerebellar artery The relationship of the supenor cerebellar artery
to the tuberculum lambda Iine (T—1) wa deternuned by measunng the smal
lest ditance between them (R 10 Q) only i those angiograms where R could
be wdenuficd with certainty was this evafuation made (12 cases) The mdnvsdual
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Fig 7 The position of the pericallosal artery m relation to the cranial cavity mean values
A=point where the tuk 1 bregma hine (T—B) the penicallosal artery

branch, 1s displaced continuously with increasing age downwards towards both
the chino-panietal ine (T—Cay) and the tuberculum lambda Ine (T—L)

Perncallosal artery The pericallosal artery was studied from two aspects, first
with regard to 1ts gencral tortuosity around the nmudlne (Fig 6), and sccondly
with regard to its posttion m relation to the cramal vult (I'g 7) Its tortuosity
around the nudline m the frontal projection was determed by measunng the
maximal distance from the pericallosal artery to the nudline (Myy to U) The
tortuosity, as revealed in the frontal projection (Fig 6), mcreases with increasing
age

The relationship between the pericallosal artery and the eramal vault m the
Interal projection was determined by means of a reference line drawn between
the tuberculum scllae and the bregma (T—B) The position of the puricallosal
artery at the pomnt of mntersection with this lme (A) was determuned by calculat
g the rtio between distances T—A and T—B as demonstrated m Tig 7 A
shght tendency to a reduction of this ratio durmng early childhood s apparent,
this 15 probably n expression of the relatively larger growth of the frontal lobe
i comparison with the more basally localized structures near the midlme

Bastlar artery In studying 1ts rclauve position, only the upper part of the
artery was considered (Fig 8) The height of tius upper part (J—O) was
determmed 1n relation to the tuberculum sellac lambda lme (T—L) It s 2p
parent from Fig 8 that the position of the upper part of the basilar artery 1
displaced m a caudal direction, so that at the age of 10 years 1t Iis above the
line T—L but after this ime below it
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values are plotted for the age group 0 to 15 years but the mean value for the
control group 16 to 30 years (Fig 10) A distinct tendency s evident i the
diagram as m the case of the posterior curcbral artery and the upper part of
the basilar artery, the superior cerebellar artery becomes displaced m 2 caudal
direction m relation to ine T—L

No further analyscs of arteries within the postertor craninl cavity were possible
owing to the lumuted number of vertebral angiographies

II Dcep venous system

Che relationships of the deep venous system n the lateral projection were
studied from 50 caroud angiographies

Venous angle (foramen of dfonro) The conflucuce (F) of the sepu pel
lucid: vein and the thalamostriate van {venous angle), which also corrupondq
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values are plotted for the age group O to 15 years but the mean value for the
control group 16 to 30 years (Ig 10) A distinct tendency 1s evident m the
diagram as i the casc of the posterior cercbral artery and the upper part of
the basilar artcry, the superior cercbellar artery becomes displaced m 2 caudal
direction n relation to line T—L

No further analyses of arteries within the posterior cramal cavitv were possible
owng to the limited number of vertcbral angiographies

II Dcep venous system
The relationships of the deep venous system n the lateral projection were
studied from 50 caroud angiographies

Venous angle (foramen of Monro) The confluence (T) of the septr pel
lucid: vem and the thalamostriate vemn (venous angle), which also corresponds



NORMAL TOPOGRAPHY OF CEREBRAL VESSELS IN CHILDHOOD 157

¥l
Qotent Toax k)
o
058 >
LY
osr
2 /—————
ass

<1 123456789 10112021151630
Years

Fg¢ 13 The posion of the confluence of the great cerebral vein and infenor sagittal nnus
(D) 1n relat on to the vault (Cayy) mean values

<4 12345673900 121BKGII630
zars

Fig 14 The position of the confluence (1) in relation 10 the tuberculum—1.
L) mean alyes H=the pomt where the normal from T meets the Tl I,

ambda line (T—
"

Discussion
The dsagrams afford only a schematic fepresentation of the changes n post
uon of the larger artenes and the deep venous system dunng the penod of
growth The mean values throughout vary more than i the analysis of the
normal displacement of the entncular system This may be because the ventric
ular system 1s more easily analysed and because of the greater vanations 1n ar
rangement of the artenal vascular system
The changes 1 position of the middle cere
are explamed by the growth of the frontal ¢

bral artery and the Sylvian group
mnsula region this causes displacement of th

omponents of the cerebrum and the
es¢ ves.els bath 1n a basal direction
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Fig 12 The position of the venous angle (F) in relation to the vault (Cap) mean values

to the posttion of the foramen of Monro, was deternuned 1n relauon to the
cramum (Fig 11) The hine projected from the nasion to the tuberculum sellae
(N--T), as well as the normal from this hne through the confluence of the two
vems to the cranial vault (G to Cay), were used as reference lines The distances
T—G and T—N were determined and the ratio between them calculated so
that the approaimate ratio between the distance T to G and the length of the
shull was obtained The ratio between distances G to F and G to Cayy was also
caleulated The diagram reveals that duning the first 5 to 7 years the posiuon of
the venous angle changes relatively rapidly m an ocapital direction

As may be seen {rom the diagram 1 Dig 12, the venous angle also becomes
displaced m a basal direction duning the same period

Relative displacemcnts of the foramen of Monro 1n basal and occipital direc
tions are thus always present during the first 5 to 7 years of hfe

Confluence of great cerebral ven and iferior sagutal stnus The confluence
(I) of the great cercbral vemn and the infenor sagittal smus and the smus rectus,
respectively, was studied (Iigs 13 and 14) Both the hne from the tuberculum
sellac through the confluence (I) to the cramal vault (T to Cam), and the
tuberculum lambda Iine (T to L) were used as reference hines The position
of the confluence (I) was deternuned both by calculiting the ratio butwern
TtoI ind T to Cayy, and by measurmg the distance I to H where H was
the pomt at which the normal from I mtersected the line T—L A change
position, though relatnely neghgble of pomnt I towards the cransal vault and
away from the tuberculum sellae 15 present in Tig 13 It 1s also evident from
Fig 14 that with increasing age the confluence (I) approaches the tuberculum
lambda line, 1€ 1t 15 displaced 1 the direction of the ocaipital foramen, the
position of the confluence changes thus both 1n a paneto-occipital and a caudal

direction
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the confluence of the great cerebral ven with the wnfenor sagittal sinus 1 an
accipatal durection 1s smularly 1 full agreement sith the change 1n posiion of
the aqueduct and the fourth ventricle Fimally the displacements of the pos-
tenor cerchral artery, the peak of the basilar artery and the supenor cerehellar
artery agree with the change mn position of the fourth ventncle towatds the oc
apital squama

The growth conditions are also reflected 1 the size changes of the basal
asterns {Cartsson & Lobin) The depth of the suprasellar csterns decreases
and that of the mterpeduncular cistern mcreases to the same degree as the basal
and dorsal displaceraents of the third ventncle and the dorsal displacement of
the agueduct The depth and lateral extension of the pontocesebellar cisterns
decrease at the same rate as the mcrease 1 volume of the pons region, which s
also reflecsed 3a the relative lateral displacement of the postertor cercbral arienes
On the other hand the absolute depth of the pontine cstern and the felatine
12¢ conditions of the cisterna magna do not change

The essential changes m positzon of both the ventnicular system and the larger
cerchral vessels m relation to the cramal vault are completed by the age of 5 to
7 years but the displacements of the ventncular system are most marked dunng
the furst two years of life All these normal changes m position are mainly due to
the great increase m size of the cerebrum This causes relatnve displacement of
supratentonal structures mn a basal and occipital direction (third ventncle, upper
caroud shank and the vessels of the Sylvan group) There 15 also a change m
positton of structures lying close to and below the tentonm in a paneto-ocapital
duecyion (aqueduct fourth ventnicle and the confluence of the great cerebral
‘e and infenor saguttal <inus) as well as towards the foramen magnum {fourth

ventricle upper part of basdar artery postenior cercbral artery and superior
cercbellar artery)

Conclusions

The upper shanl, of the carotid siphon has a more frontal and vertrcal position
1n the younger age group as compared to adults

The proumal pants of the muddle and antenor cerebral arteres i the frontal
projection produce an ascending umpression during the fisst 6 to 7 years of life

A relatne ncrease occurs 1 the maxmal distance 1o the mydline of th
branches of the nuddle cerebral antery at the Tevel of the msula region wh lc
posterior to this fegion the distance to the midlae 15 constant From the l“( ‘:l
view 1t may be observed that a continuous displacement of the Sylvian .,
basal directron takes place throughout the years of childhood group in

The tortuosity of the pencallosal artery wcreases and the relanve displace
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Fig 15 Changes m positions of the mamn cerebral artenes and the deep venous system dunng
the peried of growth Dotted hines indicate displacements of vessels (1) upper shanh of carotid
siphon (2} pencallosal artery (3) muddle cerebral artery (4) posteror cerebral artery (3)
superior cerebellar artery (6) antenor cercbral artery (7) confluence of septal and stno
thalamic veins (8) confluence of great cerebral vein and infenor sagittal vemn

as well as, at the level of the mnsula, somewhat laterally The relatnve displace
ment of the posterior cercbral artery away from the mudlne dunng the first
5 to 7 years indicates that the growth of the brain stem components 1s relatively
greater than that of the adjacent components of the cerebral hemisphere

The measurements descnibed are of only hmited value m the evaluation of
individual cases, but when presented collectively the results mdicate the normal
pattern and illustrate the developmental tendency during the growth penod
(Fig 15)

Lack of hnowledge of the differences mn topography between the mtracramal
vascular systems of the child and the adult may lead to erroneous nterpretation
of angiographies This apphes m particulir to the special topography of the
carotrd siphon as well as of the anterior cerebral artery and the Syhaan group
1t has contributed to over diagnosis of both suprascliar and temporal cxpansions
and dilatation of the lateral ventricles (hydrocephalus)

The most rapid phase of development of the ventricular system 15 mamly
completed by the age of 2 years, after which only minor changes occur i its
absolute and relative size (Lopiv 1968)

The analyses reported m carhier nvestigations (Lopiv 1968 and CarLssoy &
Lopiv 1969) disclose complete mutual agreement morphologically The change
1n position of the venous angle i a posterior and basal direction corresponds
with the displacement of the optic recess of the third ventncle The enure
third ventricle 1s thus displaced basally and dorsally The displacement of
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Chnical manifestations of expansive processes in the Iner usually appear late
and are often inconclusnve The conventional roentgen exanunation cven com
bined with pneumopentoneum  yields himited information about the size and
shape of the Iner Demonstrauon of expansive processes by these methods neces-
sitates the changes being situated superficially and that tangenual projections be
used Deep lesions may be demonstrated by angiography and scnugraphy

Gamma enutting 1sotopes that can be concentrated 1n the Iiner are used m
santigraphy  Radsoacine gold **Au which 15 concentrated m the reticulo-
endothelial system and 1odine ' are examples of such 1sotopes The latter can
be coupled to rose bengal which concentrates in the Iner parenchyma or to
serum albumin which 15 taken up by the hepatic tumour The whole hepatic
region 1s scanned and the radiation from a small area 1s meas

ured with a well
limated detect
collimated ¢ coc: o: (STIRRL}:T s‘t coll 1954) The scntigram may be produced

Precise so hy of small
Ly SRy expansive proc:
<es 1s still prevented by two factors unsharpness > i
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Ty Movements
and poor resolution (at the best some 2 centimetres) Hence Pprocesses smalfer

Subsutted for publication 11 Apnl 1968

N-69%004 A0 Rdole D ¢ wyi g ooy

161



160 ® BERGSTROM, H LODIN AND H G OTTANDER

ment of thus artery towards the base of the shull is evident 1n the lateral projec
tion at the level of the bregma

The upper part of the basilar artery and the posterior cerebral and supenor
cerchellar arteries change their positions, mainly duning the furst 5 to 7 years of
life, m the direction of the foramen magnum It 15 evident from the frontal
projection that a relative displacement of the postenior cerebral artery away from
the nuidhine tahes place duning the same period

The venous angle of the dcep venous system 1s marhedly displaced postertorly
and basally during the first 5 to 7 years of hfe A less obvious displacement of the
confluence between the great cercbral vem and the inferior saguttal smus, 1e the
Iighest point of the tentorium, takes place 1 a paretal occipital direction and
towards the occipital squama

SUMMARY

The positions of the larger cerebral vessels in relation to fixed pomts of the shall duning
the different periods of growth werc inestigated 1 a material of 115 carotid and 36
vertebral angiographies of normal children of up to 15 years of age

ZUSAMMLNFASSUNG

Die Lage der grossen Gehurnarterien im Verhaltmis zu festgelegten Punkten mm Schadel
ber verschiedenen Wachstumsperioden wurde an emem Matenal von 115 harotisangio-
graphien und 36 Vertebrahs angiographien von normalen kindern bis zum Alter von 15
Jahren studiert

RLSUML

Les auteurs ont ctudie sur 114 angiograplies carotidiennes et 36 angiographies vertébrales
d enfants normaux jusqua 15 ans la position des grands saisseaux du cerveau par rapport
a des pomnts détermunes du crane au cours des differentes pertodes de la croissance
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SCINTIGRAPHY AYD ANGIOGRARIN

N TUE DEMONSTRATION OF TLMOURS 163

Table 1 Table 2
Results wn 11 cases wuthout hepakc Results en 19 cases with hipate
tumour tumour
A gigraphy Scint graphy \ngiography Scntigraphy
+ = + - v - -~ -
0 1 2 El 16 3 n 8

\out of the angrographies were of selecuve examinations of the cehac artery or
the hepauc artery after puncture of the femoral artery and the msertion of a \o
20>-8dman roentgen-opaque catheter In patients with vascular anomalies and
tuer supply from the supenor mesenteric artery the exanunation was supple
mented by selectite contrast mnjection mto this artery as well The contrast
medum 30 ml Urografin 60 5¢ was manually injected and films were obtained
with an automanc film changer dunng about 15 scconds after tart of injection
Selective cathetenzation could not be performed 1n 8 cases and was replaced by

aortography with 50 ml Urografin 60 9¢ mjected with a Cidlund Elema pressuse
syrnge

Results

Sc hy as well as any phy were carried out within a fev days

P
30 adolts 19 of whom had eunher pnmary hepatic tumours or metastases {al)
senified) No sgns of a growth were evident in 11 cases of these autopsy 1n x
and laparatomy mn four patients faded to disclose a hepauc neoplasm The re
maining patient 1 uill alne about 2 years after the examinanon and has no
clinical signs of a growth

Table 1 presents the findings 1n the eleven pauents without a hepatic neo-
plasm None of these exhibited changes suggestive of a tumour at angography
but two patients were positne at semtigraphy both had hepauc cirrthosts

Expansne processes were demonstrated by angiography m axteen of the 19
patents with hepauc neoplasms and 1n eleven by scintigraphy (Table 2)

The patients have been divided 1nto 3 groups those with pomary wmours
(Table 3) those with metastases nchly vascularzed (Table 4) and those with

astas without a & ble blood supply {Table 5)

e lestons were correctly diagnosed by angiogra
compfising three cases of hepatocellular calc:nogagrmithl:nulx}l: :uz;\f:z.i
The h about 7 cm 1n diameter was not detected at

scmtigraphy

Hepatic metastases nich 1n vessels were present 1n 7 cases {Table 4) Beca
use
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than 2 em can hardly be demonstrated by scintigraphy even if the radioactine
mtcnsity gradient 1s steep cnough Even if a region m the hver has an mteasty
gradient adequate for demonstration, it may lie so decp that the supenmposition
of normal ussuc masks the reduced uptahe so that processes larger than 2 em
may remam unobserved Therdore, to improve the procedure, a sanugraphic
techmque with photographic recording has been elaborated  Exposures are
made at separatc mtensity steps and discrimnation levels The electne signals
from the scntigram are usually recorded on magnetic tape (Berne & Jonssov
1959)

Scintigriphy m hepatic tumours has been described by a number of authors
(BenpErR & Brav 1959, Eiiirarv 1962, Cotuiy et coll 1964, Czirvian 1964,
Acnavat ct coll 1965) BenDEr & Brau mvestigated 49 cases with 1 labelled
ro.e bengal The results were correct 1 44 cascs, with 35 positive and 9 negatne
cmntigrams The five wrong diagnoses included two over diagnoses and three
mused expansive processes CzerNIAK scintigraphed 158 tumour cases with "Au
or "I labelled rose bengal Lapansive processes were demonstrated m 77 Ge,
and 1 % false positives were found n a control series without tumours ACHAVAL
ct coll employed **'I-labelled rose bengal i 36 cases of expansive hver processes
Of thest, twenty three were demonstrable, nine were suggestive of such lesion
and four growths could not be demonstrated No false positives were obseryed
n a control series consisuing of normal subjects and patients with cirrhosis

Angiographic demonstration of hepatic tumours has usually tahen the form of
splenoportal phlebography (Gvozpanovic et coll 1953, BErGsTRAND & Envan
1957, StaTTIN 1959) but recently angiography has come mto use for the dem
on tration of primary ncoplasms of the hiver (BARTLEY ¢t coll 1962 1967
Borgsen 1964, Borjsen & Asrams 1965) and metastases (BarTees et coll
1968)

The diagnostic value of the two methods are compared 1 the present paper

Methods Scntigrams were obtamed with a Nuhab apparatus employing 2
focusung colltmator and producing 8 to 10 films at different discrimnation Tevels
Each scmtigram has 20 scanned lines on an arca of 40 cm>X40 e The <cntt
grams were made about 30 munutes after the mtravenous mjection of 025 mCi
1984y Since the agent mjected 1s taken up primarily by the reticulo endothelial
system 1 the liver, an image of the liver alone may be obtamed with appropriate
diserimmation If large parts of the hepatic parenchyma are damaged c¢g m
currhosts or metastasis, the uptake m the liver 1s reduced absolutely as well as
relatively An mmage of the spleen, agam with switable discimination: may al;o
be obtained Despite this semiquantitative aspect, lver scintigraphy should be

considered quahtative
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Table 4 Table 5
Results n 7 cases of lwer metastasts Results 1n 8 cases of luer metastases
wath tumour blood tessels aithout tumour blood ressels
Angiography Santigraphy \ng ography Scintigraphy
+ - + = + = + -
7 0 3 4 5 3 5 3

Apart from the techmque employed the diagnostic reliability of both methods
depends on the location and size of the expansive process A dimnoon of
intensty at the site of the gallbladder 1s normally present in santigrams so that
tumours 1 this region are more difficult to demonstrate than ehewhere in the
Iner With either method lesions m the left lobe are more difficult to demon
strate than those 1 the night lobe The series studied included a number of cases
of diffusely dissemunated and comparatively small hepatic metastases and two
cases of solitary metastases 3 cm 1n diameter, too small to be demonstrated by
santigraphy the resolving power of the apparatus was nadequate False di
agnoses were obtamned by santigraphy 1n two cases of hepatic cirrhosis The
santigram mcluded a number of small deviations which were wterpreted as
related to tumours AcHAVAL et coll (1965) examined 17 cases of cirrhosis by
santigraphy They found a slower uptake and lower maxumum than s normal
subjects and 1n 19 nstances noted a dappled pattern which they stated to be
charactenstic of arrhosis The spleen 1 hepatic currthous can often be discerned
i the santigram  With mereased expenence of santigraphy 1n hepatic asthosts
1t should be possible to obtain better and more reliable diagnostic results

The expenence of the authors m a larger senes of hepatic neoplasms exanuned
with angiography (BarTiey et coll) indicates that the selectne techmique 1s
elearly supenor to aortography The former method gises more complete filling
of the blood vessels and newly formed tumour vessels not demonstrable by
aortography have sometimes been obsersed The <clective examination was un
successful n two of the three cases wath a growth not scen at anglography In
both 2 solitary metastasis was present near the surface of the Iver and this
location 10 stself may have been the reason why neither displacement of blood
vessls nor any occlusion of the portal branches was resealed In at least one of
the e cases m which a very large mass was found at autopsy 3 months later the
selectise lcchm«;uc could perhaps have been successful In the other case the
metastasis was 3 em 1n d
m the selective cxnmm::::dtstxc;m:’ sarsngllloo:c; C]Ssds oo oy be demonsirated

Plasm could probably not have

been revealed by phy Selectihe angiography was performed in the third
case The lser was permeated by metastases measunng up to 25 cm - although




164 O BARTLEY, C -G HELANDLR, B ROSENGREN AND § STATTIN

Table 3
Results tn £ cases uth primary kepatic tumours
Angiography Scintigraphy
4+ — -
With hepatoma 3 cases 3 0 3 0
With hemangioma 1 case 1 0 1] 1

of, among other things, the abundance of blood vessels, all of these were diag
nosed by angiography It was also possible to diagnose by angiography metas
tascs from a caranord tumour, less than 1 cm in size Eapansive processes m the
Irver could be diagnosed by scintigraphy wn three of the seven cases In three of
the four undiagnoscd cases, the liver was permeated by metastises between 25
and 5 em m diameter, 1nd 1 the fourth case a solitary 3 em large metastasis was
present

Seven of the eight cases of non vscularized metastases to the lver were de
teeted  three by both methods, two by anglography and two cases by santi
graphy alone (Table 5) The Iast, undetected case turned out to be one of 2
solitary 3 cm large metastasis near the hepatic surface the tumour was not de
monstrable by either method In one of the cases with negative angiography and
positive santigraphy, 1 3 cm large metastasis was present 1 the nght lobe, and
the left lobe was almost completely replaced by malignant tissue In the other
case, there was a solitary metastasis near the surface m the lateral part of the
nght lobe At autopsy 3 months later this metastasis was about 14 cm mn diameter
Sclective exammation was unsuccessful, and aortography was performed m two
of the three cases in which anglography was negative

One of the two cases that were scintigraphically negative and angiographically
positise had a 5 em large mass close to the gallbladder, and the liver 1 the other
case was permeated by metastases up to 2 5 cm wn drameter

Discussion

A comparison of the two methods favours angiography Twenty seven of the
30 cases, 90 9%, were dragnosed correctly The corresponding figures for scntt
graphy were 20 out of 30 cases, 67 90 The hterature scems to contam no in
formation on the rehability of angiography m the demonstration of expansive
processes of the liver 50 no companson with the present data 15 possible The
results with scintigraphy are not m accord with some found in the hterature
(BeNDER & Brau 1959, Czerniak 1964) The discrepancy 1s probably due to
the compostion of the seres rather than to an infertor technique



SCINTIGRAPHY AND ANGIOGRAPHY IN THE DEMONSTRATION OF TLMOLRS 167

REFERENCES

AciavAL A TataeW \ and Gausut E E - Scntllation scanmung of lner Mayo Clinsc 40
(1965) 206

Bm'ru:v)() Epuuap ¥ and HeanpeR C G Angiografi 11d mahgna hematom (Swedish)
“ord Med 68 (1962) 1606

— _ ' Angiography in prumary hepatsc carcinoma Acta radiol Diagnoss 6 (1967) 81

— Hetasper G G ard Starriv S Angtography mn malignant Iner tumours To be pub-
Lished 1 Acta radiol Diagrosis

Rexoer Al A and BLau M Detection of Itver tumours with I rose bengal Proc of Sermnar
by IAEA and WHO Vienna 1959

BerastRanp 1 and Evsax C A P I rtal phy Technique and
complications Acta radiol 47 (1957) 269

h

BernE E und Josson U Eun fur die q \uswertung \on
Scnngrammen Nucl Med 1 (1929) 80

Boysen F logsk d b av primara | (Swedih) Nord Ved 7
(196%) 285

— and Asrams H L Roentgenologic diagnosss of primary carcinoma of the Iner 4cta
radiol Diagnosis 3 (1965) 257
Coun F F L Rov Stus ] and CaMeroN ] R Luver scanming and liser function tests
J Amer med Ass 187 (1964) 111
Czernian P Scanning study of 700 lners Esvaluation of exsung d
Proc Symp on Medical Radioisotope Scannung held by TAEA in Athens i \pnil 1961
Ersrant K H  Detection of iver tumours v 1th colloidal radiogold A new method of high
contrast photoscanning Amer | Roentgenol 87 (1962) 141
Gyozpanovic V. and Hatpnaww E - Further expenence with percutancous Lieng-portal
venography Acta radiol 43 (1955) 177
- (—‘Q\AJHAN F and Osernorer B Percutaneous splenic venography  \cta radiol 40
23) 17
DMan P Percutancous sclective angiography of the cochac artery Acta radiol {1958)
Suppl No 159
Setoncer § 1 Catheter replacement of the needle an percutaneous artenography \ew
s technique Acta radiol 39 (19.3) 363
TATIIN S P Leno-portal hy 10 the d
radiol 52 (1959) 343 P offner mases Acta
S1RRerl A YtupE T and Cossen B Clinical application of he,
Amer J Gastroent 21 (1954) 310

patic radioactnaty suneys



166 O BARTLEY, € -G HELANDER, B ROSENGREN AND § STATTIN

not causing sigmificant vascular displacement The portal branches were not
manifestly abnormal Splenoportal phlebography mught have provided the di
agnosis

The most reliable angiography cniterion of a hepatic neoplasm 1s the demon
stration of newly-formed blood vessels, when such are evident even very small
processes can be revealed Indeed, metastases less than 1 em i diameter were
demonstrated m one case The vessels sometimes have such charactenstic ap-
pearances that the type of growth may be assessed Anglography 1s therefore
superior to santigraphy should such vessels be present

When the growths Jacl distmet newly formed vessels, the diagnostic crtera
of vascular displacement and occluded portal branches are used The smallest
tumour so observed was 25 to 5 cm n diameter For diagnostic purposes
growths poor m vessels, the two methods are thus quite comparable, and the
results indicate that the methods complement each other

SUMMARY

A comparnison of ngiography and scintigraphy was made mn 30 adults 11 without and
19 with a hepatte tumour The correct diagnosis was obtaincd by angiography mn 90 per
cent and by scmtigraphy m 67 per cent of the cases Angiography is the more rehable
method of dragnosing neoplasms with newly formed blood vessels but when such vessels e
absent the two methods arc roughly comparable The scope and hmitations of the methods
are discussed

ZUSAMMENFASSUNG

Ein Vergletch zwischen den Resul der A hie und der Scimntilt hie wurde
an 30 latlen 11 ohne und 19 mut cinem I ebertumor vorgenommen In 90 % der Talle
wurde mut der Angiographie eme horrchte Diagnose crhalten mut der Santillographic nur
1n 67 9% der Talle Angrographic ist die zuyerlassigste Methode wenn der Tumor gefassreich
it in Fallen mut gefassarmen Tumoren sind die berden Methoden ziemlich glewchwertig
Dic Anwendbarkeit beider Methoden und shre Leistungsgrenzen werden besprochen

RESUME

Les auteurs ont compare les resultats de 1 angiographie ct de la scintigraphie hcpauqﬁc
chez 30 adultes dont 11 navaient pas de tumeur et 19 avalent une tumeur hepatique hl:
diagnostic correct a ete obtenu par anglographie dans 90 €% des cas et par scm!émr:lq:m
dans 67 S5 L angiograplue est la methode la plus fidele pour le diagnostic des néop aaux
qui contiennent des vasseaux sanguins neoformes mats quand 1l ny a pas de \dm“:ons
neoformes les deux methodes sont en gros comparables Les auteurs examinent Jes inducaty

et les Iumtes de ces methodes
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KRAROLINSRA SJURIIUSET, STOCKRHOLM, SWEDEN

RHEUMATOID PNEUMOCONIOSIS (CAPLAN’S DISEASE)

A report on three cases encountered 1 Sweden
by

N P G Epuing, L Onrson and A SwEnssoN

CapLan (1953) described a charactenistic roentgenographic feature of the lungs
m coal mmers m Wales suffenng from both pneumoconosis and rheumatord
arthriis The pecular rounded pulmonary nodules produced appearances easily
distingwshable from those usual 1 progressive massave fibrosis The bachground
of stmple pneumoconosis was often shght, or absent The typical findings were
present m 13 of CapLaNs 51 cases where the two conditions were associated
Miatt et coll (1953) and Carran et coll (1962) gave miore extensive reports
on the condition

Since the ongmnal paper of CarrLan was published, several cases of a sumlar
type have been reported among worhers m dusty trades of different hnds The
condition has also occurred in miners exposed to dust with a high quartz content
(CrereNs 1953, GURISTIAENS et coll 1954, VAN DER MeEr 1954 Petry 1954
CamrpeLL 1058, CapPLAN et coll 1958 KanTor & Morrow 1958, RICHARDS &
BarraTT 1958, PosNER 1060 Cnatcipanis & Tueron 1961, Morgan 1961,

Snoks et coll 1965)
Usually only one case, or at the most a few cases, are mentioned 1 these

_
Subnutted for publication 31 May 1968
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lungs In 1913 (Fig 1) they had become much larger and had inereased i number
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reports The syndrome thus scems to be rare This 1s confirmed by e g Tara
coll (1954), who found one case 1 1 300 cases of silicosis, RosManaTit & Bruck
NER (1961) with 57 cases in 15 000 muners heavily exposcd to mied dust, quite
a numbcr of whom presumably with meiptent or shght silicosts, and Vicrrian et
coll (1963) with one casc m 1 500 cascs of silicosts

The low frequency may perhaps be due to diagnostic difficulties Carrav et
coll (1958) emphnsized that i advaneed true pncumocomosis the rheumatoid
pueumocontotic nodules may be mustaken for large silicouc or silico-tubercular
Iesions

According to Carra, the well defined rounded nodules 1 the parenchym
range from 05 to 5 cm i dinmeter, the usual diameter bung about 1 cm, they
may occur m any put of the lungs but most frequently hie pernipherally They
may appear before, 1t the sume time as, or after, the onsct of arthritis symptoms
There 1s no apparcnt relationshup between the severnty of the arthntis and the
type nd extent of the rocntgenologic signs (CarLan 1953, Goueir 1960) These
often appear more suddenly than progressive massive fibrosis and always morc
rapidly than <ilicotic nodules of the same size Numerous new lesions are reported
to have doveloped within a few months m some cases while other cases have
consisted of 4 few fairly stationnry lesions It 1s fairly common for cavitation or
fibrosis to occur Calaification 1s also not uncommon, and m many mstances the
nodules ultimtely colesed to form progressive massive fibrosis Rounded nodules
and other changes i the parenchyma often co exst

A full description of the pathology was given by Gouar et coll (1955) Sec
tions of the nodules revealed a charactersue concentric arrangument with hghter
and darker zoncs, readily differentinted from the appearances of progressive mas
sive fibrosis and classical silicosis The mucroscopie features were also typical
The nodule consisted of active mflammation with macrophages and frequently
polymorphonuclear Jeucocytes and central necrosis as well Some of the macml;
phages contam dust, wnd when these disintegrate the dust 1s deposited an
produces the dark zones

Rocntgenologic appearances suggesting rheumatod pneumoconiosis have beett
encountercd 1 Sweden m three cases These had becn exposed for many years to
dust contammng stlica

Case reports

Case 1 Male born 1900 had worked m a mune betwcen 1915 and 1945 Rocntgen r]\c
amunation n 1937 revealed dissenunated small nodular changes i both lumsl as "‘/\?"5‘5!;
PREUIoconosis and a rounded nodule about 1 ¢m mn diameter 1 the left lune
sequent exanumtions this latter grndually increased m size

In 1940 {Iig 1) severnl rounded nodules of about the same size were present m both
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F,
seminated nodules n both lunos with larger rounded lesions

i th upper zones. b) Seven years later Increase i sue and
number of the les ons.

? Case ? Rheumatod pneumoconosis. a) Small dis-

lungs Tn 1943 (Fig 1) they had become much larger and had increased in number
especially 1n the 1oy o part of the n_ht lung The general silicotic changes had also become
more marked At this ume the patent 1 as sull m good general condition and contmued
Y orhing e died of mubary pulmonary tuberculosss n 1945

The section resealed 1n addition to acute miliary tuberculoss large rounded nodules, the
N sutlace of which corresponded to CarLan s description Microscopy however failed to
1ie'd unequinocal evidence of rheumatond pneumocomiosis sufficient matenal for rex
amunation was not avajlable
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Fig 3 Case 2 Vanng roentgenographic appearances in upper part of the left lung 1} Ex
amination one year after the one shown i fig 2b b) A further year Jater ¢) Eleven days Jater

Case ® Male born 1902 had worhed 1 a foundry between 1917 and 1958 He had hd
no symptoms of rheumatoid arthins but the Rose agglutination test strongly surgested the
presence of latent rheumatoid affection In 1949 (ki 2a) roentgenography revealed
silicotic changes of stage T and several rounded nodules 05 to 1 em in diameter situated
penipherally m the upper parts of both Jungs The nent rontgenologic exanunation Wi
made i 1956 (I, 2b) Some of the nodules had coalesced 1to one large rounded m
filtration on each side The one on the left side contamed a small cavity Some of the small
changes had vanished and some new ones had developed During the following yvears a few
more nodules appeared but the distribution on the wholc remaned constant

The smaller nodules mcreased umformly 1n size whereis two large nodules varied con
siderably 1n size and shipe On several occasions these contained cavities especnlly the one
on the left side (Lig 3 u—c) The pattent always remuned i good general health apart
from shight dyspnoca No evidence of tuberculosis

Case 3 Male boin 1908 had worked m a nune between 1926 and 1951 No abnormality
was noted at roentgen exanunation before 1950 then changes suggestng simple pneumo
comosis category I were apparent In 1951 concomutant with the onset of rheumatod
arthnitis two nodules about 1 cm n diameter appeared m the night lung During the follow
ing year numerous new lesions deseloped and generally ncreised m size a caviy was
present m one of the nodules in 1953

During the following two years the appearances changed rapidly from one exanunation to
another {Fig 4} While on the whole the size and number of the lesions mcreased one
single lesion mught be 1n the form of an mfiltrating mass with fluid contents at one ¢y
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<

Fig 3 Case 2 Vapung roentgenographic appearances m upper part of the left lung a) Ex
nundtion one year after the one shown m fig 2b b} A further year later ¢} Eleven days later

Case 2 Male born 192 had worhed m a foundry between 1917 and 1958 He had hud
no symptotiis of theumatoid anlings but the Rose nnglutinwion test sirongly suzee ted the
prescnce of latent rheumatoid affecuon In 1M9 (Fig 2a) roentgenogriphy tevealed
silicotic chahges of wage I and severt] rounded nodules 09 to 1 em i diameter wituated
peripherally an the upper parts of both lungs The net rountgenologic (\anunation WS
made m 196 (Nig 2b) Som of the nodules had coalesced mto one large rounded m
filtration on cach sde The one on the left side contamned 1 small cavity Some of the small
changes hnd vanushed and some new ones had developed Durnin, the [ollowing vears a few
more nodules apneared but the di tribution on the whole remamed constant

The saller nodulcs mreascd umformly m size whereas two large nodule vaned con
siderably i size nd shape On several occasions these contained eaities especalls the one
on the left side (Fig 3 u—c) The patint alwys 1emuned i zood general health apart
from shight dysvnoca Ro evidence of tuberculnas

Case 3 Male born 1908 had worked m 4 mune betneen 1920 and 1951 \o abnoimabty
was noted at roentgen exanumition before 190 then changes suggzesting sunple preumo
comosts category 1 were apparint In 191 concomutant with the onset of rhiumutod
arthritic two nodules about [ cm i diameter appeared an the nght lung Duning the fallow
ng year numnerous new lewons developed and gencrally mcreised m sze o cavity was
present in one of the nodules m 1953

Duning the following two years the appetrances changed rapidly from one exammation to
another (Tig 4) While on the whole the size and number of the lesions sncrea ed one
single lesion mught be 1 the form of an nbitratng mass with flwd contents at one e\
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and cosnophihe mfitration However, the roeatgenologic and chmcal course, as
well as the laboratory findings 1 each of the present cascs, enclude the pos
sibihity of any of these condions 2s a cause of the lung changes Rounded fesions
1n cases of theumatotd arthnus without slicous seem to be extremely rare

The etiology of the lung changes n rhewmatord pneumoconiosis 1s sull obscure
The pneumoconiolc component scems to be essential for this special type and
course of reaction 3t scems possible that a spectfic vulnerability of the Jungs
exssts 10 individuals suffering from both siico s and rheumatie disease It may
be that the presence of the dust has a pathoplasuc ifluence so that the reactnity
of the pulmonarny tLsue to dust 1s imcreased by the collagen disease The appear
ances at microscapy of the nodule i rheumatoid pneumoconiosts 18 essentrally dif
ferent from that of silico s The sthcouc nodule 15 a collagenous structure with
a tendency to hyal while the rh
collagen with rings of deposited dust

d process consists of neerotc

SUMMARY

Three cases of 1thicoss with Jung changes of the 1ype Careay found in South Wales
coal mmers suffenng from both paeumonocomoss and theumatoid arthots are reported
The cluucal course and the roeaten findings are th cu sed

ZUSAMMENFASSUNG

Dyaa Fal e st Lungent eranderungen ahnheh dem Typ von Lungensitikose hombiiert mt
theumauscher Gelenbeikrankung wie sie yon CArtay 1n Sud Wales bes hricben + urde wer
den benichtet. Der Minische Verlavf und das Rontgenbuld werden erortert

RESUME
Les auteuss presentent trots cat de silicose pre entant d
es lesions pul
Cavuax trouvces chez des munenrs de charbon des Galles du S, d‘ E;':l:n‘;r:m:;ad: ty [;e
prcumocoutose et de palyarthate shumatoide Iis ctudient 1 evoluuan chrque et 1 o de
radiolegiques de ces cas que et les signes
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Fig 5 Case 3 a) Exammnation four weehs after the one shown n hg 4b b} Eleven duys later
A large cavity has developed n the upper part of the left lung Vanation m the distnbution
of air and fluid

amimation or 1 cavity contwning air at another (Tig o a—b) Laboratory tests for tuber
culosis were negatne The patient had diabetes meilitus which mnght have esplaned the
strong tendency to cavity formation The patient died 1n 1957 No autapsy

Discussion

It 1s cvrdent that the pulmonary features of the three cases are m close accord
with the characterstics deseribed by CatLan As n other cascs reported m the
Iiterature, the pncumoconiosts was caused by dust rich mn sthea Case 3 ran the
most spictacular course The lesions exlubited a strong tendency to cavity
formation, possibly duc also to the prestnce of diabetes mellitus There were no
calaifications Only one of the three cases had symptoms of rhcumatord arthntis,
the presunce of latent rheumatoid affection m a second case seemed to be un
cquivocal from the laboratory exammation One of the patients (Case 23 1 sull
alive, the further course of the roentgenologic changes and of the faboratory
findings are being followed

Symilar rounded lung changes naturally may develop m other conditions such
s tuberculosis, malignant metastases, multple cysts, bemgn lymphogranulomas,
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ANGIOGRAPHY IN PRIMARY HEPATIC TUMOURS
IN CHII DREN

by

MariQurta FREDENS

Primary malignant hepatic tumours 1 chuldren are rare but ther recognifton
1s nevertheless of importance since unprosements in surgical techruques have
made treatment possible Chuldren appear to tolerate partial hepatectomy better
than adults and because hepatic growths are often late 1n formung metastases
the prognosts 15 usually better (Fist & McCARy (966 Isuax & Cunz 1967)

The two mam histologic types of tumiour are hepatocellular carcinomas and
cholangiocellular carcinomas, the former being more common than the latter
The hepatocellular carcinomas are also called malignant hepatoma or hepa
toblastoma, depending on the degree of matunty of the tumour cells although
considerable vanation may occur w different parts of a stngle tumour (McDo
NALD 1967) The tumours may be divided 1nto three groups according to their
distnbution  sohtary, muluple nodular and diffuse

The diagnoss of a hepatc neoplasm 1s didficult because the symptoms and
laboratory findings present no particular features Shghe anaemia, loss of weight
and palpable abdominal masses are common, jaundice is rare Liver bopsy 15
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Primary mahgnant hepatic tumours children are rare but their recogmton
1s nevertheless of mportance since 1mproscments n surgical techpiques have
made treatment possible Children appear to tolerate partial hepatectomy better
than adults and because hepauc growths are often late 1n forming metastases
the prognoss 1s usuaily better (Fisu & McCare 1966 Isitan & Grovz 1967)

The two main histologic types of tumour are hepatoceitular carcmomas and
cholangiocellular carcinomas, the former being more common than the latter
The hepatocellular carcinomas are also called malignant hepatoma or hepa
toblastoma depending on the degree of matunty of the tumour cells although
conyderable sanation may occur in different parts of a single tumour (McDo
NALD 1967) The tumours may be divided mto three groups according to their
distribution  solitary muluple nodular and diffuse

The diagnosis of a hepatic neoplasm 1s difficult because the symptoms and
l::‘;‘;j:)g]‘:ma;j: rf.:::lm no particular features Sl’xjght a.nummiloss of weight
oy et e maRsscs are common  jaundice 1s rare Liver biopsy 1s

v nclusive adiaisotope scanning of the iver may afford some

g g the local and boundanes of the lesion (Jomvson
¥rom the Department of Radiology (Dusector Prof Gregers Thor
':’i‘ ';‘:";‘:"”‘Y Hespual of Copmhain(nenmzrk Prc&cmtﬁ at ?:; Y;l;::) \I;F‘ujzl;oﬁl::l;lg

uropean Society of
pibbsestn § Juty poae? Pediaunic Radiology 1 Hamburg \fay 1968 Subrutted for

i
U At Redol ¢ Duag Vot & (1509)
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& Grossman 1965) Angiography of the hepatic artery 1s also of considerable
help m establishing the diagnosis and for obtaming further detailed mformation
{Borjsen & Asrans 1965, BarTLEY et coll 1967, McDonaLd 1967, Yu 1967)

Matenal and Methods Five cluldren between the ages of 4 weeks and 14 years
with pnmary hepatic tumours were subjected to angiography dunng 1966 and
1967 In lour of these, 1 catheter was mtroduced through the femoral artery
mto the aorta, either percutancously or by esposure of the femoral artery The
tp of the catheter was placed at the level of the celiac artery and contrast
medium (about 1 ml/hg bedyweight of Urografin 60 5 or Conray 400) was
mjected with a Gudlund Elema pressure synnge Semal films were obtamed
ap and lateral projections with a roll film changer In one case, a catheter
was placed 1n the fenor vena cava and 2 ml/hg bodywaght of Urograim
76 S were mjected The ovammation was then continued with cinematography
over a period of 30 seconds at the rate of 12 exposures per seccond The contrast
medium was visible 1n the aorta and the hepatic artery mn the late phase No
comphcations have amsen i connection with the angiographic examumations
Selective angrography or splenoportal phlebography were not performed i any
of the cascs

Case reports

Case 7 Gurl aged I+ years was adoutted following a year of dyspepsta vonuting and
moderate loss of weight A mass protruded 1n the upper part of the abdomen

Feven months before admission eaploratue laparotomy m another hospital had resealed
a large mass in the Iner biopsy was negatne The tumour was considered moperable but
because of good gencral condition the patient was transferred for further msestigation

A barium meal exanunation disclosed marked displacement forwards of the stomach
Cholegraphy indicated displacement of the common hepatic duct and urography res ealed
delayed excretion of the left idney Liver scanning suggested a tumour 1 the left hepatc
lobe
Marked displacement of the hepatic artery downwards was demonstrated at aortography
The artery was dilated and 1s intrahepatic branches wer¢ stretched and displaced in 2 farge
pact of the Iver In the late artenial phase several wrcgular tumour vessels and aceumula
tion of contrast medium 1n the neoplasm were observed There were no sizns of artenos enous
shunting through the tumour (Fig 1)

A large growth of the Ieft hepauic lobe was found at operation An attempt at removal was
rmade but copious bicedmg from the mfiltrated wnferior vena cava could not be arrested The
patient died on the table the tumour was a hepatoma and measured I em X 15 em x 12
cm At autopsy arrhosis of the left hepatic lobe and metastases were noted n the et
ropentoncal lymph nodes The kidneys were normal

Case 2 Boy aged 11 months who for a few months had had ancrexia and failed to gan
weight The Iner was enlarged Exploratne laparotomy in another hospital disclosed a

mass 1 the liver Biopsy p d heavy bleeding and 1t was concluded that the neopl
was a haemangioma only hepatic cells and vessels were distinguished
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Fg 1 Cawe | Hepatoma of the left hepatic lobe a) Ap b) lateral. Shght displacement of ihe

aosta 1o the left marked dssplacement and waderung of the hepatic artery seversl tumonr ves-
sels are seen

The pauent was ferred for further tiganon  Chol was normal Aorto-
graphy disclosed a small hepatie artery with normal branches ansing from the celiac antery
and supplymg the left hepatic lobe A wide hepatic anery arose from the superior mesentenc
antery an 1 sxpphied the tight lobe aad a large tumour withn it The tumour was extreme
Jy vascular aod the vessels were typical “The tumour was stramed with contrast medium and
anteniovenous shunting 1 as preseat {Fig 2)

At optration, 2 wmour 11 cm % 10 on £ 8 cm in sze was removed from the nght
hepatic lobe Unfcrtungtely cardiac artest developed at the end of the operation and the
patient died on the able Autopsy showed the feft hepatic Jobe to be normal and no
metata es were seen The histolome diagno is was hepatoma

4 e examination of the biopsy speaimen {rom (he hirst operation proved the appearances
to be 1dentical with those at the final mucroscopic examnation

Case 3 Boy aged 18 momhs was admatied wih preconious development of the sex
Gegins over a period of one month The genitalia resembled those of a bay of about 12 years
voice deep and rough The boy was otherwise 1n good condion bodywaight 142 bg height
By tm bone deelopmint of hands was that of a 2 year old the dner was enlarged and a
Fard bulging mass lay w the left lobe nnnary excretian of pututary gonadotropin {9 mowse
units per day)

Roentgen examinations of the sull and the pitwstary fossa were normal A hormone
producing tumour of the Liver + as considered probable

Aortography disclo ed a small accessory hepatic artery ansing from the supeniar mesentes
ie artery and supplying the nght hepaue Iobe with a dilated hepaue artery from the celiac
ariRny 10 the left Jobe Some of the intra hepatie branches of the left Iobe were displaced
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lig 2 Case 2 Hepatoma of the nght hepatic
lobe a) Ap b) lateral \ small hepatic ar
tery to the left lobe arses from the cchac
wrtery while 1 wide hepatic artery from the
superior mesenteric artery supphes the nght
Iobe and a large tumour within 1t ¢) Late ar
terinl phase  Eatreme vasculanty and ecarly
venous filling (arrow) of the tumour

and stretched around 1 mass with 1 few but typical tumour vessels There was some accumula
tion of contrast mediutn within the tumour but no artenioyenous shunting was demonstrated
(g 3)

At operation 2 12 cm X 6 cm X 6 cm large tumour i the left lobe of the lnver was
removed There was no evidence of metastases and the estirpation was considered radual
The pauent sunived and was well at the rontrol exanunation one year later The hormone
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¥Fg 3 Case 3 Hormane producing hepatoblastoma of the Jeft hepatic Jobe a} Ap of late
artenal phase b} Iateral Widening of the hepatic artery with displacement and stretching
of branches of the Left lobe tumo r vessels are scen i the 1atesa) Projection {arrows)

excretion was normal and the gemital des elopment had been halted The tustologsc diagnosis
was hepatobfastoma

Case £ Guel nearly 7 years old was admitted « 1th anacmia hepatomegalia and ascites
that had deseloped aver 3 penad of about 2 months Three months before admission she had
sustamed a moderate degree of abdonunal trauma 1n falling from her bicyele At first gt
“as supposed that she had a haematoma of the Iier following rupture of a vessel but the

abdominal y enous s

sem was prominent
On raentgen exa

munation the right hermdiaphragm was found 10

1814 e delayed excrenon normal hepatic ducts The Lier scag

be raised Cholegraphy
Aorto raphy

was considered normal

novenous hunting was visible ‘The angiosraphng

hacmatoma or a Partially evsue tumour of the Iner \Fig 1)
Laparctomy revealed a targe ¢y tic tumour contamning blooy

penctrating the Iner between the n ht and Jeft Iebes 1hil

was largely necrotic with Tepresentatine chanes only ac the margins
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Fig 4 Case 4+ Haemangioendothelial sarcoma of the Iner a) Ap b) lateral No wideming
of the hepatic artery but displacement and stretching of inteahepauc branches around a poorly
;asculanz:d mass only a few irregular vessels are visible 1 the upper posterior part of the
ver

The appearuices were those of a malignant endothehal sarcoma 2nd not of carcnoma The
growth was partiatly encircled by a dense fibrous pseudo capsule

Case 5 Boy aged 4 weeks was admtted because of poor wer,ht gan for one week and
a palpable mass m the abdomen A comentional film of the abdomen showed a mass
contaimng small calcifications on the nght side

Cinematography following contrast medium mnjcction into the mfenor vena casa mdicated
that 1t was not displaced although a hepatic vemn was pushed upwards and laterally The
aorth and the hepatic artery were visible in the Iate phase and in spite of the rather poor
filling 1t was evident that several tumour vesscls werc present 1 the Iner

Laparotomy revealed n large tumour of the right hepatic lobe the tumour was extirpated
and there were no signs of metastases At control eaamination 5 months later which mcluded
abdommal aortography the patient had jaundice but there was still no evidence of me
tastases The patient was last scen 9 months after the operation and was then without
symptoms

The weight of the tumour was 160 g the histologic di was hep

Results and Discussion

Four of the cases had hepatocellular carcinomas The tumour was situated
n the night hepatic lobe 1 two cases and m the left lobe the other two
cases The literature on the subject suggests that the nght lobe 1s mostly mvolved

(Isuax & Grunz 1967)
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The tumour 1n Case | developed i a crrhotic Iver  this 1s common i adults
but not 1 children (Fisu & McCary 1966 Sorspant & Gax 1967)

Case 3 was one of a histol lly typical hepatobl but produced
hormones to cause precoctous genital development ‘This combination 1s rare and
only a few cases are reported 1 the hterature hosenow & Fr (1967)
collected six cases and added one of their own All were boys aged between
16 months and 3 years two of them were subjected to partial hepatectorny
but none survived more than 15 months from the date the diagnosis was
established The patient 1n our case was alive and 1 good condiion when
last seen 12 months after the operation

Case 4 was not one of hepatocellular carcinoma but of a haemangio-endothe
lial sarcoma of the Iner The tumour probably represented a locus munoris
resstentiac the moderate trauma caused bleeding 1mto 1t the ncreasing
haematoma producing the mwual symptoms. Calaifications 1 hepatocellular
caranomas are not rare m chidren (Marcuus et coll. 1956, SorspanL &
Gay 1967) but were only present m one of the pauents (Case 5)

The angiographuc findings were conclusnve m all the cases and were char
actenstic and uniform 1 the hepatocellular carcinomas Typical tumour vessels
and accumulations of contrast medium within the tumours, as well as displace
ment and widenng of the hepatic artery, were always demonstrated These
conclusions are 1 complete agreement with those of Bogjsen & Azrays (1965)

Angography clearly mdicated that the tumours were of the sohitary type
a fact confirmed at operavon Angiography i Cases 2 and 3 also revealed that
the hepatic lobe imolved as well as the unaffected lobe were supphed from
separate hepauc arteries a matter of importance of course from the surgical
standpoint The endothelial sarcoma of Case 4 presented atypical angiographic
appearances because the main part of the growth was cystic and without vessels
Angiography was also valnable in this case however for the solitary lesion n
lhc’l“l‘:tr ndicated operation which unfortunately came too late however

¢ value of angiography 1n primary hepauc tumours has been stressed
arlngnng others by Borsev & Asrams (1963) Barriiy et coll (1967), Yu
(5 ey (17 b o8, 1) B 4 Lo
plenoportal phlebography while hepatic
arterography was copsidered more risky and the appearances of;
dls;mgunshablc from those of currhosts elien ua
t 18 considered necessary to use arteniography 1n c
hepaue tumour In young children 1t \AOllg;: ‘:ccym .h:f?o:a;?:slzhgmz
f::‘f:cncm fora sat:sfaclory demonstration of the hepatic artenes and at the same
F n may be cb d about other abd

1 vessels
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SUMMARY

Ine children with prnmary hepatic mabgnant tumour were subjected to angiography
‘The findings proved of considerable value not only 1n establishing the diagnosis but also n
obtuning information about pathologic fcatures vasculinization and the boundanes of the
lesion Abdonmal aortography appears 1o be the method of choice m young children

ZUSAMMLNTASSUNG

Angiographie wurde wn funf Rindern mit malignem Lebertumor vorgenommen Die Be
funde waren wertvoll micht nur fur die Diagnose sondern anch mut Hinacht wf die patho
logischen Verhaltmsse dic Gelssversorgung, und die Abgrenzung des Tumors Ber Klehin
demn scheint abdomnale Aortogriphie wsreschend 7u sein

RLSUML

Lauteur 1 fut une wgogrmphie 1 anq enlants attemts de tumeur hepatique mihane
priutive Les rosultats de cet exvmen ont un intéret considerable non sculement pour établir
le diagnostic m-us ausst pour obtenir des venscignements sur la nature la vasculansation
et les himtes de I lesion I nortographie abdomunale parait etre la méthode de choun chez
les jeunes ¢nfnts
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT {DIRECTOR PROF OLLE oLssov),
THE UNIVERSITY HOSPITAL LUND, SWEDEN

ANGIOGRAPHY IN WILMS® TUMOUR
by
J Foun

Wilms tumour (synonyms nephroblastoma embryoma adenosarcoma) 1s
dysontogenetic Nimnety per cent of the cases consust of children under 7 years
of age (Brrr 1950) and embrace 45 to 75 per cent of all having makignant
renal tumours {DEMInG 1963)  According to the Manchester Chuldrens Tumour
Register the annual madence of Wilms tumour 1s approxumately 6 cases per
million children (PEarso~ et coll 196%) The Swedish National Board of Health
(1963) placed the annual merdence at 74 cases per mithon children (<15
years) Wilms tumour has also Tecently been estmated from Bnush national
statisucs to occur 1n at least 1 per 10000 Ine births (Cocrran & FroggatT
1967)

The tumour 1s usually diagnosed at an examination performed for obscure

1 d or for at } faugue vomuung and pan or though
less often haematuna An carly diagnosis 1s important from the pomnt of view of
therapy because the § year cure rate 1s higher when the condition 1s discovered
within the first two years of bfe (e g Gross & Neunauser 1950 Rinzer et coll
1950 SunarocHarA & RIESEWETTER 1966) The tumour appears as a retro-
pertoneal mass wnalving one or though rarely both ladneys The hadney may

Submitted for publication 15 \fay 1968
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SUMMARY

Ine cluldren with primary hepatic malignant tumour were subjected to angrography
The fndings proved of considerabie value not only 1n establishung the diagnosis but also 1
obtamng mformation about pathologic features, vasculanzation and the boundarses of the
Jesion Abdonunal aortogephy Appears to be the method of choice young children

ZUSAMMENTASSUNG

Angiographie wurde an funf Rindern nit malignem Lebertumor vorgenommen Die Be
funde waren wertvoll mcht nur fur dic Diagnose sondern anch mit Hinsicht anf dhe patho
logischen Verhitrusse die Gelissversorgung, und die Abgrenzung des Tumors Ber Rleinkin
dern schemt abdommale Aortogriplue ausrerchend zu sein

RISUML

Lauteur 1 fait une wagiogriphic 1 cinq enfants attents de tumeur hepatique maligne
primitive Les resultats de cet examen ont un antéret considerable non seulement pour ctablic
le diagnosuc mats ausst pour obtetur des rensugnements sur la nature la vasculinsation
et les lumites de 11 lesion Lvortographie abdomimale parait etre la micthode de choix chez
les jeunes enfants
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ANGIOGRAPHY IN WILMS TUMOUR
by
J Foux

Wilms tumour (sviionyms nephroblastoma embryoma, adenosarcoma) 1s
dysontogenetic Ninety per cent of the cases consist of children under 7 years
of age (BreL 1950) and embrace 4 5 to 75 per cent of all having malignant
renal tumours (DEMine 1963) Accordmg to the Manchester Childrens Tumour
Register the annual madence of Wilms tumour 1s approximately 6 cases per
mulhon children | PEarso~ et coll 1964) The Swedish National Board of Health
(1963} placed the annual incidence at 74 cases per mullion children (<15
vears) Wilms tumour has also recently been esumated from Bntish natonal

statistics 1o occur n at least 1 per 10 000 live births (CociuraN & Frocoart
1967)

The tumour 1s usually diagnosed at an examination performed for obscure

or for ab 1 fatigue vomuting and pan or though

fess often baematuna. An early diagnosis 1s important from the pomnt of view of

therapy because the 5 year cure rate 1s higher when the condition 1s discovered

within the first two years of hfe (e g Gross & Netnavser 1950 kinzew et coll.

1950 StaarocHana & KieseweTTER 1966) The tumour appears as a retro

peritoncal mass involving one or though rarely both hidneys The kudney may
Submitted for publication 15 May 1968
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Fig 1 Urographic examinations mn 1960
(a) and 1963 (b) of a girl with fever and
a palpable tumour on the left side of the
abdomen She was 4 years old in 1963 En
larged hidneys with elongated and deformed
renal pelves on both occasions the diagnosis
was polycystic discase A malignant tumour
of the left hidney was estirpated On selec
tve angrography (¢} and (d) pathologic
vessels i the remaining night kidney and a
diffuse border between this and the normal
renal parenchyma was demonstrated No
autopsy was performed

be enlarged, deformed or displaced, and calcifications occur 1n 12 per cent of all
cases (STEINBACH & Brown 1953) Urography, or mn cases of non function of the
ladneys pyelography, discloses deformation of the renal pelvis and sometimes
hydronephrosts as prominent features Single or multiple cysts or multicystic
disease and, m eatrarcnal conditions neuroblastoma, should be considered n the
differential diagnosis The latter tumour may arise 1n the adrenal gland and then
often so close to the hidney that the ongin cannot be recogmsed urographically
AsgsHousk {1957) collected data on 856 cases of Wilms tumour 1n only one
case had translumbar aortography been performed, and 1t had not proved useful
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Fe 2 Urography m a gl aged # years and b months who had pamn and a large lump on
S o A fmesshad hown a tumour of the tght Lidney with compression of
the renal pelvis. At lumbar ang ography {a) and {b) several vessels were seen 10 anse {rom
the nght renal artery Selectne supenor hy {c) revealed hols yes-
sels from the r ght middle colic artery On selectve coeliac angiography no evidence ind catng
That these s esscls contrubuted 1o the blood supply of the t mour was obtuned Operation and
hstolog ¢ examination revealed a Wilms  tumour

OuLe Orssos (1962), 1 a few cases d with nept phy, found
the angrographic features of Wilms tumour to be mamly the same as those of
venal carainoma Hors et coll (1965) used translumbar aortography 1n one case
to differentiate between intninsic and extrinsic renal tumour McDosatp et coll
(1968) recently published seven cases and Faran et coll {1968) two cases of
Wilms tumour examined with angiography

To assess the reliabiluty of the angiographic diag records and films of the
cases of Wilms tumour that had been examuned angiographically in our depart
ment were reviewed and analysed

Materral and Methods Twenty three patients m all 11 boys and 12 guls
had been operated upon for histologically venfied Wilms tumour dunng the
perod 1931—1967 The mean age at the time of operation was about 4 years
Anguography had been performed in eight of these cases

Thirteen of the twenty three patients died within 2 years Oue of the patients
sunived 35 years and one 5 5 vears at operauon these children were respectn ely
75 and 3 years of age The remasming eight patients are sull lving four of them
n good health 5 7 8 and 14 years respectively after operation at which time
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they were on the average about 1 year old The other four patients were operated
upon less than 2 years beforc the present wnestigation The tumour was bilateral
m four cases Urography was carnied out m all cases except one The hidney
was found to be functionless m six

Lumbar aortography was performed m five cases, two of the subjects were
then 4 years old, two were 5 and one was 8 years old Selecuve angrography
was performed m three cases, when the children were 1, 4 and 7 years old,
respectis ely

Angrography was always preceded by urography In one case the affected
hidney was sient and m another no excretion was observed untl 24 hours
Inter, excretion appeared normal m the other cascs In two cases, both Jadnevs
had been mfiltrated by the growth At urography the lesions had been mus
diagnosed as bilateral multicystic hidneys and polycystic disease, respectively,
which had delayed the operation of one of the cases by 3 years (Fig 1) The
filled renal pelvis was displaced, compressed and dilated and the calyees elon
guted The tumour had not mfiltrated the renal pelvis in any of the cases In
none of the twenty two cises m which urography was performed could a
diagnosis of malignancy be made by the method

The nvesuigation was started with selective angiography mn one case (i
1959) but since the catheter was large for the lumen of the artery the mhestiga
tion was continued as lumbar aortography with the same catheter The tumour
was about 7 cm 1n diamcter In the other four cases eximmed with lumbar
nortography the tumour was so large that 1t displaced the aorta In two cases
{from 1966 and 1967) the exammmtion was extended to mchude coehac angio-
graphy and, m the last casc, also superior mesenteric angrography m order to
determine whether the tumour was supphied by other vessels as well as the renal
artery (Fig 2)

In the case mentioned above, m which the examimation was started as selective
anglography using a catheter with an end hole but contnued as hambar aorto
graphy without exchanging the catheter for one with side holes the filling of the
renal artery was unsatisfactory The oxanunation reveiled an expanding renal
process but no pathologic vessels, puncture produced no signs of a cyst Some
of the contents of the mass were therefore asprrated and proved by cytologic
examination to be from a Wilms tumour This was confirmed at antopsy

In the other four cases examined with lumbar aortography and m the three
remamng cases examuned with selective angiography pathologie vessels of (ll\c
type common 1n renal carcinoma m adults, 1¢ vessels of irregular caliber, new c);
formed arteries, arteniovenous anastomoses (cf OLssoN 1962, Fig 154b :;n
154¢c, p 195), were apparent The pathologic vessels may sometimes be less

evident, but the characteristic variation m caliber as well as a diffuse border
s
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Fg 3 Uro aphy (a) i a boy aged 16 months with haematur a
rumour An expand ng p ocess 4 cm by + cm m s € m the W
the renal pel 15 and calyces a ¢ displaced downwards delect ve
later phase (d) showed patholog c vessels n 4 tumour diffuse

and a palpable abdominal
pper pole of the nght Mdney

anglography (b) and m a
1y outlined agamst the s r
round ng renal parenchyma Operation and hstologic exammation cvealed o o o sorre

o ncact capsule (c) The p tient 18 sl alh ¢ 14 years after nephrectomy

between the tumour and healthy renal
examination {Figs 1 and 3
the tumour {Fig 2)

parenchyma are always present on close
) Vessels other than the renal artery may also supply
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Discussion

Kerr (1944) wrote ‘Since the chmcal diagnoss of malignant neoplasms of
the hidney and renal region i children 1s faurly definute, the role of roentgeno-
grapluc studies 1s chiefly confirmatory This view 1s wmcompatible with that of
several other worhers m the field Thus, Asesnoust (1957) stated that palpation,
and urography or pyelography are the commonest dragnostic methods Meticow
& Uson (1959) reported that 50 % of all palpable abdominal tumours m
children ansc i the unnary tract and that one third of these tumours are
malignant (Wilms tumour) According to these authors, the use of ntrasenous
and retrograde pyelography m cluldren has contributed greatly to the earher
and more accurate diagnoss of all renal lesions, mcluding Wilms’ tumour  This
view 1s shared by vanous other authors {Ricues 1959, Kinzew et coll 1960,
Prarson et coll 1964, Hore & Borns 1965, BART et coll 1966 and WesTra
et coll 1967) Lacviet coll (1966) in a carefully mvestigated senes of 31 cases
found that the urographic findings were compatible with the diagnosos of nephro
blastoma 1n all cases except one This dees not, hawever, mean that the changes
evident at urography were unequivocal, 1e that they allowed a defimte diagnosis
of mahgnancy No matter whether the calyces are deformed or dilated, or
whether the hidney 15 silent, 1t 15 less easy 1 children than in adults to make a
diagnosis of a malignant renal tumour from such changes Neither urographt
cally nor pyelographically can Wilms tumour be distinguished from other tu
mours, cysts or multicystic diseasc, as pointed out by Hore et coll (1965) In
children, according to these authors, most lesions of a Jidney m which there 1 no
function will prove to be cases of so called multicystic hidney, although some-
times a large non functionmng hidney may prove to be the seat of a Wilms
tumour Hore et coll suggested cavography for the differential diagnosis, ob
struction of the infertor vena cava would then indicate involvement by extension
of a Wilms tumour

Since Wilms tumour 1s sometimes bilateral, and since multicystic tumours
may be umilateral, 1t often 15 not possible by urography or pyclography to
distinguish between these two conditions The onc hind of lesion may therefor¢
be mustahen for the other, as has been the case 1n the present matenal

A definite diagnosis of renal malignancy may, however, be made by ango~
graphy, and particululy by selectie angiography The degree of vasculanty of
the nephroblastoma vartes considerably, but 1t 15 usually high This has some
tumes been believed to be the explanation of why calcifications are so rarc m
Wilms tumour (Hore & Borns 1965) while n poorly vasculanized neuro
blastomas the reverse occurs However, also Wilms tumour may somctimes be
poor n vessels Selective angiography 1s therefore the method of choice n cluldren
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and adults to obtan optimal filing of the vessels without supenmposion of
wrelevant vessels (Fotrn 1967) Mast neuroblastomas are supphed mamly by
the sup! J artenes although this also occurs m Wilms tumour
Anguography will not therefore always differentate between a Wilms tumour
and a neuroblastoma but may determine whether a given tumour 15 bemgn or
malignant An exception to this rule 15 a hamartoma af nchly vasculanzed
(Yunorse Jr et coll 1966, FALRMER ct coll 1968 Grezv 1968) Aga atis
not always possible to distinguish between these two forms of growth at operauon
{bas et coll 1966)

But for the abote excepuon then angiography can be used to avoid the nsks
of misdiagnosis mherent 1n urography and plified above in the |
(Swioer et coll 1962 Larut et coll 1966) Asesuoust (1937) who reported an
erroneous dragnosis of Wilms tumour mn 32 per cent of 856 cases warned agamst
regarding every abdominal tumour 1n children below 10 years of age as a Wilins
tumour This 15 a error with Y op as a result KERR
& Gurrzss (1944} described a unilateral polycystic hidney which was firt treated

with roentgen radiation and then removed n the belief that it was a Wilms
tumour

Swnce the tumours are not seldom ilateral sclective angiography of both
Ludneys 15 always indicated even when hy d

§rapiy ates a change on one
side only In the event of biateral ivolvement, angiography will help to decrde
whether at least part of one hidney can be saved

SUMMARY

In twenty o cases of hustologically venfied Wilms tumour an cxpansie renal process
35 demonsteated at urography but o diagno i of malignancy could be made Angiography

was perfofmed 1 eght of the cases and defimte signs of 2 mal
e ignant growth was then
ZUSAMMENFASSUNG
Inn ds s F. Lol b
g Fallen von h Wilms Tumoren wurd
P e {ordender ¥ rozess d aber keme Mal e Lromra

atat donnte nack
werden In acht von diesen Fallen wurde mit Anglographie die Malrgnuat fcs(g::li“%m e

RESUME
4 L‘::rlomphxe & faus a evidence une lesion expansive rénale dans vingt deux cas d tum
e h‘ m; vénfide he wlo,iquement bien qu on n ai pas Pu demontrer la mali, nite eL o
graphic dans hu cas a cependant donné des signes de tumeur mahgne, ke
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RENAL PELVIS APPEARANCES IN NEPHRO AND
NEUROBLASTOMAS
Duagnostic value of true lateral projections
by
Otre Encor and Erik Lespiy

Bopiax & Ockenney {(1965) found that about a quarter of a large senes of
mahignant neoplasms in ifancy and childhood collected from 1925 10 1962
onginated 13 the retropentoneal organs \ost of these were nephroblastomas
(Wilms tumour) and bl a finding ¢ with general expen
enee {S\ipEr Hastings & Portack 1962 Horr Boras & Koor 1963 and
others) Wath the mprosvement in therapeutic resources in recent Years especially
as regards nephroblastomas accurate r logtc preog d has

assumed increasing importance

True lateral films of the upper unnary tract have been included by several
authors among the measures recommended for mproving the results of the
radiologic examunavon of choice n
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Fig 1 Small left side nephrobl with ! and of the upper
calyces

true lateral projection as an atd 1n the differential diagnosis m cases of nephro
and neuroblastomas, the chief purpose being to exanune the changes m the renal
pelvis occurring in these conditions

Matenial and Methods A review was made of all the cases of nephro and
neuroblastomas examined and treated during the period 1952-—1967 Cases were
constdered suitable for the study if acceptable mntravenous urograms were avail
able, including at least one lateral film of the upper unnary tract, histologic
reports were at hand for all those chosen

The cnitenia were fulfilled by 36 cases with a total of 37 tumours all but si<
of which had been mcluded m the larger series that had previously been examned
by Lavwr, Anstrom, Ericsson & Rupse (1966) and Exctor & Gooping (1967),
six were new cases A hustologic diagnosis of nephroblastoma was made in 20 cases
with a total of 21 tumours and of neuroblastoma 1n 16 cases In three of the
former, the mvolsed hidney was not functioning but the cases were included since

this feature 15 of some diagnostic significance
One case of nephroblastoma had bilateral tumours and both are reported
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- t

he renal pel is 1t a literos
disection wth tation of the Lidney The tumour extends mer the
mdhse to cause lateral displacement and rotat on of the contralateral kidney Slhight dilatavon
of the Ieft pelvis the left urcter is cuned Jaterally (=) left side paravertebral growth at
the Th 7 10 10 lerel (+-)

Fg  Large nght side neuroblastoma compressing and d placing U
d 7o

Anather with nephroblastoma had previously been exanuned and given treatment
at another hospital for nephrobl m the lateral hidnev As the hlms
from the earher exammation were not avatlable at the review, only the tumour
exammed by us and diagnosed 18 months later was included m the senes

The cases were analysed to deternune the diagnosuc significance of ante
ropostenior displacement of the renal pelvis and to assess relatronship to other

displacement as well as 1ts deformation with er without functional ymparment
of the Lidney

Results

Dine of the nephroblastomas wn the senes were on the night and twehve on
the ieft side the latter including three cases wath no renal excretion o the affect
ed nde Six neuroblastomas were on the nght and ten on the left side

There wass some deformation i all the cases of nephroblastoma 1n which the
wiobed Judney was funcioming and m all but one case a displacement of the
renal pelvis as well No displacement of the renal peliis was estdent m the case
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Fig 3 Left side nephroblastoma displacing lbe pelvxs 1 a mediocaudo anterior dxremon

Intrarenal growth of the tumour causes local d and with
displacement of a mmor calyx towards the surface of the kldney (=)

of a small nephroblastoma in the cranial pole of the left hdney although separa
tron and elongatton of the upper calyces were noted (Fig 1)

Similar changes in the renal pelvis were observed in fourteen cases of neuro-
blastoma 1n which the neoplasm arose from the suprarenal gland or part of the
sympathetic chain near the kidney On the other hand, one of two neuroblastomas
that ongimnated n the distal part of the sympathetic chain produced only de
formation and displacement of the bladder and the other of the bladder and the
ipsilateral ureter Two nephroblastomas and one neuroblastoma grew over the
mudhine, deforming and displacing the contralateral renal pelvis (Fig 2)

Anterior displacement of the renal pelvis sometimes considerable (Figs 2 and
3), was observed 1n fourteen cases of nephroblastoma and seven cases of neuro
blastoma At least one other component of displacement, cramal, caudal medial
or lateral, was also present Displacement m one or more of these directions
unaccompanied by antersor displacement sometimes occurred The renal pelvis
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Fig 4 Right side nephroblastoma with displacement of the pehis towards
the postertor surface of the kidney to cause focal alemating dilatation ard
compression of the calyces (=2} The ureter 13 er oircled

was compressed 1n a postertor direction 1 two cases of nephroblastoma and one
case of neuroblastoma (Fig 4) (For anatomical reasons no true posterzor dis-
placement 1s possible ) The main direction of displacement m alt cases i1 which
1t occurred 15 indicated 1 Fig 5 A most kg feature was that medial dis-
placemnent of the renal pelvis was present su about a third of the nephroblastoma.
cases but a none of the neurchlastoma cases m whuch lateral displacement of
the renal pelvis was more common (Fig 6) This was often combined with
marked displacement of one renal pole {Fig 7) This type of displacement
resulted in 1otational malposition of the hidney about one or more axes a feature
not obsersed m the nephroblastoma cases

The deformation of the renal pelvis on the alfected side occurred m the
nephroblastomas 1n three man forms with vanous combsnations { 1) separa
won of 2 few calyues {Tag 1) or groups of calyees or, i eatreme cases, all the
elements of the renal pelvis (Fig 4) (2) vamous degrees of dilatauon, either
local or more often 1nvolving the whole renal pelus (Figs 3 and 43, and 3
compression and marked displacement sometimes combined with dilataton of
the whole renal pebus (Fig 8) The two lateer types of deformation occastonally
occurred 1 t although comp and elang; of the calyces

unaccompanied by dilatanion of part of or the whole of the renal peluis was
mest common (Figs 2 and 7)
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Fig 3 Left ide nephroblastoma displacing the pelus m a mediocaudo antersor dxrectwn
and

Intrarenal growth of the tumour causes local with
displacement of a miner calyx towards the surface of the kldney (=)

of a small nephroblastoma 1n the cramal pole of the left hidney although separa
tion and elongation of the upper calyces were noted (Fig 1)

Simular changes 1n the renal pelvis were observed 1n fourteen cases of neuro-
blastoma m which the neoplasm arose from the suprarenal gland or part of the
sympathetic chain near the kidney On the other hand, one of two neuroblastomas
that ongimnated n the distal part of the sympathetic chamn produced only de
formation and displacement of the bladder and the other of the bladder and the
ipsilateral ureter Two nephroblastomas and one neuroblastoma grew over the
midline, deforming and displacing the contralateral renal pelvis (Fig 2)

Antertor displacement of the renal pelvis, sometimes considerable (Figs 2 and
3), was observed n fourteen cases of nephroblastoma and seven cases of neuro
blastoma At least one other component of displacement, cramal caudal, medial
or lateral, was also present Displacement m one or more of these directions

unaccompanied by antenor displacement sometimes occurred The renal pelvis
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£ the idney
Fig & Left sde neuroblastoma producing lateral d splacement of
¢'§emuy°o: The cranal pole The tumour enciscles the peho-urétenc juncuon
probably w th ivasion of the uzeter which 13 curved Jaterally

therapy 15 less effectve 10 neuroblastomas 1t should however be sntroduced after
operation (AnsTrRon 1968)

The true lateral projection as well as the common standard projections were
2 ed to evaluate the displacement of the renal pelvis T ateral films of the upper
unnary tract have been mcluded since the nuddle of the 19505 at first as a
complement m selected urologic cascs but more recently as a routine measure
at every ntravenous urography The projection has proved of value m following

the counse of the ureters, and especially 1n the analysis of conditions within the
pely 1 and urets al A

1 of imohement of the
venal peliss and of the direchon and extent of the growih in the examnauon
of retropentoneal masses has been rendeied easier

Some form of displacement or deformuty or hoth of the renal pebis occusred
m all cases of nephroblastoma with excretion on the affected side The same was
true m all cases of neuroblastoma where the mour arose 10 the suprarenal
gland or the renal part of the sympathetic cham, STErnBac & Broww (1953)
who obviously did not use true Jateral films found distortion of the 1ntrarenal
structures i about three quarters of thewr case> The difference between the
findings m the two series may however be due not only to differences in the
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Tig 5 Mun direction of displacement of the pelvis i 18 ncphro  (filled arrows) and 14
neuroblastom1s {empty arrows)

The hidney with the nephroblasioma was n three cases not functioning, owing
to compression of the pedvo uretenic junction, mvasion of the renal ve, or a
combmation of the two In none of the neuroblastoma cses, however, was the
function affected

Discussion

Since many of the abdominal masses m children particularly in infants, o
rigmate 1 the retroperitoncal organs 1t 1s obvious that urography should always
be carned out The most common expansive process 1s hydronephrosis, but both
nephro and neuroblastomas occur often enough to warrant serious consideration
Retroperitoneal masses of other gunesis are fairly uncommon

Nephroblastomas arise 1n the hidney and are surrounded at first by a pseudo-
capsule consisting of stretched atrophic renal parcnchyma Only ar a fairly late
stage 1s there mvasion of the renal pelvis, renal vems and the retropenitoneal tis
sues Neuroblastomas, agam, appear either m the suprarenal medulla or m the
sympathenc cham, with a considerable tendency to early mfiltration of the sur
rounding organs {Arex 1963, Bopian & OcrenpeN) These differences m
growth should m theory give msc to charactenstic urographic appearances

It 1s chmcally mmportant, where possible, to makhe the differenual  diagnoss
before operation The rish of haematogemc spread by surgery 1s considered to be
pamcularly great 1n ncphroblastoma, and of the diagnosis has been made with

reasonable confidence these cases are given pre operative chemotherapy Chemo-
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Fg 8 Large nght s de nephroblastoma in the lower
3 Cralio-antenor direct on The ureter 1s cunved to
the pehs due to compression by the tumour at the

pole of the kidney displacing the petyis
the left moderate general dilstation of
pelc-uretenc junction.

with medial {mediocransal or mediocaudal) than with lateral {laterocramial or

laterocaudal) displacement 1 nephroblastomas While the Iatter component was
usually small or moderate, the medial displacement was sometim
for instance 1n two cases the renal
were displaced over the nudline
No medial displacement of the renal
blastoma. The laterocaudal an
this condition was usually combined with
tion mentioned by e g SueryaN & Lramine Hors et coll
The deformation of the renal pelsis was diagnostic
aspect. Three main vanants could be d hed 10 nephrobl In the
al pelvs through ntrarenal
compressed calyces ( Figs 3
peliss towards the Lidney

es considerable
pelvis and 1 one case the 1psilateral ureter

first scparation of the vanous clements of the ren,
growth gave nse alternatinely to locally dilated or
and 4) Marked Partial displacement of the renal



216 OLE ERIOF AND ERIK LUNDIN

l‘ngl 7 Large left side neuroblastoma with typical rotation 1nd displacanent of the kidney
a |

anterior C of the renal pelvs but general architecture
retaned bilateral paravertebral growth at the Th 7 to L1 lesel wath eatensnve arcas of floc
culent calaification (=)

cxamination technique but also to the composiion of the series STEmNpacH &
Brown s material may have included several cases of neuroblastoma that arose
in the sympathctic chain {ar enough from the hidneys for them not to be affected
More remarkable 1s the fact that a quarter of the cases of nephroblastoma
which the ludney was functioning exhibited no changes n the renal pelvs In
the present serics, the involvement of the renal pelvis was generally much more
marhed 1n the cases of nephroblastoma, which 1s also m line with general ex
perience

The renal pcdvis was displaced forwards m about three quarters of the nephro
blastomas and one half of the ncuroblastomas ILhis direction of displacement
has therefore on its own no obvious differential diagnostic sigmficance However
when the displacement as was most common, had several components, a closer
analysis revealed charactenstic features for the two forms of ncoplasm

Forward displacement of the renal pelvis was rather more frequently combed
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ton with separation or elongation of a few calyces around a small tumour, and
sometimes by the absence of renal function on the affected sde The possibality
of hydronephrosis and mulucystic hadney must howerver have been ehimnated

A neuroblastoma 15 suggested by lateral (laterocramal or laterocaudal) and
passibly anterior displacement of the renal pelvis Asymmetnc displacement of
the affected kidney may result in 1its rotation about one or more of 1ts axes and
produce moderate deformation of the pelvis this may result from its compression
or sometmes, by 1ts shght difataton

SUMMARY

Changes evident at urography have been aalysed 1 a serses of 21 nephro- and 16 nevra
bla tomas The roentgenologic differennial diagnosis 1s discussed Specsal consideration 1s
guen to the value of the true lateral projection which it 15 suggested 1s of particular
unportance in assesaing the eatent of the epansie process

ZUSAMMENFASSUNG

Die Rontgenbefunde ber Urographie 1n emer Senie von 21 Fallen von Nephro und 16
Fallen von Neuroblastome werden analysiert Die rontgenologische Differenzialdiagnose wird
besprochen Besonders betont wird der Wert etner wirklich lateralen Projeltion wenn es sich
um die Auswertung der Ausdebnung des krankhaften Prozesses handelt

RESUME
Les auteurs ont analyse les modifications évdentes de | urographie dans une senie de 21
b et de (6 b Hs étudient le di Aiff diol

de <es affections Ils exanunent specialement la valeur de la projection en vran profil qu}l a
leur a 15 a une mmpartance particuliere pour determuner | extension de 1a tumeur
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surface with stmultancous compression and dilatation was sometimes present
(Fig 3) In another vamant a farly large mass at one renal pole caused com
pression and marhed antcrocramal (Fig 8) or anterocaudal displacement of the
generally dilated renal pelvis The third type with a fauly small peripheral tumour
produced a defornuty essenually the same as that evident n solitary cysts of the
adult hidney, with clongation and scparation of the calyces of a single calyceal
group (Fig 1) Moderate dilatation due to malignant growth around the pelvo-
ureteric Junction also occurred m some of the neurcblastomas General com
pression, with the normal architecture of the renal pelvis largely retamed, was
however the commonest deformation (Igs 2 and 7)

Eatension of the tumour over the mudline occurred m both types of growth
but 1t was only m the case of nephroblastomas that bilateral tumours were
observed Another feature, which was recognized 1n three cases of nephroblastoma
but 1 none of the neuroblastomas, was the absence of renal excretion on the sde
of the tumour It may be mentioned that Lxror & Goobing m a large senies of
neuroblastoma cases found none 1 which renal function was entirely absent on
the affected side

The differential diagnosis between hydronephrosis and a multicystic kidney 15
of primary mportance 1 the case of a non functiomng hidney In the former,
which 1s common, excretion 1s sometimes delayed although it 1s usually possible
to outhne the renal pelvis by prolonged urography, where this 1s not successful
the problem will probably be solved by reflux 1n muctuntion urethrocystography
1f neither excretion nor reflux 1s obtained, the possibilities of hydronephrosis of
multicystic kidney remamn, the latter lesion 15, however rare (Lacir 1967) A
defimitive diagnosis with the aid of renal angrography 1s almost always possible
(McDo~awp & HiLLer 1968)

Conclusions

The true lateral projection together with conventional urographic views con
stitutes 2 valuable means of asstssng the extent of a retroperitoneal expansive
process Alone, however, 1t fails to contribute cssentially to the differentiation
between nephro and neuroblastomas A careful analysis of the observations 1
the present series enabled certam criterna for the two types of neoplasm to be
established

The presence of ncphroblastoma (Wilms tumour) 15 suggested by medial
(medmcramal or mediocaudal) antenor displaccment of the renal pelvis, by
separation of 1ts various elements, with or without displacement towards the
surface of the hidney, as well as rarsing or depression of the pelvis with 1ts con

comttant anterior displacement, compresston and dilatation by local deforma
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PLATELET ADHESION AND THROMBUS FORMATION
ON VASCULAR CATHETERS IN DOGS

by

Bo Jacossson Sven Erin Beroextz and Urr Ljtneouist

Vascular cathetensation 1s now widely used 1n di
graphy blood analysis bleod pressure recording)
cardiac pace makers intravenous and intraasteral

The most common scrious complication of vascul.
embolsm Though the causal mechansm 1s not
cudence that the rsk vares with the area of the outer surface of the wmtra
vascular part of the catheter This suggests thrombus formation 1o be stumulated
by some reaction of the blood to the surface of the catheter (Jacossson &
Scrrossuas 1969a)

Tt has been demonstrated 1n vitro that platelets adhere 1o the surface of a
catheter and aggregate (Jacossson 1969%a) The mpa) phase of thrombus
formation 1s chasactensed by a stmilar reaction of platelets to the vessel wall

Hioues 1962 Zucaer & Borretir 1962 Hovig 1963, Quren 1964, Mustarp

9
€ ol 1967) It was therefore thought worthwhile 10 nvestigate 1f platelets

8 against Heart and Chest

agnostic techmques (angio-
and n therapeunes (arnficial
dnp)

ar cathetertsation 15 thrombo-
properly understood there 15
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Table
Quotients betu ten yadiwactinly per grom of deposits and radioctiaaty per gram of the
whale blood

d from

Depossts on auter wall of catheter  Deposits aspirates

et w . catheter 1 brachs 1
artery

Femoralartery ~ Femoralven

1 50 2
90
7
2 7 7
5 20
40
3 10 20
20
3 10>
60
> 65 53 ki
o ) 62 )
to
7 23

0

withdrawn 20 em The actwaty of the still indwelling half and that of the half
withdrawn through the maision m the vesse} were then measured separatchy

Fxperunental series 11 (five dogs) A catheter with an open end hole was
passed 5 10 10 em snto the brachual antery The catheter was nnsed intermittently
with physiologic saline despste this 1t was sometimes plugged by materrat which
was aspirated The radioactivity per gram of the plugs was caleulated and com

pared with that of the whole blood Irom the same ammal The catheters were
not examined for mural deposits

Results

The clots always weighed more than half as much as the whole blood samples
{rom which they had formed

Experimentat series 1 Firm red grey deposits {see accompanying figure) read
tly distmguished from blood clots were found on alt the catheters, The deposits
weighed all together 001 to 86 g per catheter The sadiacttty per gram of
the deposits was 10 to 102 tunes hugher than that of the whole blood (sce Table)
It was not possible to demonstrate any vanation with the type of vessel catheter-
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adhere to catheters passed mto arteries and vews 1 vivo and if s, 1f this nught
be responsible for thromboembolism occurning after cathetensation

Matenal and Methods Seven mongrel dogs were used Three of the dogs had
some hours previously m an unrelated experiment been subjected o trauma on
the thighs by means of a padded hammer

The following catheters were employed

Inner Outer
chameter diameter
Polythene (Clay-Adams PE 160) 11mm 16 mm
Radiopaque polythene (hafa, Odman-Ledin) red 12 22
» » » » green 12 24
Teflon (Habia) 11 16

The platelets were labelled 1 vitro with *1Cr (250 #Ct) by Foss ABRANAN-
sENs (1968) modification of the method of Aas & Garbner (1958} The
actvity was measured with a 37 Nal well crystal (Autowell IT Picher)

Experimental procedure The ammals were anaesthetised with pentothal 2 to
3 days (six ammals) or 6 days (one ammal) after the platelets had been labelled
The vessels to be used, the femoral or brachial artery or vemn, were exposed, and
one to three catheters (see Table) mtroduced for 10 to 40 em The deposits
formed on the outer wall (experimental series I) and inner wall (expermental
series 11) of the catheters were studied The relation between the weight of the
whole blood, and the clot formed from 1t, duning a penied of 2 to 12 hours, was
determmed 1n ten samples

Expertmental series I (six dogs) When catheters with sealed end holes had
been m position for 30 to 70 minutes the dogs were given a lethal dose of the
anaesthetic The arteries and vens with the mdwelling catheters were exised en
bloc after the ammal had died (Nos 1 to 5) The vessels were then sl up, the
catheters carefully hited out, and mural deposits, 1f any, were weighed The
vessels of the sixth dog were opened before the ammal had died The deposits
were not studied for any covaration 1 weight with the type of catheter or with
the time the catheter had been m the vessel Measurements were made of the
tatal activity of the catheters, and the radioactivity per gram of the mural deposits
and of the whole blood was calculated

The fate of the mural deposits on withdrawal of the catheter was studied m
two of the dogs A radiopaque polythene catheter (Jsifa red on one occasion and
oreen on another) was passed 40 cm imto the femoral artery on each side Just

;eforc the ammal was given the lethal dose of anaesthetic the catheters were
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mediately proximal to the puncture hole was a collar of deposits on the outer
sall of the catheter (sce Figurc) These deposits had evidently been wiped off
from the withdrawn part of the catheter The radactnity 1e the number of
platelets on the part of the catheter that was left 1n the vessel, was 400 1o 1 900
times that of the half that had been withdrawn

Experimental senes 11 The radioactivity per gram of the thrombus matenal
aspirated from the indwelling catheters was 2 to 75 umes higher than that of
the whole blood, but was somewhat Jower than that of the deposits on the wall
of the catheter 1n expenmental senes I

Discussian

The concentrations of platelets in the deposits on the outer as well as the 1nner
surface of the catheters were higher than that 1a the blood The differences were
far too large to be ascnibed to clot retraction The deposits thus contam large
amounts of platelets and mus have been thromb: mated by platelet adhesion
to the catheter wall

1t has been shown 1n vitro that the contact of platelets with the naturally oc
cuiring substance collagen (Zucker & Borrerir 1962) or with the surface of a
catheter {Jacossson 1969a) may mnduce platelet adhesion and aggregation
Collagen and plastic surfaces provohe a stmtar reaction in vivo The exposure of
collagen 1 an injured vessel as well as the passage of a catheter mto a blood
vessel may simulate thrombus formation

The experimental conditions (anaesthesta operauve procedure to expose the
vessels and choice of expenmental ammal) cannot have played a deasie role n
the formation of the thrombi on the catheters since thrombr have been dem
onstrated on the walls of catheters placed 1 human blood sessels. In a prelim
inary mvestigation of seven randomly selected subjects in whom a catheter had
been left 10 a sessel for 1 to 3 weehs thrombi were regulasly revealed on the
outer wall of the catheter at angiography (Jacosssox 3. ScuLossMan 1969b)

It 15 well known that thrombi after percutaneous cathetersaton for angio-
graphy are localised at the puncture site and embokh distal to 1t Ths 15 readily
explamned by the finding that thromb: formed on the wall of the catheter are
wiped off on withdrawal of the catheter through the vessel wall

The reaction of the blood to contact with synthetic matenals has recesved
extenane attention especially in the field of cardiosascular surgery where a
number of synthetic compounds have been tried for therr suitabihity as aruficial
‘alves and vessels The use of such matenals 35 howeser c(ten’follo d‘“‘;‘
thromboembolism (GorT 1966) It appears reasonable to assume that ‘;:mbo’,
embolism following insertion of a cardiovaseular mmplant may be due to the
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meduately proximal to the puncture hole was a collar of deposits on the outer
wall of the catheter (ste Figure) These deposits had cvidently been wiped off
from the withdrawn part of the catheter The radwactvnty re the number of
platelets on the part of the catheter that was left in the vessel was 400 to 1900
times that of the half that had been wathdrawn

Expermental senes 11 The radioactty per gram of the thrombus matenal
apurated from the mdwelling catheters was 2 to 7> times higher than that of
the whole blood but was somewhat lower than that of the deposits on the wall
of the catheter m expenmental senes 1

Discussion

The concentrations of platelets 1n the deposits on the outer as well as the mner
surface of the catheters were higher than that i the blood The differences were
far 100 large 1o be ascrbed to clot retraction The deposits thus contamn Jarge
amounts of platelets and must have been thromb: imtiated by platelet adhesion
1o the catheter wall

1t has been shown sn viro that the contact of platelets with the naturally oc
curnng substance collagen (Zucker & Borreris 1962) or with the surface of a
catheter (Jacossson 1969a) may induce platelet adheston and aggregation
Collagen and plastic surfaces provoke a symilar reaction 1n vivo The exposure of
collagen 1n an injured vessel as well as the passage of a catheter mto a blood
vessel may sumulate thrombus formation

The experimental conditions (anacsthesia operative procedure to expose the
vessels and choice of expenimental ammal) cannot have played a decisive role in
the formanon of the thromb: on the catheters since thrombr have been dem
on.trated on the walls of catheters placed in human blood vessels In a prehm
thary mhestigation of seven randomly selected subjects in whom a catheter had
been left 1n a vessel for 1 to 3 weeks thromby ssere regularly revealed on the
outer wall of the catheter at angiography (JAcorssoN & ScirossMaN 1969b}

1t 15 well known that thromb: after percutancous cathetensation for angio-
&raphy are localised at the puncture site and embol distal to 1t This 15 readily
explaned by the finding that thromb1 formed on the wall of the catheter are
“lp;: off on withdrawal of the catheter through the vessel wall
mm;":“:(‘[‘:;]::‘ lh: blot}tli to contact with synthetic matenials has recened
mumber of 8 nthen especially in the field of cardiovascular surgery where a
valhes and \mdslc _lf:mpoundfs have been tried for ther sunabiliy as artificsal
thromboembolun, (GO; u;; 505 )sx;ch materials 15 however often followed by
conbolag Tollowng weertion of t appears reasonable to assume that thrombo-

a cardinascular implant may be due to the
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adhesion of platelets to the implant and the consequent formatton of thrombr
The testing of the switability of these matenals has usually been confined to
determmation of the clotting time of blood or plasma n tubes and clot formation
on intracardial implants (Gotr 1966)

The present mvestigation revealed that measurement of the coagulation time
1s not sufficient to estimate the suitability of a synthetic matenal for vascular
mmplants and catheters It was found that platelets adhere to such materals and
mtiate thrombus formation, 1its prevention requires the use of some maternal to
which platelets do not adhere or of some agent capable of reducmg platelet
adhesiveness The latter alturnative has been tried with good results {Jacossso¥

1969h)

SUMMARY

The causal mechanism of thromboembolism followmg vascular cathetersation was 1
vestigated in dogs It was found that platelets adhere to the catheters and that thrombi are
formed On withdrawal of the catheter through the vessel wall the thrombotic deposits aie
wiped off and remaun n the blood stream

ZUSAMMENFASSUNG

Versuche an Hunden wurden vorgenommen um den Vorgang ber der Entstehung von
Thrombose und Embolie ber Gefasskathetensicrung zu studieren Es wurde festgestellt dass
Thromben durch Adhasion von Blutplattchen am Katheter verursacht werden honnen Wenn
der katheter vom Blutgefass herausgezogen wird werden die Thromben abgestreift und
verbleiben 1m Blutstrom

RLSUMEL

Les autcurs ont etudie sur des chiens le mecamsme des thiomboembolics apres cathéterisme
vascularre Il semble que les plaquettes adherent au catheter m viio et prodwisent des
thrombus Quand on retire le cathéter a travers la paror vasculaire les depots thrombotiques
se detachent et partent dans le courant sanguin
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SIALOGRAPHY

New application of the subtracuion techmque
Ly
B Litteguist and U WELANDER

Silography 1s a wdl cstablished procedure for exammation of the salvary
glands nd was miroduced m the nuddle 1920s mdependently by Barsom
(1925), Ustencuy, and Caristen (1926) All used oily contrast media As early
s 1913, however, Arcrun had myccted bismuth emulsion into Whrton s duct
prior to radiography for 1 calculus

Previous reports concerning the techmique of sialography mamnly dealt with the
choice between different hinds of contrast media 1nd the techmque of filing the
ductal systems Only a few considerations of the proper projections appear tn
the Iiterature (Rose 1950, Hetreer & Lautic 1961, Garust 1964, OLLERENSHAW
& Rose 1950, 1956)

The contrast medium uscd 1 sialography nowadays 1s almost always water
soluble, the oily suspensions previously used having been abandoned Tins has
ld to a modification of the techmque 1 so far as the mjection can be performed
{hrough thin tubing wtroduced 1nto the mam duct of the gland to be exanuncd
(Gurimo & Boon HeperstroM 1958 Liverup 1959 Drevatrst & STIRIS
1964, Garust 1964, Hertier & Lavutn 1961, Rubix et coll 1935)

_
Submtted for publication 20 June 1968
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lography sub-

Fig 1 Paroud salography subtraction view The Fig 2 Submandibular sialograpl

srlnga.ll arcexwr‘y glandf alx:nyg Stenson s duct are well traction fechmque lateral view  Small

authned accessory glands distally along Wharton s
duct

A problem 1 stalography bestdes the chotce of a suitable contrast medium,
has been to ebtain correct projections of the different salnary glands and thar
ductal systems As these formauons are 1n close contact with adjacent bone struc
tures the use of the subtraction techmque 15 obviously of value and the procedure
of sialography should therefore be adapted accordingly Hirrscuer & FRENKEL
{1967) mentioned the usc of the subtraction technique n sialography and noted
that details might be better idenufied They failed however to change ther
method of sialography

The demonstration of the ductal system and 1ts rammlications as well as the size
and shape of the gland and the 1dentification of accessory glands are of equal
mmportance (Ocrerensitan & Rose 1951) The true size of a salvary gland, at
least the parotd 15 difficult to assess from roentgen films produced by con
venuonal methods unless the gland 1s oserfilled with contrast medium  this 15
ot destrable and should be avoided OsMEr & Preasant (1966) however have
descnbed a techmque of distenuon sialography n which they recommend a
large amount of contrast medium mn order to outhne the whole gland A great
number of the endings of the smallest ductal ramufications may be traced i well
exposed lateral views although many of them may be obscured by overlapping
bone structures ‘The medial past of the paroud gland 1s seldom well defined 3n
ap vitws Accessory glands along Stenson s and Wharton s ducts are often very
small They will be incorrectly projected with any technique and therefore dif

ficult to rdenufy unless special procedures such as the subtraction techmque be
appled (Fig 1)

The topographic ret hips of the sub bul

gland are more fasour
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whole gland

able than those of the paroud gland Thus, the whole gland can be projected
free from adjacent bone structures 1f a proper projection 1s chosen, the subtrac
tion techmique then gives no more mformation than a well exposed com entional
roentgen film The subtraction techmique 1s however useful for a study of the
maun duct which 1s partly overlapped by the mandible, 1s are the accessory glands
antenorly (Dig 2)

The sublingual glands are seldom the object of a sialographic cxanunation
They are difficult to examme because they have short, discrete ducts, which are
not easily cannulated The exammation may however sometunes be achieved
with success, espeerally when the sublingual glnds empty mto Wharton s duct,
the subtraction technique then produces exeellent views of the ductal system as
well as of the gland (g 3)

Techmical considerations Cannulation of the main duct of any salnary gland
1s best performed with polythene tubing drawn out mto a fine up The calibre
of the tubing should be chosen to swit the size of the mam duct All ducts can
casily be cannulated, tspecially if their openings are widened with a probe, and
there 1s no need for a wire as gude (accordmng to Liverud) nor for a metal
cannula at the end of the catheter (Guiimo & Boon HEDERSTROM) The up
of the tubmg should not be cut sharp but drawn out after heatmg, this will
prevent any nish of damage to the mucosa The procedure 1s pamless, any pamn
during cannulation bang a sign of damage to the duct and necessitating post
ponement of the exammaton for onc or two days

As the opening of the duct 15 usually narrower than the mam duct uself 1t
will be occluded by the catheter so that a closed system will be formed Leakage
of contrast medium through the openmng into the mouth will only oceur 1f the
tubmg 1s withdrawn from the duct in crror or the tubing 1s of too small a calibre
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i

by subtracton techmique Fig 5 Left paroud glard subtracuon
T s Solospty b Cehmae 375 siew The boundaris
of the gland can be studied medially as

weil as faterally

The catheter may safely be left 1 poson dunng the whele examination It s
withdrawn for emptying studtes of the gland as soon as the filing phase has
been completed

‘We use Uragrafin 60 So as contrast medium 05 ta 2 ml are usually enough
for a proper evaluation of the ducts as well as of the sze and shape of the gland
The amount 15 vaned dependent on which gland 1s 10 be examined bemng Jess
m the submandibular than i the parond gland A wide Whartons duct may,
however hold 3 large volume of contrast medium

The projections recommended have vaned mn previous reports An oblique
Iateral view has usually been favoured for the exammaton of both the parotid
and the submandibular glands Oblique views have been chosen i accordance
wi b the opmton that m this way the glands are most suuably projected free
{from overlapping bone stroctures this 53 however not necessanly the case The
paroud gland which lies 1n the retromandsbular fossa, consists of a larger super
ficial lobe and a smaller deep lobe connected by an isthmus. The two lobes and
the sthmus invest the mandible i such a way that they cannot be projected
{ree from 1t 1n lateral or ap views

The ubmandibular gland 1s smaller than the paroud gland and 15 partly
fo iged between the mandible and the floor of the mouth 1t projects downwards

uito the neck The gland can be projected {ree from the mandible m a true
lateral view
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Fig 6 Submandibular sialography lateral
view The gland 1s projected free from
the jaw

The oblique lateral view 1s 1n other respects unfayourable as 1t 1s incontement
for the patient The cannulation of the duct must be performed with the patient
n a different position, the tubing may therefore become dislodged from the duct
opening during the positioning of the patient for the roentgen exammnation

Subtraction techmque The use of the subtraction techmque imples exposures
of at least two flms with the patient mn exactly the same posiion This 1 most
easily and convemently achieved with the equipment used for carotid ango-
graphy Serial exposures can be made for both lateral and ap sviews with the
patient 1n a relaxed posttion Cannulation of the ducts 1s also made more easy and
there 15 no need to move the patient after the tubmg has been placed 1 the
duct of the gland

A suitable equipment 1s Mimer provided with AOT film changers for lateral
and ap views With this umt, the head of the patient can be fixed m a correct
position The first exposure 15 made with the catheter 1 situ and before any
contrast medium has been mjected The second exposure 1s made after mjection
of 05 ml contrast medium, and the third and final exposure follows after a
further mnjection of 15 to 2 ml of the medum The same procedure 1s repeated
for the ap views with the second AOT changer The cassette changers mahe 1t
possible to choose biforehand a suitable program with any desired mterval

The subtraction views may be produced photographically or electromcally
The technique of obtaiming subtraction views 1s well known and will not be
described 1 this communication (Ziepses pes Prantes 1961) The photo
graphic method 1s sufficient for practical purposes

The true lateral view has been recommended by Garust who performed the
whole exammation with the patient seated A supme position 1s advantageous for
the subtraction method, however, as blurring due to movement of the head may
then easily be avorded (Fig 1) True Jateral views of the parotid gland are also
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favoured by OLLERERsHAW & Rose who however preferred an oblique view of
the submandibular gland A true lateral siew can always be reproduced it also
corre. ponds to the copsentional views of the sheletal structures of the face, the
relationship between she glands and their ducts and the adjacent structures are
better demonstrated Special views can be added when pecessary With the
\fimer or with sumlar equipment, specific projections may be chosen with the
a1d of an image mtensiher

Dascussion

The we of the subtraction technique sn sialography has proved successful
Distal mingte ramdications 1 the ductal system, as well as small accessory
glands can be studsed m detail even when overlapped by <heferal structures

The appearance of the parotd gland with the subtraction techmque 1s
demonstrated 1n Fig 2 The boundanes of the gland may be identified although
they are partly overlapped by adjacent bone structures. Small accessory glands
along the mam duct are easily recogmzed Both the inner and the outer lobes
of the gland as well as the 1sthmus may be defined 1n the 2.p view (Fig 2)
‘The submandibular gland can be examned without application of the subtrac-
ston techmque (Fig 6) for with the chin of the patient raised the gland will be
thrown clear of the mandible The subtraction techmque 1s however of value
for a study of the accessory glands as well as of Wharton s duct (Fig 2) This
1s partienlasly true when the examination s directed 1o the subhingual glands
(Fig 3)

1t 15 obvious from these ples that the sub: huque applied to
stalography will contnibute to a proper esumation of the size and shape of the
salvary glands and thewr ducts Consentional films are also obtamed with this
technique  these are of the same igh quality as those 1n comventonal carotid
anglography The suggested method of performing sialography may therefore be

used with advantage even if facilities for employmng the subtraction technique
are lacking

SUNMARY

A techmque for sialography holdins seseral advantages over comentional methods 15
descnbed {r allows applicanon of the subtraction method and optmal projections are
eaaly achieved Po 1tioning of the panent 1 plified and c. 15 also facil) d

ZUSAMMENFASSUNG
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RFSUME

Les auteurs decrnvent une techmque de sialographie qui a plusieurs avantages sur les
methodes habituelles Tlle permet d utiliser la techmque de soustraction et de realiser facile
ment les meilleures incidences La muse en place du malade est sunplifice et le cathétessme
devient moms difficale

REFERENCFS

ARCELIN Quoted by RusiN et coll (1955)

Barsony [ Idiwopathische Stenongangdilatation Khn Wschr 4 (1925) 2500

Caristen D B Ly yehtion 1 den Ausful ang der Speicheldrusen Acta
radiol 6 (1926) 221

Drevatrae 1 and Stiris G Sialography by means of a polyethylene catheter and water
soluble contrast medium (Isopaque 75 °5) Brt J Radiol 37 (1964) 1

Garust G F  The salnary glands 1 radiological d Bib! Radiok Fasc 4
S Karger Basel 1964

Gurtyo A and Boon HeperstRoM G A method of sialography Acta radiol 49 (1928) 17

Hetrier \ und Lavt G Die gezelte Swalographie Fortschr Ronlgens(r 95 (1961) 493

Hietscurr W und FRENKEL G D he hon der sp ten Rontgen
untersuchungsverfahren Disch zahnartz] Z 22 (1967) 171

Livirup K Salographic techmique with a polyethylene catheter Brit J Radiol 32 (1959)
627

Orurrensitaw R G W and Rose S S Radiological diagnosis of salivary gland disease
Brit § Radiel 24 (1951) 538

— — Sialography A valuable diagnostic method Dent Radiol Photogr 29 (1956) 37

Osuer J G and PLeasant ] E  Distention sialography Radiology 87 (1966) 116

Rose § S Sialography in diagnosis Postgrad med J 26 (1950) 521

Rusiy P Brarr I M HowrJ F and Maxwerr J H  Physiologrcal or secretory siala-
graphy Ann Otol 64 (1955) 667

Usteneu1 ] P Quoted by Garust (1964)

Z1epses pes PLantes B G Subtraktion Thieme Verlag Stuttgart 1961

1n]




1RO\ ROENTGENDIAGNOSTIC DEPARTMENT I (DIRECTOR FROF O BARTLEY), SAHL
GRENSRA “«]URHLSET, GOTHE\BURG, SWEDEN

MANDIBULAR EROSION IN TUMOURS OF THE
MAJOR SALIVARY GLANDS
i

by

W Paur Burr Lars HoLLENDER and INGEMAR STENER

Eapansive processes may cause eroson of adjacent bone (eg  Lehrbuch der
Rontgendiagnosuh  1965) but scant attention has been gven 1o this fact in
neoplasms of the salivary glands Brapy & Hooxer (1938) i reporting 76 cases
of salnary gland tumours stated that  “Pressure erosion or atraphy of the
mandible ether along the postenor or lateral aspects  occur n a number of
cases 1n which farye tumours have been present for long pentods  Garesr (1964)

Jescribed a hib pithelioma that had eroded the posterior border of the

¥
mandibular yamus

Burr Horresper & Stener (1968) m a retrospective study of a large
number of sialograms ohserved a number of mandibular erosions Since no fre
quency figures regarding this condition were found 1 the lterature the amm of
he present study was to determune the relative oceurrence of mandibutar erosions

n tumours of the major salivary glands and whether the signs could be of value
n the differential diagnosis

Material and Yethod The total matenal compnised 706 cases consisting of
279 ustologacally venfied cases of tumour 383 cases of normal or inflammatory

Submatted for publication 1 July 1968
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Table
Data on the 18 cases of v I 1y di d dibular crosions wn tumours of the mayor
saluary glands
Sen Age Clind Duration of  Histologic dingnosis
{years) symptoms
{years)

Fomile 38 Ielt parotid >1 Adenocnrcinoma

gland
Male 41 14 Benign pleomorphic adenoma
Mhale 46 >2 Adcnocaranoma
Temale +7 o—06 Semimalignant pleomorphic adenoma
female ol >35 Mnlignant pleomorphic adenoma
Temale G2 7 Benign pleomorphic adenoma
Temale 64 6—7 Senumalignant pleomorpluc adenoma
Temale 72 Recurrent  Benugn pleomorphic 1denoma

tumour

Femle 22 Raght prrotid 1 Bemgn pleomorphic adenom

gland
Male 28 >2 Senumalignant pleomorphic adenoma
Temale 41 2 Bengn pleomorphic adenoma
Male 45 2 Senumahgnant pleomorphic adenoma
Male 47 ~2 Berugn pleomorphic adenoma
Female 52 -1 Berugn pleomorphie adenoma
Temale 60 ~1 ] pleomorphic ad:
Temale 82 -1 Mucoepidermoid carcinoma
Male 54 Left submands 4 Adenocareinon

bular gland
Aale 6l ~5 Senumalignant pleomorpluc adenoma

conditions, md 42 cases of probable tumour wlich were not mcluded m the
present myvestigation because the diagnosis had not been confirmed  Histologie
serification was obtuned 1n 43 of the mflammatory cases which ongmally had
been considered as cascs of tumour and subjected to surgury  Other cases of
swellings were considered mflammatory m ongin when prompt redicf of symptoms
was obtained by medical treatment

At least two of the authors re exanuned all the stalogruns mdependenthy for
erostons The 385 cases which were diagnosed as normal or inflammatory were
used as controls An important part of the re examnation consisted of 1 com
parison between both the mandibular raim in cases of umlateral tumours There
were three cases of bilateral new growths m the total materiat
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Fa 1 \andibular eros on 1n a case of bemgn pleomorptuc adenoma a) Tmpressson in paste
riot part of mandibular ramus b) § alogram. The defect corresponds to the expanding tumour

Results

Mandibular erosion occurred tn eighteen of the 279 cases of tumour of the
salivary glands ndicating a frequency of about 6 ¢ these cases are listed 1n the
table on page 236 There was complete agreement between obrervess m these
cases In none of the 385 cases serving as controls could the examuners find any
changes 1n structure and contour of the mandible resembling those present in the
wumour cases The sex distnbution in the tumour cases with mandibular erosion
was smular to the one in the man group of 279 tumours Sixteen of the tumours
occurred n the parotid glands and two m the submandibular glands The dura
tion of symptoms as denved from the case histones ranged from 1 to 14 years
the mean duration being about 4 years Most of the tumours were large those
n the paroud glands were usually located posteniorly

The histologic diagnosis was benign pleomorphic adenoma i 7 cases semu
1 pleomorphic ad n 6 and mal tumours 1n 5 cases Thus
mphees a relatively lugher mcid of 0, pleomorphic ad and

malignant tumours than tn the total matetial of 279 neoplasms The erosions
except 1 two cases had well defined smooth borders

A well defined depression 1n the postenor part of the mandible was seen m
several of the bemign tumours of the parotid gland (Fig 1) The sharply demar
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Fig 2 Defect m lower part of the mand: Fig 3 Adenocarcmoma Well defined defect
b}; caused by a semumalignant pleomorphic in the lower postenor part of ramus.
adenoma

cated defect m the lower part of the mandible, demonstrated m Fig 2, was caused

by a semimalignant pleomorphic adenoma Malignant tumours produced the
defects that are seen 1 Figs 3, 4 and 5

Discussion

The present material may be considered representative of cases that are sub
jected to sialography because of the possible presence of tumour The Jocation,
size, duration, and type of tumour may be of 1mportance m the occurrence of
mandibular erosions Most of the parotid tumours were located posteriorly, 1m
plymng a close relationship to the posterior part of the mandibular ramus

All tumours were large excepting 1n the case presented m Fig 3 Roentgen
ologically demonstrable bone erosion indicates a tumour of long standing, a fact
.upported by the duration of signs n the present cases The duration 1s based on
the case history and thus subject to great sources of error the figures gnen
should be regarded as mimmum values

The relatively higher madence of semimalignant pleomorphic adenomas and
malignant turmours seems to indicate that these are more hable to cause erosion
this 1s 1n accordance with their way of growth In two of the cases of malignancy,
irregular borders of the bone erosion ndicated mfiltratve growth No definite
correlation between type of erosion and type of tumour could howeser be estab
hshed The presence of destruction does therefore not allow of a differential
diagnos:s, € g between bemgn and malignant growths although poorly demarcat
ed eroston must be highly suggestive of the latter Mandibular destruction on
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Fig 4 Malgnant pleomorphic adenoma Fig 5 “Mucoey

rge punched out defect in ramus and posterior part of mandibular ramas
widenmg of the mand bular notch

pidermord  carcinoma eroding

the other hand sndicates a sal ary gland tumour even if 1t cannot be demonstrat-
ed by the sialogram The pnmary racntgenologic diagnosis 1n one of the cases for
example was that of a normal salivary gland (Fig 3)
Dewiation from the normal mandibular contour may,
by other conditions than salvary gland neoplasms Ana
change 1n shape of the mandible and defect
also be considered (Fig 3)
Tumours ansing pnmanly wi

however be produced
malies may result 1 a
ts following surgery and trauma must
The case history will generally suggest the cause
thin the mandible as well as metastases may also

oLtz & Prrssov 1963) No,
bone cavity

It 1s evident that pathologic cony
not be totally excluded from caus;
tection of an crosion 1s thay
abilit of a salsary gland 1y

ne of the present erosions resembled an 1diopathic

ditions other than salnvary gland wmours can
ing mandibular erosions The value of the de-
uTespective of the sialographic findings the prob-
mour must be considered
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SUMMARY

Mandibulw erosion was evident m 18 cases (6 per cent) of 2/9 hustologically venfied
alnary ghnd tumours Both nilignant and bemgn growths caused eroson Erosion was
not present an 1 control material of 385 cases of normal or mflamd salnary glands m
plymg that this sigh 1s 1 strony indication of salinary ghind tumour

LZUSAMMENEKASSUNG

In 18 Eallen (6 Prozent) aus einem Gesamtmatenal von 2/9 Fallen hustologzisch bestatieter
Tumorcn der Speicheldrusen wurde Lrovion des hacfers festgestellt 1 rosion war bet bosar
ticen sowie bet gutartigen Tumoren vorhanden Ber emem Rontrollmatersal von 383 Tallen
von normalen oder entzundlich erhrankten Speicheldrusen honnte heme rosion des hacfers
beobrchtet werden wis darl deutet, dws Lrosion tne wertvolle Indikation von Tumor
der Specheldrusen st

RFESUML

Sur 279 tumeurs des glandes salivares Erifices histologrquement 1l y st une érosion
cudente de la mandibule dans 18 cas (6 pour cent) Ces crosions peusent ctre causées ausst
Dbien par des tumeurs bungnes que par des tumeurs malignes Sur une serie témom de 380
c1s de glandes salinaires normales ou mfectecs 1l ny avait pas derosion ce qut mplique
qQue ce signe doit faire soupgonner une tumeur de 1 glande «alnare
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Osseous lesions are the hallmarh of histiocytosts X since the sheleton represents
the most common mvohved organ system and furthermore usually presents a
charactenssic radiographic appearance  This enables climaans to 1de
discase entity that 15 often mustahen for an nfectious or bol;
those cases of hustiocytosis X without bone lesions the diagnos s 1s of;
and only becomes established when the typrcal bone leston occurs

A review of the accumulated clinical
Hospitals since 1950 com:
busty

ntify a
disorder In
ten i doubt

experience at the University of Minnc.ota
prises some 43 pattents with generalized or lo alized
1otyten  Lesions were found in the vertebral column 1 ten patients Char
acteristic radiographic findings mclude a vanable degree of compression of the
vertebral body either symmetncal or asymmetnical presenation of the nter
‘enebral dise and absence of associated soft tissue mass The most severe degrec
of compression 1s termed vertebra plana

Senal radiographic studics over penods varying from 6 months to 11 years
Teveal some restoration of vertebral height m nearly all cases Complete recon
This p per « as pre ented at the VIIT Svanp Neuroradiolo,
by LSIHS Crant CA 00832 and a Scholarship (S K )
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Fig 1 Asymmetric compression of the Iig 2 Vertcbra plana of 111 m 1 6 year old gul
body of T6 in a 5ycarold boy Left ‘The verichra s compressed nto a sclerotic wafer
Ap view Almost complete collapse of which projects antenor to the margins of adjacent
the left half of the body of 16 the Jeft unmnolved sertebral bodies presenvation of the
pedicle 15 destroyed  adjacent disc spaces pedicles and lamunae, less compression of the pos
widened ight Follow up film 3 years teror aspect of the vertebral body due to presena
later Partial restitution of height of left tion of the pedicles

side persistent disc spice widening, but

0 a lesser degree than 3 years carlier

mild scoliosis

stitution, howcver, was not seen m this group nor has 1t been docunented con
clusively by others (Frirr 1958)

Radiographic findings

A detailed presentation of the clincal aspects of these cases 1s reported else
where (Nessit et coll ) Radiographic studics of all these paticats were reviewed
by two of the authors (M N and S K ) for evidence of vertebral myolvement
A total of ten patients (s males, four femalcs), all under the age of 15 years,
exhubited vertebral volvement at some time during the course of their disease
Four of the ten had lcsions only m the sheletal system In onc of these patients,
collapse of the sixth thoracic vertcbra represented the patient s only lesion, open
biorsy of the vertebral body confirmed the diagnoss of cosmophilic granuloma

In the other six patients hay mg both sheletal and visceral imvolvement a total
of 31 vertcbral lesions was found 1n one patient, followed over a penod of seven
years, eleven different vertebrae showed radiographic evidence of histiocytosis

Of the total of 35 vertebral lesions three were found in the cervical <pine,
twenty 10 the thoracic spine and twelve m the lumbar spme Talng nto ac
count the total number of vertebral bodics at rish 1n these ten patents, the m
cadence was greatest n the lumbar (12 50) then the thoracie (20 120), and
lastly the cervical (3 70) .

Most typically, vertebral mvolvunent appeared radiographically as a mna} e
degree of compression of a vertebral body Irregulanty may be noted th1r\z
superior or nferior plate of the body Immediately beneath this 1rrcgulamly thel
1s often a sclerotic hne lihely due to compression of bony trabeculac This ap
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c

Fig 3 (same patient as 1 fig 7) Irregular lysis of the supersor plate of T1 with slight com
pression of this yertebra (a) m a 9 year-old girl b) and €) Ap and lateral views 3 years later
showmng very Littde if any loss i height of the body of T1 haweser there 1s now a fusion of
the bodies of G7 and T1 with complete loss of the intervemng disc space

pearance was noted 1n twenty eight of the thirty five vertebral lesions Lysis of
trabeculae without compression was not seen in any pauent even though two
children had complamts of pamn with negative spine films 2 to 3 months prior to

diographic d of 2 compressed vertebra, The degree of compress on may
be asymmetnical although more often 1t 1s symmetrical Involvement of the ped
icles 1s rare mn this discase, only one case having been reported 1n the hterature
(Favcitr 1940) However one patient in our senes did show destruction of a
pedicte {Fig 1)

Six of the lesions 1n our senes were so severely compressed as to be termed a
vertebra plana. We have defined thus as a complete collapse of the sertebral body
with a vertical height of 2 mm or less (Fig 2) In the lateral projection the
resutting wafer ike vertebra appears sclerotic and clongated so that it projects

B s LX)
b
Fg 3 Lytic lesion of the posterior spinous process of C

a) The cortical marg n 15 broken adjacent o the t

2 0 a 5 year-old boy
up study 3 years alter detection of the lesion. No re:

p of the artow b} Fe
sidual d formy ) Follow
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1ig 5 a Histioeytosis mvolving vertebr] bodies senil studies Imohed vertebral bodies are
measured and recorded 1 black dots adjacent unmohed vertebrie we used as coutrols and
recorded 1s open aircles

antenor to the margms of the adjacent ummohed vertehbrae The degre of
anterior protrusion w s usually shght (less than 3 mm) In onc cnse, the com
pressed vertebry also projected posteriorly a distance of 2 mm mto the spmal
canal In all eases, there was less compression of the postcrior aspect of the
vertebral body likdly duc to preservation of the pedicles

In almost all cases, the disc space 1s not narrowed, tendmng, to differentiate this
entity from such mflunmntory processes as tubcreulosis, brucellows or saimontlia
mfections One exeeption to thus rule was found m our sarnes This was m the
cluld with elesen vertebral Iusions She developed an irregulre lysis of the supenor
plate of the first thoracic vertcbra m 1964 (Itg 3) Tollow up films 3 years Inter
showed the presence of 1 complete fusion of the bodics of the senth cervical
and furst thoracic vertebrac Although the possitbility of 2 superunposed bactennal
inflammatory process cannot be ruled out, there was no chimeal cvidence this
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patient to support that possibfity In the majonty of pauents with vertebral
compression disc spaces adjacent to the compressed vertebrae appeared expand
ed on the roentgenogram However a poruon of the thickness of this space must
be occupied by the car plate of the compressed vertebral body

Although tuberculosss 15 frequently mentioned 1n the early hterature as a
probable cause of vertebra plana (Carve 1925) a venfied case has not been
documented 1n the literature to ths date

Abo tending to differentiate histiocytoss X from snflammatory processes mn
volving the vertcbral bodies 15 the lack of any associated paravertebral soft tissue

mass No paravertebral soft ussue swelling was detected 1n any of the thurty fne
lesions demonstrated 1 thus group

In one paucent a small localized lytic lesion of the postenor spinous process of
€2 was detected (Fig 4) The lesion was irradiated and radiographic evidence
of healing was noted one month after completion of the treatment course Follow

up films 3 years afier the detection of the Iesion showed no residual deformuty
 normal appearing <pinous process.
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Fig 6 Vertebr1 plana of T11 Follow up films 7 years later
of same lesion as in fig 2 Considerable restitution of height
persistent anterior and central wedging and numimal anterior
protrusion

Serial studies

With respect to follow up of these lesions, eighteen of the thirty five mvolved
vertebrae were well demonstrated on senal studies over periods varymg from
6 months to 11 years (Fig 5) Mecan follow up tune for the entire group 1s 43
years Measurements of vertebral haght were made on available roentgen films
obtamed at intervals during the course of the disease Vertical height was defined
as the distance between the supenior and mfenor ossified margms of the vertebral
body under study Measurcments of wedged vertebrae were madc at the anterior
margin

With time the compresscd vertebra tends to resume vertical growth Fourteen
of the seventeen vertcbral body kesions mcreased n height during the period of
observation In seven lesions, as compared with adjacent unmvolved vertebrae,
the mvolved vertebral body showed a greater mercase n vertical height measure
ment over a given pertod of ume This we ha e called a compensatory spurt
The cause of this phenomenon 1s not understood In one patient with two lesions
the ‘spurt occurred shortly after cessation of steroid therapy This was not seen,
however, i three other patints on steroids

The most remarkable improvement m this series was m a vertcbra plana of
T3 followed for 11 years On the most recent examination, the mvolved vertebra
measured 83 9% of the height of the adjacent unmvolved body Five of the six
vertebral bodies charactunzed as vertebra plana showed partial restitution of
height over the follow up course which varied from 5 to 11 years Antenor pro
trusion of a vertebra plana was onginally found m four of the six cases After onc
year, only two of these sia lesions displayed antenor protrusion

Some degree of defornuty of supirnior or infenor plates 15 usually retamned
durmng this period of growth The defornuty may be mmmal m patients follow-
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ed over many years Often the actinely growing vertebral body ges a bone
within bone appearance Scohosis has been seen n all cases where vertebral
compresson was asymmetrscal In only one patient however was the scoliouc
cure greater than 10 degrees This was a child wath asymmetnc lesions of 1.2
and L3 who developed an angle of cunature m the thoracolumbar region of
27 degrees A Milwaukee brace has been employ ed with considerable improve
ment of the curve

Of the seventeen lesions which msoled the vertebral bodies, seven demon
strated a definue spurt 1n measured height dunng the regeneratne phase a»
compared with adjacent unmolved vertebrae Of these seven three had been
treated with radiotherapy and four had not a difference which 15 not sigruficant
Of the total group of eighteen lesions myvolving the vertebral bodies and neural
arches eight lesions recenved external orthovoltage or cobalt rrradiation with
doses ranging from 450 to 1600 rad There was no agmficant ddference n
growth i height between those lesions which were uradiated and those not re
cerving radiation therapy

Two of the five children with back pamn had negatne roentgen films at the
onset of the pam Lesions of the vertebral bodies were detected on follow up
films at 3 and 6 months respectively

Discussion

In 1924 at the annual meeting of the Briush Orthopedic Souety held m Bo-
logna Italy Carve (1925) descbed the radiwographic appearance of sertebra
plana and suggested that this represented the result of an esteachondnitis or asep-
ue necrosts In subsequent years this entity acquired the eponym of Carves
disease It was only as recemtly as 1992 that FalRBann suggested that vertebra
plana was in most cases a manifestation of histiocytosis X a finding which was
senfied by the report of four biopsy proven cases by CoMrperz et coll 1n 1954

Although histiocytosis \ 15 the most common histologically proven cause of
sertebra plana it 1s by no means the only venfied etiology Gaucher s disease
(Brros 1935) osteogenesis imperfecta, lymphoma {Bucy 1962) and meta
‘llauc carcinoma {Arrxavper 1956) have all been reported to cayse \ertebra
plana

The phenomenon of an apparcnt compensatory spurt or acceleration of growth
w3 previouly diseased vertebral body 15 not well understood The process of
bony lysis and compression does not appear to imolve cartilage,
the presersauon and actual widemng of the mtenertebral dmé
0 ie compressed vertebrae A sigmificant portion of this disc s
b the carulaginous end plates of these vertebrae m young chy),

as evidenced by
spaces adjacent
pace 1s occupred
dren Sirce these
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cartilagmous end platcs are probably not mvolved by hisuocvtosis %, the process
of caleificauon and ossification wlich normally occurs n these end plates and
accounts for the sertical growth of the vertebra likely continues despite the com
pression of adjacent bone and may account for the spurt

Thus hypothests, that the mcrease m height is the result of accelerated ossifica
tion 1n carulagmous end plates rather than an actual sudden mcrease m growth
rate, 1s given some credence by (1) the fact that the ntenertebral disc space
narrows when the spurt takes place, and (2) the growth cunes (Fig 5) fal
to show a sustained acccleration Indeed, if the cunves are drawn between early
and late pomits only, they very closely parallel the growth of the control vertebral
bodies We therfore conclude that the spurt 1s more apparent than real, and
that vertebral body growth rate 1s probably more nearly umform

Of the ten patients, tho were recerving adrenal steroids, one vinblasune and
one tetracycline when the diagnosts of vertebral imvolvement was made None of
these medications affected the cventual regeneration of vertebral height as com
pared with those pauents not on chemotherapy (Fig 5)

The prognosis with vertebral Iesions of hisuocytosis \ appears very good In
dependent of the treatment given, some regrowth of the vertebral body occurred
1 all but three instances Two of these children died from generalized myvole
ment s1x months and one year after demonstration of the vertebral lesion The
third child has been followed a penod of 3 years without defimte growth

Pain 15 a frequent early symptom of bony insolvement The fact that two of
the five chuldren 10 our senes with back pamn had negative roentgen films at the
onset of pam emphasizes the point that a negative roentgenagram only demands
further study and carcful observation

In two patients with scvere pain localized to the spime, radiation therapy was
given mmediately and pam was absent two weeks following the conclusion of
the treatment One child had spontancous regression of pamn without any treat
ment m three weeks However, m two other patients with pamn there was no
renussion during obsersation of 2 wechs and 3 months respectnely Once irradia
tion was given, however, the pain cleared rapidly m both of these patients

We have found that a course of a total of 450 rad, given n 150 rad divaded
doses over 3 days using orthovoltage apparatus, or a total of 525 rad using cobalt
60 radiation 1s effective in relieving pan Higher dosts do not appear to improve
the result The affected vertebral body and the ones immediately 1bove and
below are mcluded n the treatment field The width of the fild 1s adjusted so
as to mclude the entire vertebral body Prehmiary fluoroscopy 1s employed to

nsure accuracy of beam placement, and the treatment 15 documented on portal

films

We cannot detect any significant difference mn eventual growth of the mvohed
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\eriebrac between those recetang radiotherapy and those not recening such
wreatment Thus restrution m height of the vertebral body was nesther enhanced
nor hampered by irradiation 1n the doses given Radiotherapy 15 therefore re
commended only for symptomatic lesions and in those cases where there 1s partial
collapse which appears to be prog despite symp 1c and supportive
measures For asymptomatc patents with already completely collapsed vertebrac
{xertebra plana) radwtherapy would scem 1o be upnecessary

SUMMARY

a8 a m of localized or generalized histiocvtoss X 1
ofved the vertebral column in a group of ten children Charactenstic radiographic findings
include a vanable degree of collapse of the vertcbral body enher symmetncal or asym
metnical lack of mnalvement of the ntenertebral disc m all but one unusual case and
absence of any adjacent paravertebral soft tissue mass R of vertebral height occur
red i varying degree Seven lesions appeared to have made a compensatory spurt an height
over a guen perod of ume as compared with adjacent wunsolved senebrae The degree

of re toration of vertebral height does not appear to be affected by the type of treatment
ginen

E bl 1

ZUSAMMENFASSUNG

Eosinoplule Cranulome des Warbelsaule wurden als Mamie tation Jokahsierter oder ge
neraliserter Reticuloendothehiose n zehn Rindern beobachter Charakterist che romtgenc-
lootsche Exsch Rollaps des Wirbelkorpess 1 sanabl

Grade sm
metnisch oder unsymmetrisch ohne Veranderung der Zwaschens arbelscheibe mit Ausnzhme
von emém usngewohnlichen Falle und b heit yon d para bra)
W achtel W der vercet f

Hohe fand m varuenem Masse tart Bes
sicben Wirbe] Lasionen erschemt es als ob emne kompensatorische Zunahme der Hohe im

Vergleich nit naheliegenden um eranderten Vertebrae wahrend emer gegebenen Zestperiode

tattgefunden hatte Dhe Wiedesholung der -bralen Hohe scheint nicht vor der Behand
Jun art becanflusst zu sem

RESUME

Les auteurs décrnvent cher dix enfants des locah ations verebrafes de granulome eosino-
Phile manilestation dune histocytose N localisce ou generalisee Les siones rudiologiques
caracténstiques sont wne dinnnution de hauteur du corps verzebral plus oy woms m:\rq?x e
ymetrique ou asymetrique  ans sitemte du disque sauf dans un cas inhabituel f sans
tuméfaction des parties molles paravertcbrales adjacentes L evolutiop spontanee se fan vers
1a re tauration, dans une mesure vanable de la hauteur du <otps vertebral Dans sept cas
See vertebres attemntes ont eu une poussee de crol sance cn hauteur compensatrice arprom
Parasun avec les vertebres ntactes Le degré de restauration en hauteus di cor, ‘?m bral
e parait mas dénendre du type de trartement P o
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Nesoir M E hierrer S A and D Ancio G J  Vertebral involvement m hustiacytosis
long term follow up of vertebral involvement m ten chuldren Lo be published



FROM THE ROERTCEN DEPARTMENT {DIRECTOR PROF ERIk LI\ DGREN) SERAFIMER
LASARETTET AND THE MEDICAL EQUIPMENT DEPARTMENT QF SVENSKA ARTIEBOLAGET
PUILIPS STOCKHOLM SWEDEM

CONCENTRA
A new overhead umt for roentgenogrephy 1n the operanon theatre
by

E Inpores and b J Fine

Mobile roentgen apparatus 1s ordinanly used for roentgen exammations in
the operation theatre Certamn disadvantages sach as the relatnely hmited
output obtanable and the usually short FFD are however apparent The re
fatuvely low owtput of the apparatus 15 of no great handicap 1 the examnation
of bones and joints byt 1 almost all other cases a short exposure tine 15 neces-
sary if standard film quality 1s to be mamamed

Many attempts to mcrease the power of mobile apparatus have been made
m Sweden These have resulted 1n mobile umus of such 2 weght that battery
dmen electnic motors have to be used to move them wih resuliane reduced
manoeuvtability These relatnely large units tabe up much floor area near the
operauon table where there 15 always Iittle space 10 spare and where a high
degree of sterility 15 requured

Most mobile apparatus permut of only a relatiely short FFD owing to therr
moderate output and to the fact that the height of the tube column must not
be greater than that of the doorways for example The same roentgen apparatus
15 often used not only in different theatres but also 1n wards which may cause

Submute d fos publication 75 June 1968
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Iig 1 Schematic drawing of the umit and description of movement The roentgen tub
shield #{ and motor drven light beam diaphrigm A are mounted on the tube arm G The
wheel with control pinel L enables the tube shield H to rotate = 95° around s hruzontal
axis D Tube arm G and wheel with control panel L are attached to the parallelogram arm
F so that the complete assembly can rotate around the vertical anis € Parallelogram amn
attached to the telescopic column £ has 2 verucal travel of /00 mm (776 inches) which
can be combined with the motor drnen vertical travel of 480 mm (189 wches) of the tele
scopic column L the total vertical travel of the roentgen tube is therefore 1180 mm ({63
inches) Both the parallelogram arm # and the tube arm G rotate around the vertical avis B
and n turn the whole ssembly coupled to the curiage wrm D which 1s attached to the
celling can be rotated around vertical aais

A4~ ceiling carnage axis if — beam angle indicator

B — telescopic column axis ¥ P — hght beam control switches

C — tube arm vertical axis @  — control switch for vertical movement
D — tube arm horizontal axis of telescopac column

D, — carnage arm S — switch energizing light beam dia

E — telescopic column phragm (55 s automatsc cut off}

F — parallelogram arm T — adjustable stop pin

G — tube arm U V — arca requinng adyustment of carrnage
H — roentgen tube shield arm for radiation coverage

A — motor dniven light beam diaphragm 1 — mounting plate for operation lamp

L — wheel with control panel

cross mfection The high and low voltage cables hanging over or near the
operation fteld mtroduce sterthty hazards, particularly when the radiation beam
1s vertical The adjustment of the tube and beam diaphragm above the field 15

also to be deprecated
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Fg 7 Concentric nstallation 1n an operatng theatre Verucal (a) and horuzontal beam
directons (b ¢)

An attempt has therefore been made to elminage all these disadvantages of
mobile units by the mtroduction of a new design princaiple

The tube 15 mounted by means of a hnked arm system to a symmetnically
rotatory carrage which together with the operation lamp 15 suspended from the
cailing above the operation table Each theatre has its own ceiling tube connected
fo a central stationary gencrator with a control panel outs de the theatre and
remote control for fluoro opy and exposure of films

If a vertical beam direction 15 considered suffictent the cetlng suspenston
may be of simple canstruction parucularly if the focus-to-floor distance can be
hept constant This requures a special rather EXPEASIVE, operation table not only
fmovable 10 3 verucal direction but also equipped with a, floating top for exact
Positioning of the patient this howeser often impedes the sorqical team An
optienal beam direction requires a shghly more complicated and consequently
mote expensive construction of the umt which on the other hand may be com
bined + 1th any operation table and pernut any roentgenographse examnauon
o be performed without moving the patent dunng the centering procedure
The theatres will thus from the roentgenologic Mewpomt be equisalent so that
the | of the op 1s facihiated

For casy cleaning the surfaces of the €quipment are smooth the cables are
located 1nside the susgension arm system and the tradiuonal type of cetling radls
" avoided The Powtioning of the tube and the adjuctment of the draphragm
are made by remote contrat AN these reasutes are intended 1o reduce mfectron
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Tig 1 Schematic drawing of the umit and description of movement The roentgen tube
shield H and motor driven hght beam diaphragm A arc mounted on the tube ann G The
wheel with control panel L enables the tube shield If to rotate = 95 around its horzontal
axis D Tube arm G ind wheel with control panel L arc attached to the parallelogram am
F so that the completc assembly can rotate around the vertical anis C Parallelogram amn F
attached to the telescopic column £ has a vertical travel of 700 mm (7 6 inches) which
can be combined with the motor drnven vertical travel of 480 mm (18 9 inches) of the tele
scopic column £ the total vertical travel of the roentgen tube 1s thercfore 1180 mm (46
inches) Both the parallelogram arm F and the tube arm G rotate around the vertical axs B
and m turn the whole nssembly coupled to the carrage arm D which 15 attached to the
ceiling can be rotated around vertical axis 4

4 — ceilling carnage axis M — beam angle tndicator

B — telescopic column axis N P hight beam control swatches

€ — tube arm vertical axis — contiol switch for vertical movement
D — tube arm horizontal axis of telescopic column

D, — carnage arm §  — switch energzing light beam dia

E — telescopic column phrigm (55 s automatic cut off)

F — parallelogram arm T  — adjustable stop pin

G — tube arm U V— area requinng adjustment of carnige
H - rocntgen tube shield arm for radiation coverage

A — motor drven hight beam diaphragm 1 — mounting plate for operation lamp

L — wheel with control panel

cross-infection The high and low-voltage cables hanging over or near the
operation field mtroduce sterthty hazards, particularly when the radiation beam
1s vertical The adjustment of the tube and beam diaphragm above the field 15

also to be deprecated
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controls and mdicators — moter drven hight beam diaphragm  motor for the
telescopic movement direction finder and angle indicator — are contamed n
a small control panel mounted centrally Because all high and low tension
cables are concealed within the Concentra, all rotational movements must be
stopped automatically at a suitable pont Movement around axis 1 1s stopped
by an adyustable pin (T') which can be set the most convenient place Rota
tions around axis (B) and (C) are sllustrated 1n the nght hand diagram of
Fig | Angle (U) cannot be reached by parallelogram arm (F} and angle
(1) cannot be reached by tube am (G) arcas {U) and (T ) can be reached
by reposiuioming carrage am (D ) Any point withun the radial reach of the
Concentra can therefore be covered by the central roentgen ray beam Any
operation lamp desired may be fined to the circular mounting plate ¥ inde-

pendently rotatory around the same vertical axis 4 as the roentgen umit carmage
arm

Comments

Figs 2 and 3 depict the unit 1nstalled m 2 theatre and the diffecent beam
directions in Fig 4 the unit 1s scen when not 1n use The distance between the
lowest point of the unit mn this position and the floor will be apparent by com
panng the heights of the umit and the doorway The operaton lamp can if
desired be mounted eccentncally (Fig 3)

Rocentgen television 1s now more and more 0 use m theatres. The umits are
mobile and gencrally based on the € arc pnnaple a single tank apparatus at
one end of the arc with the im1ge 1ntensifier at the other The generator has a
rather low output and the 1maye mtensifier usually a diameter of only 6 or 7
tnches It 1s not possible to locate the cables mside the ymit The advantages
are on the other hand that any direction of beam with constant centering of
twbe and mtensihier 1s possible If the Concentra unit 1s mounted 11 the theatre
a separate mobile 1mage intensifier must be used The centenng of the tube 1n
relavion to the intensifier 1s not as easy as with a € arc unit but after a hu)
practice the difficulty will be overcome and the advantages of 2 mobile 9 ar lﬁc
inch image mtensfier may be utihzed The mobide ma
much less floor space than a € arc umit

This new principle would appear to fulfil the requirements for a com
unit assurng a high degree of stenlity and saving of floor space 1-‘“,’1},:,-,,.}”‘:x
the tube arm 1s out of the way of the operation lamp and the wbe aj oy
will restnct the activities of the operating team or the theatre staff o time

ge ntensifier takes up
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Fig 3 Eccentric mstallation Fig 4 Umit when not i use
of umt oblique beam direc tube directed along the wall
tion

and thus help in mamtaining stenlity 1n the theatre The placcment of the
generator-control sectton outside the mam room reduces the rish of anaestheic
explosion

Constructional details

Fig 115 a drawmng of the new equipment for optional beam direction A
culing carriage arm D 1s rotatory around 1ts vertical axis 4 A vertical motor
driven telescopse column £ 1s attached to this carriage arm and at its lower
end a manually operated parallelogram arm F, counterbalanced by springs, 15
fined This arm ncrea.es the vertical movement of the roentgen tube that »
attached to its other end  the parallelogram arm is rotatory around axis B of the
telescopic column and the tubc arm around axis C An arm system with link
ages Ry, Re and R; of constant lengths allowing necc.sars movements of the
tube, 1s thus formed

The 1ea of function of the umt is achieved through separate rotatonal
movements carriage arm (D) (Ry=1180 mm==455 inches) pamlldu
gram arm (F) (R.==800 mm =315 inches) and tube arm (G) {R3=
=500 mm =19 7 inches)

Oblique or horizontal beam directions may be obtaned by manually rotating
the tube around axis D by means of the wheel L (Tig 1), which also controls
the whole ceiling suspen.ton system The distance of the wheel (and thus the
Vo3 of the onerator) from the tube 1s approxtmately 800 mm The necessary
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SPINAL CORD TOLERANCE TO ROENTGEN CONTRAST
MEDIA PARTICULARLY DURING AORTOGRAPHY
WITH TEMPORARY OCCLUSION OF THE AORTA

An experimental myvestigation n dogs
by

Guvnar TorRNELL

NorpensTROM (1954) 1n developing a techmque for demonstrating the small
sessels ansing from the aorta proved in dogs that occlusion of the descending
aorta with a balloon and mjection of contrast medium above the occlusion was
techmeally possible The main problem was the toxiaity of the contrast medium
to the spinal cord The present 1nvestigauon in dogs was undertaken 1 order to
study the spmnal cord tolerance to different contrast media under the most un
favourable arcumstances 1¢ arculatory arrest The effect of v
well as the ficance of the conc of the sol
mjections were all i estigated

anous media, as
and the number of

Earlier mvestigations
Risks of acclusion of the descending thoracic and abdomimal aortae The ccclu
1on procedure itself without contrast njection mnto the aorta may cause spinal
cord damage as was shown as carly as 10 1667 by Stino Carrgr {1910) de
that operative clamping of the descending aorta for 10 to 15 minutes
Submitted for publication 6 February 1968
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SUMMARY

A new umit for radiography m the operation theatre 1s described A high degree of
steniity 1s aswred, space 1s smved and the operating staff s unumpeded

ZUSAMMTINFASSUNG

T neuc R pparatur fur den Ope 1 wird beschrieben Diese ermo licht
hochyradige Stenilitat nummt wemg Platz e und behindert mcht das Operationspersonl

RISUML

Les nuteurs decrnent un nouvel appareil pour In radiographie «n salle d operation I
permet un haut degre de sterihte prend peu de place et ne gene pas | equipe opératoire
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Cardio ascular effects duning acclusion of the aorta The blood pressure above
the occluded aorta generally increases from 40 to 60 mm Hg and there 15 a
marked decrease of the blood volume m the splanchnic area {Burton OriTz
1921, WaThins 1947 ALisavch et coll 1924) When the aorta had been oc
cuded above the cochac artery for 10 minutes it was considered that 20 minutes
need elapse after the clamp had been released before the arculation became
tabilized (Burcn et coll 1923) WaTKns studied the effect of unclampung after
occlusion of the descending aorta He found that a sudden release after occlusion
for 5 to 15 munutes could produce an abrupt fall 10 the artenal pressure Ths
was caused by blood refilling the splanchnic area that had heen emptied dunng
the occlusion One dog of ten died after a sudden release

Decreased frequency of spmal cord damage was reported by Goseer Jr et coll
(198) when the nfertor vena cava was occluded simultaneously with occlusion
of the thoracic aorta

Toxic effects of contrast media during aortography without occlusion Damage
to the spinal cord cavsed by contrast media has been expenimentally nvestigated
by Hot & Swjerven (1954) who found that 1odopyracet 70 €5 1n rabbuts
produced damage to the spnal cord of the same type as demonstrated n the
brams of rabbits by Bromax & Otssov (1948) Repeat mjections and a supme
posttion of the amumal increased the damage to the spmal cord

Marcotis et coll made phy 1ologic ) and patholog
of the <pinal cord of dogs after aortography as reported 1n a number of papers
during 1956—1966 They regarded the spinal cord of dogs as 1deal for testng the
toxc cffect of different contrast media. They descnbed pathologic changes m
the spinal cord damage to the blood bram bammer circilatory disturbances and
clumping of red cells 1n the cord vessels They also demonstrated a Pprotectin,
cifect of procane 2 ¢ glucose 20 € and vasodepressor agents gnen somi
munutes before the mjection of sodium acetrizoate 70 €% They believed that the
vasodepressor agent caused 2 shunt of the ntra aorucally admimstered 1njection
mass towards the perphery and away from the cord

The doses of dilferent contrast medsa that were tolerated without neurolo;
1mpainment but sometimes caused anatonuc lesions after aortography at the [ e
of L 3 79 dogs were found to be PRy at the level

Pec cent  mlkg body weighe

D odra t 0 !
Ur kon w0 1
M ohon {d protn oat ) 0 1
Hypaque o 3
Renografin 0 3

For synonymis of contrast media see Table
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or more gave the dog spastic paresis of the hund legs The damage was explaned
by the probable hypoxemia of the spinal cord below the occlusion The changes
were locahized to the antenor horn Many uxpeniments have been made to find
out for how long the aorta cn be occluded without nisk to the spinal cord
Avtpavelr ct coll (1954) occluded the aorta at the level of Th 4—5 for 20
munutes, one out of nine dogs died and one developed transient paresis of the hind
legs Parkmns (1955) occluded the aorta with a balloon catheter at the level of
Th 8—10 for 30 minutcs Two out of ten dogs died and four became paralysed
Epwarps et coll (1954) occluded the descending aorta at the level of Th 13
with a balloon catheter for 30 nunutes in ten dogs without adverse effects
Burcn ct coll (1954), 1 1 matenal of 114 dogs, reported that the masimal time
for occluston of the 1ort1 was 20 nunutes above the cochac artery, 60 nunutes
1bove the superior mesenteric artery, as well as above the renal artenes, and 3
hours above the inferior mesenteric artery Giusertl et coll (1957), m 74 expen
ments 11 dogs, obscrved that occluston above the cochac artery was possible for
30 nunutes, 1bove the supcrior mesentenic artery for 1 hour, above the renil
artery for 2 hours, and bclow the renal arteries for 4 hours A large number of
cxpunments have also been made m hypothernua, under such circumstances the
norta may be occluded for longer periods

Bramsperr et coll (1962) occluded the aorta and demonstrated that if the
spmal fluid pressurc rose to the same level as n the 1orta distal to the occlusion,
paraplegta more often occurred They conudercd the probable cause to be that
the mmimal artenial flow to the spinal cord could not be mamtamed

Rishs of occlusion of the hepatic artery The hepatic artery was temporanly
occluded by Rarrucct et coll (1951) m three dogs for 1 hour, no damag to the
Jner was observed By sunultancous occlusion of the hepatic artery, supenor
mesentenc artery and portal van, the maximal toltrance tune became 20
mmutes, longer occlusion caused necrosts of the hiver

Rusks of occlusion of the renal arteries Moer et coll (1957) occluded the
aorta above the renal artercs for 3 hours without damage Occlusion of one renal
artery for 2 hours produced no damage i some cnses but 1 others damage ocr)
curred after an hour If the aorta dustal to the renal artenes 1s clamped for 2
hours, damage to the renl tubules has been observed to occur (NANsON 1959)

Thus, during occlusion of the descending aorla the spinal cord seems to be the
most sensitine tissue, and 1t will be damaged probably due to hypoxemsa if the
occlustion lasts for more than 10 to 20 nunutes Occlusion of the abdommal non;
for more than 20 to 30 minutes may also cause serous changes in the function o
other organs, particularly the hiver and the hidneys
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Damage to the liver, pancreas and 1ntestine caused by contrast media has rarely
been descnbed after moderate doses mjected nto the coeliac or one mesentenc
artery at selective catheterization 4 J] of 0 6 ml/kg Urografi
76 S mto the coeliac and the supenor mesentenic arterses has been employed as
a routine chnical procedure (BosjseN et coll 1964, Lunperguist 1965 Mmnaets-
sov 1965) Graisow et coll (1961) dissected out a branch of the mesentenc
artery to the small mtestne m dogs, inserted a cannula and njected 2 to 16 ml
sodium diprotrizoate (Miokon) 50 $% Hypaque 50 5 and Renografin 60 %
Necrosis occurred 1a the 1ntestine m 58 3 % of the Miokon cases and 1n 118 %
of the Hypaque cases but 1 none of the Renografin cases The same group
(Fuji 1963) later reported a comparison between these three media and sodium
1othalamate (Angio-Conray) and methylglucamine 1othalamate (Conray) with
the same content of 1odine as m Hypaque 50 % or 25 % The two methyl
glucamune salts 1¢ Renografin and Conray were the least toxic Cootex (1964)
also found Renografin 76 5 less toxic to the intesune than Hypaque Miokon
or Urokon Renografin 76 % 2 to 7 ml/hg njected into the supersor mesenteric
artery 1n dogs failed to affect the exposed 1ntestine m 17 of 18 cases

Damage to the kidneys by contrast media has been descnbed 1n a large number
of examnations All modern investigations have confirmed that the diatnizoate
and 1othalamate types of medsa are less toxtc than those of the acetrizoate 10do-
pyracet or diprotnizoate vanety {BErG et coll 1958 Hucer et coll 1958 Herax

der 1958 Linporen 1661 Morris et coll 1961 Kitiew et coll 1963 Ruza
et coll 1964)

Aortography proximal to an occlusion of the aorta Above an occlusion of the
descending thoracic aorta the nisk of spinal cord mjury 15 considerably ncreased
compared to aortography with the same doses dunng free arculation because
both the total amount and the concentration of the medum reaching the vessels
n the cord are hugher Henume et coll (1936) compressed the abdomen of dogs
in order to occlude the abdomnal aorta and one dog had convulsions dunng
aortography with 10 mi Nal 100 ¢ NoroensTros (1954) occluded the
descending aorta 1n dogs wath a balloon catheter and observed hind leg parests
:Ll::x; [rz::tdll;g:cnuns of 1 ml/kg Umbradil 70 S above the occlusion mn three

Hucer et coll (1958) occluded the abdominal aorta sn dogs with two balloons
above and below the renal artenes The njection of 1 mi/hg Urohon bet
the two balloons produced damage to both the spinal cord and kidneys l’:\“em
ot coll (1959} occluded the abdomnal aorta above and below X/ Y
™o 1 n dogs, n order 10 obtain selective mjection nto thys 1

“lombar artery
to the spmal cord Wath only 2 ml of Urokon 70

on mportant artery
7c one dog developed para
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Table 1

Synomyms of contrast medra

Iodopyracet A D, M. Tothal:
Sodium sate Sodum salt Sodium salt Sodum salt
498°, sodine 658 °, 1odme 599 °, sodine 58 6 °4 sodine 599 %4 10dine
Diodon Acéuodone Hypaque<50°,  Isopaque Angio Conray
Diodrast Diaginol Ronpacon Conray 400
Kardiotrast Rheopak Maxtures of sodum  Trosil
Umbradil Triotrast and methylgluea
Trurol mane salts
Urokon Hypaque>>50 %
Radioselectane
unn et vasc
Renografin
Renovist
Urografin
Methylg) Methylgl Methy el Methylg Afethylgl
salt salt salt salt salt
423 owdine 507 , todine 47 1 9} 1odine 468 4 iodme 471° 1odine
Perabrodil M Fortombrine M Cardiografin Isopaque Conray
Vasurix cerebral

From et coll {1957) performed aortography via the ascending aorta in 50 ex
permments and stated that the contrast media were ‘more neurotoxic than cardio-
toxic They found that the maximal doses not producing neurologic imparment
were somewhat higher than the above mentioned doses

KILLEN et coll (papers published duning 1959—1966) graded different con
trast media according to their damagmg effect on the spmal cord and kidneys
Most toxic was sodim 1odine 54 6 %, {olloned by Urohon 70 56, Neo-opax
75 9%, Miokon 90 %, Diodrast 70 9 and Hypaque 90 ¢- The least toxic was
Thorotrast 25 54 They also confirmed the fding that repeated mjection at
15 mun mtervals mcreased the nish of toxic damage both to the spmal cord and
to the adneys (RILies et coll 1960) A new medium, sodum rothalamate
(Ango Conray) 80 9% was regarded by RuEa ct coll (1964) to be less tonic i
single 1njections but when repeated more toxic than the Na methylglucamme
diatrizoate (Hypaque 90 %) Stewart et coll (1965) reported that Angio
Conray 80 % carried a significantly ligh sk of spmal cord damage and T
commended a moderate total dose avoiding of multiple mjections rasng of the

pH value, und usmg methylglucamme mstead of sodium salt



SPINAL CORD TOLERANCE, TO ROENTGEN CONTRAST MEDIA 263

sodum mtravenously In order to prevent coagulation heparin 100 to 150 IE/kg
bodyweight were ijected through the catheter A double lumen plastc catheter
(Rusch) was used The wide channel of the catheter was utthzed for the mjec

1on_ the other narrower channel serving for filhng the small balloon at the up of
the catheter The larger channel ended about 1 em proximal to the balloon For
occlusion of the aorta and at the same tume for rendenng it visible, the balloon
was filled with contrast medum

The following media were ivestigated

Pee gent Sumber
of dogs
Tod pyraces (Umbradil) 0 or 50 27
Sodium acetn oate (Rheopak Temrol Urolon) 40 or 50 10
Sod um methylglucamine diatn oate (Urografin) % 18
Sod um metrszoate (Isopague) 60 2
Sod um 1othalamate (d luted Angi>-Con ay) 60 3
NGl 745 y

Of the diatnzoate preparations only Urografin was used in this mvestigation
As seen from Table 1 Urografin 1s a mature of the sodum and methylglucamine
alts of diatrizoate Sodium diatnizoate 1s available only up to 50 5o Wuth
higher concentrations as used in aortographies muxtures with methylglucamine
are necessary

NaCl in place of contrast medium was injected m one dog The concentrauon
of the saline solution was 745§, or the same concentrauon of sodium as
odium 1othalamate (Angio-Conray) 80 So

The films were obtained with a single plane film changer except 1n the cases
of the diatnzoate senes which were exammed with a two-plane roll film changer
type Gidlund Elema One film per second was exposed during 10 seconds and
J m) \g contrast medium was given with each injection €XCept 1N two expen
ments The mjection equipment consisted of a pressure synnge mamipulated by
hand t Josson et coll 1951) or a pressure syrnge {GIDLAD 1956) with which
4 \g pressure was obtained The injection time was 1 to 3 seconds

In five expenments the blood pressure above the occlusion was regLtered

from a cannulated brachual artery connected to an ordinary Hg manometer and
a hymograph

Techmque of temporary occlusion o,
The techuque was manly the same as
The catheter was miroduced :n one of
duning, fluoroscopy 1nte the descendin:

f the aoria combied wuh aortography
that described By NorbENsTROM (1924)
the common carotid artenies and directed
g thoranic aona The aorta was occluded
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plegia, but 30 ml Hypaque 90 % could be mjected without other signs than an
increase 1 the reflexes ScarLIer et coll (1962) used occlusion with a balloon of
the abdomunal aorta for selective angtography of the coeliac artery They pre
forred selective cathetenization to balloon occlusion and did not discuss the side
effccts of the medium mjected, they used 10 ml Hypaque 50 Go abore and below
the occlusion

The method of occluding the aorta dunng aortography m maa was discussed
by Norpenstrom & TorneLr (1966)

Conclustons from carlier mvestigations A survey of the lterature seems 0
confirm that the mam problem mvolved m aortography above an occluded
descending aorta 1s the high nish of mjury to the spmal cord The occlusion itself
«ums to be pernussible for about 10 mmutes Studies of the tovc effects of
contrast media on the cord of dogs hwvc usually been made with mjection dunng
normal arculation mto the descending thoracic or abdommal aorta The m
vestigations have demonstrated that the vanous media have very dafferent tovic
cffccts Most mnvestigators have found media of the diatrizoate type t0 be the
least toxic The most toxic medium was generally sodium acetrizoate Duprotrt
zoate and 10dopyracet were mtermediate 1n effect Sodium metnizoate and sodum
1othalamate wcre reported to have about as low toxicity as the diatrizoate com
pounds, when used m the same 1odine concentrations Next to the spmal cord
the renal tissue seems to be the most vulnerable

As regards signs of spmal cord damnge, the smallest toxic doses appear 0
cause only hyperreflexta, which s often difficult to reguster and evaluate 1 dogs
Histologic exammation of the spinal cord may however reveal changes If the
doses are increased, the animals may develop shght reversible to severe irres ersible
pareses of the hind legs or even complete paralysis of the hind legs and bladder
Such signs are readily observed and have been useful for measuring and cormpar
g the toxic cffects of different solutions of contrast media, as well as tht
methods of admimstration If the aorta 1s occluded and the medium mjected
above or below the occlusion, the risk of spmal cord lesions 1s marhedly mereased

Present mvestigation

Matenal and Equipment Sixty one experiments were performed with occlu
«on of the descending aorta or the abdomnal aorta, m dogs weighing between 9I
and 30 kg Anesthesta with pentobarbital sodum 6 %, usually m a dose of 0 5ml
per hg bodyweight intrapenitoneally, was given If necessary, the anesthcsmb\\a?
continued uther with open cther or with a supplementary dose of pentobarbita
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Fig ® Recording of blood pressure 1n the brachual artery dunng occlusion of bt descendirg

lusion
aorta, and subsequent wnjection of contrast medium at the level of Th 9 1 4 dog Occ
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Results

Observations on blood pressure duning occlusion of the descending aorta The
artenal blood pressure was recorded 1n 5 dogs A typical experiment 15 dlustrated
m Fig 1 After the descending thoracic aorta was occluded, the blood pressure
abave the occluston ncreased from about 130 to about 180 mm Hg with a
sunultancous tncrease 1 the pressure amphtude The smtial merease n blood
pressure was followed by a shght reduction When the occlusion was removed
after 40 and 75 seconds respectively the blood pressure decreased mitrally to
50 apd 40 mm Hg respectrnely and then gradually increased 1o about 100 mm
Hg after 30 seconds

In another expenment  the blood pressure changes 1 connection with the
injection of the contrast medium were recorded (Fig 2) The blood pressure
increased during occlusion at the Jevel of Th 9 The Injection was concluded 1n
210 3 scconds The occlusion which lasted for 35 to 40 seconds, was relcased
after the injecuon The blood pressure then decreased to about 65 In this case
the pressure amplitude after release of the occlusion ncreased The blood Pressure
gradually retumed to 1ts oniginal level which was reached after some minutes

Incudents of spinal cord damage after contrast medyum injection abore an oc-
luded aorta In the first series of 24 dogs, which were exammed 1n the lateral
position the contrast mediym was mjected
recorded in Table 2 When the supme position was used dunng the iy estigation

Paresis occurred even alter sodium acetrizoate 50 S as seen from Table 3 1n
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Fig 1 Recording of blood pressure (in the brachial artery) and resparation durnng occlusion of
the descending aorta in a dog Occlusion started 4 and was release

by filling the balloon with contrast medium untl its form was compressed from
side to side and 1ts length became about double its width 1 the aorta The chan
nel of the catheter connected to the balloon was closed, and the catheter was
fixed be means of adhesive tape and an arterial clamp to the shin of the neck
close to the ncision in order to prevent the catheter from bung pulled caudally
by the blood stream This fixation was sufficient The occlusion for test purposes
lasted for about 0 5 to 1 nunute, and the occlusion m connection with the contrast
medium 1njection above the balloon never more than 3 mumutes Most of the
occlusions were made ather at the level of Th 8 to 13, or at the level of L1
immediately distal to the coeliac artery The coeliac artery was easily visible at
fluoroscopy m the lateral position when the balloon was filled with contrast
medium The bulge of the billoon mto the coehac and the superior mesenteric
arteres could readily be observed when 1t was at the level of these artertes Some
test occlustons were first made under fluoroscopic control and the amount of flwd
required m the balloon for uffective occlusion was determmed The balloon was
then filled with this amount and fastened, and the contrast medium was mjected
above 1t As soon as possible after the exposures, the balloon was emptied

The position of the anmmal 1s of importance (HoL et coll 1954) When the
contrast medium 1s injected above an occluded aorta, or nto a slow flowing
blood stream, or also, though to a lesser degree, when mnjected mto a free arcula
tion, the concentration of the contrast medium increases m the lowest part of the
aorta due to layermg of the medium When the dog 1s supmne the dorsal vessels
recetve the largest amount of the medium, and thus the rish of spimal cord damagt
becomes higher For a study of the amount of medium that may be mjected mto
the aorta, under the most unfavourable conditions, without any untoward etfects
1t 15 therefore important to mahke the mjection m the supine position [n the
present matenal, 37 of the dogs were examined m this position (cf Tables 3

and 4)
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Table 3
Frequency of sprnal cord damage in dogs sn supine pasition wth nyections into the aorta abore an oecluding
balloon

o Weght Upper Contrast medum ~ Con  Io-  “umber ofinec  Paresis
of margin of 1 mijhg cen dine  tions 1pto the aorta.
dogs ballon at bodyweight tra  gfml
uon Ascendvg  Abore
aorta occlu
sion of
Dur Dur thede
g ing re scend
free  tardeding
arcu arcu aorta
lauon lat on
10 9-195 Th 13— To fopyracet 50 023 — —_ 1 0/10
L3
3 11—16 Tbhi3— Sodwum acetnzoate 50 033 — —_ 1 y3
L2 (Uroken)
15 12295 Thé— Sod um and methyl /6 037 — 1 1 0/15
L1 glucamine diatrizoate
{Urografin)
2 20428 ThB84 Sodium and methy! 6 037 1 1 1 12
Th 10 glucamine dratnzoate
{Urografin)
o3 Th7 Sod um and methyl /6 037 — —~ 2 T
glucamne d atnzoate
(Urografin)
2 193+2% Thé+ Sodwm metnzoate 60 03 — ~ 2 142
Th& (Isopaque)
3 18 -21 Thé— Sod um othalamaic 60 036 — -
I io 2 o3
(Ang o-Conray)
1 n Th 10
\aa -~ o

descloped flaced paress not ont
the dog could only just move ns
tions 110 the ascending aorta w

y in the hund legs but also 1 the fore Je;

head In spite of the fact that the first tlfsm?:cd
cre guen with the dog lying proge and 45° oblt
he dorsal branches of the thoracic aorta occ
aboye the occluded aorta at the level of Th
dorsal branches above the occlusion (Fig

wred
-9
3b)
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Table 2
Injections of contrast media abote the occluded descending aorta 1 the first senes of 24 dogs
Number Contrast medium Upper margm of  Injected volume  Jodine  Pare
of dogs balloon ocelusion g/mt sis
8 Todopyracet 70 °4 Th7—L1 1 mljhg 035 3/8
9 Iodopyracet 50 9 Th o—Th 10 1 mifkg 025 0j¢
1 Sodium acetnizoate 70 %, Th 13 1 mljkg 046 1t
2 Sodwm acetnizoate w0 o Th 7 Th 12 15 mlfhg 033 12
4 Sodwm acetnizoate 50 °,  Th u—L | 1 mifig 033 04

and m the white matter of the spmal cord The changes were sumlar to those
described by MarcoLis et coll (1956) All the dogs that developed paress after
sodium acetrizoate had severe spasm of the und legs m connection with the m
jections No higher degree of contrast filling of the dorsal branches was observed
m the paretic group of dogs as compared to the non paretic one

Todopyracet 50 G0 was tolerated n a dose of 1 ml/kg bodyweight 3 mjected
with the dog supme None of the 10 dogs used m this experiment developed any
neurologic signs when observed for 2 to 4 weehs, the 1odine content of this com
pound 1s only 025 g/ml

When <odm diatrizoate {Urografin) was tested, a repeat mjection was first
tried One dog was given 1 ml/kg bodywaght Urografin 76 % After release of
the occluston at the level of Th 8—9, and an mterval of 30 minutes, a further
occluston and mjection of the same amount of contrast medium was made The
dog developed complete flaccid paraplegia of the hund legs and paresis of the
bladder but had no spasms the paraplegia was irreversible during four days,
after wiich the dog was sacrificed

As two mjections abose the occluded descending aorta were not tolerated, the
mode of admmistration was changed 1 hus, 1 two dogs with normal crrculations
one wjection of 1 ml/kg Urografin 76 % was made imto the ascending aorta
Thirty munutes later the same amount was injected nto the same part of the
aorta, but the blood flow 1n the aorta was now retarded due to a decrease 101
cardtac output This was performed m three different ways (1) acethylcholme
arrest of the heart, (2) mcrease of the intrabronclual pressure, or (3) occlusion
of the inferior vena cava As the dogs lay prone and m the left oblique position
dunng this angrography under flow retardatton the medium was not dxrec(ct?
especially to the dorsal spmal arteries Thirty munutes later a third mjection o
the same amount of Urografm 76 % was given, but now mto the descendmng

aorta above an occluding balloon with the dog supme Of these two dogs one
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Table 4 fcont }

Contrast  Contrast  Number of snjections Spasm  Bladder parests
medium 1 medium | ——————— :zul paresis of
the dorsal below the Intoas-  Above accluded 1nd Jegs
branches occlusion cendng  descending

aorta aorta
+Hbt — - i — i
:: :i + - 1 — D ed + Husto!
+++ - - 1 + +
++ 0 (H) — 1 + +
+++ — — 1 + +
+H+ — — 2 - +
e+ — 2 1 —

+
and front legs

- +
not complete some improve
ment dunng 3 days

— 2 - +
not complete seme mpro ¢
ment during 6 days

One dog died four days after ang: phy due to an epid discase The
remaining fourteen dogs sunived and were completely free from signs duning an
obswervation period of 1 to 12 months

Sodum and sodium 10thal were tested m only few expen
ments The media were both administered m 1o mjections given with a 30-mm
interval above the temporanly occluded descending aorta The volume was the
same and the concentration of sodine almost the same as in a case 1n which dratn
zoate was injected twice and 1n which paralysis dey eloped

Sodium metnzoate {Isopaque) 60 ¢ was mjected 1 two dogs. One of these
developed bladder paralysis and severe but mcomplete paresis of the hind legs
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Table 4
Dogs with spnal cord damage after myections above the occluded descending aorta
Weight  Posiion  Upper  Lower  Contrast medium Con Volume Iodine
kg margin  margin centra  mlfkg  g/ml
of of tion pern
balloon  balloon % Jection
15 Lateral Th8 Th9 Todopyracet 70 1 035
125 Lateral Th9 Th 10  Iodopyracet 70 1 035
125 Lateral Th8 Th 9 Todopyracet 70 1 035
135 Lateral Th13 L1 Sodwm 70 1 046
acetrizoate
17 Lateral L2 L3 Sodwm 50 15 033
acetrizoate
16 Supme Th13 L1 Sodum 50 1 033
acetrizoate
13 Supine  Th7 Th 8~9 Sodium and methyl 76 1 037
glucamine diatrizoate
(Urografin)
20 Supme Th8-9 Thll  Sodwm and methyl 76 1 037
glucamine diatrizoate
(Urografin)
24 Supine Th8 Sodium 60 1 035
metrizoate
21 Supme Th10 Thil  NaCl 745 1 0

The other dog staggered a little when walking the day after the exammation but
two days later there were no neurologic or other signs

As one njection above an occluded descending aorta could cause severe mjury
to the spmal cord if preceded by two njections mto the ascending aorta, new
experiments were performed and the number of injections was diminshed
(Table 3) Only two injections were given First, 1 mi/hg Urografin was njected
imto the ascending aorta with the blood flow retarded Tlurty nunutes Jater the
position of the dog was changed to supme The descending aorta was occluded,
and a second mjection of 1 ml/kg of the same medium was now made above the
occlusion Table 3 mdicates that none of the 15 dogs had any neurologic s1gns
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bladder and rectum There was improvement of the hind leg paresis six days
Jater and the dog was able to stand on 1ts legs (Fig 4) The dog was sacnficed
on the sixth day and histologic examination (Fig 5) of the spmnal cord de-
monstrated changes of the same type as occurred after injection of contrast media

The changes were howeser not so marked as i the dogs with completely 1rrevers

ible paresis and were scattered 1n the white matter with an uregular distnbution
0 the transection demjelination of varying extent and presence of macrophages

Immediately above the occlusion and at the level of Th 8 necrobiotic changes

total myelin sheath degeneration and lipoid macrophages were present There
were no signs of nflammatory changes (pathologist H Nordenstam)

Discussion

Temporary occlusion of the descending thoracic aorta Earlier mvestigations
hasve indicated that occlusion of the descending thoracic aorta 1s permussible for
about ten munutes and occlu_ion of the abdomunal acrta for 20 to 30 munutes
Occlus ons did not last longer than 3 munutes 1 the present ivesugauon  this
tme penod allowed for the occlusion procedure mmjection of the contrast medium
exposure of the films and emptying of the occluding balloon The problem of
obtaining safe aortographics above the occluded aorta 1s not the occlusion atself
which plays a minor role but the toxtaity of the contrast medium Doses that are
well tolerated with a free circulation in the aorta become toxic and may produce
wteversible paresis when njected into the occluded 2orta The doses should be
limited to one injection of 1 ml, kg of a contrast medium wth a toxicity as low
1s the media of sodium d or 1othal: and a concentra
uon of less than 037 g 10dine/m! The use of methylglucamine salts and the ad-
dition of calcium 10ns are probably to be preferred

The broncho-mediastinal yessels seem to be of particular diagnostic nterest
many pulmonary and mediastinal diseases All of them may occasionally be
selectively cathetenized 1n man (NorpensTrROM 1963 1965 1967 Viamowte
1964 Borjse~ et coll 1963) but 1t should be possible by aortography above an
occluded descending aorta to demonstrate all the bronchial artenes on both sides

In Fig 6 the bronchial artenes are demonstrated 1 a dog The aorta was
occluded at the level of Th 8 One ml/kg contrast medium was mjected proxsmal
to the occluson  the bronchyal artenes were easily recognized as (anrlypnan-m\a/
tortuous vesels However most of the medum imjected disappeared through the

wnterco tal arteries and from these 1t d
passed 1nto the dorsal ramyficas
pnal cord and musculature of the back o 1o the

It has sumcumes been obsenved that some of the
occluding balloon to the aorta dital to the occlusior

contrast medium passed the
m This may be explamed by
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Tig 3 Aortograms in a dog receiving three mnjections of contrast medium cach 1n an amount
of 1 ml/hg (The first injection was made 1nto the ascending norta dunng free circulation )
a) The second imjection was made into the descending aorta during retarded arculation with
occlusion of the inferior venn cava b) The third injection was made into the descending aorta
above an occluding balloon Eacessive vmount of contrast medium 1n the dorsal vesscls

It 1mproved after five days and was able to walk with difficulty, 1t was then
sacnficed Sodium 1othalamate (diluted Angio Conray) 60 %% was tested 1 the
same way in three dogs, no neurologic impairment occurred More data from the
paralytic cases are given mn Table 4
Hypertomc sodmum chloride (7 45 G5) was mjected above the occluded abdom

1nal aorta i one dog The solution was administered mn the same way as sodum
metnizoate and sodium 1othalamate, with the dog supine Following temporary
occlusion at the level of Th 10, onc mjection of 1 ml/kg and a second mjection
after 30 munutes were made No convulsions occurred but after regamng con

sciousness the dog had flacad paralysis of the hind legs as well as paress of the
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Fig 5 Spinal cord changes ¢ used by hypertoric saline at the level of Th 8 1n 3
do~ {the same dog as n fig #) Vel sheath degenerat on in the white matier
smmediately dorsal to the gray commissure

Iamate would therefore be difficult but 1t appears there 15 jusufication for con
cluding that both hase a low spinal cord toxicity

The 10dine per volume content of the medium 15 of more snterest to the radio-
logist than the concentration of the chemcal compound The 10dine content of
sodtunt acetnzoate Urohon) 70 Se 15 046 ¢ ml of sodium methylglucamine
duatrzoate (Hypaque M) 90 5, 0 46 g ml and of sodm 1othalymate {Angio-
Conray} 807, 048 g m! The ¢ media may therefore be compared 1 the con
centrat b d from the if as has been done by Rittgs et coll
The 1dine content of the medsa te ted 1 most of the experiments in the present
mvesugaton have been lower and as regards four of the media almest equal
odium acetnizoate (Urokon) 50 == 33 g ml sodum methylglucamine dya
tnzoate 1 Urograim) 76« =03~ g m! sodwm tothalamate (Ang\o-Conray)
(‘l;l::;d 0 60 95=036 ¢ ml and sodium metnizoate (Isopaque) 60 Cc==035

Untl naw the discussion has mostl
on b

he advantage of bemng less viscaus, Vo
sSE (1960) usin
method found methylglucamge diatrizoate sals fess muf

the Broman & Olson

I AL R 4ol e Duagna g ¥ (1s)
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Fig 4 Pareses of the hind legs of a dog after |
two injections of hypertonic saline (745 0 |
NaCl) above the occluded descending aorta
at the level of Th 10

a flow through collaterals, but there sometimes seems to be a leahage between
the balloon and the aortic wall In the case illustrated i Fig 7, the medium pas
sed the occlusion and, as the flow m the aorta was almost discontinued, the
hepatic artery became well filled

Temporary occluston of the abdomunal aorta Most of the large abdommal
arteries are readily examined at aortography during free circulation The ntro
duction of selective angiography has improved the diagnostic possibibities of
demonstrating changes i the coehac, mesenteric and renal arteries The need for
mjection of contrast medium above a temporary occlusion of the abdommal
aorta has thus diminished but may be considered when (1) several vessels supph
an organ, for instance the adrenals or even the pancreas, when all the supply
arteries were not successfully catheterszed, (2) when small vessels cannot be easly
catheterized selectiy ely, for instance the inferior phrenic or ovanan artenes, or an
anomalous artery to a so-called scquestrated lung

Spial cord tolerance to contrast media The order of toseuty of the varous
contrast media, reported by most of the earhier mvestigators referred to 1 the
mtroduction, has been confirmed by this mvestigation The most toxic medium
1s sodium acetnzoate and the least toxic a muxture of the sodm and methyl
glucamine diatrizoate salts According to Ruza et coll (1964), sodium 1othala
mate 15 less toxic to the spinal cord than sodium diatrizoate m sigle doses but
more toxic m repeated doses In the mvestigations by KrLiex et coll and Ruea
et coll the amount of medium was always 15 ml, and not related to the weight
of the animals, which varied from 7 to 16 hg Maybe this fact was the cause of
their sometimes contradictory results Only three expenments were performed
1n the present examination with repeat mjections of sodium 1othalamate (Con

otha
ray) 60 9% A definite companison between sodium diatrizoate and sodium 1
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Fig 7 Ocelasion of the descending aorta 1 = dog
atthe | vel of Th 89 Leakage of contrast medsum
distal 10 the balloon Marked fill ng of the coehac
astery and s branches

occluded descending aorta niay cause paresss Eachn:
bodyweight at an intenval between the two 1y
these mjections the occlusion of the aorta lasted le:
pare 1s absa oceurred when one 1n
this wjection v as preceded by t
occlusion All these shree 1mjeet

Jection consisted of 1 ml/kg
cctions of 30 minutes duting
ss than 1 o minares I one case
jection above the occluded aorta was made but

WO ijections mnto the ascending aorta without
wus afso const ted of |

ml/kg diattizoate (Uro-
grafin} 76 <. wih mten als between each of the three mjections of abouy 30
nunutes
The pathologic findin

68 Were of the same type as the grade HI and IV deserib.
(19a9) 1n the cases m which the spinal cord yas exa
These authors demonstrated 3 <cortelation between the
and the anatomic ksion although not between any con
Y 1o the <punal cord The lesions consisted 1 sparsely scat

cd by Marcous e colt
mined mucroscopically

aeurologic wnparmeny
subave effect and 10y
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Ty 6 Bronchual arteries filled 1n a dog after njec
tion of contrast medum above the occluded descend
ng aortn at the level of Th 8

to the bloodbrain barrier StewaRrT et coll (1965) reported the same concernine
1othalamate SALVESEN et coll (1967), GonseTTE et coll (1967), OLIN et coll
(1967) stated that the toxicity of sodium metrizoate on the blood bran barrier
was reduced by the addition of small amounts of calcium 1ons

The concentration of the medium 1s of great importance mn the production of
damage to the spinal cord Iodopyracet 70 % was not tolerated but 1odopyracet
50 % could be given m a dose of 1 ml/kg The higher concentrauons have a
disproportionately greater effect than the lower ones as regards the vasodilating
effect (LINDGRIN et coll 1958, and Linperen, SaLtzman & TornerL (1968)
and, according to TINDALL et coll (1958), and FostEr et coll (1964) also on
the damaging effect to the spinal cord

Repeat injecttons of contrast media mcrease the nsh of damage to the bram,
as demonstrated by Broman & Otssov (1949), and to the spinal cord (Hov et
coll 1954, RILLEN et coll 1950, STowarr et coll 1965) The mast remarhable
finding of the present investigation was that one of the lea t toxic of the media
sodium methylglucamine datnizoate (Urografin) 76 % mjected twice mto the
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nad) and other substances {PINeT et call 19291, as well as Valsalva manoeusris
(Lupis 1962 Frigprnsero et coll 1965), have ale been pracused Lupny
{1966) observed <ymptoms from the spial cord i pauents examuned dunng
Valsaha manocusres The same dose of Urografin did not cause any comphica
uon 1f mjected with the caudal part of the pauent lowered A retarded blood
flow will cause layermg of the medwm (hjruesere 1943 NoroensrroM 1960,
Fox t coll 1964) so that its direction can be affected It 18 therefore smportant
to protect the more sensune organs evpectally the central nenous system and
the hidneys when angiography 1s performed dunng retarded circulation The rishs
of a tugh dose of contrast medium as i anglography may be d hed 1f the
head 1s rmsed and the examwation performed prone Excessive layenng of the
contrast medmum to the dorsal spmal rena) caroud and vertebral arenes s
then avoided
A method of contracting the renal capiilanes dunng aorography with epine
phane ar nor epraephane has been used (Aprays et coll 1962) Dunng this
procedure the nisk of spinal cord myury 1s increased (Livbsate, 1967} an effect
that has been examined by Marcouss et coll {1966) The vasodepressor agents
may cause 3 stronger contraction of the splanchmic and the dorsal muscle artertes
than the less easily nfluenced dorsal spmal artenes and thus prolong the apphica
ton wme to the spinal cord Discussing the role of epmephrne the finding by
Repyan et coll (1966) has to be mentioned  After seltcinve injection in the renal
artery of epmephnine pathologic changes were seen The changes were more
sesere f the mjection was follov ed by an mjection of Urografm 76 <% and the
authors suggest the possibility that eptnephnne my alter the celtular permeabnlity
Renal damage dunng aor phy was compared with logic damage by
Rt et coll (1962) These authors stated that with sothum acetnzoate the
spmal cord njury duning chnical aortography 1s unpredictable and 1n many m
tances has been within the usual recommended dosage range, and that the
majorty of instances of renal mjury sustamed during sodium acetrizoate aorto-
graphy have been associated with the use of amounts of Urokon greater than the
usual recotnmended dosage The spinal cord thus seems to be more sensitn e than
the hidney and the result of the present mvestigation of the foxicity to the
nervous system also applies to toxsety to the hidney The abdomunal aorta was
occluded below the renal artenes n only two cases 10 this seryes The toxicaty of
media to the hidiiey was not ivesugated As previously mentioned, a comparison
was also made by hures et coll of doses pven 1o dogs causing njury 1o the
pmal cord and hidneys with those to human subjects who deseloped complica
tons as reported 1n the lterature ‘The dog seemed to be more sensune than

man The asumption may therefore perha,
ps be made that doses proyed ol
n dogx are also tolerable 1 man P (olerable




276 GUNNAR TORNELL

tered microscopic foc of destruction, affecting gray or white matter, present m
one or more sections of the spinal cord In some cords only a focal or diffuse ghal
hypurplasta within the gray substance was observed

The ammals m this mvestigation were controlled for a long time after aorto
graphy No late ncurologic stgns developed The observation time for the dogs
m which sodium diatrizoate was injected varied btween a month and a year

Repeat mjections im mian with the mos concentrated contrast meha may cawse
spmal cord or renal damage m cases of pathologic occlusion of the aorta, for
mstance m cwes of dissecting ancurysm and the Lenche syndrome {Grossman
ct coll 1958, OLsson 1961) Do cs s aortography of such cascs should thercfore
be restricted

Smuller doses of medin may cuse damage of the mjection 1 error 1s made
selectinedy 1nto an artery that supplics the spmal cord The so-called artena
radiculans magna at the levd of L 1-—L 2 has the widest diamcter but every
mtercostal artery bears a spmal branch

In sclective angiography 1 man of the bronchial or ntercostal artertes, with
the techmque deseribed by Norbenstros (1967), Viavonte (1964), and
Boyjsen et coll (1965), repeat injections of ughly concentrated medta may cause
damage to the spmal cord No complication has becn reported by ViaMONTE, oF
Boujsex, but 1n one of NORDENSTROM § cases several repeat mjections mnto the
same tatercost if artery of 15 ml sodium methylglucamme dratrizoate (Urografin)
76 Ge caused slight hemiparesis, which lasted for 24 hours and then disappeared
FeiceLson et coll (1965) has also published a case of paresis of the night leg m
4 human subject after sclective bronchral arteniography  He supposed the cause
to be allurgic, but a toxc effect of the medium on the spinal cord 15 a more
probable explanation

It 1s important 1 routine work to remember that there 15 a nish n repating
wiections of lugh concentrations of media above an occluded aorta or wito one
with a retarded blood flow as well as mto small vesscls supplymng the spinal cord
The tolerance of a contrast medium 1= of wnportance not only during occlusion
of the aorta but also during retardation, dehberate or umintentional, of the blood
stream 1n the aorty, or the arteries ansing from the aorta and supplyng the
central nervous system The retardation may cause a prolonged application of
the medium to the nissues 1nd m that way mcrease the nisk of damage (Braman
et coll 1950) Retardation of the blood stream 1 the aorta n radiwologic worh
nowadays may be obtamed by mcreasing the itrabronchial pressure (BoEreva
et coll 1955, NorpensTrROM 1960), or by occlusion of the superior or especially
the mierior vena cava { Norpenstrom 1955) Cardiac arrest and hypotension by
means of acethylcholme (ArnuLr 1958), preparations of trimethaphan (Arfo-
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SUMMARY

Sortography with occlusion of the aorta n dogs was found to raise the nisk of damage
to the spual cord pared to phy dunng free arculanon Two
injections above the occlusion cach of 1 mlfkg bodyweight of one of the least toxic of the
contrast media caused severe uTeversible damage to the spinal cord as was alwo the case
« hen the hypertonic saline was used It 15 pomted out that also other methods of changing
the airculation dunng an,sography may be connected with 11 ks of injuny to the spinal cord

ZUSAMMENFASSUNG

Aortomraphue an Hunden mit Blo Lierung der Aorta 1st mut erhebiich grosserem Risiko von
Ruclenmarhschadigung v erbunden als v enn Yortographie wahrend freser Zikulation durch
gefuhrt wird Zwes Injektionen oberhalb der Blo hierung jede von nur 1 mijlg Rorper
gewicht ewnes der v emgst toxischen Rontrastmutteln, fuhrien zu s hweren und davernden
Ruckenmarlschaden  Auch andere Methwden die \ der Zulul + ahrend
Anviographie hen orbringen honnen mut Rusiko von Ruckenmarhschadigung verbunden <cm

RFSUME

L aortographie avec obstruction de laorte sur des chicns augmente considerablement le
danger de lésion de la moelle epimere par rapport a laortosraphie en circulation hbre 11
suffit dinjecter 1 mi kg de poids dun des moyens de contraste les moins toxiques au
des us de ) bstruction pour causer de graves lesions ircversibles de Ja moelle epimere
1 auteur souligne que les autres methodes qui modifient la circulation pendant langto-
graphie peus ent augmenter le danger de lesion medullaire
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Two case reports of paralysis after lumbar aortography with moderate dases
of sodum diatnzoate 1 human subjects constitute evidence aganst the present
results (Tincaup et coll 1961, WENGARTEN 1962) From the data guen it
cannot be excluded that the contrast medium may madycrtently have been mject
ed mto the artena radiculans magna or that the needle on msernon may have
produced mechamcal injury to this artery

The possibility of dunimishing the tosiaty of contrast media by mjection of
other substances before rortography was not considered i this mvesugation Itis
in any case important to know the towaty of the medium tself kenan et coll
(1958), BErnsTEIN ct coll (1960), and Kirten et coll (1962) and YERASIMEDEs
ct coll (1963) hase demonstrated dimmshied toxscity of procamie, glucose, low
molccular waght destran, or vasodepressor agents are njected before aorto
graphy 1s performed Marcous et coll (1966) observed on the contrary m
creased toviaity to the spial cord of onc of the least toxic media, the diatnizoate
compounds, when vasopressor agents (nor epiephrme) were previously mjected

The etiology of spmal cord damage by contrast media 1s perhaps more com
phcated than was earlier supposed (Mircouis et coll 1966) Ongmally, most
authors described the effcct as a direct chemotonic action upon the central
nervous tissuc after the blood bram barrier had been brohen MarcoLts et coll
(1959) and Reap (1959), followcd by others, observed the changes m the pen
pheral arculation and erythrocyte aggregaton after mjecuons of contrast media
The latter author cxplained the changes as caused by the hypertomaty Thus, to
obtam an 1dea about the role of other hy pertonic solutions in causing spinal cord
damage, hypertome sodium chloride was mjected in a dog The sodium con
centration was the same as that of Angio Conray, the medim wath the highest
available 10dine concentration As seen 1n the results this saline solution caused
spwnal cord damage of the same type as roentgen contrast media With modern
media 1t 1s difficult to know how much damage to the spal cord may be caused
by a direct neurotosic effect and how much by anoxenua secondary to airculatory
disturbances m the vessels of the spinal cord

The same conclusion may be drawn from this report as from another on
bradycardial reactions during caroud angiography (TORNELL to be published)
that the sodium salts of modern media (sodium dratrizoate, metnzoate or 1otha
lamate) have no higher towic effects than sodium chlonde of a smular tonteity
So the possibility of finding less toxic media does not appear to Le m the s nthesis
of a new anion
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Book reviews

RONTGENOLOGISCIE HERZVOLUMENBESTIMMUNG IN RLINGA UAD PRAMss Von H Klepzig und
P Frisch 56 Sciten 26 Abbildungen 1n 77 Einzeld, 1l 9 Tabellen und 2 Nomo-
gramme G Thicme Verlhg Stutigart 1965 Preis 18 DA

This consivts of a bricf suney of methods and techmque of deternunation of heart volume
roentgenologrcally The varous physiologic and pathologic factors that may nfluence the
size of the heart the magmitude of the errors mherent m the methods of deternunation and
the clmieal amplication of the assessment of heart volume are all discussed The facts
presented are clearly stated the text 1s luad and reproductions of the roentgenograms are
manably of high quality The section on the prognostic significance of senal studies of
heart volume 1s however rather fragmentary and reference should have been made to
P Amundsen s important work on the subject the references hsted otherwise appear to
be well chosen This will form an adequate gwide for those who are unfanuliar with the
methods and the value of roentgenologic determimations of the heart volume

Ulf Rudhe

LA DIAGNOSIICA RADIOLOGICA DELLE SUPPURAZIONI BRONCO POLuMONARI By Damo Gandun
and Gian Luca Sannazzan Edrziom Minerva Medica Tunin 196> 401 pages mclud
ng 33 pages of references and 352 illustrations Irice 18000 bires

This book which contains a preface by Professor Ennico Bonassi deals with the roentgen
ologic app es of bronchopulmonary suppurations It 1s more an atlas than a treatise of
1 monograph though the authors suney the chnical etologic and pathologic spects of
each group of dusease discussed Brenchutis with or without respirators difficulties bron
chiectasts congemtal or acquired 1nd pulmonary abscesses are reviewed m turm There are
numerous 1llustrations for each of these groups and they are presented side by side on tho
opposite pages <o that case histonies and roentgenologie findings may casily be compared
Most of the illustrations are composite figures including conventional films tomograms and
bronchograms obtamed with Lipiodol mjecuon In addit L and cinerad
griphe films allustrate some discases Emphass 1 pliced on the importance of hmnetic
studies of the bronchi which are faciitated by hymography or cineradiography but if such
modern means are not available it 1s recommended to obtam two films one dunng wspira
tion and the other dunns expiratton with Lipiodol i the bronchi

The book represcnts a well documented attas of lugh quality The illuwstramne caces are
well chosen and have been thoroughly studied They may well be expected to render good
senvace for reference purposes and should be of great mterest to radwolomists and poeu

mologists Tt 1s hughly recommended

D Madray Toulouse
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BitoouTs 1 DER KADIOLOGIE Symposion am 1 und 2 Oltober 1964 auf der Tnsel Herren
emsce,Obb Herausgegeben von Friedneh Erst Sueve 415 Seuten 197 Abbildungen
O afetn und 21 Tabellen Gustay Fischer Verlag Stuugart 1966 Pres 50 DA

This publication with Professor Sueve of Mumch as editor and H Schober H Fischgold
and G Spiegler as consultants 15 Ihe outcome of 2a auewpt to collect the complete senes
of papers mcluding discussions apd references in book form The subject matter 15 1m
portant sice m 0y 12d ologists cem to be insufficiently informed and musleading opimons
ase often expressedt O Loughl 1 stres<es that a radsologist often asks how can 1 get the
best radiologic secult with the fowe t passible dose and what do I really obtam for my
money”

The radiographic defition of centain detadls can be studied mathemaucally but the
analyses ol a roenigenogram and the recogmuon of diagnostically valuable details are more
tomplicated problems  cornected + wh pycho physcal factors Alany awpects of the radio
graphic interpretation are 1mpossible 1o apalyse objecus ely only defimition contrast density
radiographic mottle and dose [actors can be determined mathematcally

The rcamng of 1mage quality 15 discus-ed but
won and contrast which are more easily measured Tuddenham s opinion regarding Tadio
graphic quality 1s interesung Image quality is not related to what 15 esthenically beanuful
o 1o dignowic elficiency Line spread funcuions ate preferred for the purcly sechnical
analyss of equpment

Bidiue was mtroduced as an expression for the combined faciors Spregler discusses
Bidguse with respect to dosage under dufferent conditions such as Tugh and loy Mlovolt
ages In the chaprer on radiaton rebef 15 included a considesation of exira focal radiation
among other stray radiation ources The important close to-focus principle seems to have
been forgotten hov ever

Various types of phantoms for qual
factors imvolved n the
are presented b
function (MTF

most attention has b en gnen to definy

lity studies are dealt v uh by Frib and the physical
¢ recording of details and analyses of the radiation rehiefs of objects
v Rohler O Schott considers mage qualiy and the modulanon transfer
) 10 radiology The common mstake of apphing the modulation transfer
function fo ponhnear systems is made It must be remembered that as soon as photograph;
15 1 oled no lincanty between exposure and density exasts so that the functions usgdpar)e
of no account De Winter presents studies ol the function in dilferent parsts of the yma
ntensfyng system Hofert discusses problems connected with photographic gram scr o
thuckness ete wlile M de Belder considers stray radiation (stray light) within the. film
layer and screrns hos el gnes an mformatne presentation of the recent po ition ref - d’ e
the xeroradographic procedure He stresses that the very pecial chasacter of :hg;“ .
Jadiographic umage may cause problems of analysis even for a trained radiolo o T
aspect is important for as soon as a new recording system appears the experien : v
(tom current comentional systems become wsulficient and new coneq Pebenees Suned
- ptions beecome neces-
Certain pr neiples of harmomzing and conra t enhancing are discussed by Gajewsks The

mport ot hy 10l g of vision 15 presented m xel
Haru1an discus es the ph o 0 selaion (0 fadiography by Schober and

resolution [ oumiature and full 1ze chest Rlms are compared b.; “nl:;x‘;ng ::;t;;br he
lems

connected with che t radiogsaphy and
y and the resolution of detail n lun
ussucs a
l:\ns.‘,:"fd :‘:: R:7nrn and Feddema duscu £ the wse 3nd Jmtation of cons en:o::;“flld o
copy pesformed by a TV chain heane deals with image quality tn stere o
Teascopy
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The book includes brief explanations to some of the more commonly employed photo
graphic and scientific tenns and contams a list of authors, their occupation and earhier
scientific work

Ove attsson

LINFUIIRUNG IN DIC RONTGENDIAGNOSTIN Von U Cocchi und P Fhurn 2 neubearbeitete
und erweiterte Auflage 378 Seiten mut 484 Abbildungen 1n 615 Emzeldarstell
und 14 Tabellen G Thieme Verlag Stutigart 1967 Press 49 50 DAI

The second edition of this well known mtroduction to roentgen diagnostics 15 publiched
eiht years after the appearance of the onginal edition  1he mam emphasis has been lad
on numerous nstructive and exeellent reproductions of r grams These are as a
rule properly ahigned to the runming test and several of them are supplemented by highly
wformative drawings The scctions of trwumatology disorders of the hidney spleen and
Iner the retroperitoneal space nd the manunary glands e been revised and partially
re wrtten These chapters well reflect the changmg perspectives of rocntgenologic practice
over the past ycars It 15 however to be regretted that the technique and application of
rocntgenologic hewrt volume determination nmucturition urcthrocystography and cineradio
traphy are mentioned only m passing and the videotechmque not at all A nunor point 15
that the heart allustrated in Tig 289 which 1s stated to demonstrate Fallot s tetralomy with
dextroversion suggests to the reviewer a form of corrected transposition of the great vessels
with destrocardia

The authors state i the prcface that the book 15 desigued to ntroduce medical students
and chimicians anto the fundamentals of roentgen diagnostics It 1s therefore important that
the termunology should bo precise It 1s regrettable that loose non roentgenofogic terms
present i the first edition of the book ire retamed 1 the new version Espressions such as
flachenhafte Verdichtungen Ilechswchatten  Herzschatten nd Aortenknopf are entirely
wdequate in that they convey w erroncous concept of the underlving anatomy and do not
take 1nto 1ccount the rocntgenogram beng essentially an bsorption dingram  These entt
cisms are not only of acadenne interest but have 1 much wider appheation It 1s mevitable
that they greatly detract from the value of the book

Ulf Rudhe

RADIOLOGY IN NEURO Of nTiaLMo1oGy By Guido Lombardr 224 pages 167 figures and 76
tables Wilhams & Wilkins Co Baltimore 1967 Price 13 25 dollars

The author pomnts out 1n the mtroduction that neuro ophthalmology 1s a meeting point of
many speciahities  Visual disturbances may be caused by lesions different in nature and
focation The correct diagnosis is often made too late when damage 1s already srreparable
The radiologist 1s 1 3 hey posiion since the correct diagnosis 1n many of these Icsm"slls
mamly based on the result of lus exammnations He should be well acquaimnted mlhdl he
vanous methods available and be able to choose the best method 1 a gien casc and to
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evaluate the findings correctly In current radilogic textbooks methods for con rast ex
amination of the osbst ate aaly brelly desenbed The chapier desoted to these methods —
ph phy and sen phy — therefore fills a great need Techmques
a5 + ]} as the normal anatomy are cleatlv described and illustrated Possible complications
1n cach ase alsa wnclud d For orbaography the author apparently prefers water soluble con
trast media 10 gas He seports no permanent sequelac with these 10 the matenal he has
d m a pessonal 2 howener that he recently bad a case 1w which
permanent blindness occurred The chapiers that follew include eporis upon practically
every radiographically demonstrable lesion that may cause ophthalmologic signs — tumours
1 vanous locations inflammatory and vascular lesions malformations and injunes
The numerons sllustrapops mostly from the author s large and well documented matenal
fulfill their purpose adequately they are generally of good quahity and the changes desented
ase slways evident A faurly extensie bibliography appears at the end of each chapter
The author’s syle 1s concise <o that the text 13 easy to read The book may be hughly re

d not only to dial but to all» ho are mterested 1o ophhalmulogy and
neuroradiology

I Wiekbom

HssrerosaLvin oGraRIy By Alvin M Siegler 406 pages and 543 figures Hocber Vledical
Dy wion Harper & Row Publshers “ew Yorh Enanston and London 1967 Price
12 dollars

The gyaccologist responsible for this comprehensive and profusely allustrated work has
doubtless had considerable expenence of bysterosalpmgography and s well acquamted
v:d\ the mcmmi on the subject The presentation 1s however unfortunately influenced by
the fact that his Yedge of modern ) h 3]

ncomplete The book cantaums a great dead of lormancn hich o caparie ey
because of the author s objective way of fooking at things A good sunvey of the range or
apphications of the method of hy 15 and 4l a'ng-er::
Author s conuideration of salpingography as a test for tubal pate

on the elalulny of he GO, st vt hes ssetul mm;;.:m'::my nd B i stgations

'he llustrations may in the main be described as unsatsfa

abyeetionable This refers especially o matcrsal bortowed from ober ?li?:’}'rm" N
Fig, 6 12 0n pase 179) and seems 1o bear evsdence 10 the author s fattage (o gomeer L
importance of properly illustraung and clanfying doubiful points The author s e oy s
S4om are hawever ot of a hugh standard This may be due im some degeen to dhe fun o
{1ms are masaly from exammations performed with Conirast mecha of she sofer g oy
although 1t must also be the result of an madequate techmgue Even o e O e
#rapbs of 1l specuneas asc of iferor qualty (for cxample Fig 3 9 o e oral Photo-
should llustrate synechia of the utenne cavity) S 79 on page 198 which

This cannot be said (o sepresent a roentgenologic textbook on the subject

Ingmar Fernstrom.
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TLIUS UND ILEUSARTICL ZUSTANDE IM TRUHEN RINDLSALTLR ABDOMINALE LTERAUFNAHME
Von A Rubin 74 Saiten, 110 Bilder 1 Tabelle Geory Thieme Verlag Stuttgart 1967
Price +4 DM

Tlus work 15 biced on nbscrvations 1 about 300 newborn and young mfants submtted to
rotntgen examuation for posable ilcus or slens ike complamnts Miny conditions as for
mstace  resin of the csophagus pneumopentoneum, and water mtoxication have bien
mciuded under this heading wlich accarding to the accepted medical termmology would
not have been expected

The uthor has primanly coneentrated Ius attention on the findings 1 logic enten for
mterpretition of the films m different ileus conditions He does not however state clearly
what rdative or absolute valuc he plices on the different observations nor m which cases
he considers 1t possible to rely so'ely on this exunmation Despite the fact that accordmg
to the author the locrlsation and cause of ileac conditions i mfants can be established
with complete certunty by using bdonmunil comentional films done  this exanunation was
remarkibly often supplemiented with contrast studies 1 measure which i the 1oaewars
opimon was often well justificd  1he author does not however indicate hus reasons for
domg so althouch 1 view of the remark quoted above this mformation would have been
of mterest Nor does he discuss hus chotec of exunmation method or contrist mediam

Such omi stons which occur throughout the book leave the reader m some uncertunty
1s 1o which mcthod the author conadirs best for different condions In conncction with
the problans of ivagmation for imtanee he states that 1t 1s often difficult to make an
accurite dingnosss with comentional 10entgenaraphy alonc and menttons the posibilitics
offercd by 1 dingnostic nd therapeutic enem Whether he prefers surgical treatment 10 3
therapeutic enem i 1 equally as obscure as his vicws on the ndicatons for and gam t the
two measures That the wthor is far aw1y from the premaes that have long been considered
stndard m Seandinavian radiology 1s evident from the fact that he often lewes the decision
1o the pediatrician or the surgeon when 2 supplementary roeatten exanunation would ln\(l'
been the logica] measure This occurs for mstance m estiblnhing the level of an anal
atresia such mformation which 1s of great mmportince to the surgeon can seldom be
obtaned from conventional films alone whereis sowding urcthrocystogriphy often supphies
the decisne data

Tor those with hitle (xpcrience m pediatric roentgenology the book provides an ext .
survey of pathologic stites that often produce bdommal sgns For pediatnic radiolo l~(
with wider experience the absenre of defuute s tematic dcclrations of the amlmrslprt
erences 15 a conaderible weahness m this otherwise typographically attractive little solume

Ole Eklof

ensive
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EFFECT OF PRETREATMENT WITH DEXTRAN 70
ON PLATELET ADHESIVENESS AND THROMBOEMBOLIC
COMPLICATIONS FOLLOWING PERCUTANEOUS
ARTERIAL CATHETERISATION
by

Bo JacosssoN

Percutaneous artenal catheterisation 1s now widely used especrally m diagnostic
roc logy Thromboembol

1s the ¢© serous pl It has
recently been shown (Jacosssov & Scutosssan 1969a) that the risk of com
phications vanes with the area of the outer surface of the intravascular part of
the catheter This sugyests that thrombus formation 15 lated by some reac

tion of the blood with the surface of the catheter Subsequent in vitro expenments
have shown that platelets adhere to the catheter and aggregate (Jacosssow
19692) Such a reaction 1s the 1nal step i the formation of thrombr (Hucuts
1962 Owren 1964 MustarD et coll 1967) and presumably involves a nish of
thrombus formation on catheters placed 1n the blood stream It was demonstrated
in dogs {Jacossson et coll 1969a) that platelets adhered to vascular catheters
with thrombus formanon as a result thrombr on catheters placed m human
blood vessels have also been demonstrated (Jacosssov & ScuLossman 1969b)

From the Depattments of Roentgen I (Dircctor Prof O Bartley) and Surgery T (Durec
tor Prof L. E. Gelin) Sahlgrensla Syukhuset Gothenburg and the Coagulation Laboratory
(Dacctor Frof I M “ilssonj limanna Sjukhuset \Malmo Sweden. Supported by grants

from the Swedish Nauonal Association against Heart and Chest Duseases Submuited for
publication 17 December 1968
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ILELS L\D ILEUS\RTIGL ZUSTANDL IM FRUHEN KINDESALTER ABDOMINALE LEERAUENANME
Von A Rubin 74 Seaiten 110 Bilder, | Iabelle Georg Thieme Verlag Stuttgart 1967
Price 4+ DM

This work 15 bised on observations 1 about 300 newborn and young nfants subuutted to
rocntgen examination for possible 1lcus or ileus Iike complamts  Many conditions as for
mnstance atresia of the esophagus pneumopentoneum  and water mtovication have been
mncluded under this heading wlich according, to the accepted medical ternunolomy would
not have been expected

The author has primunly concentrated his ttention on the findings in logic entena for
mterpretation of the lilins v different ileus condiions He docs not however state clearly
what relative or absolute vilue he plices on the different observations nor m which cases
he considers 1t possible to rely so'ely on this examunation Despite the fact that accordmg
to the author the localization and cause of tleac conditions m nfants can be ¢ tablshed
with complete certunty by using 1bdommal conventional films alone thus exanunation was
remarhably oftcn supplemented with contrast studies a measure which n the reviewers
opmion was often well justificd The author does not however indicate his resons for
domg so although m view of the remirk quoted above this mformation would have been
of mterest Nor docs he discuss hus choice of exammnation method or contrist medium

Such omi stons which occur throughout the book leave the reader m some uncertunty
s to which mcthod the author considers best for different conditions In connection with
the problems of mvagmation for mstance he states that 1t 15 often difficult to mike an
accurite dingno ts with comventionnl roentgenography alone and mentions the possibilities
offered by 1 diagnostic and therapeutic enem1 Whether he prefers surgical treatment to 2
therpeutic enema s equally 1s obscure as lus views on the ndications for and agam<t the
two measures That the author is far away from the prenuses that hase long been considered
stwndard m Scandwnavian radiology 1s evident from the fact that he often leaves the decision
to the pediatrician or the surgeon when a supplementary roentgen exammation would lm\(i
been the logical measure This occurs for mstance 1 establishing the level of m ana
atrestn such nformation which 1s of great importance to the surgeon can seldom be
obtained from conventtonal films alone whereas voidug urethrocystography often supplics
the decisne data

Tor those with Intle expcrience m pediatnc roentgenology the book providis an etensne
survey of patholotc states that often produce abdommal signs For pediatne radiolo 1;5
with wider expericnce the ibsence of defimte sv tematic declarations of the author s pre
erences 1s a conuderble werknese m thus othernise typegraphically attractine Little volume

Olc Fhlof
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EFFECT OF PRETREATMENT WITH DFX\TRAN 70
ON PLATELET ADHESIVENESS AND THROMBOEMBOLIC
COMPLICATIONS FOLLOWING PERCUTANEOUS
ARTERIAL CATHETERISATION

by

Bo Jacossson

Percutaneous artertal cathetensation 1s now widely used especially mn diagnostic
g hromt bolism 15 the Serious corr It has
recently been shown (Jacopssow & Scurossman 1969a) that the rish of com
plications vanes with the area of the outer susface of the mtravascular part of
the catheter This suggests that thrombus formation 1s sumulated by some seac
tion of the blood with the surface of the catheter Subsequent in vitro experiments
have shown that platelets adhere to the catheter and aggregate (JacosssoN
1969a} Such a reaction 1s the minal step m the formation of thrombi (Hucyes
1962 Owren 1964 Mustarp et coll 1967) and presumably 1volves a nish of
thrombus formation on catheters placed 1n the blood stream It was demonstrated
1 dogs (Jacorsson et coll 1969a) that platelets adhered to vascular catheters,
with thrombus formation as a result thrombs on catheters placed m human
blood vessels have also been demonstrated (Jacopssox & ScHLOSSMAN 1969b)

From the Depastments of Roentgen I (Disector Prof O Bartley) and Surgery I (Direc
tor Prof 1, E Geln) Sah Sjukbuset Cothenburg and the C Laborat
{Daector Pro§ 1 N Ndsson) Altmanna Spakhuset Malmo Sweden Supported by grants

from the Swedish National Association aganst Heart and Chest Diseases Submtted for
publication 17 December 1968
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On withdrawal of the catheter through the vessel wall, the thrombi were found
to be wiped off, which resulted 1n the formation of thrombotic masses at the site
of puncture This may explain the thromboembolic comphcations occurring after
catheterisation
The formation of thrombu 1s therefore probably due to the properties of the
matenal from which the catheter 1s made An ideal matenal for catheters would
thus be one to which platclets do not adhere, but since no such composiion
seems to be available, some other approach must be tried
Previous studies (AnLBERG ct coll 1968, ATin 1968, Jomnsov et coll 1968)
have mndicated that dextran counteracts thrombus formaton This has been
ascnibed to the ability of dextran to decrease platelet adhesiveness (ByGDEMAN
et coll 1966, ATix 1968) and thereby to prevent the first phase n the formation
of thrombt The purpose of the present study was to mvesugate the effect of
dextran on platelet adhesiveness and thrombus fonmation after percutaneous
artenal cathetenisation Since the frequency of thrombeembolism i this depart
ment 15 lighest following coronary angiography, and since cathetensation for this
examination 1s followed by a rapid increase n the adhesiveness of the platelets
(Jacossson 1969b), 1t was decided to carry out the examunation in patients
undergoing such angiography

Material and Methods Coronary angtography was performed according to
the method of Pautin (1964), with radiopaque polythene catheters (hafa grey)
and percutaneous cathcterisation of the femoral artery The mtended site of
puncture was anacsthetised with 10 to 20 ml of 15 Carbocan ® No pre
medication was given The patients were afterwards examined for thrombo-
emboh with osaillography 1n the manner described earlier (JacosssoN et coll
1969b)

Two groups of patients were studied one with and one without pretreatment
with dextran (Macrodes @) The two groups did not differ from one another
as to age and sex distnbution, tume of examnation, treatment with anti
coagulants, and coronary discase (Table 1) The control group consisted of 77
consccutive patients examined between 1 September 1965 and 31 December
1966 The group that recerved dextran 70 consisted of 85 consecutive patients
examtned between 1 January 1967 and 1 October 1968 These patients recerved
10 m! of 6 5 deatran 70 per hg bodyweight ntravenously The dose was given
duning a period of 2 to 4 hours and coronary angiography was carried out 1 to
2 hours after the termmation of infusion The adhesiveness of the platelets was
repeatedly determined i 36 randomly selected patients belonging to this gwu;:1
The results of a simular mvestigation of the untreated group will be publishe

elsewhere {Jacossson 1969b)
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Table 1

Compansan of tuo sonseculile series of patients undergoing coronary anguography

Pretreatment Control group
with dextran 70

8 77
Rumber ol patens (56 males, 20 females) (54 males 23 females)
Mean cathet  sation bme (muautes) 40 43
P t ents ¢ eated with anticoagulants 1n 1
P tients w th coronary hea t discase 41 37
Table 2

Thromboembolic complications 1 fueo conse utiue senies of patienis undergomn,, coronary angtography

Total number Thromboembolism
Pattents p etreated w th dextran 70 8 0
Patients 1n the control group 77 6

Blood samples were obtamned by venous puncture after brief stasis The first
few mulliliters of blood were discarded after which the blood was allowed to
flow directly into siliconised glass tubes with a 10 ml mark and contamung 1 ml
of 38 %5 sodium cutrate

The platelet adhesiveness was assessed with Hewrex s whole blood method
(1960} The values were not corrected for changes in haematocnit {Het) due to
the infusion of dextran 70
The first blood sample was obtamed mmmediately before and the second

diately after the ter of nfuston of dextran 70 The third sample
was collected 10 munutes after introduction of the catheter but before mjection
of the contrast medium and the fourth after withdrawal of the catheter A fifth
sample was obtamed twenty four hours after begmming the mfusion Platelet
counts and haematocenit values were obtained m twenty mue of the thirty six
cases. The platelets were counted by the method of Bjorkuan (1959) and

haematocnt was measured by the rucro-method The values gnen in the tables
are the means of double determinations

Statsstical methods Comparisons between paurs of mtra mdivaidual obsen attons
\:r‘_l;c made by analysing the means of pared differences by the student s t test A
was dered significant if a calculated ¢ value was more than tog 5

(7=1) where 1 15 the number of differences Differences between Pproportions
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[of of platelet adhest (ordinate) m two series of patients undergomg coronary

angiography with (striped bars) and without (black bars) pretreatment with deatran 70 For
details of latter series sce Jacossson (1969b)

were analysed by x--tests A 5 9% sigmftcance level was used (p <<005) Means
are 1n the table denoted with X and standard desiations with S D

Results

Thromboembolic complications The number of thromboembolic comphca
tions 1n the group treated with deatran and in the control group 1s apparent from
Table 2 In six of the seventy seven patients who were not pretreated, oscille
graphy showed a reduction 1n the pulse rate for 2 hours after the examnation,
which 1s a sign of thromboembolism (Jacopsson et coll 1969b) Subsequent
anglography or operation demonstrated thromboembolism mn five of these pa
tients The sixth patient was a woman m poor general condiion with decreased
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Table 3

Platelst adkesueness hacmatocrst and plaiclet counts wn patients undergoing coronary ango
graphy after treotment wsth dextron 70

Before dextran After dextran  After wsertion On w thdrawal Following day
snfus on infusion of catheter  of catheter

X #SD 5 s SDX n SDX n SDX n SD

Plazelet

adhesveness 431 36 97 396 36 109 380 36 119 354 36 127 364 17 129
Haematoc ¢ 474 29 43 398 29 39 390 29 40 401 29 34 423 11 52
Hatelet count 285 2971 279 30 60 278 29 57 273 30 43 253 11 39

pulsations only 1 the lower leg Since she showed no agns of 1schaemia, no
special treatment was gnen

In none of the eighty ine pretreated patients were symptoms or sighs of
thromboembolism observed The difference was significant

Platelet adhesiteness was origmally the same 1n both groups (see Diagram)
In the { group the adhesy d after cathetensation { Jacoss-
soN 1969b) 1In the group pretreated with dextran 70 the adhestveness decreased
gradually The adhestveness was lowest after the catheter had been withdrawn
but there was stll 2 decrease on the following day

The haematocnit fell sigmificantly (Table 3) and was lowest after wmsertion of
the catheter It aftervards mcreased and the day after the examunation 1t had
reached the ongnal level The platelet count remamed unchanged (Table 3}

Side effects of dextran No senous side effect of the dextran mfusion was
observed Tt seemed to us that haemostast

sion than usual Poor haemostasis 15 hable to result 1 pseudoaneurysm  Hos

ever four pauents 1n the control group and one m the other group were subjected
to operation because of this complication

Dascussion
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Comparnison of platelet adhesveness (ordinate) 1n two scries of patients undergoing coronary
angiography with (striped bars) and without (black bars) pretreatment with dextran 70 For
details of latter series sec Jacossson (1969b)

were analysed by x>-tests A 5 9% sigmificance level was used (p << 005) Means
are 1n the table denoted with X and standard deviations with S D

Results

Thromboembolic complications The number of thromboembolic comphca
tions m the group treated with dextran and 1n the control group 1s apparent from
Table 2 In six of the seventy seven patients who were not pretreated, oscillo-
graphy showed a reduction 1n the pulse rate for 2 hours after the examnation,
which 15 a sign of thromboembolsm (Jacossson et coll 1969b) Subsequent
angiography or operation demonstrated thromboembolism i five of these pa
wents The sixth patient was a woman 1n poor general condition wath decreased
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Table 3

Platelet adhestuensss haematocrit and platelet counts wa patients undergoing coTonaty angies
graphy after treatment wuh dextran 70

Before dextran Alter dextran  Mter nsertion On withdrawal Following day
nfus on nfus on of catheter of catheter

: .SD X n SDX n SDX & SDX n SB

Plateler

adhes: cness 431 36 97 396 36 109 3850 36 119 354 36 127 364 17 429
Haematoent 424 29 43 398 20 39 390 20 40 401 29 34 423 11 52
Platelet count 285 20 71 279 30 60 278 29 57 273 30 43 253 1 3%

pulsations only n the lower leg Since she showed no signs of schaemia no
special treatment was given

In none of the eighty five pretreated patients were symptoms or signs of
thromboembolism observed The difference was sigmficant

Platelet adhes eness was ongnally the same in both groups {sce Diagram)
In the untreated group the adhe< eness increased after cathetensation (Jacors-
5oV 1969b) In the group pretreated wath dextran 70 the adhesn eness decreased
gradually The adhesiveness was lowest after the catheter had been withdrawn,
but there was stll a decrease on the following day

The haematocrit fell stgmficantly (Table 3) and was lowest after msertion of
the catheter It aftervards increased and the day after the examination 1t had
reached the ongmmal fevel The platelet count remained unchanged (Table 3)

Side effects of dextran No semous side effect of the dextran infusion was
obsersed Tt seemed to us that haemostasis required a somewhat longer compres
sion than usual Poor haemostasis 15 hable to result i pseudoaneurysm How

ever four patients in the control group and one n the other group were subjected
0 operanon because of this complication

Discussion

Thromboembolism occurred 1n 8 ¢ of the untreated patients but 1n none of
those pretreated with dextran 70 This cannot have been due to differences i
stk 1,
age and sex q of with anticoagulants coronary
disease or diflesene exammation techmques (Tabl

e 1) but most prabably to the
elfect of dextran Dextran was found to decrease the platelet adhesiv cncss) with a
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maximum occurnng some hours after the termmation of nfusion, which 1s
agreement with results of other insesuigators (Bypevan et coll 1966, Cronserc
et coll 1966, BENNET et coll 1968) Since no correction was made for changes n
the haematocnt, some reduction of the adhesiyeness might be accounted for by
haematocnt changes But such changes did not correspond to those 1 platclet
adhesiveness

Jacossson has demonstrated that thromboembolism following vascular cath
eterisation 1s caused by adhesion of platelets to the catheter It may therefore
be concluded that dextran 70 decreases the frequency of thromboemboli follow-
ing percutancous arterial catheterisation by decreasing the platelet adhesieness

The use of deatran 70 to lower the platelet adhesiveness has certam dis
advantages It requires mtrasenous infusion of large volumes of flurd which may
be hazardous n debilitated paticnts with heart discase In the present consecutne
series of pattents submutted to coronary anglography no patient showed any
signs of overloading, howcver

It has also been found (CrONBERG ct coll 1966) that dextran 70 may prolong
the bleeding ume Evcn af 1t does, this effect appears to be of less importance
Another disadvantage of destran 70 1s that infusion takes such a long tme that
m practice there will only remam a relatively short time dunng the day for
performing the catheterisation Still, 1t scems to us advisable that untl a more
suitable catheter or anti adhesive agent, has become available, deatran 70 should
be adminstered to patients who 1re to undergo an exanunation requiring 2
long catheter, eg for coronary angiography The pretreatment scems on the
other hand not to be necessary m abdomunal angiography because of the much
lower frequency of thromboembolism after such examinations (JicosssoN &
ScurossMaN 1969a) We then prefer to usc the thinnest possible catheters

SUMMARY

This mvestigation was made n 1n attempt to establish whether reduced platelet adhe
snveness achieved by pre infusion of dextran 70 would lead to a reduction of the thrombo
embolism that frequently follows percutaneous cathetenisation for coronary angrography
Thromboembohsm occurred in 8 S of the patients exammed without previous treatment but
1 none of the patients treated with destran 70

ZUSAMMENFASSUNG

Diese Untersuchung wurde vorgenommen um festzustellen ob cmne Reduktion d(‘:
Thrombocytenadhasnitat die durch Pranjehtion von Dextran 70 errercht wurde ;;u e;:);‘
Reduktion 1m Auftreten von Thromboembolism nach perhutiner l\nx():etcnslcrunz (u‘:‘ e
ronarangiographte fulren wurde Thromboembolien eatstanden in 8 5% d(; lll’anc:l T" -
ohne vorhenge Behandlung untersucht wurden wahrend die nicht der Fall wa
Patienten die nut Deatran 70 vorbehandelt wurden
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RESUME

Ce umal expenmental a éte entrepus pour essayer detablic = la dimunution de 1ad
hesrité des plaquettes abtenues par pesfusion prealable de dextran /0 dimtnue le fisque de
thrombo cmbolie qua st le cath percytané pour angiographie toro-
nane Des thrombo embolies se sont produstes chez 8¢5 des sujets examunés sans traitement
prealable mais aucune nest survenue chez Tes supess trawés par le dextran /0
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CLRLBRAL CIRCULATION TIME AND
CLREBRAL BLOOD ILOW

Comparison of angiography and the **Xe techmque
by

S Crongvist and T Greitz

Cercbral airculation m man has been investigated mamly by angography and
by determmation of the cercbral blood flow Cerebral angtography, although
primarily mtroduced for morphologic studies, has proved to be of great value m
the study of the phystologie featurcs of the circulation Senal anglography mahes
1t possible to demonstrate the transportation of contrast media through the ves
scls of the bran and thus to determune the mean arculation time (Grettz 1956)
The cerebral arculation ime (CCT) reflects mportant phystologic aspects of
the arrculation These aspects do not scem yet to have been properly utihzed sice
determmation of the cerebral circulation time appears to have been restricted
manly to the differential diagnosis of ncoplasms

Introduction of the 1sotope clearance mcthod, permitting quantitative meas
urement of the cercbral blood flow (CBF) expressed m mi/100 g bram tissue/
mun has opened up new possibihities for studymng the cerebral crculation and has
stumulated further rescarch activaty m thus field

Subnutted for pubheation 11 October 1968
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Fig ! Correlation between cerebral ¢ reulation time {CCT)
{ordinate) as determined by angiography and the fast component
of the cerébral blood flow (CBF) (abscissa) a) All cases panetal
vens, Vertica) 1 nes ind cate mean (full Line) and 2 SD (dotted
Line) of normal values for cerebral blood flow Honzontal hLines
represent corresponding values for normal earculation time Oblique
hing ndicates regression of CBF on CQT CBF = 110~8 CCT
b) Cases with varying diagnoses and angiography without focal
cha ges Elesen €ases had 3 prolonged circulation tme and only
one had abnormal cerebral blood flow

1t cannot be assumed that the elocity expressed as the mean crculation nme
can be directly correlated to flow expressed as volume per mmute A comparson
+ as therefore made between the curculation tumes determuned by angiography

and by € blood flow 1 order to find out «f any cor
relation exts

Methods Senal angiography was performed 1 all cases after the wjection of
3 m} Urografin 60 S, into the internal carotd artery The seres consisted of a
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Fig 2 Correlatron between cerebral arculttion time (CCT) {(ar
dinate) as determmed by angiography and the fast component
of the cerebral blood flow (CBF) (abscissa) Cases of cerebrovascu
lar lesions The cases marhed with crosses in crcles had angio.
graphic signs of a focal lesion

total of 20 films obtamed m approxmmately 15 seconds, two films per tecond
were exposed dunng the first six scconds The mean arculation time was taken
1s the time mterval between the maximal fithng of the carond sphon and
mwamal filling of the panctal vems (Grerrz)

The mean arculation time 15 approsimately 35 = 05 seconds i normal
subjects (Grerrz 1968) Some cases with parretal lesions were also mcluded m
the materral Disturbances m the parietal senous fulling may result m a false
evaluation of the mean circulation time The mean value of the tume mterval
between manimal filling of the carotid siphon and maximal filhng of vems m
several regions was therefore also calculated The frontal panetal ocapital
nuddle cerebral and internal cerebral vems were used

The cerebral blood flow was studied by the 1sotope clearance method (InGvAR
& I assen 1962, Lassen et coll 1963) By using multiple extracrumally Jocalized
detectors the method permuts a simultaneous deternunation of the blood flow m
different regions Two types of flow, a fast and a slow, arc encountered The
fast flow values will be emphastzed 1 this paper normally these ha e been found
to be about 80 + 11 ml 100 g bram tissue/mm (INCVAR et coll 1965) No
correction for vanatons m artenial carbon dionide tension were made

Materal A total of 115 anglograms and blood flow measurements were
obtamed 1n 94 cases, thirty of which were examined in Stockholm and staty four
m Lund In the latter cases, 4 to 8 eatracranially locahzed detectors were used
and both the hemspheric and regional blood flow were determned

The cases fell mto three groups according to the clmical diagnosis Twenty
seven cases without evidence of cerebrovascular disease had no clmieal signs
indicating a focal levion, and the angrogram was normal i each A second group
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Fig 3 Comrelation between CCT (ordinate) and CBF {abscissa)
w cases of subar chnoid haemorrhage Irolonged crculation nme
s more often observed than abnormal flow vatues.

1ncluded thirty six cases with signs of focal cerebrovascular lestons The third
group was formed of thirtv-one casts w ith the clinical diagnoss of subarachnord
haemorrhage with and without focal signs Repeat studies were made 1n some
of the cases 1 the latter group and a fotal of forty four determinations of the
cerebral circulation time and cerebrat blood flow were performed

Results

Fhe cesults of all studies are presented i Fig la The circulation umes as

determuned by angiography are plotted agains fast flow values of cerebral blood
flow Full lines indicate normal mean values broken lines mean values > 28D
The majonty of values lean towards the area indicating decreased flow and
prolonged arcelation time respectively Although there was a marked scatter
with low flow values and prolonged circulation umes, a definnte correlation
exited between the results of the two methods Assuming a lmear relationshp
the regression of cerebral blood flow on cercbral arculation ime was calculated
for the entire matenal and proved to be approximately CBF =110 — § CCT
the regresuon of CCT on CBF being CCT =8 -0 0o CBF
The cases are grouped according to thewr chnical diagnoses i Figs 1b and 2
and 1n Fig 3 The regression of CBF on CCT was about 12512 CCT the
residual tandard deviation bemg 7 in the 27 cases v athout focal chmical
signs and without focal changes at angiography The regression of CGT on CBF
was 83 - D06 CBF and the corresponding residual D was 05 Only two cases
had flow values below the lower normal hrmt (mean value £ 2 SD ) 1o this
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Tig + Al three types of cases The cercbral circulation time was
calculated as the mean of the region airculation times Correla
tion 13 noproved wm companson with fig 1a

group (Fig 1b) This 1s opposed to the finding that about cleven out of the
twenty scven cases were found to have 1 pathologically prolonged circulation
time

The vanables also presented a strong correlation m the other two groups of
cases (Figs 2 and 3) but with 1 sigmficantly greater residual standard devia
tion, this was 15 6 for cases with cercbrovascular lesions and 125 for cascs with
subarachnoid hacmorrhage The differcnces between these residual standard
deviations were, however, not sigmificant, nor were there any sigmificant dffcren
ces between these two groups with regard to the regression of GBF on CCT or
the regression of CCT on CBE It thercfore seemed justificd from 1 staustical
pomt of vitw to treat these two subgroups as an entity For the two groups repre
snted i Figs 2 and 3 the regressson CBE on CCT was CBF =103-77
CCT, with a residual 8 D of 14 The melmation of thus regression hine duffered
sigmficantly from that of the first subgroup as represtnted i Ig 1D, cadently
due to the fact that the rdationslup with lower flow values is non hncar The
enstence of a non hinear relationship 1s also madc obvious by the fact that the
corrdation between CCT and CBF as presented here should mean that the {low
becomes zero with a circulation time of 10 to 15 seconds Indicputable climeal
expenience with angiography proves that this 1s not the case

No differcnces between cases with and those without focal guographic
changes duc to a cerebral vascular lesion were observed (Tig 2) Values from
cases with either of these types of angiographic findimgs occurred withmn 18
well 1s outside, the normal lunits for CBF and CCT The CBF was bclow normal
Jumits 1 fifteen out of thurty s, cases bilongimg to this group, while a pathologt
cally prolongcd CCT was observed m no less than twenty scven cases
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Fg 5 Thromboss of middle cerebral arter; Regional flow
decreased and local arculation tume prolonged 1 the
temporal region

Cases with subarachnord haemorrhage (Fig 3) had a marked scatter of values
when the CBF was pathologically low (16 deter A prol

tion time was noted 1n twelve of the mstances 1n which

1 one of the sixteen istances with abnormal
CCT registered

In twenty sx of 44 mstances 1n which an,

subarachnoid haemorrhage and m thirty one of the cases with cerebrovascular
lesion the CCT was also taken as the mean value of the time 1nterval between

arotid siphon and maximal filing of veins i different

) A d arcula
CBF was normal Only
Iy low flow was a normal value for

giography was made 1n cases with

was determined
from panetal v emns only (Figs 1a and 4)
Discussion
Previous work (Grerrz 1956 Grerrz & Syn 1968) has indscated that the
standard error of the coserver evaluating CCT 1s low (019 seconds) when
the determination 15 based upon serial filims of the same number and of the same
frequency as ysed here The fact that G
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different neuroradiologists should therefore not mvalidate the results obtamed
Grerrz & Syk (1968) have further claimed that although maximal filling of
vuns may secm more difficult to define with prolonged circulation tme, this does
notsignificantly flucnce the error of method

Both the circulation time and the cerebral blood flow have been proven to be
mflucnced i the same direction by variations of the artenal carbon dioside ten
sion The exact mercasc or decrease expressed m scconds and m ml/100 g/nun
1s unrecorded even in the normal bram and naturally may be different m cases
of cercbral disorders Because of this, no correction for apCO. has been made m
the present serics

Although a correlation between CC1 and CBT ewsted for the whole senes,
the strongest correlation and the smallest residual standard deviation were noted
m the group m which angiography was without focal changes and m which the
chimcal signs did not predict a focal leston It 1s however noteworthy that even
i these non focal cases a pathologically prolonged circulation time occurred m
cleven out of twenty scven cases Henee, by deternining the cerebral arculation
time, 1t was possible to reveal disturbances mn the cerebral arculation m cases
which angrography was normal from 1n anatomical pomt of view Among cases
with climcal signs of focal vascular lesions, a prolonged CCT was noted m
twenty seven of the thirty seven determuinations made, wlile the CBE was found
to be abnormal m only sixteen mstances

Simular observations, 1 ¢ thit the CCT was more often abnormal than the
CBI', were made also m cases with subarachnoid bleeding The correlation
appeared to be weaher m those cases i which there were low flow values and
prolonged circulation times than n the other two hinds of cases described The
discrepancy could be due to the presence of various degrees of spasm and 1lso
to the varyng localization of the spasm m different ancurysms (CrongvisT &
hacstrom) That focal changes m the circulatory pattern really 1re responsible
1s evident from the fact that when the mean CCT calculation ws based upon
the maximal filling of several regional vems and not upon filling of the panttal
vems only, a stronger correlition was evident n this range of measurcnients
Additional proof wis also obtained from the fact that m cases with a Known
well defined vascular lesion the correlation between the CBI and mean GCT,
caleulated 1n the manner described above, was stronger than when the mew
CCT determunation was bastd upon the filling of only the parctal vans It
should be stressed that all the correlations presented are relevant only to li\;z'
types of cases examuned m this work, 1 ¢ essentially normal cases and tlhow :]:1
cerchrovascular lesions Haemodynamic disturbances that produce a relation ap
between the CCT and CBF, different from that m the present material, may

occur with other types of lestons
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Focal disturbances i the venous filling have carlier been descnbed m a vanety
of cercbral Jesions apparently comesponding to regional changes in the CBF
(CronguisT 1968 Cronguist & Larocut 1967) Since a correlation exists
between the mean CCT and the. hemusphericblood flow, a correlation between
the regronal values for the: CBF and regional CCT may also be expected~{sce
Fig 5)

Conclusions

The i cstigation has demonstrated a correlation between the cerebral arcula
tion time (CCT) and cerebral blood flow (CBF} The regression of the CBF
(fast flow) on the CCT was sigmificamly different 1n cases with essentially normal
flow values and 1n those with cerebrovascular disease and low flow values 1 that
the changes in the CBF tended to be less marhed with long arculaton umes
This suggests that the correlanon between CCT and CBF 15 1n fact non linear
This correlation was strongest 1n cases without focal angiographic changes and
when the determmnation of CCT was taken as the mean tme mterval between
the maximal filling of the carotid siphon and maximal filling of veins 1n several
regions

Circulation tume as determined by angiography, 1s an easily obtamned wdicator
of arrculatory disturbances and appears to be more sensitsve than CBF at least
m ceftan types of haemodynamic disturbances It would thus appear that
determination of the CCT must be 2 routine measure at cerebral anglograpay

This 1s especially important when the angiographuc findings appear normal from
a morphologic standpomnt
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SUMMARY

The mean cerebral eisculasion time was studied with an,

grography of the caroud artes
ard the cerchral blood flow deternuned with the aenon 133 clearance method lhr::
graups of ca cs The fir t group + as without clinical or angiographic signs of an wntracerebral
focal Jesion, the second had clincal evidence of 2 cerebroyascular Iesion and the third group

had subarachnoid haemorrhage A
¢ A significant correlation between the crculatios
cercbral blood flo 4 existed in all three groups m e and

ZUSAMMENFASSUNG
Die durchschinuttliche cerebrale Blutumlauf s A
cerebrale Durchtlutung smutels der %enon cchasn ——

133 Ausscheidungsmethod,
Crappen von Fullen. dhert In der rsen Gruple ok Lowe Limach picy el
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nachwessbare Herderhiankung des Gehirns vorhanden, Minisch lag in der zweiten Gruppe
cerebrovashulare Lrhrankung vor und die dntte Gruppe hatte subarachnoidale Blutung
Line sigmifihante horrelation zwischen der Umlaufzeit und dee cerchralen Durchblutung
konnte m allen drer Gruppen festgelegt werden

RESUME

Le temps de circulation cérebrale moyen a éte etudié par angiographie carotrdienne et le
debit cerébril a cté mesure par la methode de clearance du senon 133 dans trois groupes
de cas Le premier groupe navait pas de signe climque ou angrographique de lesion focale
ntracurcbrale fe second avait des signes climques de lesion vasculaire cérébrale et le
troisieme avait une hemorragie sous arachnoidienne Les auteurs ont trouvé une correlatron
significatnve entre le temps de la carculation et le debit cérebral dans ces trois groupes
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ANGIOGRAPHIC DEMONSTRATION OF COLLATERALS
TO THE CORONARY ARTERIES IN PATIENTS
WITH ANGINA PECTORIS

by

Lars Bjors

Intercoronary and extracardiac anastomoses to the coronary artenes may be
demonstrated by anous methods of coronary angiography (SosEs et coll 1959
Pacers 1964 Arvipssov & Monere 1966 Bjorw 1966 and others) Successful
results of operatie procedures to merease the vascularization of the myocardium
may 1o be documented by angiography (sce accompanymg illustration) It
must be emphasized howeser that 1t 15 essentially the anatomy of the arteries that
18 demonstrated by these angiographic methods and 1t 15 well kagyn from vas-
cular studses using penrpheral and renal angiography that 1t 15 dufficult g0 cor
relate the anatomical findings at angiography with disturbances of function It 1s

the myocardium and the
ary artenes as scen at coronary angiography
To imestigate these factors, a study was made of 65 pauents referred for
surgical treatment of angna pectons Electrocardioerams with standard and
vanaus precordial leads were obtagned 1 all these pavients, and the physical work
Sapacty was determuned by means of a bicycle ergometer {Harren 1964)
_—
Submutted for publication 5 September 1968
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Roentgenogrims obtained 26 manths after implantation of the mternal mammary
artery nto_the myo ardrum  patent artery (-—) [illing the anterior descending
branch of the left coronary artery (—») through collaterals

Coronary angiogriphy as well as left ventricular cme angiography was per
formed 1n all the patients The findings at coronary anglography were divided 1
five groups, classified as follows

0==normal coronary arterics

1 =narrowing of the lumcn mn at least one place but less than 50 ¢c of the

drameter of that arterv

2 == narrowing of the lumen 1n at least one place by more than 50 ¢ of the
diameter but no delay m filling of the arterial branches distal to the
obstruction
the same as (2) but with delayed filhing distal to the obstruction

4 = total occlusion of the artery

The presence of mtercoronary, homocoronary and estracardiac anastomoscs
wis noted The anastomoses were considered funcuionally important when there
was good contrast filling distal to the occlusion 1n an artery




ANGIOGRAPIIC DEMONSTRATION OF COLLATERALS TO CORONARY ARTERIES 307

Table 1

Correlation of the deree of coronary artersosclerosis in the most affected Swo magor arleries fresence of
collaterals to the corenary arteries and the physical work capacily

Degree of artentoscle  Presence or \axmal work capacity hpm/minute

rosts clasaified accord non-£x: tence.

1ng to groups defin d of colfaterals 250 250499  500—749  750—
onp W06

(221 - 5 — — —
443 - 2 3 1 —
;:i o 2} + 3 7 6 1
34+3ur2 - 4 7 4 -

*Plus s gn ndicates fill g of an a tery distal to the stenoss th ough collaterals munus s gn that
1o collat als ere s ble 1o the coronary angiograms
Table 2

Correlation of the degree of coronary arterosclerosss tn the tuo most affected major coronary avieries
tresence of collaterals and the findings at left tentricular angicardiography

D grec of arte o P esence or

F nd ngs 31 left venwncular angiocardiography
scl ros's clas fied non exstene

accordung to of collaterals End diastol ¢ volume Ead sy tolic volume  Dysfunction
gro ps d fined 1 wall
p 306

0+ ++ 0+ 4+ 0 4
444 } + 3 2 — 1 2 2 1 4
443 — 3 2 1 2 2 2 3 3
4+2
; i ; + 14 2 1 5 ] 2 6 n
2 10 5 — 6 7 2 7 8
3+1

Plus s gn ind cates filling of an tery d stal to the stenasis through collaterals manus gnih v

socoll tet lswe ¢ sble nthe co onary angograms Des gnat ons for left ventncular yolumes
Onormal + moder tely incre sed ++ markedly nd eas d

Correlation between the degree of coronary artery sclerosis collaterals to the
coronary artenes and physical wark capacity may be observed i Table 1 There
1s no significant difference 1n physical work capacity between patients with and
without gaod collaterals as demonstrated by coronary angiography
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The demonstration of collaterals was not corrclated to the left ventricular
volumes or to the functron (Table 2) Increased left ventricular end diastohc and
end systolic volumes were equally frequent in patients with as m patients without
good collaterals Tocal dysfunction m the left ventricular wall, mdicating a scar
from previous infarction, occurred with equal frequency m patients with and
without good collaterals to the occluded coronary arteries

Another scries of 70 patients, surgically treated for angma pectons according
to 1 combmation of Bech s and Vineberg's principles, were studied sin months
to three years after the operation Angiography of the mmplanted nternal mam
mary artery revealed patency of the artery, Iihe the one shown mn the present
roentgenograms, m 46 S5 of the patients The degree of subjective and objectine
mmprovements was stmilar, howesver, whether the mternal mammary artery was
patent or not (Bjorn et coll 1968)

Conclusion

The angiographic demonstration of collaterals to the coronary arteres 1s of
Iittle clinical sigmificance since 1t 1s no indication of the physical work capacity of
the patient or of the functional state of the myocardum Tlus 1s 1 agreement
with the findings of Baroror (1966) whose post mortem mjection studies of
human hearts with coronary artery disease produced no definite correlation
between the number of collateral vessels and the extent of damage to the mjo
cardium MoBgzerG (1968) reported that extracardiac wnastomoses to the coronary
arteries mereased m number and size with age and the degree of coronary stenosis
These anastomoses had a true anastomotic function but thetwr importance for the
myocardial blood supply could not be evaluated At the moment the anglo
graphic method 15 too insensitive to be utilized for studyng the coronary collateral
arculation A detailed analysis of full size hugh defimtion coronary angiograms,
pernutting a demonstration of nunute \ascular branches and the calculation of
the number of these branches per volume heart muscle, could possibly merease
the value of the method

SUMMARY

Normal and surgically created collaterals to the coronary arterics were demonstrated by
angiography 1 patients with angna pectons No correlation ;oulld be csn:t\bl:ls])xcc:u:::::s;
the presence of collaterals and the physical work capacity of the patien e
o e msocardum or the degree of umprovement following operation
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ZUSAMMENFASSUNG
Normale und chirurgisch llte K zuden h wurden mit
tels Angiootaphie bei Patienten mut Angina pectoris dargestellt Kewe Korrelation v ischen
der Ewstenz von K und der Arbeitsfahughert der Funk fahugheit des

\fychardiums und dem Grad der postoperatien Besserung der Patienten Lonate festge tellt
werden

RESUME

L angiographte a pernus de mettre en evidence des collaterales des arteres coronaires les
unes normales les autres creees chirurgicalement chez des malades attents d anmne de
poitrine  La presence des collaterales ne.t pas en rapport avec laptitude du malade au

travail phy 1que letat fonctionnel du myocarde ou le degre damelioration qui a suni
1 operation
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ISOTOPL SCANNING OI' SPINAL CORD CYSTS
by

1 Grrrrz .nd A B Lrrrrrsson

It has been posable to dingnose eystic lesions m the cervieal part of the medull
by cxamming the patient with Pantopaque myelography m supme position and
£1s myclogriphy m sitting postion (Connay 1961, 1967, Heinz <t coll 1966)
Smularly, volume vanations suggesting the presence of cysts m the cernvieal spmal
cord hne been dunonstrated by gas myddography and  encephalography
(Wicrnsor & Hanarie 1963, Garoser 1965) The techmque for Iumbar
gas  mycography, rceently antroduced, has now made 1t possble to
dngnose cystie cliges m all parts of the spmal cord (Westsere 1969,
1966) Long flacad cysts can be disinguished from othar types of cystic
mtrameduliary losions (Wrstaere 1966) The demonstration of 4 flicad cyst by
gas myclography 1s sufficint Jusuficauon for mahing a dingnosis of syrmgomyclin
with complete certunty On the other hand, this roentgen finding 1s not mdis
pensable to the dinosis of syrimgomyelia, smce the cyst may disappear wnd
lewve a spmal cord atrophy (LrrerTsson 1969a) Most cases of syrmgomych
can be distmguished from other types of mtramedullary cyst by therr climcal
manifestations, by fimdings m the examination of the cercbrospmal fluid nd the
cyst fluid, and by rocntgen obscryations (Literrsson 1968, 1969b) Communica
tion between the cyst and the cercbrospinal flurd space occurs m syringomycha
but not m other types of mtramedullary cyst (LirerTssoN & Grritz 1969)

- ——
Subautted for publicanon 2# Tebruary 1969
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a b

Fg 1 Isotope myelocystography 1 a case of partly fluctuating spinal
cord yst a) Scanmng without d senmnacon b) Photograph . dis
rim nation Ext nsion of cyst only i the midportion of the expanding
leson which was fluctuating at both ends {cf fig ?) Punctures
abo ¢ and below the cyst evealed additional cysts

A study of such a commumication has been made by 1satope scanning after
percutancous puncture of the cyst by the Westberg method and direct mjectton
of RIHSA mto the cyst (ELLErTsson & Grerrz) It scemed of interest to
vestigate whether this method which has been called 150tope myelocystography
could be used as an alternative for cystography with air in assessing the size of
the ¢y t Itisoften difficult particularly when the cyst 1s not flacaid to determine
by gas myelography alone how much of the expanding lesion 15 cystic and how
much 1s solid

Isotope myelography (Baver & Yuur 1953, 1957 Pimrysav et coll 1958
Brri 1962 Husner & Broww 1965 Wackenuerm 1965 Dierz et coll 1966)
has been mtroduced 1n recent years for the diagnosis of expanding lesions 1n the
spine We have used this method m attempts to diagnose mtramedullary cysuic

processes and to distingmsh 1f possible between different types of spmal cord
cysis
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a b

Ty 2 Gs myelography in the same case 1s m g 1 Expandmg lesion from Th8 to upper

border of 1h 17 {large wrrow) Small fluctuations induced by vanation in the patient s posttion
both at the upper (4 and b) ind lower {c and d) end of the lesion (small 1rrows)

Materal and Methods S cases of flacaid cyst (considerable fluctuauons of
the entre spmal cord eyst) and three cases of partially fluctuating cyst (fluctua
tions m part of the cyst) werc studicd  The alterations m the shape of the spmal
cord were dignosed by 315 mydlography (WesTBERe 1960}

RIHSA m physiologic salt olution contunmng 10 to 12 mg aibumm per mG
T was used both for 150tope myclocystography and 1otope myvelography Al
the scntigrams were obtamed with a Pichar Magnascanner wath 4 3 by 2 mnch
Inrge Nal (T1) scnullation erystal and 2 19 hole focussing collmator with 1
focus distance of about 76 mm Al rccordm.,s wae made both with the tcedeltos
system and with photorccording The scanning speed was as a rule 24 cm mn
and the line space 6 mm - the spectrometer was sct to record encrges of from 270
to 455 keV

Isotope myclocystography In five cases four of which with flacad ovsts 60
to 100 #Ci1 RIHSA m 05 to 2 ml physiologic salme were myected o the cyst
and scanning was performed over the back with the patient i prone poution
1he radintion dose to the cyst wall, disregardmg the biolome chmmation w1
adenlated s not tacceding 250 rad 1 a cyst with a volume of 20 to 25 ml
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Fg 3 Isotope myclocystography n a case of flaccid spinal o d eyst eatending from C1 to
Th6 as e n at gas myelography The distr bution of the uotope wathin the cyst i somewbat
srregula

Fig 4 Myelocystography in a case of flaccid cyst petformed with 100 uCa RTHSA at 8 (a)
94 (b) and 48 (c) hours after nject on Relat ely shght actnty over the cyst in the 48-hour
scan horizontal line 1nd cates the level of the external auditory meatus

Isotope myelography This was used m four cases two with flacad and two
with a partially fluctuating cyst (Baurr & Yune 1953 1957 Perryman et coll
1958 Berr 1962 Husnir & Brown 1965 Wackennkit 1965) An amount of
1 #C1 RIHSA per kg bodyweight was injected i the lumbar region and scanning
was performed over the whole spine and when there was free passage 1n the
cramal direction over the head as well (D1 CHiro et coll 1964 Dirtz et coll
1966 BaxnisTr et coll 1967) An amount of 100 xCi RIHSA njected 1
trathecally 1n the lumbar region gives an average dose of beta radiation cor
responding to 2 7 rad over the surface of the spinal cord (Hitorren 1968)

Results

Isotope myelocystography The size of the cyst could be studied by direct
jecuon of RTHSA into the cysts and immediate scanmng (Figs 1 2 and 3
Its smage was cnlarged owing to the use of the coarse collimator Successive
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a b < d

Fig 5 Myclocystography 1n a partially flucturting cyst contaung 20 ml of flud performed
at1 (a) 24 (b) 48 (c) and 72 (d) hours after mjection of 100 uCt RIHSA At 72 hours
there s still actiaty i the cyst

discimmation of the photoscmtigrams, either by photocopymg (Dewes et coll
1962) or electromcally with closcd crrcuit tdesision (Benper & Brau 1959),
cnabled ncreasingly small arcas with a nising levl of actvity to be delmeated
A lugh uptahe was thus demonstrated centrally within an area whose width
corresponded to the probable width of the cyst, which cannot be xpected to
exceed the diameter of the spinal canal The length of the cyst was therefore
measured 1 connection with this discrimmation and the figure obtuned was
assumed to correspond to a maximum measurement The error at a length and
width esumation of thus kind probably does not excced 20 9% (Mymr ct coll
1965)

The actvity was shghtly unevenly distributed 1 all the cysts examned and
the distrtbution was the same 1n repeated scans In two cases, one of 1 flacaid cyst
and onc of 1 partially fluctuating cyst, scanmng was continued as long 1s activity
«xceedng the background activity was present m the cyst After three days only
traces of actwvity remamed 1n the flacad cyst (Dig 4) while the partally fluctuat

mg cyst, which contamned 20 ml flutd, n other words as much as an ordmary
flacard cyst, after this pertod still exhibited a relatively large residue of actisity
(Fig 5) At gas myclography the latter case had been found to have an expand

ng process extending from Th 8 to Th 11, with fluctuations both at the upper
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Fo 6 Isotope myclocystography before (a) and
du 1ng sas myelog aphy w th head lowered (b) The
Caudal portion of the qyst has collzpsed and 3 upper
portton appears shightly b oader after replacement of
the cerchrosp nal fluid w th gas

and lower poles (Fig 2) After puncture of the upper end a small cyst contaimng
2 fow mylliliters of cyst flwd was found At RIHSA myelography after renewed
puncture approsmately w the mddle of the lesion the punctured cyst was scen
1o embrace Th 9 to Th 10 (Fig 1} Another puncture lower down revealed still
1nother cyst

In two cases of flacaid ¢yst (synngomyeha) scans of the cyst performed be
fore and after the cercbrospmal fluid had been replaced by air as 1n gas myelo-
graphy resealed that the caudal part of the Iesion had collapsed (Fig 6)
Vanations m shape due to change 1 patient position occurred only under simlar
conditions 1¢ when the cyst was surrounded by gas.

Isotope myelography In two cases of flacad cyst RIHSA mjected in the
tumbar region circulated upwards at a normal rate and had reached the cisterns
after a few hours and the consexity after 24 hours Although most of the tracer
had left the basal aisterns by that ime activity was recorded cervically at the site
of the spinal canal simultaneously with 2 maximum at the convexity This uptake
could have been 1 the cyst and was espectally noticeable 1 one of the cases
(Fig 7) m which the cyst was punctured two hours after the mjection and then
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Fig 7 Tsotope myclography 1 a case of flaceid cyst At 24 hours the 1sotope
has reached the convesity (b) but activaty still remains 1n the cenvical area

n both sc probably i a spmal cord cyst

contamed radiocactive cyst flud In the other case, which also had persisung
cervical actiity despite an otherwise normal cerebrospmal fluid arculation, the
cyst was punctured after 24 hours and at that tme contamed RIHSA The two
cases of partially fluctuating cyst proved at 1sotope myelography to have an
obstruction to the free circulation of the cerebrospmal fluid and no actisity over
the head was noted There was almost total block (Fig 8) at a location corre
sponding to the lower border of the lesion seen at gas myelography

D and Concl
If volume variations 1n the spinal cord are demonstrated 1n connection with a
change 1n the patient s position during gas myelography, this may be considered
evidence of the presence of a cystic leston It may be stressed that the diagnosts of
spmal cord cysts was confirmed by percutaneous puncture m all the mncteen
cases 1n which 1t had been made at gas myelography Fluctuattons observed at
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Fig 8 Isotope
mytlogmphy n two
cases of pantly flue
tuating <yst Block
m the  spmal
subarachno d space
at the caudal end of
the expanding le
sion

gas myelography are considerable and present only 1n a small part
of thc lcsmn lhxs may cause difficulties in Judging the size of the cyst Isotope

myeloc phy after pe cyst puncture may then be used as an
alternative to qsmgraphy w nh atr 1 order to ascertan how much of the lesion 1s
cystic and how much 1s sohd

Enacuation of a cystic tumor 1 connection with 2 puncture has a favourable
effectaf the ©y2t 15 50 large that 1t i olves several segments or the greater part
of the lesion (EvrLerTssos 1969b) L and possibly rad therapy
may perhaps be conadered for the sohd part As to flacaid cysts the extent of the
lesion can be established with a hugh degree of certamty by gas myelography
alone Myelocystography . these cases 15 sometimes useful for establishing of

there 15 a ¢ with the ¢ pmal flud space (Evuerrssov &
Grrrz) Furthermore 1t may be possible to draw conclusions concerning the
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Fig 7 Isotope myelogriphy m 1 case of flacad eyst At 24 hours the 1sotope
Ins reached the convesity (b) but activaty still remauns in the cenacal area
in both semtigrams probably 1n 4 communicating spinal cord cyst

contancd radicactive cyst flud In the other case, which also had persitng
cenvical activity despite an otherwise nonmal cerebrospinal flud airculation, the
cyst was punctured after 24 hours and at that time contained RIHSA The two
cascs of partially fluctuating cyst proved at 1cotope myelography to have an
obstruction to the frec circulation of the corebrospinal fluid, and no activaty over
the head was noted There was almost total block (Iig 8) at a location corre
ponding to the lower border of the lesion scen 1t gas myelography

D and Concl
If volume vartations m the spinal cord are demonstrated m connection with a
change m the paticnt s position dunng gas my clography, this may be considered
evidence of the preseuce of a cystic leston It may be stressed that the dagnoss of
spmal cord cysts was confirmed by percutancous puncture m all the nmeteen
cnses n which 1t had been made at gas myclography Tluctuations observed at
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RESUME

Les auteuss ont examune neul nialudes atcernts de kyste de 1z moclte epimere par Listo-
graphie médullaire 1sotopique par injection durecte apres ponction percutanee et par myelo-
graph® 1sotopique apees Ijection sous arachnoidienne lombaire de RIHSA {serum albunune
humane marque a 1iode radio-actine) Ils examnent linteset de ces methodes pour le
diagno tic pour le diagnosuc diffesentiel et pour preciser les dimensions du Lyste
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nature of the cyst by studymng the rate at which isotopes are reabsorbed from the
oyst flid The relatvely rapid ehmmation of the mjected 1sotope from spinal
cord cysts, especially flacad ones, means that the calculated maximum radiation
dose of 250 rad at myclocystography should be reduced by a factor of more
than 10

During 1sotope myelography after lumbar mjcction m cases of flacad cyst
(syningomycha hydromyeha) the tracer reached the cerebrospinal fluid space i
the shull within the ordinary tume, this suggests that there was free arculation
withm the subarachnoid space Residual activity 1n thoracic and cervical segments
after the 1sotope has left the basal cisterns may be caused by retention of the
tracer m a cyst n commumecation with the subarachnoid space Siular observa
tions have been made m scans after suboccipital injection mn cases of cisternal
arachnoiditis (DIETZ ct coll ) A late uptake has been observed 1n a case of spinal
lymphosarcoma and was thought to be due to capillary catravasation withm the
tumor (Husner & Brown) Turther experince 1s necessary before 1t can be
decided whether 1sotope myclogriphy can be used to confirm the diagnoss m
cases of chimeally probablc syringomyeha

Partially fluctvating cysts do not differ i 1sotope myelography from other
mtra or extra medullary processes They may bloch the spmal cerebrospinal
flmd circulation and this seems to allow a differentiation from syringomyeha
cysts

Acknowledgement
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trons

SUMMARY

Isotope myelocystography with direct injection after percutancous puncture and tsotope
myclography after lumbar mtrathecal mjection of RIHSA have been used to examine mnc
patients with spinal cord cysts The value of these methods mn the diagnosis and differential

and for establish cyst size 1s d 1

ZUSAMMENFASSUNG

Lter perhutaner Injchtion und Isotopenmyelographie
Injchtion von RIHSA wurde ber der Untersuchung
Methoden

Isotopenmyelocystographie mttels dire!
nach Lumbalpunktion und intrathekaler
yon ncun Patienten mit Cysten des Ruchenmarkes angewandt Der Wert dieser o
sur Feststellung der Grosse der Cysten und zur Diagnose und Differentialdragnose wird be

sprochen
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UPTAKE OF Sr IN OSTEOARTHROSIS OF
THE SPINE IN MAN

by

Joseen C DeFrore and Bo E R MiLsson

Osteoarthrosis of the knec and hip causes ncreased uptahe of **Sr on the
affected side about double that on the unimolied side (DanieLsson et coll
1963} When digutal scntimetry was used 1 conjunction with focussed colh
mator gcometry permitting a more defined anatomical resolution localized
arcas of uptake exceeding five umes the normal were demonstrated  presum
ably representing a localized rapid bone turnover (Baver 1968 Bauer &
Swirn 1968)

With regard to spmal ostecarthrosis (spondylosis deformans) some data,
demonstraung a local uptahe of **Sr 1n ostecarthrouc changes in the spine,
have been published (Baver & Scoccrantr 1961} No data indicating whether
the spine actually takes up more *Sr 1n cases of generalized ostcoarthross are
aailable however

The objective of the present study was to evaluate the total uptake and the
distnbution of #Sr m the osteoarthrotic as compared to the normal spine

Matenial Ststy mdwiduals were ncluded in the study They presented with
out hustory physical findings or radiographic evidence of disease or wyury to
the spine other than osteoarthrosss, and no symptoms of other spmnal pathologic
conditions during an average of a 6 month follow up after scintimetry were
nated The patients were examined because of back pamn {45 cases) or secondary
o imveshigations becaus t

g ause of sheletal lesions not mvolving the spinc (15 cases)

Submutted for publication 10 \prl 1968

U604 41 R4 {5 D g wha 8159
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Fig 1 Relationsh p of detector 1soresponse | nes
and the sp ne

coordinates {Fig 2) The detector was cahibrated so that the actual count
rates could be compared from case to case

In 56 of the sixty cases mn the study whole body retention was measured at
the day of the injection and at the day of santimetry the latter was expressed
as a percentage of the former by comparison to standard The following data.
were accumulated from the scintimetnic investigation

1 dierage count rate being the average of all the counts over the spine This

vamable 1s a measure of the total uptake of ®Sr 1n the spine sn normal as well
15 1n osteoarthrotic subjects

2 Highest count rate bewng, the ighest single count rate of the entire spine
and a measure of the hottest spot 11 the spine

3 Rato fughest count vate lo average count rate representing a measure of the
magmiude of the uptake 1n the hottest spot 1n the spine
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Table

Vanables n osteoarthrosts of the spune

Radiological classification

None Less severe \ore severe

Sex
Males 11 8 5
Temales 9 13 14
Total 20 21 19
1,¢ (arera, e sears)
Males 42 GI 69
Females 38 60 68
Average (+SE) 4043 6142 6842
Whole body retention (°, dose) 301420 305422 335431
Ratio hughest count rate/average count rate

(\verage £SE) 164002 180+008 1974011

The cases were dvided 1nto three groups (1) no osteoarthrosis, with normal
spine roentgenograms, {2) less severe osteoarthrosis, with small osteophytes and
narrowing of the intervertebral spaces on one or more levels, and (3) more se cre
osteoarthrosis, with narrowing or total closure of one or more mtersertebral
spaces, large ostcophytes sometumes bridging the mtervertebral spaces, sclerosis
of the vertebral bodics and deformty of the spme configuration (sce the tible
for group, sex and age distribution)

AMethod The data were obtamned by means of 1 digital step scanner (Smrrit
et coll 1966, BAuer & Smitit 1968, DeFiore & LINDBERG unpubl) and a
whole body counter {(Smitiz 1966) The measurements were obtained approx
mmatelyt wo wechs following mtravenous njection of 100 #Ciof #Sr Spmmnl
scintimetry was performed m all cases

The patient was placed 1n supine position on a pleiglass stretcher with the
face of the focusing collimator of the scmtillation detector moving under the
stretcher (Iig 1) The detector was set to move every 10 scconds at 1/2 mch
(1 27 cm) 1ncrements across the spine with | inch (2 54 cm) mcrements between
the scan lines

With the patient n the same position, a roentgenogram of the spne was
obtaned which included radio opaque coordinates built nto the stretcher
Numbers representing bachground corrected count rates were then supenim
posed on a diagrammatic representation of the spine by means of the known
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Fg 3 Relat onship of the averaye count rate to whole body
retention 1n no L osteoa thiot ¢ and osteoarthsot ¢ spines Co
va gance analy s revealed no sign ficant d e nce between
the groups

compared there was a sigmificant difference between the osteoarthrouc and
the non osteoasthronic subjects This seems to indicate the presence of one or
more small localized areas of high uptake 1n the osteoarthrotic spmes In
general these areas ate not of such magmtude or quanuty to reflect on the
uptake of the enure spine nor even remotcly comparable to the peaks found i
the osteoarthrotic knee

There are sigmficant age differences among the three groups reflecung the
increasing meidence of osteoarthrosis with age (Table) Hurr (1993) foundin
population studies that osteoarthrous of the spine was a common mamfestation
of increasing age without sigmficant relationship to chnical symptoms  Simslar
conclusions were drawn from studies 1n dog> by Marcan (1967) The present
studv supports the concept of spinal o teoarthrosis as a progressive dusorder
without the intense response from the bone tissue demonstrated in ostecarthrosis
of the large joints

The presence of smaller areas of increased uptake may mfluence the mnfer-
pretanon of back scans in the diagnosis and localization of spinal lestons
However the uptake in these hot areas was of less order of magmtude than



2
324 JOSEIR C DEFIORL AND BO L R NILSSON

Iig 2 Digial printout displayed on a
spine roentgenogram

When the staustical methods were used for the annlysis of the data, probabil
ity levels of over 95 9} were considered significant

Results and Discussion

1 The average count rate was sigmficantly related to whole body retention
(Iig 3)

2 Whole body retention did not differ between the three groups (sce Table )

3 At 1y given whole body retention there were non sigmficant differcnces
n the average count 1ates between the groups (g 3)

4 fhe ratio of the lnghest count rate to average count rate was sigmficantly
higher 1n the ostcoarthrotic spines (T1ble)

The total upt 1ke of ®*Sr 1n the osteoarthrotic spines did not differ significantly
from that of the non osteoarthrotic spines, nor was therc any difference between
the degrees of osteoarthrosis It must thercfore be concluded that the mfluence
even of generalized osteoarthrotic changes of the spine on the uptake of #8r
15 considerably less than in the joints of the hip or of the hknee However, when
the hughest count rates corrected for the average count rate of the spme were
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SUMMARY

\ comparison of the total uptake of 381 was made in cases with and without radiologic
euidence of osteoarthrosis using a method with a high<degree anatomucal resolution of the
various levels of the spine together with whole body counting The tracer uptake did not
differ agnificantly between the groups When local peak values ndicating a hrased area
with a high uptake were recorded these were significantly higher inspiess 1th osteoarthrosis
Suck peak values however never reached the magnisude of those seen an metastatic disease
spondyhus and other localized spinie lesions

ZUSAMMENFASSUNG

Eune )¢ der Total von ®$r m Fallen mit und ohne

d hy O h wurde mit Anwendung emncr Methode die
emne hohe anatomische Detadl Auflosung der hied Wirbelsaulenabsch erlaubt

mit Ganz} ) Es ervies sich dass die Differenz 1n der

Traceraufnahme zwischen den beiden Gruppen nuicht sigmfikant war Wenn lokale Maximal
\erteb wurden die Ab: mat hoher Aktratat lagen diesc
Werte wesentlich hober 1n V4 it O h Dicse Hoh 1¢ waren jedoch
me 1n der Grosse wie die ber Spondy hitis und anderen | Wirbelsaul
lasionen auftretenden

RESUME

Les auteurs ont comparé la fixation totale de *5r dans des cas avec et sans signe radio-
Yoy, que d ostéo-arthrose vertébrale par une méthede de haute résolution anatomique des
dlférentes parties de la colonne yertébrale en meme temps que par un comptage cor 1
tatal La fixation du traceur n a pas preente de difference sigmificative entre lis rr -
Les pes localisés indiquant une région lim tee de forte fixaton sont swmﬁcamcmgm pla
clevés dans les colonnes artentes d ostéo-arthrose Ces pies cependant m ont Jaman sttt
Vimportance de ce que 1on constate dans les métastases 1 e s

rachidiennes localistes les spondy lites et les autres 1ésions
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Tig 4 Graplical representation of the
total count rates of individual vertebrae
as related to Th7 (average + 2 SD)
(Compare with T'tLLanpCr & LinbnrrG
1966 ) 1) Normal subjects b} Less severe
osteoarthrosis ¢) Severc osteoarthrosis

found 1n vertebral fractures, spondyhitis, metastatic disease, and Paget s disease
utihzing the same method (Deliorc & LinDpBeErRG 1968)

The vertebral count ratios for Th7 in both normal and osteoarthrotic
spines arc given in g 4 The presence of radiographically evident osteoarthro
s1s, whether severe or not, increases the scatter of the spine count rates through
out the entire spmne especially 1n the lumbar region This ncrease mght oc
casionally make the diagnosis of a lesion 1n the lumbar spine difficult and should
be taken mto iccount, but in most instances will not interfere with the inter

pretation of spinal scintimetry
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ORBITOGRAPHY WITH WATER SOI UBLE
CONTRAST MEDIA

by

JorGEN Foc and Jack Lester

Orbutography was first performed by Staunic & HrrrEnsciwasp n
1927 1n an attempt to demonstrate the retrobulbar orbutal space in unilateral
exaphthalmos \umerous contrast media have been used for orbitography
Aur formed the fitst medium and negatiy e contrast media particularly oxygen
arcsull preferred by many radiologists Posiive contrastmedia werentroduced
301939 by Trrer, Quly as well as water soluble media haye been employed and

have sometimes been followed by complications probably caused by their
tovicity Thorotrast has also been used

Orbutography performed with mode)

complications
_—

11 s paper was p esented at the 8ih Symposium Neuroradiol lcum in P
1ed for publicatson 16 Fcbruary 1968 * P 1967 Subma
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- and South E M #S¢ scintimetry 1n osteoarthritis of the hnee To be publshed i J
nucl Med
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Morcav Jor P Spondylosis deformans in the dog Acta orthop scand 1967 Suppl No 96

Swrit L M Evaluation of a whole body counter Read at the Annual Meeting of Society of
Nuclear Medicine 1966 Charleston US A

— Marriws JRH G and Anperson D G A mulnfi dagatal seantll seanning
system with a chimcal example (Abst ) J nuc! Med 7 (1966) 793

in evaluation of spendyle
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Fg 3 Markedele tion of the muscular cone caused by a mucocele from the frontal s nus occupy
1ng the mfer or half of the orbit cloud ng of the frontal s mus destruction of the medial part of the
supra bitalm  gin bad occurred

The dominatng sign was umlateral exophthalmos which was present 1n
23 pauents Nearly half the number of these complained of double vision
caused by muscular paralysis and dislocation of the eyeball Two infants with

optic nerve gloma had no sight 1n the affected eye The tumor was palpable
1 four patients

————— Ty

Fg 4 Opucnevegl m

The diameter of the optic fo amen was nlarged by 40
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Tig 1 The needle mnsitu nserted from the temporal aspect of the infenor orbital margn to a depth
of about 4 cm

Matenal We have carried out 32 orbitographies with water soluble contrast
medin 1 our department during the past five years, 21 of them 1n 1967
The number of patients was only 29, since m three of them the exammation
was performed twice Seventeen were females and twelve males The ages
ranged from 6 months to 76 years but half the number of patients were between
40 and 60 years of age

{

~ .
! }
L" (ol
JO: | SR
dium spread inside the muscular cone Indentations

2 Normal orbitogram with the contrast me
Ellgthc rectt muscles are scen in the 1p view  the central defect corresponds to the optic nene
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ORBITOGRA

F 6 Fbross oma Almost the same d splacement a5 1 fig 5 bit the eo>ntoyr  more  regular
destruct ncfh o b tal rool

Fg7t nous hemangioma. Th
e s o4 hemang: ¢ largest [sen al calosficat ons was tuat d neer orly m the
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7
Tig 5 Mised tumor of the laerimal gland Medial and downward displacement of the n uscular
cone clear cut ndentition in the superolateral quadrant

Techmque The examimation 15 performed on = shull table with the pauent
supme Comentional films of the orbit in a p and lateral projections are first
obtained A needle, with an outer diameter of 0 40 mm and 5 cm long 1s 1nsert
ed from the temporal 1spect of the infertor orbital margin n a superior and
medial direction, close to the eyeball, with the ordinary techmgque used for
retrobulbar ancsthesia The needle 15 mserted to a depth of about 4 cm, the
patient being asked to report any disturbance of viston It 1s not uncommon for
a shght resistance to be felt when the necedle reaches the muscular cone The
position of the tip of the needle 1s cheched 1n a p and lateral views and whenit
1s considered to lie inside the muscular cone, 3 to 4 ml of a minture of equal parts
of Urografin 45 °, and Iidocain 2 °,, corresponding to a 22 °, solution of Uro
grafin, are slowly injected The patient s agamn ashed to report any visual disturb
ances, and should these occur the myection 1s interrupted and the position of the
nezdle checked Ly films to avoid myection mto theopicnerve The patientwill
normally feel shght tension behind the eye after myection of bout 3 5 mlof
the fluid The needle 15 then removed and a sterile eye bandage appled,
this 18 left on for 24 hours Films are obtamned m ap lateral wd p1 pro
Jections, the series being repeated after 5 to 10 minutces, when there 1s a more
even distribution of the medium  After 20 minutes the medium wall have almost
disappeared Stercoscopic films as well as films obtammed with the subtraction
technique are sometimes uscful
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Complications Three orbitographies were unsuccessful The contrast medium
was myected outside the muscular cone 1n one patient and mto the capsule of
Tenonin another In the third pauent the medum lay along the optic nerve
and could be followed mnto the subdural space above the sella turcica The
vision of the eye was seriously affected by this examinaton but the day after
1t was normal No permanent complications occurred

Conclusions

Orbstography with water soluble contrast media appears to produce valuable
nformation m patiemts with possible bulbar tumors It 1nd; the site
and size of the growth but naturally provides no information regarding the
type It 1s consequently necessary to perform supplementary examinations
such as orbital arterography or \enography

The present writers prefer orbitography with water soluble media to pneu-
moorbitography because tomography 1s then unnecessary and the projections
are simple

The causes little d fort 1t takes only half an hour and
requires no spectal apparatus Supplemented by orbital angiography 1t solves
most of the problems mn a variety of orbital diseases

Lomearor & Passerivt have reported a success rate of 80 per cent which
means that the diagnostic results are approaching the level of the conyventional
neuroradiologic examinations This illustrates the benefit of concentrating
uncommon examinations 11 a few departments <o as to obtam the most accu
rate results with a mimmum of risk

SUNMMARY

Thirty 100 4 b i d

with 3 ater soluble contrast med).
2 are
reviewed and the technique 1s described Radiographic evidence of a retrobulbar expansive

process was confirmed at operation in fifteen patients Orbitography was false positive 1 one
pauent No permanent complicat ons occurred but one pavent had transient amautosis

ZUSAMMENFASSUNG
E ne Senie von 32 Lonsck b 1
¢ Techaik werden beschrich e o ;

und
den bet de Operat on 1 homors wur
n 15 Patienten bestatigt nur ewmal ery
ab s ch en
Befund heeine andavernde homphkationen traten auf nur :mc:g vorube; x;lfaldsch o
wurde n einem Pauenten beobachtet rchende Amaurose

he Zeichen eines retrabulb,
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Fig 8 Unintentional injection into the capsule of Tenon There 1s 2 homogenous layer of contrast
medum following the contour of the cyc ball and a marked defect caused by the optic nene
Repeat orbitography revealed normal conditions

Results

Normal conditions were noted 1n 12 of the 29 patients examuned, 17 had
signs of a retrobulbar expansive process, 16 have been operated upon and one
patient 15 awaiting operation

The radiologic findings were confirmed 1n 15 patients A tumor of the optic
nerve was dingnosed m a child of 2 5 years with umlateral papillary cdema
of 2 diopter but operation revealed normal conditions

The final diagnosis 1n the fificen pattents with retrobulbar growth was s
follows pathologic lacrimal glinds in 3 cases (muxed tumor n one case,
inflammatory processes two cases), optic nerve ghoma, neurofibromatosis
Rechlinghausen, dermoid cyst and mucocele each one mn 2 cases, and onc case
of each onc of the following lesions fibrosarcoma, pseudotumor, cavernous
hemangtoma, nd ostcoma

Carotid angiography was performed m 50 per cent of the patients without
pathologic changes The patient with 2 cavernous hemangioma was unfortu
nately not submutted to angiography

The conventional films of the orbit were found to be normal 1n 80 per cent
of all the patients The remainder had destruction or calcifications, and 1n one

patient the optic foramen was calarged
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Compls Three orbitographies were ful The contrast medium
was mjected outside the muscular cone 1 one patient and nto the capsule of
Tenon n another In the third pavent the medium lay along the optic nerve
and could be followed 1mnto the subdural space above the sclla turcica The
viston of the eye was seriously 1ffected by this examination but the day after
1t was normal No permanent complications occurred

Conclusions

Orbitography with water soluble contrast media appears to produce valuable
information 1n patients with possible retrobulbar tumors It indhcates the site
and size of the growth but naturally provides no information regarding the
type It 1s consequently necessary to perform supplementary exanunations
such as orbital arteriography or venography

The present wniters prefer orbatography with water soluble media to pneu-
moorbitography because tomography 1s then unnecessary and the projectrons
are sumple

The examnation causes httle discomfort 1t takes only half an hour and
reguires no special apparatus Supplemented by orbital angiography 1t solves
most of the problems 1n a variety of orbital diseases

Lousarpr & Passerint have reported a success rate of 80 per cent which
means that the diagnostic 1esulis are approaching the level of the conventional
newroradiologic exammatons This illustrates the benefit of conventrating
uncommon examinations in a few departments so as to obtan the most accu
rate results with a mimmum of risk

SUNMMARY
Thirty two consecutive orbitographies performed with water oluble contrast media are
reviewed and the techmque 15 descnbed  Rad, evidence of a e
Process was confirmed at operasion  fiteen patients Orbito,raphy was false posittse 1n one
Fatient o permanent complications occurred but one patient had transient amaurosis

ZUSAMMENFASSUNG

Ene Sene on 37 ) k Orbut

die Technu. werden beschnieben Radiographische Zeichen emes retrobulbaren, Tumors wur

?;:-‘ ber der Operation n 15 Patienten bestatigt nur einmal ergab sich e falsch posuner
und Reime andauernde Romplikatonen traten aaf mur eine vorubergehende Aj

wurde 1 cinem Patienten beobachtet e

hoen mut Jos] N

und
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RLSUML

Les autcurs passent en revue trente deux orbitographies consécutives par des moyens de
contraste hydrosoluble ct décrivent la techmque de cet examen Chez 15 malades 1 opera
tion a confirmé le drgnostic de lésion expansive rétrobulbaire 1 orbitographie a éte fauss
ement posune dans un cas Il ny a pas cu de compheations permanentes mais un malade
a cu une amaurose transitoire
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PULMONARY SEQUESTRATION
by

Rovr KoHLER

Pulmonary sequestration 1s a congemtal malformation consisting of a nen
functioning and usually cystic bronchopulmonary mass separated from normal
pulmonary tissue The lesion 1s supplied by one or several systemic artenies ansing
from the aorta or 1ts branches and its bronchi do not communicate with the
remamder of the bronchial tree

Intralobar sequestrations are contamed withun the normal visceral pleura
while extralobar sequestrations lie outside the pleural sac and abote or below the
diaphragm There are dissmulanties also mn the relation to artenes and vems
conniection with the esophagus or stomach and m further an
¢ etc as pomted out by Pryce (1964) and especially by

These congenutal malformations of the lung which are
clasufy are varyingly grouped by different authors Scuus
presented a clasafication denved from Sencer (1962)
sumple and clear (1) localization within the normal
nection with the bronchi or intralobar sequestration (

normal pleural sac without connection
tration

omalies the patient s
Swrta (1956)

sometimes difficult to
TER & Huzis (1964)
which appears to be
pleural sac without con
2) localization outside the

with the bronchi or extralobar seques-
(3} localization outside the normal pleural sac connected with an acces-

_
Subnutted for publication 16 September 1968
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sorv bronchus that runs from the foregut or the normal bronclunl system, 1¢ an
aceessory lung, or Nebenlunge

Sequestrations art thus connected with a pulmonary lobe and situated 1 or
CONMZUOUs to 1t, whiercas 1ccessory lungs, ke n accessory spleen, are completels
ssohited and hwe no contact with 1 lobe  The chsafication 1s complicated by the
fact that mtralobar scquestritions arc sometimes comnected with the esophagus
but never with iy of the bronchi Most authors consider an aburrant yvascular
supply 1o the sequestrations to be of pathognomonic sigmficance, but Scutster &
Huziy (1964} werc not of tlis opmion In intralobar sequestration, the venous
dramage 1s to the pulmonary vems, m extralobar sequestration to the syemic
vuns

The siymificance of pulmonary scquestration lies 1n the fact that most of the
pauents have suffered from recurrent respiratory mfections with productine cough
for many years The rontgenologic changes may be suggestive of tumour or ¢yst
Sooner or Inter, surgery 1s indicated

An isolated systennce artenal anomaly to the lung without ssoctated broncho
pulmonary pathologic features was — according to Besniv & Batov (1961) —
deseribed 1 1777 by Husert Pulmonary sequestration was probably reported
for the first tume by Ronitansky (1861) and Rentorzin (1861) However 1t
was not until the 1940 s that HArris & Lewis (1940), Arce (1943) and above
All Price (1946) deseribed the condition as a chmically mportant, though el
atnvely rare, tntity According to RAMIGER & VALvASsory (1964) more thw
250 cases of ntrilobar pulmonary scquestratton have been reported m the Iner
ature In Scandmavia, TosatTt & Graver (1951) published two cases JFnoEV
& Worrt (1956) onc Turunen & Harjora (1057) one, Brunner (1958) four,
Martiny (1959) onc, hyrLonen (1963) fine Nietsen {1964) two and HFIkEL
& Pastea (1967) ninc cases

The surgically unportant 1berrant vessels have been diagnosed pre operitiv dy
by aortogriphy 1n a number of cascs (RENnEY & Lyier 1936, PariLion ¢ colt,
Amsworti 1958 and others) RanviGeEr & Varvassorn (1964) tooh angio
graphic diagnosis even further by selective catheterization of the abnormal vessel,
and Risaunc Rosst & Comer (1966) reported a further case

Various theories regardmg the embryomie ongm of sequestration have buen
presented m great detail by several authors and opumons diverge consider bly
A condensed but relatively complete survey of the various theories of the ology
of the condition may be found m NIgLsen s (1964) study

The patints are usually young, about two thurds being under thirty yews of
to Turk & Linpsnoc (1961) The left lowcr lobe is the sitc of

age, according
g about two thirds and the night lower lobe 1 almost onc thurd

the sequestration 1n
of the cases
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\ost of the cases have a hustory of frequent upper respiratory tract mfections
with febnle episodes Profuse chromic expectoration may also o.cur although
acute and even completely asymptomatic cases are also encountered, for example
at routine mass nuntature radiography Thus the diagnosuc symptoms and signs
of sequestrations are atypical

Pathologic features The sequestered portion of the lung 15 incorporated 1 or
adjacent to the normal lung and m almost all cases 15 situated m the posterior
basal segment of the lower lobes The pathologic lung segment 1s the site of cvstic
degeneration combined with bronchiectasis and more or less abundant fibrotic
tussue elements There 13 no commumicabion between the sequestered lung segment
and the normal bronchial tree (TosaTt1 & Gravel Scuuster & Huvziy) The
bronchegenic cyst on the other hand s characterised by a communication of
this hind ‘The cystic caviues often contam fld or mucus

Perforations mto the adjacent lung tissue are fairly frequent leading to infec-
tion and chimcal exacerbations These eprsodes alternate with quster periods 1n
which resorption and expectoration dominate Cysts having an establi hed bron
chial communication may contain air m addition to sccretion  Besides the spread
of mnfection per contmuitatem hematogentc spread 1s also possible

The sequestered lung segment 15 usually supplied by an extremely large artery
of elastic type commng off the aorta supra or infradiaphragmatically seldom
from one of the ram of the aorta Turn & Linpsnoc encountered multiple
arteries 1n seventeen out of 114 cases Venous drainage was usually via the pul
monary veins Systemic return to the nght heart was reported 1 only six of the

114 cases Extralobar pulmonary sequestrations usually drain to the azygos or
hemtazygos system

Roentgen appearances

Comventional films may reseal the tralobar sequestration as a homogencous
3
or ¢ystic air containing mass usually oval but someumes completely 1rregular
situated 1n the postersor basal segments of the lower lobe more often on the Jeft
side The roentgen appearances not mfrequently vary from one examinaton to
ano(lihcr Extralobar sequestrations have a marked left preponderance and ac
cording to Pryce their associaton with diaphray
matic h

o phrag erma has been estab-

Cattacuer Lancn & CHRISTIAY (1957) n one case and Hemer & Pasira

1 two cases succeeded i radiographicall
phically demonstrats
wuthout tomography or angiography S T oty

Ravan Batrersey & Taver (106
published a conventional film 1 which a disunct nfradiaphragmatic cx(lcgsnzr)x
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sorv bronchus that runs from the foregut or the normal bronclunl system, 1¢ an
accessory lung, or Nebenlunge

Sequestrations e thus conneeted with a pulmonary lobe and «tuated m o
contiguous 1o 1t, whereas nccessory lungs, lihe an accessory spleen, are completely
1solated and have no contact with 1 lobe The classification 1s complicated by the
fact that mtralebar scquestriions are somctimes connected with the esophagus
but never with any of the broncht Most authors consider an aberrant vascular
supply to the stquestrations to be of pathognomonic sigmficance, but Scruster &
Huzwy (1964) werc not of this opimon In mitralobar sequestration, the venous
dramage 1s to the pulmonary vuns, i extralobar sequestration to the s,stenuc
vens

The sigmficance of pulmonary sequestration hes 1n the fact that most of the
patients have suffcred from recurrent respiratory mfections with productive cough
for many years The rountgenologic changes may be suggestive of tumour or cyst
Sooner or later, surgery 1s indicated

An solated systemie rterinl anomaly to the lung without associated broncho
pulmonary pathologic fcntures was — according to Besain & Baton (1961) —
described i 1777 by Hunrrt Pulmonary sequestration was probably reported
for the first ime by Rontransny (1861) and RenTorzin (1861) Howuver, it
was not untl the 1940 s that Harris & Lewis (1940) Arce (1943) and aboe
all Prace (1946) desenibed the condition as a chuically important, though rel
atnvely rare, entity According to RANMGER & VALvassory (1964) more than
250 cases of intralobar pulmonary sequestrition have been reported  the liter
ature In Scandimavia Tosa1Tt & Graver (1951) published two cascs, JEnseN
& WoLrr (1956) one, Turunen & Harjora (1957) one Brunner (1958) four,
Martiny (1959) ong, Ky LLonen (1963) five Niersen (1964) two nd HFIREL
& Pasiea (1967) minc cases

The surgically important aberrant vessels have been diagnosed pre operatively
by aortography m a numbcr of cases (RENNEy & Exrer 1956, ParriLon et coll,
AmnsworTH 1958, and others) RANNIGER & VALvassorr (1964) tooh angio
graphic diagnosis even further by sclectne catheterization of the abnormal vessel,
and Risaupo, Rosst & Comrr (1966) reported a further case

Various theorics regarding the embryonic origm of sequestration have been
presented m great detul by scvcral authors and opmions diverge considerably
A condensed but rclatively complete survey of the vartous theories of the ctiology
of the condition may be found i NieLsen's (1964) study

The patients are usually young, about two thirds being under thurty ycars of
urn & Linpsknoc (1961) The left lower lobe 1s the e of

age, according to T
Y bout two thirds and the night lower lobe m almost one third

the sequestration 1n a
of the cases
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Case 8 Cough for some tune Detection Fluoroscopy
of the lungs Abnormal arteries 7+8 mm supracha
phragm

Case 9 Pneumona twice Detecion Roenigen ex
amination of chest 4 mm

Abnormal artery subdia
phragm
Case 10 Pneumonia fne tunes. Detection Roentgen

exammation of chest Abnormal artery 8 mm supra
diaphragm

Case 11 Asymptomatic Detection Mass mmmature
radiography Abrommal artenes 5+2 mm supradia
ph agm

Case 19 Haemoptysis 6 months pre rously Detection
Roentgen examination of chest Abnormal artenes
5 mm subdiaphragm plus 4+4 mm suprad aphragm

Case 13 Pan i left chest for some years Detection

Fluoroscopy of chest Abnormal arte
T rmal artertes 141 mm

Case 14 Lass tude for some months Detection Mass

m o ature radioeraphy  Abno,
ma mpmdum}; normal artenes 94141+
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Case 1 Cough and espectorauon for some months
Detectian \fass suniature radiogriphy Abnormal ar
tery 7 mm subdiaphragin

Case 2 Temp and_expectoration for
three months Detection Mass mumature radiography
Abnormnl artery 8 mm supradiaphragm

Case 3 Pam in chest and temperiture for 10 years
Detection  Mass mumiuture ridiogriphy  Abnormal ar
tery 9 mm subdinphrigm

Case 4+ Eapectoration and cough since childhood De
tection Roentgen of chest Al al ar
tery 9 mm subdiaphrigm

Case 5 Asymptomatic Delection \lass minmature radio
graphy \bnormal artery 13 mm subdiaphrigm

Case 6 Attacks of temperature and expectoration for
12 years Detecuon Roentgen examunauion of chest
Abnormal artery 5 mm supradiaphragm

Cough and haemoptysis 2 years previously De
&acﬁoz Clinical symptoms  Abnormal arteries 7+9 mm

supradiaphragm

[hs)
[
(14
[
(12

(1)
()

e o
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a b <

Fe 3 Case 10 a) Shehtly lefi-obl que aortogram. An aberrant artery 10 mum wide amses
from the aoria just abo e the diaphragm b) and ¢) s p and faters} roemigenogratos of the
arfll d tesect d sequestration (ontrast med um 1 aberrant attery (bottom) and vemn {crant
ayy

therelore 1s the method of choice when there 1s suggesuon of sequestravon (For
Iterature ee RANMGER & VALvAssOR: 19684 Romiy et coll 1966 ) It may be
wethwhile complementng the mjection of the aorta with a selective study

Ma erial The present matenal consists of fourteen operatively venfied cases of
pulmonarv sequestration six of which were examuned angwoeraphicallh  The
cases are pre ented n a Table 1ogether with a few essential data on each A case
<xamacd by preumomedias inum and the anglographically examined cases are
now des nbed n greater detail I'wo border hne cases (Cases 15 and 16) which
do not belong to the matenal and 10 which the diagnoss 1s a question of (las-
sification are al.o 1ncluded

Case reports

Ca Woman a ed 4€ had suffered for three month from recurrent fever v jth pio-

ductine ough A conventional film of the chest revealed a homo enegus tnpartite aval en
pan ton 11 the ft tewer Libe The finding at routine ma s m mature roentgenography two
v ars ¢ ther had been neats ¢ Pocumomediastinum 2 3 1o 4 om wide comnection extended
from the 1 3 nto th mediastnum (Far 1) Left side theracotomy revealed an 8 myn v 1de

sny ot or se fro n 1he a0 1a 3 cm above the diaphragm and ran to the lower lobe The

latter was removed and fond 1o const 1 almost completels of a mass contayune green, thick
Tiqud "

Caes Boy aned 18 years had had left sided pleun 3 at the age of & years and a year
1 ter har wberculo 1s of the left lung He made a complete tecovery A year previowsly
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Fig 1 Case ? Pocumo Iy 2 Case 7 Ap (left) 1nd left oblique (mght) thorwic
meduiistium Mass 1 left  qortosrams Two aberrant artenes 8 and 9 mm wide s
lower lob~ with 4 4 cm  from the 10rta just above the diaphragm and course dorsolater
wide connection 10 me ally to the scquestered pulmenan, segment

distinum and aorta

from an irregulir maw w the night lower lobe was demonstrated arteriographt
cally as representng a large abcrrant artery However consentional fdims are
usually not sufficint for an accurate diagnosis

Bronchography 15 of diagnostic value because the bronchial tree 1s numcnically
complete 1n the stquestrations The bronchr m the viemty are however usually
displaced ventrally and Iaterally

Rouan, Barrous & Camamn (1958) demonstrated anomalous vesstls tomo
graplically In Wetravers (1962) opmion tomograply 1s always indiated
when pulmonary scquestrations are considered probable but others have not
supported hus view to any appreciable atent

An artificial pncumopcentoncum may reveal aberrant vessels that pass sub
draphragmatically from the aortn, as stated by Hiur Muro Mawt & DoziFr
(1964) nd HEkeL & Pasita The method m diaphragmatic lung processes 1s
valuable m other respects too, and has therefore gamed a special place As the
aberrant vessel oniginates subdiaphragmatically m only one case out of four the
igmificance of a pncumopentoncum m scquestrations 1s not unduly great

The almost pathognomonic aberrant arteries to the sequestration arc dem
onstrated most reliably by angiogriphy An injection of contrast medium nto the
lower part of the thoracic aorta of young patients via a catheter introduced
femorally cannot be regarded tody as a major ntervention Angiogriphy
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Lg 5 Case 11 a} Thoracic aortogram Two
aberra t artenes 3 and 5 mm wide anse
from the aorta just above the dwphragm
and run to the sequestered pulmonary «g
ment b) and ¢) Selectve angiograms of
the lower wider artery At 5 seconds (b)
the arteries in the basal part of the se
questration are filled At 5 seconds (c) both
artenes and vems the latter dran ng into
the left pulmonary vem a  filled

follovia a month of hemoptyss he had been admtted to hospital with probable bron
chicctasis
Consentional films rescaled

diffuse infilirations 1 the left lo
sl bt i placernent of a comp!

wer Jobe and broncho raphy
fete bronchial tee Pulmonaty sequestraticn was considerery
aac aonography was performed This disclosed two short sstersa: 8 and
dth which fun 3 and 45 cm respecuvely from above the diaphragm to the
Fiz 2) Lefiside thorac,

altered area ( oomy sas performed The acces

! calized 1o the ste rer ealed by aortog

ontained postero basally a ¢y ¢ containing grayish pus

2ged 18 years had had
€U noma i 1466 and roen:

Case 10 Doy pocumonta in 1955 1957 193 and 1960 He agaun
deseloped pn 1gen examunation di closed an mfiliration basally 1n
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Fig + Case 11 Convenuonal roentgenograms Upper tieus 1rregular nfiltration ncluding

ar and flnd filled cyst dorsobasally n the left lung Lower trews one month later the n
filtration has changed to multicystsc esions
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Fg 8 Case 15 R ght bronchography Dorsally d splaced  Fig 9 Case 16 Left broncho
dstorted d lated and partally eystc ramfications The e s  graphy Thn walled longish
no ccnt ast mecdum 1n the sequestered small cystic antero-  cavities 1n apcal s gment of
bas 1 part of the night lung Teft lower lobe

evanunation - as continued as electne angiography 1 ich cathetenzation of th lower asters

(Fig 5b) After two succes ne myections of contrast medwm e
pulmonary vem were filled at 25 and 0 75 seconds  res,
occurred at 5 econds (Fig 5¢)

The dye test su ge ted a peripheral shunt but its magmtude + as difficult to determune
Lobectemn vas perfermed A postoperatne dye test revealed no appreciable difference from
the previous tet In addition to the vessels demonstrated anmographically

the operation
diclo cd t o other vems barely 1 mm v1de leading directly from the vena cava to the
equestrum

ms dischargine sato the
pectively Opumal filling of th vems

Case 12 Boy a ed 16 year with haemopiysis about 8 months
brcesan the left Ic er lobe connected to the d
*nubiott 5 produced no change Bronchography had demonstrated a complete but dis-
pla ed Er nchial tree \ortography disclo ed a 3 1de artery along the left border of the
aorta from the cochac artery to the mass (Fig 6) Widened co tal vems 1 ere connected
to th s que tration and other vemn emptied o the pulmonary vemn

Pulmanary mtralobar eque travion idicate

previously An expandin,,
vasd d)

phically

Piost tomy vas found

% as thought that they could be Just seen when the films
1 be + as removed The apex of the pastero basal seqment
0 be connected to the aorta by a fes artenes the calibre of

¢ seexamined The Toser
und 10 contam pus and 1
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Lig Ga L, 6b Fig 7

Fig 6 Cac 12 Thorco ibdomunal rortogeams at 1 sccond (a) and 15 seconds (b) An

artery runs along the left border of the 7orta from the coehiac artery to the sequestration

widened costal artenics 11so send out branches to the mass b) Contrast accumulation 1n hiduey

‘(Souom) spleen and scquestrition there are vems from the sequestration to the pulmonary
m

Tig 7 Case 14 Mortogram at 1 sccond Four fine artenes to the sequestrition from the
thoracic worta re vimble near the diphragm

the left Tower lobc As the ppearinces did not change cherapy for tuberculosis was pro
s nbed for two menths

The pacnt was then moved to our hospatal where thoracie aortograply mdicated a
sequestration with a 10 mm wide artery runmng from the 71orta immedintely above the
draphragm (Tig 3a) Scque trectomy was performed  The lung segment was adherent 1t
contamned no anthracoss spots but necrosis fibrosts and <hromic inflammation were obsernved
at micros opy  The speanmen was filled with ur and contiast mediem was mnjected nto

the artery and vem (g 3 b and «}

Case 11 Boy nged 17 yeirs Routme mass mimatwme radioiraphy revealed mfiitration
of the left lower lobe The patient wis admntted to hosputal for three months wath probable
active tubcrculosts Therapy wis then contmued for one year No bacills were found 1t wy
time Apart from occasional coujhng he was wymptomnae

The pattent w1s referred for powable operition for bronchiectasis Roentgen examnation
suzgcstcd the possibility of sequestration  Conyentional monthly films had revealed con
siderable vamation i the bisal changes (Mg #)

Thoracic nortography  confirmed  the diagnosis of sequestraiion (Tig 5a) with two
supraditphragmatic asteres the upper bang 3 mm avd the lower 5 mun w width The
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F. 8 Cac 1> Rght bronchoraphy Dorsally dsplaced  Fig 9 Case 16 Left broncho-
ditoreed dilated and pa tally cysuc sam feations The ¢ s graphy  Thin walled lon 1sh

v conteast mediom 1 the sequeste ed small cystic antero  Cavities i apical segment of
b's Lpart of the nght lung Teft Jower lobe

exammation was continued aselectve angiography with cathet nzation of the Jower artery
(Fiz b) After tro successnve myections of contrast medum ‘ems discharging snto the
pulmonary vem were fifled at 25 and 0 /5 econds Tespe tively Optimal filling of th vems
occurred at 5 econds (Fre Sc)

The die test uvgested a penpheral shunt but 1its de was difficult to di

Lob ctoy + as pesformed A po toperative dye te t revealed no appreciable chfference from
the pratous te t In addition to the ve sels demonstrated an_tographically the operation

discd d t o other veins barely 1 mm wide leadmg directly from the vena casa to the
seque trum

Case 17 Boy aced 16 vears with haemopty 15 about 8 months previously An expanding
T ¢ s m the left lower lobe comnected to the diaphra m was diagnosed radio raphreally
\ntibicucs produced no change Bronchoeraphy had demonstrated a complete but di
pla ed br nchial tree  \ortography disclo ed a wide astery along the left border of the
aorta fr m the coeliac artery to the mas {Fig 6) Widened costal vewns were connected
to the eque traticn and other vemn emptied into the pulmonary vemn

Tubmomary mtralobar seque tration mdicated thoracolaparotomy and a nchly vas ulanzed
mas. dherent to the diaphra¢m and the lung + as etirpated Microwcoprcally st proved to
te lbr tic and chronically inflamed There v ere signs of a bronchopulmonary genesis sup
portn the wie  of the presence f a pulmonary seque tration

€a 13 Man, a cd 58 +sthout earher pulmonary diseae but who had undergone
! 1 A tectoms vas found to have a mas n the postero basal part of the left lung
Yulm nary seque tration was con idered probable Unsatisfactory aortography revealed no
abers nt artene althou h 1t as thought that they could be just scen s hen the films
were seexamined The lo er fobe was removed The apex of the postero basal segment
was found 1o contam pus and to be connected to the aorta by a few arteries the calibre of
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a amatch The pathology report suggested bronchogenic cyst so that 1 sequestration was
ctiologically quite reasonable

Case 14 Woman aged 39, m whom roentgenogriphy had disclosed 1 mass n the dorsal
part of the Ieft lower lobe This was connected by four thin supradiaphragmatic arterics to
the aorta (Tig 7) The pusent at first refused opaation but changed her mund and was
readnutted m 1968 Ielt side thoracotomy revealed 2 mass connceted by a traet to the
medistimum: Four arteries from the aort were higated \ems from the mass emptied mto
the vena cavy mfaior There were no adhe 1ons The specnmen contamed lrge o tic
cnaties contumng flud and was according to the pathology report a typical seque tration

Case 15 M aged 41 years who had had tespiratory mfectton and frequently recurrn
puewnonnn for 13 years Conventional films revealed marked shrmhage of the nght half of
the chest which contamed the heart m ats entirety Bronchography showed the bronchu to
be marhedly deformed nd consideribly dilated (lig 8) Right thoracotomy disclosed that
the lung was supplied by half a dozen 3 mm wide asteries which nscended through the
dnphragm towards the basal part of the parenchyma The hilar region contamed only two
& mm wide vessels probably nerminl pulmonary artertes A pulmonary vem to the upper
lobe, whicl was much narrower than normal was hgated Right pneumonectomy was per
formed The tung was found to be cystic The bronchi led to large cavittes which contained
mucus and pus Microscopic exanunation revealed congemital dilatation and mflammation

Case 16 Woman aged 53 with cprodes of hiemoptysis Thin walled lon,ish cavities m
the apical segment of the left lower lobe were outlned at bronchography (lig 9) The
seyment was eatirpited and was found to be connected to the torta by two anemalous
tortuous rteries No normal pulmonary arteries to this se.mient were present The operation
spectimen showed a cystic cnaty 1n the apical segment with broad connection to the bronchial
tree The pathology report <tated lung tissue differing, from normal m its general structure
and displaying several profusely ramifying broncli irregular <avites lned by cubordal
bronchiolar epithelium 1n several situations numerous blood vessels thick walled and often
of the elastic type appearances compatible with pulmonnry sequestration

Discussion

Intralobar sequestrations arc sud mvanably to dram nto the pulmonary
vems This matertal would thus mclude ten typical cases of mntralobar scques
trations according to S1ENceR s classification In addition, there arc two aty pret
ones (Cases 8 and 12) Casc 8, with venous dramage from the scquestrun to
the vena cwva, must be mncluded m this group because of the typical ntralobar
localization Case 12 1n addition to venous dramage to the pulmonary vam,
had mmute vems dischargmg mto the vena cava Smular cases have been
reported carlier The survey by Turs & Linpskoc mcluded six cases out of
114 n which vems accompanymg the anomalous artry Jomed m the systemic
return to the night heart

There remam two cases of cxtralobar scquestration  The sequestration

Case 5 was associated with an abnormal distribution of the lobes of the left lung
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The nght hdney was also abnormal This agrees with carher obsenations of
associated abnormalities (Switir) The extralobar sequestration in Case 14 was
typically well demarcated without adhesions The venous dramage was sys-
temic to the vena cava

seqy were enc d on the left side 1 ten out of
twehe cases and both the extralobar cases were also left sided Cysts were
endent 1 the comventional films 1 six cases and the flud the cysts of four
cases was at different lesels at exammations performed at wtervals of a few
weehs Similar observations were made by Srencer and by Wasay & Eviir
(1952) as well as by Scuuster & Huzny although the appearances 1 the
present matenial were farly typieal of cyst formations 1n sequestrations The
vanability of the roentgenologic finding 1n these cases 15 on the whole worth
undetlining (cf Figs 4 and 5) The chronic course of the discase with asymp-
tomatic penods alternating with respiratory ipflammation are noteworthy

Routine mimature radiography 1s a useful method of detecting sequestrations
This exammation method led to more thorough myesugations and removal of
the lcaon 1 six of the fourteen cases The lesion was howeser at first un
detected m two cases

Thoraco-abdomminal aortography must be resorted to af an accurate pre
operatne diagnosis 1s required It must consequently be performed on fauly
broad indications m cases of possible sequestration Aberrant vessels constitute
nshs i surgery and ought to be demonstrated Selectne cathetenzation can
moreover refine the diagnosis above all by disclosing the venous dramage
from the sequestrum However m the presence of heavy vasculanzation aortal
deposiion of the contrast medium may also be enough to bring out the venous
dramage (Fig 9)

Selecuse graphy m Case 11 d d the pul Y ven m two
successive mjections at 2 50 and 0 75 seconds which 1s remarhably quick The
structure of the blood arculation 1n the sequestrations suggested a certain degree
of <hunung from the artenal to venous flow as the dye test also indicated The
time difference m the contrast medium wjections may perhaps be interpreted as
a sign of the possibility that there 1s some hind of regulation of flow within the
sequestrum  Experience of further cases 1s obviously necessary before tenable
conclusions can be drawn on this pomnt
‘hlsnclzj‘l;\cnc:‘:h;:;?zauon 1s not always possble as the artertes are sometimes

icult to wdentify (cf Case 13) This case emphaszes that
optimal filling of the aorta with contrast medium 1s essential to prevent misinter
pretation of the angiogram Moreover 1t must be remembered that sequestration
may e more or less directly dorsal to the aorta on the left of the vertebral column
requinng left oblique projections for the ach: t of optimal d
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1 match The pathology report suggested bronchosenie cyst s0 that a sequestration was
etroloically quite reasonable

Case 14 VWoman, aged 39 1 whom roentpenogriphy had disclosed a mass 1 the dorsal
part of the left lower lobe Thus was connected by four thin supradiaphragmatic arterics to
the aorta (k1g 7) The patient at first refused operation but changed her mnd wnd was
re admtted m 1968 Left side thoracotomy revcaled a mass connccted by a tract to the
mediastmum Four artertes from the aorta were higated Vemns from the mass emptied into
the vena cava wiferior There were no adhesions The specimen contaned large cystic
cuties contaimng flud and was according to the pathology report a typical <equestration

Case 15 Man aged 41 years who had had respratory infection and frequently recurnne
pneumona for 13 years Comventional films revealed marked shrinkage of the night half of
the chust winch tontaned the heart m ats entirety  Bronchography <howed the bionchu to
be markedly deformed and conuderably dilated (Fiy, 8) Right thoracotomy disclosed that
the lung was supphed by half a dozen 3 mm wide arteries which ascended through the
drphrigm towards the basal part of the parenchyma The ilar region contamed only two
6 mm wide vessels probably nermal pul y artenies \ pul y vemn to the upper
fobe which was much narrower than normal was higated Right preumonectomy was per
formed The lung, was found to be cystic The bronchi led to large cavities which contained
mucus wnd pus Microscopic exammation resealed congenstal dilatation and inflammation

Case 16 Woman aged 53 with episodes of haemoptyss Thin walled longish cavities n
the apical segment of the left lower lobe were outhned at bronchography (g 9) The
sepment was extrpated and was found to be connected to the aorta by two anomalous
tortuous arteries No normal pulmonary arteries to this segment were present The operation
specimen showed 1 cystic cavity m the apical segment with broad connection to the bronchial
tree The pathology report stated luny tssue differmg, from normal w1 us general structure
wnd displayng several profusely ramufying bronchi irregular cavities hned by cubodal
bronchiolar epithehum n several situattons numerous blood vessels thick walled wnd often
of the eluic type appearances compatible with pulmonary sequestration

Discusston

Intralobar sequestrations are said invarably to dram mto the pulmonary
veins This matenal would thus include ten typical cases of mtralobar stques
trations according to SPENCER s clussification In addition there are two atvpreal
ones (Cases 8 and 12) Casc 8, with venous dranage from the stquestrum to
the vena cava, must be mcluded n this group because of the typrcal mtralobar
localization Case 12 1n addition to venous dramage to the pulmonary vem
had mmute vemns dischargmg mto the vena cava Sumilar cascs have been
orted carlier The survey by Turk & Linpskoc mcluded six cases out of

T
’ he anomalous arfury jomed i the systomse

114 1 which veins accompanying t
return to the right heart
There remam two cases of cxtralobar sequestration The sequestration 1

Case 5 was assoctated with an abnormal distnbution of the lobes of the left lung
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Clinte duning the 1950 5 covered practically all Finland, and even now, dunng the
1960 s compry.es a good half of the total popoulation eleven of the fourteen cases
came from a lumnted area of south eastern Finland where only about 7 to 8 per
cent of the population resides Three cases even belonged to the same commune
but were not related Intestinal volvulus 1s also known to be represented to an
extracrdmanly hugh degree m this part of Finland It thus appears that pul
menary sequestration 15 a congemital anomaly the uneven distnbution of which
among the mhabutants of this country cannot at present be readily explamed

SUMMARY
A cnes of t elve intralobar and two lobar case of confl d p } sequestra
tions v ere studied two atypical cases are also des nibed  Bronchography tomo-Taphy
and d are all aid 1n the diagnosis \ortography s

howe e the method of chowce for final confirmation of the anomaly and wsures avamst
fatal complications at operation Selective cathetenization of the aberrant arteries 1s indicated
for refinement of the diagnoss.

ZUSAMMENFASSUNG

Em Maternal von zwolf Fallen von mtralobarer Lungensequestration und zwer Fallen von

extralobarer Lun ensequestration sovie 2 et anvpische Falle s urde Lnusch uberpruft
Bronchographse Tomo raphic P p und unum s.nd alle gute
Hulf mittel bei der Diagnose Aortegraphie st jedoch die Methode der Wah! fur die end
gulte Bestatsung der Diagno ¢ und verhundert gefahsliche homplikationen wahrend der
Operation Um grosefe Genawehent 1n der Diagnose zu erzielen sollte elektne Rathe

der ab len Artenen der werden
RESUME
Lauteur a etudse douze cas de P Tob f; et deur
<as de seque tration extralobaire 1 decr t aus 1 deux cas atypiques La bronchographie la
e etle b au

. gnostic Cependant
aortovraphie ¢ ¢ la methode de choix pour confirmer cette anomalie et pour prevenir des

complications fatales au cours de 1operation Le cathetensme selecuf des arteres aberrantes
st indiqué pour précs er le diagno e
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The only author who disagrees about the value of angrography appenrs to be
WEILAULR, who conuders that 1t aortography the abnormal artery appers to fill
poorly or not at all Thus vicw s perhaps bascd on cases before the present day
high technical .tandards of aortography had been achieved

Inn aight cases the aberrant arterses Ieft the aorta supradiaphragmaticalls and
m five cases subdiaphragmatically In one case there were both supra and sub
diaphragmatic anomalous arterics to the sequestrum but, which 1s rare, only
from branches of the 1ort1, ¢ the cochac and mtercostal arteries In a case like
thas, especially, aortography 1s unportant for a correet planming of the surgical
intervention

Most authors are of the opimon that one or several aberrant vessels are always
present i pulmonary sequestration Scuuster & Huzty, among other wnters
demed the e.sential impartance of aberrant vessels but admutted that they are
usually encountered  hese authors desertbed three cases with aberrant arteres
but without sequestration, at operations for carcmoma, tuberculosis and bron
chiectasis

Obs1ausly, the mamn obstacle to aclueving unanimuty 1n classification of border
linie cascs 1s the wealth of posuble vanation m anomalies m jeneral and not
least w lung anomalies The case reported by Fusone & Mornar (1966) with
s distinet anomhes m the thoracic cavity and two apprrently secondary
abnormalitics s a charactenstic example It 1> probably not possible to compress
all the differcat forms of occurrence mto the classtfications that have been
presented The majority cn be separated mto groups meeting certam require
ments They are sequestritions m a pure form to quote Smrry, although
obviously many transitional forms must be tahen mnto 1ccount

The last two case reports (Cases 15 and 16) are tvpical borderline cases and
constitute examples of the difficulty of classifying pulmonary lesions that are
supplied by systemic arteries but have an open connectton 1o the bronclial tree
They thus do nct mvolve sequestration n accordance with the basic defimtion
aiven 1t the beginning of this paper The first case concerned a hughly anomalous
lung supphed by a number of aberrant artenes The second case was oue of @
limuted eystic ectatie section of lung with systemic artcrial supply ind sequestrum
Iihe appearinces at microscopy (cf Bruck 1934 5%)

The present matertal ffords some mdication of the method of procedurc m
the diagnosis of sequestrum hike masses A pneumomediastinum can 1n prnciple
in the same way as a pneumoperitoneun, reveal or at least suggest an abcrrant
vascular connection to the pulnlonary expapsvity fram the thoracic aorta
(Fig 1) Both methods must however be regarded as prumanly ndirect and
cannot compete with angrography for yielding accurate mformation

Although the area from which the ¢ ises were admutted to the Thoracic Surgery
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samples (10 ml) were taken at regular ntervals (Fig 1) The serum concentrauon
of papaverine was ¢ timated photometrcally using the method descnbed by
Axciro et coll (1958) which 1s a specific one and sensitive to papavenne i
biologic materals The blood pressure {systolic and diastolic) was measured with
ablood pressure cuff (for descnption see WRIGHT 1922) ECG (one chest lead)
was employed to regster heart rate and rhythm Salinauon and the near pont of
the power of accomodation were measured according to the procedures descnbed
by Moruer & Rosex {1968) Six healthy volunteers three women and three
men aged 22—28 years were subjected to all these examinations

11 The effect of oral doses of papasenne on the gastric emptying rate was
estmated by the 1sotope method described by BrowsTER et coll (1968) The
chmmation from the tomach of an 10dine 1sotope RIHSA incorporated imto a
bqud test meal was followed by external counting with a gamma sainullanon
detector The changes of the gastnc contents with regard to pH and osmolanty
were determined 1n samples taken simultaneously with the external counting The
hydrochlone acid secretion was esumated (BromsTeR 1969) five healthy volun
teers two women and three men aged 20—27 years being mcluded 1n this study

111 The effect of papasenine gien orally on the gastnc emptying rate and the
small bowel transt time was foliowed by roentgen studies {banum contrast
medium) 1n six healthy volunteers two women and four men aged 17—30 years.
To ensure that dard cond p led 1 the £ these
were carned out with the subject 1n prone position after the admimstration of
300 mi Mixobar ® S G 30 (kastner Sweden) Roentgenograms were obtamed
mmmediately after intake of the banum meal and subsequently 5 10 15 30 45,

75 and 105 minutes later The subjects remained 1n the same posiuon throughout
the examination

The subjects fasted from the mght before m all the examinations relating to
orally gnen papavenne These m the wsotope and roentgen studies were camed
out with double blind technique The tablets were given one hour before ad
mumstration of the test meal or the contrast medium

IV To wnesugate the influence of gastne seeretion and acidity on the appear

ance of the contrast medm smtiated by the roentgenologic observauons the
followng tests were performed

1 The barium meal was mixed with gastric juice from Ppatients after a; pl
ted
histamune sumulation (hav 1953) 1n ratios of from 1 02 upto 1 lUgmc
2 The banum meal was mixed with bulfer solutions of pH
40 50 60 and 70 :n proportions 1 1 o PR velues 22 30

3 The banum meal was mixed with gastne Juice from subjects who had



FROM THE DETARTMENTS O} SURGERY, RADIOLOGY, AND THE SECTION OF CLINICAL
PHARMACOLOGY QF THF DEIARTMENT OF MEDICINE, SERAMIMERLASARETTET, STOCK
HOLM, SWEDEN

EFFECTS OF PAPAVERINL ON GASTRIC EMPTYING
AND GASTRIC SECRETION IN MAN

by

D Browster, E LiNDGREN, A Rosev and M THEORELL

The mam part of the documentation on the spasmolytic effect of papasenne
on the gastromtesimal tract 1s fawly old and contradictory (Horznnecnt &
Seaurrzer 1913 Danieroporu et coll 1924, Gorre 1934, Gacuo & Brast
1965) A study of the effect of papaverine on the gastric emptymng rate m man
has therefore been mcluded m a seres of imestigations of anticholinergic agents
(BroustEr et coll 1969) In the present ivestigatton also rountgen examina
tions have been used for studying the effect of papavernc on the gastnc emptymg
rate and the small bowel tranut time, the serum concentration of papaverine was
determuned for the doses used

Methods and Matertal
The mnvestigation was divided o four parts I—1V
1 The serum concentration after oral and intravenous admimstration of papa

venne, and the effect of orally admmstered papaserine on blaod pressure, salt
vation, power of accommodation, and heart rate, were studied Venous blood

Subntted for pubhcation 17 December 1968



EFFECTS OF FAPAVERINE ON GASTRIC EMPTYING AND SECRETION 307

pimit
0

a8
ag
as

a l/‘\“\w_\

0 15 W 45 60 O £ & o 180 20mn

Fig 1 Serum concentrations of papaver ne (, /ml) afier iteavenous admimstration of 40 mg
and 80 mg doses and alter o al admunistration of 200 mg and 800 mg doses (means = § D) 1n
six healthy s bjects

subjects (N A P L and 1 S) The remaining two subjects however had a
quicker emptying alter the 200 mg dosc of papaverine and 1n one of these
'R §) the difference 1 companson with placebo was almost significant
{p<<005) One of the subjects was examned after an 800 mg dose and then had
lower emptying

The starting index (S I') wason an average lower after the 200 mg dose than
after placcho (see Table) mdicaung an itially quicher emptying Following the
800 mg dose S I was the same as after placcho

No agmificant eficct could be shown on the pH and osmolanty of the gastrc
contents or on the hydrochloric aad secretion (sce Table)

Rocntgen studies of the gastnc emptying also show
different subjects In all of them however the 1utial
after papavenne than after placebo Two of three sub:
slower emptying after the 200 mg dose of papavenn
mually but thereafter <lowed down so that after 7> minutes 2 larger amount of
the barium contrast medium remarned 1n the stomach than at the same time after
placebo The «ame pattern was found m two of the three subjects teceiving the
800 my, dose of papaserine {sce I1g 2)

A vanung effect was also gbwened

subjects who on the whole had acc

ed varyng effects i the
€MpYIng was more rapid
Jects had on the whole a
e the emptying was rapid

on the small bowel trangt ume In the two
clerated gastnc €mptying the small bowel
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reeanved a 200 myg oral dosc of pipascrme one hour before the collation of astric
Juice was begun Samples were tihen of the gastric juice at the first, second and
third half hours [he ritios were 1 1and 1 2

4 Papavenne i 1 fal concentration of 25 7/ml was added to the mstures
deseribed in (1) and (2) above

Roentgenograms of the test tubes contamng the vanous nuntures (1) to (4)
were obtamed at the sane mtenvals after wdmnture of the barrum contrast
medium s n the roentgen exanunations (111)

In the 1sotope studies, the gastric emptymg curves were demved according to
Hunt & Siurrery (1951)

Lhe half Iife of the meal, T 1 2, was the measure of the gastric emptying rate,
and the starting ndes, S I, was tahen as the ume at which emptving scemed to
begm
With regard 1o the rocatgen studies, + blind evaluation of the emptymg raie
was made by an ¢simation of the amount of barium contrast mcdium remamng
m the stomach at 5, 30 and 75 minutes

The drugs used were 40 mg tablets of papavenine {Papaverm ACO, Sweden)
and an mnjcction solution of papavenne (40 mg/mi) (Papaverin ACO, Sweden)
15 mg tabicts of propantheline bromude (Pro Banthme, Searle), and placcbo
tablets contammng lactose but having the same appearance as the papavenne
tablcts
In the rocntgen studies three subjects were grven the 200 mg dose (B J T L
and L Q) and three subjects the 800 mg dose of papaverme (J B U G and

BI)

Results

Papavenine i an amount of 200 mg adnumstered orally gave a detectable
serum concentration, and 2 hours aftcr an oral 800 mg dosc the serum con
centration was approaxmmatcly equal to the concentration observed some 15 mw
utes after the intravenous admimstration of 40 my and 80 mg of the drug (P, 1)

No effect on sahvation, power of accommodation, or heart rate could be
shown nor were blood pressure or heart rhythm (ECG) nffected Drowsmes and
somctimes superficial sleep occurred after the Turge doses

The results of the 1sotope studies are shown 1 the Table, giving the gastric
emptymg rate, T 1/2, the starting ndex, S 1 the pH and osmolanty of \h:
gasinc contents at 2 hours, as well as the estimated amounts of hydrochloric acxf
seercted by 2 hours Papaverme mereased the half life of the meal but the di

comparnson with the plcebo cffect was too small to be sigmficant

ference
nificant, mcrease was observed i three

After the small dose, a distunct, but not s
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Fiz 2 Roenigenogr ms obt ined § 30 and 75
cont

dos

munutes after admin;

25173t on of the barum
¢ ned urm The ubper 10w refers (0 placebo and the lower row 10 800 g papavenne
given 10 the sutyect one ho £ before the barm contrast

gastne Juice or with buffer solutions no foceulence could be seen 1n the roent
renograms §apavenne was present 1w the gastac juice from a Person who had
taken papavenne orally i amounts of 22 ,/m) on the first 11 ,/ml on the
~cond and 3 ml on the third half hour When Papavenne was added to the
mixtures of banum meal and histamine nducy

m a concentration of 25

not so obvious a change 1 the b,
medum
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Table

Lsolope studues of the gastric emptying rate at dyfferent doses (P sndicates placebo) with seference to the
half life of the meal (T, ,), startng index (S 1), pH and osmolariy of the gasiric contents of
2 hours and the hydrockloric acid secretion by 2 hours (means and S D )

Sub  Tyje (munutes) S 1 (munutes) pH alues Qswmolartty
Jeet {mOsmol/l)

P 200mg 800mg P 200mg 800mg P 200mg 800mg P 200mg 800mg

KA 22 33 27 18 9 30 21s 200 240 241 360 26
HG 27 w7 .8 % 33 34 310 160 350 185 187 267
1T 8 92 50 19 —10 16 345 325 224 346 3.4 9
Is 1 @ 4o 37 -1 13 250 160 16O 287 219 238
RS 41 29 - -4 24 —_— 200 220 — 193 303 ~-
NMew 38 L0 15 19 8 23 26 21 24 250 285 26v
SD 14 3% 13 1521 10 06 07 [} 67 79 26

Acud secrenon by 2 hours (mean£51 ) placebo experiments — 31 146 7 mLq 200 mg papaicnne
— H 51107 mLq 800 mg papaverine — 40 5415 7 mEq

transit tune as well was shorter than after pliccbo After the 200 mg dowe m
one subject (L L), the barum agent was present cven n the night colon afur
only 30 mmutes (sec Nig 3, m which the left colon 1s filled with contrast medium
1t 75 munutes), while after the 800 myg dose in another subject (J B) the
medium was seen m the nght colon already After 10 minutes

Twosubjects (U G and B T ) were examined on a third occasion, when they
had been given an oral dose of 120 mg propantheline 2 hours previously This
ume, they both had an etremdly retarded gistnc emptymng, with the mamn
portion of the barum remammng i the stomach after 75 mmutes or more (g 4)

The scrum concentration of papavcrme was also determmed m these six sub
jects The values were approxmatcly of the same ma mtude as those m the other
group of six subjects (cf Fig 1)

In the papaverine expermments but not m those with placcbo and propan
thelne, the barum contrast medium m the stomach had a granulr and flocculcnt
appearance the roentgenograms  this phunomenon occurred after half an hour
In vitro studies showed that this change m appearance could be reproduced if the
barum meal was mited with gastric juice from a person who had taken an oral
200 mg dose of papaerme an hour prior to the collection of the gastric _]Ul(lc
Two such expenments with gastnie juice from two different subjects gave lu{
same result (Tig 5) When the banum meal was mined with histanune induced
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Fig + Roentgenograms obtamcd 5 and 75 minutes after adm mstration
of the barum contrast med vm. in oral dose of 120 mg propanthel ne
was g ven to the subject ? hours before the banum contrast {of {g 2)

and heart rate was observed nor has 1t been claimed that papaverine has anti

cholinenergic properties The doses used 1n this msestigation had no such effects
on the crculation of a magmtude sufficient to affect blood pressure or heart
rhythm This observation confirms earhier findings (for reference, sce Retnotps
& Ravpart 1957) The roentgenograms 1 all the subjects,
n appearance of the barium contrast medim 1t became floce
200 mg and the 800 mg doses of papavenine Neither placebo nor propantheline
produced such a change In witro studies showed that non stimulated gastric
Juice caused a amilar change in appearance The alteration was however most
obyious 1n expeniments myvolving gastric juice aspirated after papaverine admm

sstraion Papaverine as such did not produce any change 1n the barium mieal

nor was the aad concentration as determined 1n the expeniments with buffer
solutions of a magmitude to be sigmficant It thus would appear that a relation

<lup exets between the admmnistration of papavenne and the change in the ap-
pearance of the banium contrast medium Papavenae possibly causes an increase
of some constituent that 15 normally present m the non stimulated gastnc juice

Ths theorv will be conadered 1n investigations under way

Relaxation of the muscles of the pyloroduodenal region
ght
wtially rapid emptying The antral motls y S pam e

displayed a change
ulent both after the

process: Papavenine in thus regard diffe
propantheltne as the latter causes an immediate and

ong I
auptying  Brow 1iR et coll 1969) A Gy n the

nother explanation of the different emp-
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Fig 3 Roentgenograms obtamned 5 30 and 75 munutes after admmstration of the barum
contrast medium The uppcr row refers to placebo and the lower row to 20 mg papavenne
doses given to the subject one hour before the bartum contrast

Discussion

Ihe most pronunent of the effects of papaverme 1s held to be the dummution
of tonc of the smooth muscles Some authors (¢ g GoTre 1934) have stated that
this effect 15 most marhed 1f spasm occurs 1 the smooth muscles, as, for example,
mn pylorospasm, but the reports are contradictory (cf GacLio & Brast 1965)
The effect of relaxation 1s most convincingly documented with regard to con
tractions of the smooth muscles of blood vessels, as i cerebral anglospasm (Rus
sEn & ZoumaN 1948) The clinrcal effect of papaserine on spastc conditions of
the gastromtestinal tract s generally considered to be relatively weak (REyNoLDS
& RanpacL 1957)

Since the difficulties of deternuning the presence of spasm m the gastromtesti
nal tract arc great 1t was deaded to study the effect m healthy subjects after a
test meal or a barrum mcal In these studies 1t was conastently found that the
gastric emptying rate was imtially higher after orally ginen papascrne, followed
by a gradual retardation, so that the total effect m most subjects was a retarda
tion In contrast to the effect of anticholmergics (BrRoMSTER et coll 1969) the
retarding effect of papasermne 1s sight and msignificant No depression of cholin
crgic mechanisms, such as gastric secretion, salnation, power of accomodation
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SUMMARY

The serum concentration of papaverme + as studied after oral admini trauon of 200 and
800 me and after mtrayenous admistration of 30 and 80 mg of the drug o effect of the
doses on the choliner 1c m chamsms 1+ as observed In tudies with a test meal containg
I the aral doses resulted 1n 2n 1nmally Tapd and subscquently somes hat stower gastnc
emptying These two effects could also be demonstrated 1 roentgen examunations wing a
bisum contrast medwm The banum corast became floceulent in all the subjects after
aduumstratecn of papatenme  uppo edly due to a qualitatne alterauion of the gastric secre
tion produced by the drug In vitra studie supported this hypothe 1s

ZUSAMMENFASSUNG

Die Serumbonzeniration von Papavenn v urde nach oraler \ erabreichung von 200 und
200 me und nach intravenoser b erabreichung son 40 und 80 mg der Droge studiert Bex den

& febenen Dosen v urde keme Warkung auf den choll fhen Mecham mus observiert. In

4 n Untersuchun en mat Vv erabreschung emer 134 halugen ¥ robemahlzent und Oraldosen
A 0 Yapaverin war die Magenentleerung zuerst schnell und dann etwas langsamer Derselbe
\ rlauf Lonnte auch m Ront hungen bes V d emnes Barumk 1
i

¢ erden Der B: h t wurde 1 allen Fallen flockte nach \ erabreichung
ven Lapasenn Wahrschenhch st dies enes von des Droge verursachien qualitatisen Ver

wderung der Ma ensekretion zuzuschresben In vitro Studien schewnen diese Hypothese zu
unterstutzen

RESUMF

La ¢ ncentr 61 n du erum en papavenne a ete ctudice apres admimistratior Ie de 20

§ e 800 . 5% apres addmam 1aU0n TV eney ¢ de 30 ek dé B g g 0 e
¢ttt sans cffet ur les mecansmes cf olinermques \u cours des :(ud(sp rto s
dun repas d epreure cont nant de Laxde 131 les doses admuss trees par s, ety e
 tent une cracuaon ga trique un pea plus apide au debut et un pog ]p e orale provo-

1t ente ensuste Ces deux
ont pu ctre mis en cvidence ausa par une etude radiolo 1que farte avec un moyen d

omtr te larte Chez tous les sujcts te commaste banyte ot deveny Roculant apres 1ad.
res 1a

tte bapil e papavenine Les ceudes in vitro ont ccnfirme
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a b ¢ d e

Fiy 5 Rocatgenograms of test tubes contumng barum con
trist mediem (1) and gastric Jwice from the first half hour
collected from a subjcct one hour after an oral dose of 700 mg
paventne (1 Pand [ 2) (b) gastric Juice from the second
hlf hour (1 1and 1 2) (¢) and buffer solution with pH 30
(re the same as the gastric ymce) {d) The roentgenograms
were obt uned one half hour after 1ddition of the barum con

trast niedium Mfistures of the banum medium and buffer solu

tions of dufferent pH or histamine induced gastric jusce with or
wathout papavenne had the same 1ppearance 1s shown n (e)

tymg process after papavenme admimstration has bewn given by Daingrorory
et coll (1924}, who mmtally obscned 1n excitory ind subsequently a paralytic
phasc

Gacrio & Brast (1965) obscrved no effect on the motihty of the duodenum
and the smll mitestine m man after an oral dose of 150 mg papavenine Thus
the smnllest effictive dose may he above this level These authors however, found
constant effects aftcr parenteral doses of 40 mg and 80 mg Our data ndicate that
oral doses of 200 mg are madequate to produce the serum concentration that is
obtained after mtravenous admimistration of 40 mg and 80 mg doses of the drug
Therefore, to obtamn a satisfactory cffect, papaverine should probably b given
mn oral dosc exceeding 200 mg Roentgen studies mdicate however that an
effect of relaxation can be achieved after 200 my, orally

The use of papaverine in gastroenterologic praxs, i the hitherto customary
doses (up to 100 mg orally) scems dubious Lven if the effect probably mcrciﬁt:
with Iugher dosage, though this has not been defuntely settled, well documente
anticholmergics should be preferred when a spasmolytic effect 15 required
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PROJECTION OF CINEROENTGEN FILM
BY A TV SYSTEM

by

OrE MarTssox

Lquipment for the presentation of cine film must mclude vanabl

Jection as well as reverse or sull
Aaemfi

¢ speed pro
projection for the study of separate frames
may also be necessary
ction should be possible without any printing procedure for adap-
tauon of film e immediately after the pnmary processing and drying any
ume consuming editing and spheing should be avorded It 1s desirable that one
and the same projector be used for film presentation to small groups as well as
to large audiences

Projectors avaulable to date have been either of the editing projector type with
small screens mostly suited only for small groups of obsenvers or ordinary 16 mm
one must accept prints of reduced
size. The projection speeds of these may be altered at wish Prnting always in
volves considerable loss of detail and sometimes of coatrast and Yast but not
Ieast of ime

Drrect proje

The contents of thu paper wer,

[ Calforma San Franosco
L vty of Rochester \ew
Wat 1?3 \prt 1168

© presented at Roentgen Staff \eeqn,
t the University of Ienngyhania Phila
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Fig 3 TV camera posoned for e projection n (3) may be moved oves for projection
D8 o taenourams and the 1ke (b) A m rror (<) 1 arsaosed obliquely above the lightbox (d)
bt (e) 15 used for non translucent objects. For shdes a small specsal sllums
aator (f) may be miroduced below the muror

ntenval the absence of mterval eliminates the r.k of interference with the scan
ning system of the TV camera As the projecuon 1mage 15 unshuelded a shghily
subdued hght in the room 1s an advantage A small control monitor close to the
projector facihtates operation especrally the electrical adjustments at the same
time adju.tment of contrast and Iuminosity so as to compensate for differences in
photographic exposure may be made

The projection system 15 shown mm Fig 1 The TV camera to the nght 1s
focussed on the projected tmage appearing on the small sized screen (Fig 1 b)
(he control monitor 1s seen to the leftn Fig T a. In Fig 2 the TV image on the
momitor (left) can be compared with the pnmary image projected by the ediung
projector (nght) Details of the object — this case an oesophagus — can
casily be blown up if desired

Some prefer the negatnve 1mage for projection this being sumilar to the con
ventional roentgenogram as far as the half tone scale 1s concerned Others favour
the opposite 3¢ a tone scale sinular to that mn fluoroscopy The left and nght
sides of 3 aneroentgenographic film may change n a disturbing way when %h
projecuon 1s changed from ap to pa while sometmes m editing the film .
turned over 5o that focussing troubles are caused Black and white may be ;
changed by the action of a switch and left and nght may be changcdyclec:::\i
cally with this equipment A detal analysis which earlier required a magmfica
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Fig 1 Projection system (ARNO projector) and 1V
camcra The zoom lens of the camera 1s focussed on the
projected mmage (b) the control momtor 15 scen i {a)

Smce August 1964 a system of projection of cine film which employs an un
conventional principle has been tried in our department  This utilizes a closed
arcuit televiston installation with 1 comentional Vidicon tube  Sexcral momtors
or one large screen TV projector may be used It 1s not necessary to have the pro-
Jection sysiem i the lecture room, a permanent mstallation may senve different
rooms, and communication between operator and demonstrator 1s cons emently
established through a two way mtercommunication system It 1s also possible
to send the TV mmage over longer distances by co-axial cable or a video Iink,
certar UHF channels are available for the latter purpose

Briefly described the system 1s based upon an editing projector, the screen
mmage of which 1s piched up by a TV camera The bastc device 1s the ARNO
projector This, with a rotating prism, gives a continuous projection m which
one frame follows the other with a smooth transition without any disturbmg dark

Monitor 1mage (left) and onginal image projected by the
fé?m?g Apmjccmr {nght) are compared If desired details can be
blown up by mcans of the zoom lens
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D:(CRYOCYSTOGRAPHY IN OBSTRUCTIOB:
OF THE LACRIMAL PASSAGES

by

Trycve Aasuus and Bjorv BERGaLsT

Ewine (1909) performed the first dacryocystography with bsmuth submitrate
emulsion 2s contrast medium to demonstrate 2 lacrumal abscess Most subsequent

authors have used oily contrast media such as Lipiodol (Bortack 1924)
Pantbopaque (MiLpir & Devorest 1994), and Neohydnol {Acarwar 1961

Canperis 1064 Narata 1964 Law 1967) In recent years water soluble todt
nated contrast media have been employed and their advantages have been well
documented (RAVSALD et coll 196% Prigchirz 1966 Huser 1966, SARGENT &
Estrsot£ 1968) lsopaque 440 (440 mg 1odine/ml) 15 now used for dacryocysto-
graphy i our hospital

Rapid emptying of low viscous aqueous media from the Jacimal passages may
result 1n poor demonstration of the passages in films obtaned after the mjection
In the present mvestigation therefore the expouses were made dunng the injec
ton of contrast medium Twenty two pauents with epiphora have been examuned
with this techmque 1 the course of the last two years A companson of roent

genologse and chnical findings has been made and 1s now presented to indicate
1he value of the examination

From she Departments of Radiotogy (Director Prof J Frimann Dahl) and Ophthalmology
Zl)u;:u( Teof § Astelorg, Llieval Ho pital Osto Norway Submutted for publication 28
October 1968
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tion of dctail in the printing process, may be performed mstantly by means of the
zoom lens

The prinaple desenibed has the advantage of presenting videotape recordings
m the syme way and m direct connection with other demonstrations m depart
ments with videotape recordars Switchmg over the system from camera to rec
order 1s casily made

The system has also been wdaped so as to make possible projection of con
ventional rocntgenograms, tables and illustrations from papers and specuncns as
wdl as shides The same lens and television camera but supplementary close up
lenses and some sumple additonal cquipment will be necessary, a zoom lunse of
Appropriate focal length both for close ups of detasl in magmfication and general
vicws of the object may be a uscful compromise The differcnt projection pos
stbilities enable m a fow sceonds the projection of full size films or dragrams to
tahe plact of anunatography The principle of the projction arrangement 1s
shownm g 3 The 1V camerais moved over to another position where 1t can
be focusscd on the object, ¢ g the rocntgenogram, through a murror positioned
obliquely over a honzontal light box Framing arrangements avoid unnccessary
unmination and chmmatc loss of contrast through diffuse stray hight i the ks
system Reducad size rountgenogr ims, for mstance on 70 mm roll film or 100 mmn
cut film, may also be projected with the same mamn equpment and m the same
way
Overhead hight 15 usd for the presentation of allustrations on paper, photo
graphic prints, tables, case reports drawmngs, santigrams as well as of spect
mens Arrangements have been made for the projection of shdes with the same
system A small illununator with a frame suted for 2 by 2 inch shdes can be
connected to the camera luns systan

SUMMARY

A system for projecting cineroentgeno.raphic film 1s desenbed Thus has also been adapted
for the demonstration of conventionil rocntgenograms tables allustrations tn books spect
mens shdes and sinlar matter

ZUSAMMENTASSUNG

Fin Apparat zur Projchtion von Rontgt nemefilmen wird beschrieben Der Apparat hn
zur Projehtion von gewohnlichen Rontgenfilimen Tabellen Buch Illustrationen Praparaten
Diaposttiven und ahnhches 1daptiert worden

RLSUMI

L auteur deenit un appareillage pour ! projection des Alms cine radiographiques  Cet
appareillage a ausst ¢te adapte pour la presentation de radiographies simples de tablcaux
1 i
d llustrations dans des Inres de peces de diag ct d objets
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DACRYOC)STOGRAFAY 3 OBSTRLCTION QF THE LACRIMAL PASSAGES

L

Fg3 g 4
Fig 3 Short marked stenosis 1n the upper porton of the duct (~) marked dilatation sup rior
10 the steno is.

Iig 4 On left ude marked stenosis 10 the lower portion of the du t (~>) and moderate d lata
tion of the duct and s On weght sde occlusion at the neck of the ac and retenton of
meds m n the dilated sac for several munutes after the injection,

excessive reflux resulting in poor filling the passages were better demonstrated by
ob trucung the lower punctum with the dilatator dunng the mjectron

The materal of 22 patrents consisted of 11 males and 11 females ranging
between 8 and 73 years of age with epiphora of 2 months to 12 years duraton
Dacryocystorhunostomia had been performed with unsatisfactory results 1w two

of the patierts the lewon was unilateral i mneteen and bilateral n the remaining
wiree pauents

Results
The unaffecied eye was aways examned for companson 2 nermal dac
ryocystogram 1s presented tn Fig 1 The lacrimal passages normally collapsed
are ditended by the medium dunng the myection, and therr calibre in the
rocntgenograms therefor depends somewhat on the pressure applied The entwe
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Fig 1 Fig 2

lig 1 Normal dacryorystogrun Injection through the upper canihiculus reflux through the
lower canahculus The normal sac 15 clongated and joins the duct through 1 distnet constric
tion caused by the spht fasein of the orluculans muscle The duct normally appears s a tube
of varying calibre with smoothly miegular contours The contrast medium has passed into

the nasal cavity

Tig 2 Dacryocystosrim of stenosis of the lower lacrimal punctum lhe lower canahculus i
patent and shght reflux occurred through the narrow punctum (=

Method and Maierral 1he exammation was performed on a shull table with
the patient supine [he films were obtamed m an anteroposterior projection with
the beam centered on a pomnt near the midlne at the level of the infra orbital
margin A conventional film was first obtamed Following local anesthesta with
novesin 04 G¢, the contents of the lacrimal sac were espressed, and the upper
lacrimal punctum was dilated with a punctum diatator A lacnimal cannula
was then ntroduced into the upper canaliculus, exceptionally, the lower ca
naliculus was mjected The contrast medum was mtroduced under molerate
pressure, and the films were produced during the mjection Reflux occurred
imvanably from both canalicult during the injection, and a swab was therefore
gently apphed to the closed eye to absorb any excess of contrast medium The
swab was remowed 1mmediately prior to the exposure In some nstances, with
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examnation had indicated complete obstruction of the duct on the nght side and
mcomplete obstruction of the left duct

In mne patients, dacry ocystography Tesealed complete duct obstruction at
vanous stes and m &% of them difatapon above the occluston was moted
Repeat dacryocystography affer succes.ful dacryocystorhmostona m one of these
patients showed free passage of contrast medium irom the sac to the nasal casity
through a wide commumeauen (¥ig 5) No passage of saline had been obtaned
by synnging 1 any of thewe mne patients In seven patients pus was expressed
{rom the sac 2nd i five a palpable mucocele was present

A narrow commumication between the sac and the nasal cavity was demon
strated by dacryocystography m two patients following dacryocystorhmostoma
The contrast medium passed partly through these communications and partly
through narrow natural ducts In both mstances 1 sight passage was obianed by
synaging and no pus was expressed from the sacs

Commenis

No disagreement between the chinical and the roentgenologic exammation was
apparent but dacryocystography always provtded addiional information by
d g the exact ocal of the obstracion and the siate of the pas-
sages 2bove the obstruction Against common chiical concepts it was also evident
that dilatayon of the sac may Le present without purulent contents The choice
of ueatment of facrumal obstructions may be difficult and undoubtedly darryo-
cystography aids significantly in amnsimng at a deawon This 1s particularly 1m
portant after the introduction of catheter treatment 1 lacnimal stenoses (HugoerT
1959 GrirstTu 1963 HuceErr & Sunbmark 1965) Catheter treatment is
for example indicated 1n direct stenoses with shrunken sacs which often do not
respond well to dacryocystoshinostomia

All the necessary mnformation was usually obtamed from the ap films thongh
n 3 few imstances oblique films were tahen The supenmposition of bone ma
offer come difficulty 1 the mterpretauon However by comparnson with tbie
preluminary film it was never really hard to determine the outhne of the passa, es
Subtraction films may be useful but are often unsatisfactory due to a sl h}z h: :
m the position of the head between the exposures S ange
"mS‘orc n:rl::nrs drlaxm better contrast filling of the passages when the examuaa

pe cd with the patient sitting The present wniters have found th
procedure easy with the patient supine position, and have <ecured i
contragt filling by taking the films dunng mjection of the medium r’;‘h E?Od
:lx‘:ml‘z‘ of the contrast medwum further facilitates the filling of all pa:sa;:
G narmow < enoses and fistulae Under normal conditions and even
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a

Fig 5 a) Complete obstruction of upper part of duct marked dilatation above
the obstruction b) Same patient after dacryocystorhmostomia The sac 1s
smaller and a broad communication cxaists between 1t and the masal cavity
—)

length of the passages was usually demonstrated under normal conditions m the
films obtamned during the mjection

Dacryocystography m four patients revealed various canalicular stenoses In
one of these, the lover punctum was hardly visible on direct mspection but the
films dusclosed reflux filling of the lower canaliculus, and shght amounts of
contrast medium scemed to have passed the markedly narrow punctum (Fig 2)
Some small amount of saline could be mtroduced by syragmg m one casc only
There was no pus in the sacs

Duct stenoses at various pomnts werc revealed by dacryocystography m six pa
tients, m two of them bilaterally Degree and length of stenoses, as well as the
state of the passages supenior to the obstruction, were clearly shown (Fig 3)
Marked dilatation had taken place above the obstruction 1n five of these patienis
Sheht passage of salme was obtained by syringing but only two of the patients had
pus m the sac

Marked stenosts 1n the lower portion of the left duct and complete obstruction
at the neck of the nght sac were demonstrated m one patient There was
moderate dilatation above the obstruction on both sides (Fig 4) The climcal
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examumation had indicated complete obstruction of the duct on the nght side and
mcomplete chstruchion of the Telt duct

In mine patents, dacryocystagraphy resealed complete duct obstruction at
vanous ste., and 1w all of them dilatation above the ocelusion was noted
Repeat dacryocystography after uccessful dacryocystorhinostomia 1 one of these
patients showed free passage of contrast medsum from the sac to the nasal cavity
through a wide communscation {Fig 3) Do pasage of saline had been obtamned
by synugmg 10 any of these mne patents In scven patients, pus was oapressed
{rom the sac and n ine a palpablle mucocele Was present

A narrow communicaton between the sac and the nasal cavity was demon
strated by dachocystagraphy 1 two patients following dacryocystorhinostontia
The contrest tedim passed partly through these commumeations and partly
through narrow natural ducts In both nstances @ <hght passage was obtamed by
synnging and no pus was expressed from the sacs

Comments

No disagreement between the chinical and the voentgenologic examnation was
apparent but dacryueysography always provided adiditional nformation by
demonstrating the exact localizaton of the obstruction and the state of the pas~
sages aboye the obstructton Agamst common chnical concepts it was also evident
that dilatation of the sac may be present without purulemt contents The choire
of treatment of Jacnmal obstructions may be difficult and undoubtedly dacryo-
cystoeraphy wd sigmuficantly n armving at a dectson Thus 1s particularly 1m
portant after the mtroduction of catheter treatment 1n lacnmal stenoses { Huoerrr
1909 Gmrrrtr 1903 Hucoert & SunpMARK 1960} Catheter treatment 13
for example wdicated 1n direct stenoses with shrunhen saes which often do not
respond well 1o dacryocystorhinestomia

All the necessary information was usually obtained from the a p films though
tn & few instances oblique films were taken The supenmpostion of bone may
offer some dilficulty 1n the interpretation However by companson with the
prelimunary film 1t was never veally hard to determune the outhine of the passages
Subizacuon fitmis may be uscful but are often unsatsfactory due 46 a shght change
1n the position of the head between the expasures

Some awthors daim better contrast filing of the passages when the exammna
uon 1s performed with the patient situng The present wrters bave found the
procedure easy with the patent m supme position, and have secured good
contrast filling by taluing the films dunng mjection of

f the medium The low
viscostty of the contrast medum further facliates the filling of alt passages

meluding natrow stenoses and fistulae Under normal conditions and even
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sometimes 1 stenosus of the passages, the medum 1s rapidly emptied after the
myjection although retention of medium above a marked obstruction for seseral
nunutes may occur (cf Lig 4)

Most mvestigators inject the medium through the lov or canaliculus We
choose the upper canaliculus to reduce the chmnical mmportance of madsertent
paricanalicular mjection, obstructions of the upper canaliculus do not cause
<prphora when the lower canaliculus 1s patent The mish associated with para
canalicular mjection of water soluble contrast media 1s however small, as these
media are readily absorbed from the tissues This complication scems moreover
to be mfrequent, and has not been encountered 1n the present matenal

SUMMARY

A modified techmque of dacryocystography 1s deseribed The roentgenologic findings n 92
patients with epiphora are presented and compared wath the chinical signs The eaamunation
1s simple and provides detailed information on the site and degree of obstruction as well as
on the state of the Incrimal passages above the block

ZUSAMMENFASSUNG

Line modifizierte Methode zur Ausfuhrung von Dakryocy tographte wird beschrieben Die
Rontgenbefunde 1 22 Lpiphota Patienten werden besprochien und nut den klinuschen Er
schemungen verglichen Die Untersuchungsmethode st emfach und mbt genaue Aushuaft
uber Platz und Grad der Stenoswe sowie uber den Zustand der Tranenwege oberhalb der
Verengerung

RLSUMI

Les auteurs decrivent une techmque de dacryocystographie modifice Chez °2 malades
attents d epiphora 1ls presentent los resultats de 1examen radiographique et les comparent
aux signes chimques L examen est simple et fournut des renseignements detailles sur le siege
et le degre de 1 obstruction amnst que sur | ctat des voics Jacrymales au dessus du blocage
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CEREBRAL BLOOD FLOW IN GCCULT
HYDROCLPHALUS STUDILD WITH ANGIOGRAPHY
AND THE XENON 133 CLEARANCE METHOD

by

T Grerrz

Occult hydrocephalus has recerved increasmg attention durng the Inst few
years duc to the reversibility of the serious, associited, symptoms, which mclude
dementia and apraxia of gut A vast number of these patients may be rescued
by the msertion of an atrioventricular shunt or sumlar procedure The often
dramatic improvements followmg this relatn ely smple operation are well hnown
although the nature of the underlying mechamsm has not yet been agreed upon
Several theories have been offered Yanoviev attributed the gait disturbances
to stretching of the long paracentral fibres to the lower extremuties PENFIELD et
coll and RIbLER et coll described perventricular demyelmation and suggested
a vascular cause Brerc et coll considered a general increase mn cerebral blood
flow to be the most pliusble cause of the clinical mmprovement followmng a
shunting procedure Tew chnical data are wvailable however to support any of
these theories

The cercbral circulation may now be studied m two ways with anglography
and through recording of the clearance curve by external counting after mtra

P ——
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carotid 1njection of an nert radiactive frecly diffusible gas (Lassen & INCVAR
1963 Inavar et coll 1965) These methods have been used in the present svork
in 20 attempt 1o shed some hght on the mechanism behund the ugns n occult
hydrocephalus.

Uethods The determnation of the cerebral blood flow was carned out by the
133\ e clearance method of Lassen & Ingvar The regional cerebral blcod flow
for one cerebral hepusphere usually the right, was determined an conjuncnon
with angography of the mternal caroud astery, 500 #Ca of %\ bemng njected
about ten munutes after the compl of the pt 1on and the
earance curve obtatned with a 37 crystal detector and a wide angle colimator
Calculations were made of the mean cercbral blood flow (CQBF,) from the bt
exponential curies by the compartmental method The fast flow (CBFy) and
the slow flow (CBF ) components as well as the relaine weights of the grey and
white matter were also calculated A blood gas analyss with esumation of the
arternal carbon dioxtde tension was made with the micro-Astrup method in con
Junction with the cerebral blood flow deternunation

Cerebral angiography was carrted out by percutaneous puncture of the internal
carotd artery The cerebral circplabion time was tahen according 1o the method
of Grerrz (1956) as the time nteryal between the maximal filling of the carotid
sphan and the panetal vems In cases with deformity of the third sentrcle
(Grurz & Lorstent 1904, Grertz et coll 1967) angiography of the vertebral
artery was performed

Encephalography was carned out m accordance with the techmique descnbed
by LinncreN (1949) Great care was always taken to ensure filing of the basal
cisterns and the subarachnowd space over the comvexity The hydrocephalic mdex
was determuned  as proposed by Lisncren (1921) as the quouent between the
greatest width of the antenor horn and the greatest internal width of the shull

Gamma cisterography was performed according to the method described by
D1 Curo {1964) 1 pCi per hg body weight being injected wtrathecally after
};;}m}:):r rEulncturc Scans were made over the head in twe planes at 3 6 24, and
and s:m:u :l :sa:f: :f;lg\:; achTC}:,r;mz?ho:‘i additional scans were made at 3,4

n 3} vt was applied 1n the majonty of cases

casts treated with an atrioventicular shunting procedure the intras entric
ular pressure was recorded s 1th electromanometric methods dunng the operation
Stmultaneous recording of the lumbar pressure was made Cc:t un cases and

1n other cases the lumbar CSF pressure was measure witl €n e; ano-
S e
pressure w red with an open end m.

Matenial The cerebral blood flow was studied 10 26 cases with chimcal en

cephalographic and anglographic evdence of hydrocephalus Seyen additional
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Table

Cerebral curculation wn 26 cases of hydroccphalus and 7 cases of atrophy Mean 1alues and S D of fie

paramelers selated lo mean age mean hydrocephalic mdex and mean pCO Normal alues of CCT from

Greit. (1968) MNormal walues of mean cerebral blood flow (CBFw) and us fast (CBF) and show

(CBFy) components as well as grey malier werght estimates according to Ingrar et coll  (1968) *++

denotes P talue difference i 1elation to normals less than 0 1 per cent ** denoles P ralue for this difference
less than I per cent

Number \ge Index PCO, CCT CBFpn CBFr ©, grey CBF;
of matter
cases

Normal 343 497 797 492 209
051 56 107 39 26

Non pressure hydroceph
alus

Ectasia of verebral artery 9 59 035 34 542 278 543 320 154
086 452 820 775 527
I T T O

Non pressure hydroceph

alus

Other types 12 52 042 3¢ 467 313 547 #3151
086 638 1062 696 399
T R LT L

Pressure hydrocephalus 5 31 04+ 36 494 330 566 388 170
110 400 783 85 255
- T TR

Atrophy (controls) 7 58 03, 37 393 410 621 484 201
074 455 1235 660 400

at e — —

cases with chnical and encephalographic evidence of cerebral atrophy senved as
controls (see Table) Twenty four cases had commumicating hydrocephalus and
two had obstructive hydrocephalus, 1 one casc caused by aqueduct stenosis and
1n the other by posteror fossa arachnoiditis Frve cascs, mcluding the last mention
ed two cases, had clinical and encephalographic signs of mcreased mtracramal
pressure, two of these had mtracramal tumours Twenty one cases were clas

sified chmeally as having normal pressure hy drocephalus  In this latter category,
h)droceplmlus was due to trauma m five cases, to subarachnoid hacmorrl;agc
1 three and to cotasta of the basdar artery m nme cases The cause of hydro

halus was obscure 1n four cases
ce")1'115 dagnosis of hydrocephalus could usually be based on the encephalo
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graphic fimthngs alone Do encephalographic examunation was performed 1 one
case of ventncular dilatation following subarachnoid hacmorrhage, and the
degree of hydrocephalus was estimated by angography alone In ﬁu‘: D‘u( of :hc
twenty one cases dlasafied as low pressure hyds halus the encep p
findings were consistent with an mcisural block In the remaming fifteen cases
sumilar changes were found as w convexuty block hydrocephalus 1e absence
of atr over the comvexuues but fifling of sules w the wterhersphenc and Sylvian
fissures {Grerrz & Crere to be published)

In the 23 cases in which gamma cisternography was performed, 19 with hydro-
cephalus and 4 with atrophy the findings at this examination supporied the
duagnosis In fifteen cases with signs of increased CSF pressure partial or com
plete subocaipital block was d ated by RIHSA ¢ graphy Incisural
block was confimed by this method m two nstances In five of twelve cases
with encephalographc mdication of comvexiy block hydrocephalus 3 slow but
otherwise normal resorption over the convexaty was obwned, m the semaming
cases fulling of the nterhemisphenc and Sylvian fissures occurred but no obvious
ab.orption maxumem over the parasagittal frontal and panictal areas was record
ed Filling of the lateral ventricles was obsenved n eight of these twelwe cases,
Gamma asternography revealed a normal CSF arculauon in four of the seven
cases of atrophy The CSF pressure was measured m two of the Ine cases
with chmical signs of mcreased intracramal pressure, one with a hypothalamic
ghoma and one with tentonal hermiation and found to be shghtly creased, 1e
31 and 20 mm Hg respectnely The CSF pressure was below 20 mm Hg in the
twelve cases with low pressure hydrocephalus m which this measurement was
obtained The mean CSF pressure m four cases of basilar ectasia was 1% mm Hg
m the fine cases of postrraumance hydrocephalus it was 14 mm He 1n one case
of old subarachnoid haemorrhage 1t was 13 mm Hg and i two cases of hydro-
cephalus of uncertain ongin 1t was 14 and 11 mm Hg respectinely

Results

All the arculatory parameters In cases of hydrocephalus were sigmificantly
changed to ndicate impawred cerebral arculation (compare with the table)
Only three cacs had a mean flow above 35 ml per 100 g/mm Do significant
differences 1 the crrculatory parameters exsted between cases with Yow pressure
hydrocephalus of differing actiology Nor were these parameters s:gnf}lcantl
different m cases with mercased CSF pressure. The average mean flow \aIuZ
was 30 ml per 100 ¢/min i the non pressure group and 33 ml per 100 g/ my
mn caxs with signs of increased pressure The mean cortical flow for agI{ thn
hydrocephalic cases was 53 and the mean white matter flow was 15 ml re
100 g/min corresponding to a mean flow value of 30 ml per 100 g/min ’l?hl;
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Table

Cercbral crrculation n 26 cases of hydrocephalus and 7 cases of atrophy fean alues and S D of fue

parameters related to mean age mean bydrocephahc index and mean pCO  Aormal values of CCT from

Gratz (1968) Normal walues of mean cerebral blood Slow (CBFm) and us fast (CBFy) and slow

(CBF;) components as uell as grey matter weight estimates according to Ingrar et coll (1968) ***

denotes P ralue difference i selation to normals less than 0 1 per cent ** denoles P ralue for this difference
less than I per cent

Number Age Index PCO, CCT CBFy CBFp  grey CBFg
of matter

cases

Normal 343 497 797 492 209
051 56 107 39 26

Non pressure hydroceph
alus

Ectasia of verebral artery 9 59 035 3% 542 278 543 320 154
086 452 820 775 527
e kR xRk %ks X%

Non pressure hydroceph

alus

Other types 12 52 042 34 467 313 587 403 151
086 638 1062 696 399
L I TR 1

Pressure hydrocephalus 9 31 044 36 49t 330 566 388 170
110 400 783 856 255
P e T T
Atrophy (controls) 7 W8 035 37 393 410 621 484 201
074 455 1235 660 406
- e

cases with clmical and encephalographic evidence of cerebral atrophy served as
controls (sec Table) Twenty four cases had communicating Irydrocephalus and
o had obstructive hydrocephalus, m one case caused by aqueduct stenosis and
m the other by posterior fossa arachnoidiis Fve cases, including the last mention
ed two cases, had clincal and encephalographic signs of mcreased wtracramal
pressure, two of these had intracramal tumours Twenty one cases were clas
sified chintcally as having normal pressure hydrocephalus  In this latter category
h)droccphalus was due to trauma m five cases, to subarichnoid haemorrhage
1 three and to cctasia of the baslar artery m nine cases The cause of hydro

cephalus was obscure 1n four cases
The diagnosis of hydrocephalus could usually be based on the encephalo
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angiography and the cerebral blood flow, both with regard to the fast and the
mean flow values 1n hydrocephatus {Figs 2 and 3} The fast flow values were
pathologic n fifteen cases and the mean flow values were defimtely abnormal
all but three cases The circulation tmes were only abnormally prolonged 1n
thirteen of the twenty six cases Hence 1n the individual hydrocephalic case the
clearance method 15 more hikely to reveal pathologic changes 1n the cerebral
arculation than 1s angiography This 15 1 contrast to the findings 1 cesebro-
vascular disease 1 which angiography 1s more hikely to reveal abnormaliies in
the cerebral airculation as demonstrated by Crongvist & Grettz

Discussion

The fact that mn twelse of the twenty six cases of occult hydrocephalus the
CSF pressure lay within normal hmuts mdicates that the decrease 1n cerebral
blood flow 1n hydrocephalus 1s nat ly due to clevated pres-
sure At some stage however pressure must be excrted on the ventricular walls
to expand the ventnicles rrespective of whether this force 1s back pressure due
1o retention of the CSF or a comt of this mect and
of an undamped pulse wave to the ventnicular walls from the choroid plexus
(BerinG 1998 Witson & BerTrav 1967

) or from an elongated basilar artery
(Brizc et coll Exsoy ct colt ) As powted out by Hanne & Apaus {1959) 1the

total expansible force 13 a product of pressure umes yventncular surface area.
Thns means that compression of the bram resulting from sentncular enlargement
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Fig 1 Comclation between the hydrocephalic
mdclx and the fast component of CBF Open
crcles represent cases with ectasit of the basilar
artery crosses indicate cascs wath other types of 30 0 %o 60 o
hydrocephalus CBF rast

rcative weight of the grey matter was 38 per cent Cases with ectatic artenes
had the lowest mean flow valuc, average 28 ml, and a mcan relative weight of
the grcy matter of 32 per cent They differed sigmificantly with regard to these
two parameters from normal cases and cases of atrophy

Cases of cerebral atrophy, three of which had presemle dementia, scemed to
constitute a heterogenous group as has been pomted out by CronguisT et coll
Although the degree of ventricular dilatation was about the same as with cases
of ectasta of the basilar artery, the cerebral arculation was less impaired with
regard to crculation time, mean flow and grey matter weight The mean cerebral
blood flow 1 cases of atrophy was 41 ml per 100 g/mn and the mean cortical
flow value was 62 ml per 100 g/min, only these values differed significantly
from the corresponding values in normal mdividuals

No obvious correlation existed between the degree of hydrocephalus and
cerebral blood flow in cascs of basilar artery ectasta (g 1) However, 1n two
of these cases, defimte chmical improvement followed the operation with an
atrioventricular shunt, which mdicates a hydrocephalus component i the ven
tricular enlargement The hydrocephalic index n the remaming siteen cases
was fairly well correlated to the decrease in cerebral blood flow, and there was
no difference n this respect between cases with normal pressure and those with
wereased pressure (Fig 1) In the low pressure group the correlation coefficient
was — 073 and sigmficant at the 1 % level No such correlation between the
degree of ventricular dilatation and cerebral blood flow was apparent i the

cases of atrophy
Correlation was found to exist between the crculation time determined by
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By the clearance method a decrease in the cerebral blood flow 1s revealed m
all cases of occult hydrocephalus, both of the low and the high pressure type
In cases not compheated by vascular changes such as generalized cctasia, this
decrease 1s corredated to the degree of ventncular difatation which does not scem
ta be the case in cerebral atrophy

The arculatory disturbances observesd 1 hydrocephalus n the adult are hiely
to be responsible for the asocated serious but Teversible  symptoms The rela
tonship between cerebral blood flow and ventncular dilatation may therefore
help to dufferentsate at least certain types of cercbral atrophy from hydrocephalus
and senve as a guide 1 the sclection of cases for operation
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SUMMARY

The cerebral arculaton was studied by angiooraphy and by cercbral blood flow deter
munations vuth the aenon 133 clearance method m 26 cases of occult hydrocephalus The
flos was redu ed even in cases with a normal cerebro pmal flud pres ure The hndings
m easts of hydrocephalus were compared with normal and cases of cercbral atrophy

ZUSAMMENFASSUNG

Dae cerebrale Blutumlaufzest wurde muttels Angiographie und Bestimmung der cerebralen
Durchblutung mit der “emon 133 \usscheidun,smethode mn 26 Fallen von ollultem
Hydrocephalus studiert Der Blutstrom war reduziert auch m Fallen nut Normaldruck der
Cercbra pmalflussiskest Dic Befunde ber Hydrocephalus wurden mit Normalfallen und
mst Fallen von Gehunatrophie verglichen

RESUME

Lateur a etudie 1 carcvlation cerebrale par an iogtaphic et par mesure du debit sangwin
cerebral par Ja methode de clearance du xenon 133 dans "6 cas d hydrocephalie oceulte
Le debut etait diminyé meme dans les cas ou Ja pression du hquide cephalo-rachsdien etait

normale Les resultats des cas dhydrocephalie ont eté compares a ceus des sujets normaux
et des sujets attemnts d atrophie cérebrale
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may be mamtamed at a lower pressure than would be required with normal
sized ventricles It 1s not unlikely that this compresston may lead to obstruction
of the blood vessels n which the pressure 1s low, such as vemns Furthermore,
anmmal experiments have indicated (Brock 1968) that even a compresston as
low as 15 g/cme, applied for a few minutes, may cause a definite and long
lasting decrease in the regional cerebral blood flow A less plausible explanation
15 that the reduction of the blood flow 1s sccondarv to a decrease  neuronal
activity caused by distension of the bramn

Relief of the force or forces causmg compression of the brain merease the cere
bral blood flow and mduce chinieal improvement An increase mn cerebral blood
flow was noted following operation with an atrioventricular shunt 1n three of the
cases with a normal pressure hydrocephalus (The matenal 1s as yet too small
to allow a more definite concluston and further results will be published later )
Two of these cases had sesere generalized arteriectasis affecting all the cerebral
arteries, which indicates that crculation disturbances i this condition, which
have previously been reported by Hurten GyLLENSTEN et coll, should not be
considered entirely a consequence of the vascular changes unless hydrocephalus
can be elimnated

Conclusion

The 1sotope clearance esumation 1n hydrocephalus 1s a more sensitive mlelhod
for revealing pathologic changes m the cerebral arculation than the crcu .;u;m
time determined by carotid angiography This implies that in the h)drocqla ;‘IC
patient the decrease 1n flow 1s due manly to a reduced cerebral blood yvolume
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By the clearance method, a deerease the cerebral blood flow 15 revealed i
all cases of occult hydrocephalus, both of the low and the high pressure type
In cases not complicated by sascular changes, such as generalized ectasia thus
decrease 15 correlated 10 the degree of ventricular dilatation, which does not scem
10 be the case 1 cerebral atrophy

The arculatory disturbances observed 1n hydrocephalus n the adult are Likely
to be responsible for the assoaiated serous, but reversble symptoms, The el
tonshap between cerebral blood flow and ventricular dilatation may therefore
help to differentiate at least certan types of cerebral atrophy from hydrocephalus
and serve as a guide 1n the sclection of cases for operation
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SUMMARY

The cercbral circulation « a studied by angiography nd by cerehral Blood flow deter
nunations with the xenon 133 clrarance method in 26 cases of occult hydrocephatus The
flow v as reduced even 1 cases 1 1th @ normal cercbro pinal flud pressure The findings
1w cases of hydrotephalus were compared with nosmal and cases of cercbral atrophy

ZUSAMMENFASSUNG

Dze cercbrale Blutumlaufzest wurde muttels Angio,raphie wnd Besammung der cerebralen
Durchblutunz mut der \enon 133 tusscheidungsmethode mn 26 Fallen von oklultem
Hydrocephalus studiest Der Blutstrom + ar reduarert auch 1n Fallen mut Normaldruck, der
Cercbrospinallusagheit Die Belande ber Hyd: ph

wurden mat fallen und
mt Fallen son Gehurnatrophe 1 erglichen

RESUME
L autear a etudié 13 aarc

ulation cerebrale par angiographie et par mesure du debut sany
n
:?;:;:: }::;x:adxmcthuu‘e de clearance du acnon (33 dans 26 cas d hydrocephahie occgmu(e
aun
ol Loy s ue meme dans les cas ou la pression du Lquide cephalo-ractudien et

ats des cas d hydrocephalie ont éte compares a rma
ceux des
et des supets atteingy g atrophie cerebrale suets mormaux
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FROM TIIE DEPARTMENT OF SEUROSURGERY, UNIVERSITY OF ROME MEDICAL SCHOOL,
ROME, ITALY

BACKWARD DISPLACEMENT OF THE UPPFR PART
OF THE BASILAR ARTERY IN INFANTILE
HYDROCEPHALUS

by

E La Torre E Ocenirinti and A. Potticita

The basilar antery follows an wtracisternal course, the first part lying m the
aisterna ponus and the tenminal part i the cisterna interpedunculans It usually
s sagttally a few millumeters behind the clivus and jons the postiensr cerebrat
astenes at the level of the postenor clinoid processes In infancy the basilar artery
often hes high m the cisterna interpedunculans so that the course of the posterior
communicaung artery from the carond syphon to the postenor cercbral artery s
backwards and upwards (Rasvonnr 1967)

An expanding lesion of the posterior cramal fossa, according to 1ts size and
site may displace the artery laterally antenorly or posterorly A retrosellar
tumour of the thid ventncle may also displace the termmal part backwards
(SCATUFF et coll 1967) An elongated basilar artery howeser usually produces
+n mdentation at the base of the third ventncle (Greirz & LofsTior 1954,
Derrors et coll 1966)

Backward displacement of the termumnal pary of the basilar artery due to dilata
von of the Wurd ventncle has also been reported {ScaTuirr et coll 1967,

Submuted for publication 25 March 1968
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Fig 1 1) Ventnewlography head down literal Posterior mfenor part of third ventricle filled
the floor bemg hermated mto the tentonal notch no gas passes mto the postenior crantal fossa
which appeirs smil to jud.e by the ur outluung the lateral ventriele b) Kight retrograde
brachial angiography lateral Marked hydrocephalus the basiar ariery 1s displaced backwuds
and the postcrior commumicating artery 1s consideribly stretched ¢) Right retrograde brachal
angiogriphy submental view  Ihe postenior cercbral artenes follow an asymmetne course duc
to traction from the night postemor commumicatmg -tery this artery 1s bsent on the left
side d) Post operntne (one month) nght retrograde brichinl angiogriphy Normal course of
basilar artery but hugh position of its mterpeduncular part tottuous course of posterior com
municating artery which 1s directed upwards and bachwards These appearances are normal

1n the infant
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Iig 3 Rught retrograde brachial angiography lateral projection 1n 8 cases of communicating
hydrocephalus in which there was no bachward displacement of the terminal segment of the
basilar artery This artery usually runs near the dorsum sellae In four of the cases (a ¢ g h)
the posterior communicating artery follows a tortuous course which indicates that the third
ventricle 15 not markedly enlarged

ScuecutER & ZiNcesser 1967) The close proximity of the floor of the third
ventncle to a lugh terminal part of the basilar artery in children facilitates the
angiographic demonstration of dilatation of the third ventnicle The following

15 an llustrative case

Case 1eport

A male mfant aged two months was admutted because of increasing size of the skull {1n
the mother no history of antenatal infection or dystoca) Fontanelles and sutures of the

hypertensne type crantal circumference 51 em
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Fig 3 For legend sce oppout page

Encephalo afhy show
through the aquedu 1

Fentneulo raphy dis
4t d and s floor ha,
passed 1mio the po tero

Rught sctromrade brachral an 1 rafhy su gested marled hydrocephalus with backward
displaccment of the whole basilar artenry and siretchine of the Post€rior communicating
atters (B b A Wbmencal e mdicated that the posterior cerchral artenes ran an
assmmetric course the 1y he being pulled antcniorly by the stretched POstertor communicat
18 At n which was absent on the left side {Fig 1c)

The anfant was discharged y uth a cran
17nous shunt the pump worked well for
for a further ap tographic investsgation
normal appeatances, this particulasly app

ed the fourth ventricle to be well filled but o gas pa sed ups ards

lesed symmetnic lateral ventsicles The ghird sentricle v as much

d hernsated into the anterior past of the tentonal notch no gas
r fossa (Tig 1a)

al circumlerence of 49 e following a +entricul
a month after whick the batient was se admied
The intracransal yessels now presested almp ¢
ying to the basilar artery (Fig 1q)
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Angrographic findings

Lwenty cases of hydrocephalus m infants under 18 months of age wure o
ammned  Commumcatng hydrocephalus was dragnosed m 14 cases nd aque
ductal stenosts m G c1ses, Al by lumbar cneephalography, these fatter cases were
so myvestigated by ventriculography Rught retrograde brachial angiography was
performed m the whole material Six normal infants acted as controls

The appearances of the ternunal part of the basilar artery, the length and
appearances of the posterior communicatng artery, the distance of the postenor
clmoid processes to the basilar artery, as measured along the perpendicular hne
to the dorsum scllhe, were noted m every lateral arteriogram and recorded

The ternunal part of the bastlar artery presented the same appearances and
cour.e m wvery case of commumeatng hydrocephalus as i the normal cases
(g 3) In the crse deserbed and m three others of aqueductal stenoss the
basilar artery was displiced posteriorly The artery was not obviously displaced
m the remumning two eases of aqueductal stenosis (Fig 2)

The length of the posterior communicating artery varied from 3 to 15 mm
(average 9 mm) m normal cascs, from 8 to 18 mm (average 12 mm) m com
muncating hydrocephalus and from 12 to 20 mm (average 17 mm) m cases of
aqueductal stenosis The artery was sinuous nd usually directed postero-supe
riorly m all normal cases s well as m four cases of communicaung hydrocephalus
It was however stretched or had a shght concavity upwards m the cases of
aqueductal stenosis and 1 those of commumcating hydrocephalus

The distance from the posterior chinoid processes to the bastlar artery vaned
from 2 to 10 mm (1verige 6 mm) m normal cases from 0 to 7 mm (average
47 mm) m communtcating hydrocephalus and from 3 to 16 mm (average
9 mm) m cases of aqueductal stenosis

Discussion

The dilated third ventricl 1n the case reported had hermated to the tentorrtl
notch and displaced the basilar artery so that 1 clivus tumour was suggested
The displacement of the baslar artery consttuted the last stage m a condition
that commenced wath displacement of only the termunal part The submental
view accurately revcaled the pressure to which the cerebral peduncles were sub
mutted by the thurd ventricle nd the traction the right postertor communicating
artery excrased agamst this pressure Tollowing relief of mtracramal hyper
tension, the basilar artery previously raised, together with the posterior com
municating artery became normai m position
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Backward displacement of the termunal part of the basilar artery thus appears
to depend upon the width of the third sentncle the length of the mterpedunceolar
part of the artery and the size of the tentonal opemng as well as upon a pressure
of the supratentonal ventricular fluid greater than that of the fluid 1 the spaces
of the postertor crannal fossa (cf the case of ScuECHTER & 7ZnGessEr 1967)
Stretching of the posterior communicating artery either by difatation of the lower
part of the thud sentricle or by antero-supenor displaccment of the carohid
syphion may be an addiional factor

The analyss of the angiographic matenial i normal and hydro ephahc in
fants has revcaled that backward displacement of the terminal past of the basiar
artery often occurs 1 aqueductal stenosis The posteror communicaung artery
15 oa the aerage longer m cases of agueductal stenoss than 1n communicating
hydrecephalus and longer 1 both than i normal cases [he average ditance
from the postenior chnowd proce_ses to the basilar artery 1s less i1 communicating
bydrocephalus and greater in aqueductal stenosis than in normal cases

Rantovpt (1967} m a report vpon 420 wmfants some of them newbomn
emphasized that the diagnosts of agueductal stenows may be obtamed by nght
lateral retrograde brachial angiography duning the venous phase this was based
upon antero-infenor displacement of the thalamus flanening of the nternal
cercbral vein lengthening of the vein of Galen as well as an angie of fess than
90 between the latter and the straight sinus

Backward displacement of the terminal part of the bastar artery in infants 1s
a further sign of aqueductal stenoss Although not present i esery case, 1t was
always absent in communicaung hydrocephalus and 1n normal cases Its Presence
15 clearly related to supratentorial by pertension with dilatation and hermation of
;P;‘c third ventricle uto the asterna 1nterpedunculans A low course of the basfar
. n:z::“o ;?c‘hc:s:;m; mtcrpc]duncularl:s and only a moderate increase of the

hitnce of o oo u'oT we:mc e a;c Dhuously conditions compauble with the
ity of (he mg::a aphic sign Furthenmore a small tentonial notch — the
onal openung has been stressed by Susperravn {1928) and

Corseruis (1928) — hardly allows h t
Py y allows herniation of the third ventncle without

A long and stretched posterior communicating artery as well as an increase 1
the distance from the postenior clinoid processes to the basilar artery seem ln
constitute additional angiographuc features and agan are mdlcatml:z of .
tentonal hypertension with subsequent downward and backward displ B
of the bram stem This 15 the opposite to that 1 the Dandy Walker s 'l:daCfme"l
which the hasilar artery 15 displaced upwards agawst the clovus due t’o 1 eressed
pressure in the postersor cramal fossa ( FAURE et coll 1963) nereased
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SUMMARY

In 1 mateenl of twenty cases of mfutide by drocephatus i estigated with pneumography
and nght Tetrogride brachual angiography, a bickward displacement of the ternunal put
of the basilar artery was obserned only m cises of aqueduct stenosis \ entricular supra
tentorial hypertension which causes hermation of the floor of the third ventricle nto the
astern mierpedunculans is considered the prnepal factor m the production of this sign

ZUSAMMENFASSUNG

In emem Matenal von zwanzig Tillen von hindlhichem Hydrocephalus die muttels Pneamo
sraphie und retro.rider Braclualisagographie untersucht wurden honnte ene Verschrebung
nach hmten des distalen Antesles der A baslwns nur m 1 len von Aquacductstenose fest
gestellt werden Lane supritentoniclle ventrthulwe Hypertension die zur Verschiebung des
Bodens des dratten Ventrdvels 1w dic Cisternn intery eudunculans fuliee 1st als die wesentliche
Ursache dicses Zeichens su be trachten

RLSUML

Tes nuteurs ont observe un deplwement vers 1arnere de la partie ternunate du tronc
basidarre seulement dans fes ¢1s de stenose de 1aquiduc sur une serie de 20 cas d vdro
cephalie du nournisson examunee par pneumographie et par angiogriphee hunterale retro
aride L hypertension vcotriculure sus tentorielle qui cause une herme du plancher du
trotsteme ventricle dans |1 eiterne mtcrpedonculaure est la prinetpale cause de ce ugne
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COLLATERAL CIRCULATION BETWEEN BRONCHI AL
AND CORONARY ARTERIES

Report on two cases venified by selectine cathetenzation
of the bronchial arteries

by
Kjere Ake Jornsson
The bronchial arte;

last decade Studies o
Zsieson Vias

1y crculation has aronsed increasing, interest during the
n the vascular supply of malignant tumours (Borjsen &
MONTE) on bronchwectases (V1amovTE) and on the altered ar
culatery conditions m connection with certain congenutal defects recen ed most.

It was not until the last three or four years
began to be more frequently used that the
ant as forming part of the collateral crrculation
10 connection with insufficiency of the coronary crculation (Arvinssoy & Mo
BIRG Bjorn)

393
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Fig 1 Case 1 Coronuy ngogephy a) Left antenor obhque projection Lhe nntenor
descending branch 1s occluded at its ongmn from the worty 1 small artery 15 filled farther pe
upherlly sitishictory filling of 1 bronchial artery that descended to the region of the atrum
was obtained b} Right antenor oblique projection It 1s mare clewly demonsteted w thus pro
Jection that the ntenor descending branch 18 occluded At its ongin a wide bronchial rtery to
the area of the 2tnum s also filled

And the coronary artunes, though these were much less frequent The findigs
were based on powt mortem mwjictions Di Gueniriwo (1060} was able to
demonstrate by thoriae nortogriphy m vive the exasstence of anastomons be
theen the bronclual and the covonwry artemes Coronary angiography sub
scquently established such conncetians on sevcral occasions (Arvibsson & Mo
BERG, Bjork, Pautin) On the other hand, at appears that filling of the coronary
antertes has not been adueved by eatheterization of the bronchid arteries

Matenial and Methods Collicral arcultion was estiblished between tie
bronchil and the coroniry artenes by selective catheterization of the former m
two patents with nginn peetors Coronary angiography had precedid the
selective iy estigation m both nstances md had been porformed under yeneral
anesthesia with mercase of the mtrabronchial pressure by the NorpEnsraou
method Two projections at night ngles were used, 1 mt Urografm 76 ke
bodyweight was wyected with 4 Gudlund pressure syrnge for cach and the
Tlema Schanander roll film changer with sterco tubes was employed for the
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Fq 2 Case 1 Selectne bronchial artery catheterizat on a
The peripheral parts of the descending hranch
b onch al artery which had been shown to be w
obl que p ojection The changes are more clearly seen

) Left antenor oblique projection
from the left coronary artery filled wia thus
de at coronary angiography b) Right antenor

exposure The selective myvestigation also 1n two planes at night angles was
carmed out under local anesthesta with a red Odman Ledin catheter 6 ml
Uroorafin 60 % were mjected by hand for cach projection

Case reports

Case I Male aged 4/ previously healthy with 3 9
connection with effort and 1mprovement on resting had
and back, at times radiating sato the arms The conditio
cold weather especially after a meal
Physical signs Laboratcry findings were

year history of angina Pectons
areas of pan band shaped 1 chest
n was ageTavated by walling durng
The patient was f slender buld and had no
snereased blood fat values ERG up to 400 cpm/

terior descending branch

the bronchual and coronary artenies (Fug 2)



KRJELL AKE JOINSSON

1ig 3 Gase * Coonuy wglogriphy 1) Left
anterior oblique projection carly phase No con
trast filing of the night caronary artery shght
filing of tartuous bronchual artertes descending
towards the atrium b) Right 1nterior oblique
projection [he changes are the sune as n (a)
) Left anterior obhique projection late phase
The right coronury artery filled via tortuous
bronchial arterics and the sinus node artery
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a

Fg & Cae 2 Seecti e bronchnad ariery catheter zation. aj Lelt antetior ablque praject on
The bronchal artery whith o onary angiography had shown to be wide f st filled the sinus
node artery and 1 en the nght o onary arter whch was totally occl ded at 1t ongin from

the aorta b) R ght anteror ¢t hque p oje ton The attery mahes a charactenistic loop around
the s perio vena ma

Case » Female aged 48 +1th congemtal heart disea ¢ who had had xaathelasma for
eichteen years elevated serum cholesterol for ten and angima pectorts for s ven years the
jafter v as a eravated by cold and effort ECG shoy ed disnct lowenng of the STT
sesments ¢n sheht effort

Co onary anjiography established total occlusion of the nght coronary artery hear 1its

Mt 3¢ the aorta Diffuse mural chanees were observed 1 the left coronary amtery which
hot ever were not completely obliteratiye Tortuous vessels of fine calibre probably col
laterals were filled 1n the region of the atnum At a late stage in the invest ation a
bronchual artery supplying the occluded n it coronary artery was outlined (Fig 3)

Selectie bronchial artery catheteri.ation confirmed the coronary angiography findings

{Fig 4)
Discussion
Coronary angiography may mdicate that the bronchal arteries run a course
that make them satisfactory as collaterals m the event of smsuffiency m the
blood supply to the myocardium Selective cathetenzation of these arteres should
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then be performed for 1 dcfimte demonstration of connections between the two
vascular arcas wd for obtaming an idea of the appearance and scope of the
collateral circulation

As NORDE\sTROM has pomnted out, 1t 1s difficult to fill bronchial arterics by
ordinary thoracic aortography owing to the discrepancy 1 width between the
lumina of the aorta and the finc calibre bronchial arterics, 1n connection with
dhfferences i flow Balloon occlusion of the aorta at the level of, or just above,
the diaphragm has however cnnbled satisfactory filling of both the bronchinl and
mtercostal artenies to be obtuned

Paurms, and Bjors, have dumonstrated, i large matenals, that good contrast
fillng of the bronchial artenes may be obtamned when ECG and coronary angio-
graphy ndicate myocardial ischemia Bjors obtamed satisfactory fillhing m 53
out of 109 patients with stenosing coronary vascular changes In 91 pauents
without coronary sclerosis, a corresponding contrast filling was obtamed m only
20 patients It therefore scams that myocardial 1schemia may be a factor that
contributes to maximal utlization of ewsting coronary vascular anastomoses
both extracardial and mtercoronary The accumulation of contrast medium m
the myocardum during the capilliry phase may be an expression of this phe
nomenon, as first pomted out by NORDENSTROM

According to Bjorn the techmque m coronary angiography 1s of importance
and he gave 05 mg nitroglycerne sublingually immediately before mjection of
the contrast medum  Personally, I consider that the increase m mtrabronchial
pressure, with attendant retarded circulation, created favourable preconditions
for satisfactory filling of the bronclunl arteries

Anastomosis between the coronary arteries and the bronchial arteries usually
tahes place at the level of the atnum (Moperg) This was demonstrated very
clearly m onc of the cases now reported and accurred via the snus node rten
It was not possible to trace with certamnty the anastomosis m the other case It s
rrobable, howeser, that it took place via conncctions between the bronchial
arteries and the fine coronary vascular ramufications at the level of the ventncle
the existence of such connections was dumonstrated by MoBerG m post mortent
injection experiments

The spmal cord 1s supphed m part by the bronchial and the medrastmal
artertes It 1s therefore mmportant to bear m mnd that risks of damage may be
run as a result of injecting large doscs of contrast mediim when workmng m this
vascular region It 15 essentially the length of time that the medum 151 contact
with tissue that may cause mjury of this hind to occur (Hav ERLING) Since, as
mted out, there 1s only hitde arculation m the vascular area n

reviously po
P t to Lt the amount of contrast medum emplosed to

question, 1t 15 importan
between 6 and 8 ml
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SUMMARY

Selectne broachual artery catheterization enabled anastomo cs bety een the bronctsal and
coronary artenie to be demon trsted 1 tyo patents with angina pectons The wdications
techmique 1nd nisks of the pracedure are dicu ed

ZUSAMMENFASSUNG

Anastomosen zwischen des Bronchual und den C honnten muttels
celchtiser Ratherensierung der Bropchiadastene m zwes Yauenten mit \ngina peclonss angio
craphusch [estgestells werden Indihationen Techmb und Risko des Verfahrens werden
diskutiert

RESUME

Le cathetensme selectif des arteres bronchigues a permis de mettre en evidence chez deux
malades attemts d angine de poittne des anastomoses entre les arteres bronchiques ¢t les

arteres coronaires L auteur exarmune les mdications Ja techmque ot Jes dangers de cette
methode
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broachial pressure Acta radiol (1960) Suppl No 200 ? 75 incressed ntra

— Methods of altering ct culatory dynamics to 1mproy.

& roentgen exai it
sascular ystem Amer | Roentgenol 89 (1963) 233 o on of the eardio-
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then be performed for a defimte demonstration of connections between the two
sascular areas and for obtumng an iwdea of the appearance and scope of the
collateral airculation

As NorbenstroM his pomnted out, 1t 1s diffrcult to fill bronchual arteties b
ordmary thoracic aortography owing to the discrepancy 1n width between the
lumma of the aorth and the fine calibre bronchial arterses, 1n connection with
diffcrences m flow Balloon occlusion of the aorta at the level of, or just above,
the diaphragm has however enabled satisfactory filling of both the bronclual and
mtercostal arteres to be ebtuncd

Pauwiy, and Bjors, have demonstrated, n Inrge matenals, that good contrast
fillng of the bronchial arterics may be obtamed when ECG and coronary angio
graphy mdicate myocardral 1schemia Bjors obtamned satisfactory filling n 53
out of 109 patients with stenosing coronirv vascular changes In 91 patients
without coronary scleroms, a corresponding contrast Dilling was obtamned m only
20 patients It thercfore seams that myocardial 1schenna may be a factor that
contributes to maximal utthzation of existing coronary vascular nastomoses
both extracardial and intercoronary The accumulation of contrast medium m
the myocardim during the capillary phase may be an expresston of this phe
nomcenon, s first pomted out by NorRDENSTROM

According to Bjors, the techmque m coronary angiography 1s of importance
and he gave 05 mg mtroglycerine sublingually 1mmediately before mjection of
the contrast medium Personally, T consider that the increase n intrabronchial
pressure, with attendant retarded arculation, crcated favourable preconditions
for satsictory filing of the bronclnal arteries

Anastomosis betwween the coronary artcries and the bronchral arterics usually
takes place at the level of the atrum (Moser) This was demonstrated very
clearly in one of the cases now reported and occurred via the smus node artery
It was not possiblc to trace with certamnty the anastomos:s m the other case Its
probable, however, that 1t took place via connections between the bronchual
Arteries and the fine coronary vascul i ramiftcations at the level of the ventricle
the ewstence of such conncctions was demonstrated by MopErc m post mortem
injection expiriments

The spmal cord 1s supphied m part by the bronchal and the medrastnal
arteries It 15 therefore mmportant to bear mn mmd that risks of damage may be
run as a result of mjecting large doses of contrast medium when worhing m this
vascular region Lt s essentially the length of time that the medium 1s 1 contact
with tissue that may ciuse injury of this hind to occur (HaverLing) Smce, as
prcvloudy pomted out, there s only httle arculation m thfi vmsrul::rha;\r:z ::
question, it 15 important (o hinut the amount of contrast medium emp!

between 6 and 8 ml
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SUMNMARY

Selectine bronchial artery cat elenzavion enabled anastomo es between the bren hial and
corenary artenes 1o be demon trated w1y 0 paticnts with angina prcins The indications
techmque and misks of the procedure are dicus ed

ZUSAMMENFASSUNG

2 sschen der Bronchsal: und den & Loanten mttels
lebiner hathetensierung der Bronchialartene 1 2 es Fatienten nut \n ina pectons an 10-
graphisch festgestellt + erden Indibaencn Techmil und Risiho des \erfahrens werden
di butiert

RESUME
Le cathctensme selectf des arteres bronchiques a pernus de metize en evidence chez deux
malades attemt< d anging de paitrme des anastomoses entre les arteres bronchiques ot les

arteses coronaires Lauteur exanune les indications la techmque ot les dangers de cette
methode
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then be purformed for a defimte demonstration of connections between the two
vascular areas and for obtammg an idea of the appearance and scope of the
collateral crirculntion

As NorpENsTROY has ponted out, 1t 15 difficult to fill bronchial arterses by
ordmary thoricic aortography owing to the discrepancy i width between the
lununa of the aortr and the finc caltbre bronchial artertes, 1 connection with
differences 1n flow Balloon occlusion of the 1orta at the level of, or just above,
the diaphragm has however cnabled satisfactory filling of both the bronctual and
mtercostal artertes to be obtaincd

PauLiy, and Bjors, have demonstrated, i large matenals, that good contrast
Olling of the bronchial artenies may be obtained when ECG and coronary angio
graphy indicatc myocardial 1schemia Bjorn obtamed sausfactory filling m 53
out of 109 patients with stunosing coronary vascular changes In 91 pattents
without coronary sclerosss, a corresponding contrast filing was obtamed m only
20 patients It therefore secems that myocardial schenua may be a factor that
contributes to maximal utihzation of eisting coronary vascular anastomoses
both extracirdial ind intercoronary The accumulation of contrast medum
the myocardium during the capillary phase may be an eapression of tlus phe
noncnon, as first pomted out by NORDENSTRUM

According to Bjorn, the techmque 1n coronary angiography 1s of importance
and he gave 05 mg mitroglycerme sublingually mmmediately before mjection of
the contrast medium Personally, I consider that the increase i mtrabronchial
pressure, with attendant retarded arculation, crcated favourable preconditrons
for satisfactory filling of the bronchial artenes

Anastomosts between the coronary arteries and the bronchial arteries usually
takes plice at the Ievel of the atnum (Mosere) Tlis was demonstrated very
clearly 1n one of the cases now reported and occurred via the anus node artery
It was not possible to trace with certunty the anastomoss m the other case It s
probable, however, that 1t took placc via conncctions btween the bronchial
arteries and the fine coronary v ascular ramifications at the lovl of the ventricle
the easstence of such connections was demonstrated by MoBErG 1 post mortem
injection experiments

The spinal cord 15 supplied 1 part by the bronchial and the mediastmal
artertes It 1s therefore important to bear m mumd that risks of damage may be
run as a result of mjcctng large doscs of contrast medium when worhing this
vascular region 1t 15 essentially the length of time that the medium 15 m contact
with tissue that may causc mjury of this hind to occur (HAvERLING) Since, 15
d out, there 1s only Iittle circulation i the vascular area m

reviously pomte
’ ! hmut the amount of contrast medium employed to

question, 1t 15 mportant to
petween 6 and 8 ml



FROM THE DEPARTMENTS OF PATIIOLOGY AND THORACIC RADIOLOGY RAROIINSRA
SJURHUSET, STOCKHOLM, SWEDEN

PRIMARY MALIGNANT LYMPHOMA OF THE LUNG
by

S E Dantcres and C O Ovivrors

Malignant lymphoma, confined to a single organ 15 a rare discase Prnmar,
lymphomatous lesions most commonly mvolve the stomach or the mtestine
MeSwary & Beat 1944 and THORBJARNARSON et coll 1936) Pnmary sites of
lymphomatous lesions may however be present in the lungs and about 100 cases
have been reported (SautzsTen 1963) Most of the lessons were
Iymphomas (about 60 %) but cases of Hod|
sarcoma m the lungs have been encountered
ZeTTERGREN 1963)

Primary lymphomas with the exception of Hodghins discase of the lung
remam restricted to the lungs and grow very lowly Wide spread dssenunation
throughout the reticuloendothelal system from a pnmary hympboma of the lung
of this type has not been reported On the other hand, secondary pulmonary
imolvement 13 not ynusual m cases of d 1 mal Iymph
Rospns (1953) found evidence of s
123 % of autopsies 1n such cases.

The dagnoss of pramary pulmonary I
and the histologic ch

hmphocytie
ghin's disease and reticulum cell
(Brex & Recants 1951, Aures &

y
pread of malignant lymphomas to the lungs

p 1 based on roentgenographic
ustecs of the lesions The roentgenologic
features of primary pulmonary lymphomas have been described by Rospns
(1953) vax Hazer & Jersin (1956) and Stereers et coll (1929)

Submutied for publication 92 Ortober 1968
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-— Percutancous balloon occlusion of the aorta Acta radiol Diagnosis 4 {1966) 365

— Selectine catheterizatton and angiography of bronchial artertes 1 dog Acta radiol
Diagnosis + (1966) 513

— Seclecuve catheterization and angrography of bronchial and medtastinal arteries in man
Acta radiol Diagnosis 6 (1967) 13

— Ovenkors C O and Torneit. G My ! hy and d ation of the cardiac
\eins 1n coronary anglograph) Acta radnol 57 (l96"), 11
Pwriy S Coronary phy A tect 1 and chinical study Acta radrol

(1964) Supp! No 233
— Interarterial coronary anastomoses 1n relaon to artenial obstruction demonstrated m

coronary arteriography Invest Radiol 2 (1967) 147



FROY THE DEPAPTMENTS OF PATHOLOG)Y AND THORAGIC RADIOLOGY, RAROLINSRA
SJURHUSET STOCKHOLM, SWEDEN

PRIMARY MALIGNANT LYMPHOMA OF THE LUNG
by

S E Dautcren and C O Ovenrors

Malignant lvmphoma, confined 10 a single organ 1s a rare disease Primary
Iymphomatous lesions most commonly imvolve the stomach or the intestme
(McSwary & Beat 1944 and TuorsjaRMARSON et coll 19.6) Prmary sites of
hmphomatous lestons may howeser be present in the lungs and about 100 cases
have been reported (SarrzsTEm 1963) Most of the lesions were lymphocytic
lymphomas (about 60 “c) but cases of Hodgkins disease and reticulum cell
sarcoma 1n the lungs have been encountered (Becn & Recanis 1951 Aurev &
ZETTERGREN 1963)

mmary lymphomas with the exception of Hodghin s disease of th
Teman restncted to the lungs and grow very slowl Wide spread dissermnation
throughout the reuculoendothelsal system from o primary lymphoma of the lung
of thss type has not heen reported On the other hand, secondary pulmonary
imsolvement 15 not unusual 1 cases of d d malg lymph
Roesng (1903) found evidence of spread of malignant lymphomas to the lungs
m 23 % of autop 1es 1n such cases

The diagnoss of prmary pulmona;
€xanmunation and the hustologie char;
features of primary pulmon:
1903) vaN Hazey, & Jensn
—_—

e lung

ry Iymphoma 1s based on roentgenographic
actertstics of the lesions, The Toentgenologic
ary lymphomas have been descrybed by Romsins

k (1956) and STrRNBERG et col] (1959)
Submutted for publication 22 October 1968
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—~ Percutancous balloon occlusion of the aorta Actx radiol Diagnosis 4 {1966) 365

— Selective catheterization and angiography of bronchial artenies 1 dog Acta radiol
Diagnosis t (1966) 513

~— Selective cathetenzation and angrography of bronchial and mediastinal arteries i man
Acta 1adiol Diagnosis 6 (1967) 13

— Ovevrors C O and Townert G Myocard phy and d ation of the cardiac
vemns 1n coronary anglography Acta radwl 57 (1962) 11

PauLiN S Coronary angiography A techmcal anatonucal and chinmcal study Acta radiol
{1964) Supp! No 233

— Interartenal coronary anastomoses n relation to arterral obstruction demonstrated
coronary arteriography Invest Radiol 2 (1967), 147
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PRIMARY MALIGNANT LYMPHOMA OF THE LUNG

Fg  Chest films from June 1966 The inf ltra
ton has grown 10 65 an X 5 cm X 3 ¢m and
now reaches the mterlobal fissure no pleural
effusor Four thin walled car ties are present no
tracay tary fluid and no atelectases

The sed blocd cell count was 3 5 mill /mm3 and the hemoglobin 127 g 4 The whte blood
cell count was 4 400/mm3  1th 67 € neutrophils 35 €5 cosnopluls 15 ¢ basophils 28 %
lymphocytes and 5% monocytes The erum creatmune was 10 mg % Electrophoresis
gave normal amounts of alburun and globulns The elecirocardiogram was nommal and
Ppirometsy presented normal valucs
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d il m left lower

Fig 1 Chest films from N ber 1926 Rounded poorly del
lobe measurng 35 cm < 34 em x 45 em

Primary pulmonary lymphomas, being usually asymptomatc m the early stages
are generally detected by rouune roentgen exammaton of the lungs The mam
differential diagnosis 1s bronchogenic carcinoma and as the prognosis m prunary
pulmonary lymphoma 1s s0 much better than m disseminated lvmphoma or
bronchogenic carcinoma 1t 15 important for the clmiciin to be aware of this type
of tumor For this reason a case of primary pulmonary lymphoma at first mus
tahen for bronchogenic carcimoma 1s reported

Case report

A woman ared 55 had at roentgen exanunation ten years previously an infiltrate
measuring 55 cm X 35 ¢ X 3 cm i the left lower pulmonary lobe (Fig 1) Control
exanunations 2 and 4 months later disclo ed no change and the mfiltrate was constdered to
be wflammatory

The present roentgen examunation revealed that the Jesion had mereased ia size to an
average diumeter of 5 em and cystic degeneration of part of 1t had occurred (Fig 2) The
patient was completely asymptomatic Displicement of the bronchy around the arca was

demonstrated at branchography No bronchial 1 and no ¢ 1ons to the
s were observed The bronchial walls in the immediate vieimty were somcwhat 1r

cavitie:

regular (Fig 3)
No enlarged lymph nodes were present and the blood sedimentation rate was normal
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Tig 2 Chest films from June 1966 The nfiltra
ton has grown 10 65 ¢m x 5 cm X 3 cm and
now reaches the interlobal fissure mno pleural
effusion Four thin walled ca 1tres are present. 1o

it acanitary flud and no atelectases,

The red blood cell caunt was 35 mall fmm? and the hemo,
cell count was 4 300/mm® with 62 €3 neutrophil« 35 ¢,
mphocytes and 5

gave nommal amounts of albumin and globulins The ¢
Puometry presented normal alues

globin 127 g The white blood
counopluls 15 % basophils 28 %
monocytes The serum creatumun:

e was 10 mgcy

Electrophoresis
l:cuocardmgram A

as normal and
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Fig 1 Chest fiims from Novenber 1956 Rounded poorly delineated mfiltrition mn Jeft lower
lobe measuring 35 cm x 34 am X 34 cm

Primary pulmonary lymphomas, being usually asymptomatic m the carly stages,
arc gencrally detected by routine roentgen exuunation of the lungs The mam
differential diagnosis 15 bronchogenic caremoma and as the prognosis i primary
pulmonary lymphoma 1s so much better than m dissemmated lymphoma or
bronchogenic carcinoma 1t 1s mnport nt for the chinician to be aware of this type
of tumor For this reason a casc of pnmary pulmonary lymphoma at first nus
taken for bronchogemc carcinoma 1s reported

Case report

A woman aged 55 had at roentgen eninupatton ten years provioush an wiltrate
measuring 55 cm X 35 em X 3 a1 the left lower pulmonary lobe (Fig 1) Control
exanunations 2 and 4 months later disclosed no change and the mfiltrate was conuidered to
be inflammatory

‘The present roentgen examination revealed that the lesion had ncreased in size to an
average diameter of 5 cm and cystic degeneration of part of 1t had occurred (Fig 7} The
completely asymptomatic  Displacement of the broncht around the area was
d at bronchography No bronchial 1 and no ¢ to the

patient was
d
cavities were observed The bronchial walls 1 the immediate viemty were somewhat 1r

regular (Fig 3)
No cnlarged lymph nodes were present and the blood sedimentation rate was normal
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PUSS—

Fg 2 Che t films from June 1966 The mfiltra
Lon has g10wn 10 65 cm x 5 cm X 3 cm and
now reaches the interlobal fissure  no pleural
effusion. Four thin walled cavit es are present no
ntraca tary flud and no atelectases

The red blood cell count was 35 mull fmm3 and the hemoglobm 12 7
cell count was 4 400,mm3 + eh 67 5 neutrophuls 3.5
hmphocytes and §

g2ve normal amounts

£ The white blood

eosmopluls 155 basoptuls 28 o5

" Electrophorests
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lf;lg 3 Bronchogriphy 1n June 1966 pa and lateral projections Shight displacement of
ronchi around the nfiltrate  small wrregulanties i the bronchil lumen but no occlusion
no contrast fillng of the cavities

As the possibility of malignney could not be excluded the lobe contammng the mbltrate
was remoyved

Pathologic features The re ected lobe was normal i sze and a mass fairly well demar
cated from the lung parenchyma I centrally n the lobe (Fre 4) The cut surface was
moderately firm and greyish white m colour with cystic <paces measurng up to 2 cm
diameter  these were in direct communtcation with the bronchi The ret of the lung
parenchyma had a normnl structure

Microscopy revealed that the mfiltrate was composed largely of lvmphod ussue The
cells were small round and lymphocyte ke with a slight degree of polymorphism (fig 5,
There was no noticeable stroma but 1 some places rests of alveolar wall structure were
observed No sharp line of demrcation between normal lung tissue and the tissues of the
lesions could be seen (Fig 6) and no true gernunal centers were present The cells of the
Jesions surrounded the arteries vems and bronchi and some lay m direct contact with the
epithelial cells The bronchi and cyst like spaces n the tumor were lined by partly ciliated
epithelium (Fig 7) Scctions from small penibronchal Jymph nodes revealed no changes
‘The penpheral lung parenchyma was normal n appearance The lesion appcared to be a

relatiely mature lymphocytic lymphoma of the lung

Discussion

Prmary pulmonary lymphomas are rare and are therefore not often considered
by the clinician mn the differential diagnosis of lung tumors Since the lesion may
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Fig 4 Large section of the
lower lobe of the left lung
The ¢y tic tumor (shaded area
1n the schematic drawing) was
s tuated m the h lar region

produ ¢ no symptoms m the carly stages 1t 1s usually detected by routine chest
exam nation The roentgenographic appearances are not typical but a sohtary
homogenous rounded nfiltration 1s usually present (STERnBERG €t coll 1929)
The margins are omewhat unsharp and uregular so that there may be some
re mblance with metastatic lymphomas and primary bronchogemc carcinomas
Primary pulmonary hmphomas differ from benign and metastatic tumors in that
the latter have sharply defined edges

The most stnhing feature that dilferenuates lymphocytic lymphomas from
other malignant ncoplasms 1s their extremely slow rate of growth SaLTzsTEr
(1963) thought that some of the highlv differentiated lymphocytic tumors repre
sented bemgn lesions of mflammatory type and referred to them as pseudo-
lymphomas Another highly charactenstic aspect 1s that even af the mass 1s very
large its matnh extrabronchial growth precludes atelectasis Thus feature 1s 1l
lustrated by the casc reported 1n the present paper

Open brenchu may sometimes be observed passing through the lesion n ordi
nary chest films or bronchograms (SYERNBERG et coll 1909) There may be shghtly
generalized narrowing of the lumen corresponding to the wnfiltration as lustrated
m Fig 3 A bronchogenic carcinoma of the same size would almost 1m anably
produce total occlusion of the broncht with atelectass

In the pre ent case marked cavitation occurred m the mterval between the
f o enes of examinauons and muluple rounded cyst lthe formations with thin
walls developed This appears to be an uncommon finding m primary pulmonary
lymphoma (CooLry et coll 1956 Rossins 1953 and STERNBERG et coll 1929)
e v condere i he el dagnos ond n our cue
de bactls 3 sainea P &: ¢ washings failed to reveal tuber

-4 Pie test was negatnne A bronchogenic cyvst 15 always possible
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Fig 3 Bronchogriphy mn June 1966 pa and lateral projections Shight displacement of
broncht around the mfiltrate small srregulaniies m the bronchial lumen but no occlusion
no contrast filling of the cavities

As the possibifity of mahgniey could not be excluded the lobe contaiming the wmhltrate
was removed

Latholo e features The resected lobe was normal i size and a mass fairly well demar
cated from the lung parenchyma lay centrally in the Jobe (Fig 4) The cut surface was
moderately firm and greyssh white m colour with cystic spaces measuring up to 2 cm
diameter these were i direct commumcation with the bronchi The rest of (he lung
parenchyma had a normal structure

Microscopy revealed that the mfltrate was composed largely of lymphoid tissue The
celis were smaif round and fymphocyte hie with a shight degree of polvmorplusm {Fig 5)
There was no noticeable stroma but m some places rests of alveolar wall structure were
observed No sharp line of demnrcation between normal lung ussue ind the tissues of the
Tesions could be scen (Fig 6) and no true gernunal centers were present The cells of the
Iestons surrounded the arteries vems and broncht and some lay 1n direct contact with the
epithelial cells The broncht and eyst lihe spaces m the tumor were lmed by partly cihited
epithelum (Fig 7) Sections from small penbronchinl Iymph nodes revealed no changes
The pertpheral lung parenchyma was normal i appearance The lesion appeared to be a
relatn ely mature lymphocytic lymphoma of the lung

Discussion

Primary pulmonary lymphomas are rare and are therefore not often considered
by the climcian 1n the differenual diagnosis of lung tumors Snce the lesion may
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on cytologic examination of the sputum or bronchoscopic biopsy As the growths
usually fail to 1nvade or destroy the bronchial epithelium diagnostic methods
based on the exammation of mirabronchial cell matenal or superficial bronchial
biopsics are seldom diagnosic  Needle biopsy performed under fluoroscopy
{Daureren & NorpEnsTROM 1966} would probably be of value m such cases
Most of the pulmonary lymphomas hitherto reported have, however been diag
nosed by histologic examination of tissue obtamed at operation It should
however be stressed that 1t 15 not possible from microscopy alone to differenuate
between pnmary pul and d d Iymph preading
10 the Tung The L d that the prog 1s quite different 1n these
two types of lymphomas (STERNBERG et coll 1959, Anren & ZeTTERGREN 1963)
The lymphoma had in the present case grown slowly without causing symp
toms for about elesen years dunmg which penod no treatment had been gnen
This charactensucally long survival without distant spread 1s similar to what 13
typical in primary hymphomas of the stomach and mtesuse (McSwary & Bean
194 Tuorrjarnarsow et coll 1956) In spite of the fact that the prognosis
without therapy seems to be fairly good excision of the mvolsed portion of lung
and the mediasunal lymph nodes 15 usually indicated The difference 1 the
recurrence rate between lobectomy and pneumonectomy seems to be sigmficant
Azmrc(’hgg to Coores et coll (1956) postoperatne radiation therapy 15 always
indicate;
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Dy 5 Relvely mature Iymphocytic ymphoma without germmnal centers
w central part of tumor H & L Approx X 550

Tig 6 Infiltranion of tumor cells in the alscolar septa sn penpheral part of
the tumor H & E Appros x 200

1 cases of multilocular cyst formation but films from the carlier examnation
precludcd this conclusion 1n our case

Only a few of the cases of pulmonary lymphoma described have been correctly
diagnosed before operation {Rose 1957) The diagnosss i these cases was based
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Fig 7 Cyst lined by somewhat trregular ihary epihelum H & E Approx
X %00

on cytologic examination of the sputum or bronchoscoptc bopsy As the growths
usually fail to mvade or destroy the bronchial epithelium diagnostic methods
ased on the examimation of mirabronchsal cell matenal or superficral bronchial
biopsies are seldom diagnostic  Needle biopsy performed under fluoroscopy
(DAntcren & NorpEnsTroM 1966) would probably be of value in such cases

Most of the pulmonary lymphomas hitherto reported have, however been diag

nosed by histologic examination of ussue obtaned at operation It should
however be stressed that 1t 15 not possible from microscopy alone
Dbetween prumary pul y lymph and d 1 lymph F g
1o the Jung The literature indicates that the prognosts 1s quite different 1n these
two types of lymphomas (STERNBERG et coll 1959 Anrrn & ZETTERGREN 1963)

The lymphoma had in the present case grown slowly without causing symp

toms for about eleven years during which period no treatment had been ginen

This charactersucally long sunvival without distant spread 1s similar to what 1s
typical in prmary lymphomas of the stomach and mtestine (McSwary & Bear
1944 Tuorsjarnarsox et coll 1956) In spite of the fact that the prognosis
without therapy scems to be fairly good, excision of the mvolsed portion of lung
and the mediastinal lymph nodes 1s usually mdicated The difference 1n the
recurrence rate between lobectomy and pneusonectomy scems to be insigmificant

Az;curdlr;g to Cootey et coll (1956) postoperative radiation therapy 13 always
indicate

to dufferentiate
s
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Fig 5 Relatively mature lymphocytic lymphoma without germmnal centers
in centril part of tumor H & L Approa X 550

Fig 6 Infiltration of tumor cells in the alveolar scpta in penipheral part of
the tumor H & E Approa x 200

1n cases of multilocular cyst formation but films from the earlier exammation
prccluded this conclusion n our case

Only a few of the cases of pulmonary lymphoma described have been correctly
diagnosed before operation (Rose 1957) The diagnosts i these cases was based
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Fig 7 Cyst 1ned by somewhat arregular ¢ hary epitbebum. H. & F Approx
x 200

on cytologic examination of the sputum or bronchoscopic biopsy As the growths
usually fail to invade or destroy the bronchial epithehum, diagnostic methods
based on the examination of mtrabronchial cell matenal or superficial bronchial
buopsies are seldom diagnostic Needle biopsy performed under fluoroscopy
(Danrcren & NorpEnsTROM 1966) would probably be of value m such cases
Most of the pulmonary lymphomas hitherto reported have however been diag
nosed by hustol of tissue d at operation It should,
however be stressed that 1t 1s not possible from mucroscopy alone to differentniate
between primary pul y Ilymph and d d lymph preading
to the lung The hterature indicates that the prognosis 1s quite different m these
two types of lymphomas (STERNBERG et coll 1959 Auren & ZeTTERGREY 1963)
The Iymphoma had 1n the present case grown slowly without causing symp-
toms for about eleven years during which peniod no treatment had been ginven
This charactenstically long survisal without distant spread 15 simlar to what 1s
typical in primary lymphomas of the stomach and ntesune (McSwary & Brar
1944 THomBJARNARSON et coll 1956) In spite of the fact that the prognosis
without therapy seems to be fauly good excision of the mvolved portion of lung

and the medsastinal Iymph nodes 15 usually indicated The difference m the
recurrence rate between lob and

e tomy seems to be fi
According 1o Cootex et coll (1956) postoperative radiation therapy 15 always
wndicated
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SUMMARY

A case of primary lymphocyuc cell Iymphom+ of the lung 15 described The growth
increased only shightly over ten years und no evidence of distant spread could be detected
The dignostic problems, the prognosis and the treatment of these rare tumors are discussed

ZUSAMMENFASSUNG

Ein Tall mit primarem Lymphocy tentumor 1n der Lunge wird beschrieben Die Geschwulst
wurde wahrend zehn Jahren micht viel grosser und heme Zeichen auf distale Iymphogene
Aussaat honnten entdecht werden Die dingnostischen Probleme  die Prognose und die
Behandlung dieser scltenen Tumoren werden erortert

RLSUML

Descripuion d un cas de lymphome prinutif du poumon 1 cellules lymphocytiques Cette
tumeur na que peu wgmente de volume pendant dis ns et on na trowve aucun sione de
dissemunanon 1 distance Les auteurs examuent les problemes diagnostiques le pronostic ¢t
le traitement de ces tumeurs rares
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The results of respiratory ky phrc ex 10ns 1n vanous acute abdommal
1d pulmonary conditions have been reported mn earlier papers {Scusupr 1960
563 1966) and the value of the method mn diagnosis has been discussed

The mm of the investigation dealt with m the present paper has been to con
der the anatomic and physwologic aspects of respuratory Lymography (1), to
udy the normal respiratory hymogram and its vanaons i males and females
2) and 10 investgate the hymographic appearances 1n cases of enlarged heart
3} and 1 acute renal conditions (4)

The exarunations have heen carried out with the same techmque as prey jously
lescribed

1 4 and phystol d tions 1n resp y

kymography

The hymographic exammations refer to the lower half of the chest 1¢ ap-

proximately from the 7th 10 the 10th nbs and the diaphragm  these atter move
i longitudinal transverse and saguctal direcuons dunng respsration

The mam comp of the diaph movements and the only one

which has a respwatony effect 15 the cramocaudal or longitudinal movement
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The results of respiratory hy mographic examnations in vanous acute abdormnal
and pulmonary condrtions have been reported m easlier papers (Scusipr 1960
1963 1906) and the value of the method m diagnosis has been discussed
The aim of the estigation dealt with i the present Paper has been to con
sider the anatomuc and physiolegic aspects of respiratory kymography (1), to

study the normal respiratory Lymogram and 1ts vanations m males and females
{2) and to mvest );

the Xy p pp es 1 cases of enlarged heart
{3) and m acute renal conditrons (4)
The examnatons have been carmed out with the same technque as pres 1ously
descnibed
1A and phy g ns in g Ty
kymography

The kymographic examumatians refer to 1
Proximately from the 7th to the 10th nbs
m lohgitudinal transverse and sagittal dir
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which has a respiratory effect 1s the cranocan

he lower half of the chest 1€ ap
and the diaphragm  these latter move
cctions duning respiratipn
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According to phy siologists, the dirphragm 1s the chief muscle msolsed m breath
ing Wape (195%) calculated that 75 %o of the vital capacity 15 due to the down
ward movement of the diaphragm dunng mspiration

I have experimented with shts placed at night angles to tangentials to the
lateral parts of the diaphragmatic cupoles 1e at 30° angles to the longiu
dmal axis of the body Compared with ordiary Aymographies made with longt
tudinal slits there werc no apprcciable differences m amphtudes and wascforms
but owng to the obhiquity the tracings were somewhat deformed and thus less
suitable for terpretation

The fact that the most important component of the diaphragmatic movements
1s the longitudinal one thus applhies to 2ll parts of the daphragm though the
vartous parts hne diffirent amplitudes Accordingly, the statement 1n mvy first
paper (1960) about the movements of the lateral parts of the diaphragm as not
being m the direction of the longitudmnl shts of the kymograph was incorrect
Even there, the prmmcipal direction of the mosvements 1s longitudinal, 1e parallel
to the median plane of the body

The resprratory nb movements are more complex and take place around the
ams of the costal necks aithough the mam direction 15 cramocaudal (Wape
1954), especially as far as the posterior or dorsal parts of the 7th to 10th pairs
of nibs are concerned The ribs nse during nspiration and thus increase both the
dorsoventral and lateral diameters of the thoracic cage

The differences m ampltude 1n different nbs and 1n different parts of the same
nb are relatnely great The respiratory amplitudes of the 7th to 10th pairs of
ribs ncrease from below upwards the mosements of the 10th pair of nbs are
smaller than those of the 9th pair which m turn are less than those of the 8th
par The amplitude of the posterolateral parts of the nibs 1s obvously greater
than that of the medial parts close to the vertebral articulations The tracing of
nb movements 1s recorded stmultaneously with the diaphragmatic movements and
through the same shits of thc hymograph

As ponted out m a previous paper (ScumipT 1966) the kymographic tracing
1s produced by the movements of the draphragm and nbs at the pomt of wmter
sectton with the immobile shts of the hymograph while the film 15 movng
The position of this pomnt on the surface of the diaphragm or ribs obviously
vanes continuously dunng respiration (cf Fig 2)

2 The normal respiratory kymogram and 1ts variations in males
and females and 1n dextrocardia

The material consists of 55 healthy individuals who underwent routme ch
ammation for employment, 27 were males aged from 22 to 51 years and 2
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d 51 years In order to venfy the findin,
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According to physiclogists, the diaphragm 1s the chief muscle mvolved mn breath
mg Wape (1954) caleulated that 75 €5 of the vital capacity 1s due to the down
ward movement of the diaphragm duning inspiration

I have experimented with shits placed at nght angles to tangentials to the
Interal parts of the daphragmatic cupoles 1¢ at 30° angles to the longitu
dmal axis of the body Compared with ordinary hymographies made with longt
tudinal shts there were no appreciable differences in amplitudes and waveforms
but owing to the obhquity the tracings were somewhat deformed and thus less
suitable for nterpretation

The fact that the most important component of the diaphragmatic moyements
1s the longitudinal onc thus applies to all parts of the diaphragm though the
various parts have different amplitudes Accordmgly, the statement m my first
paper (1960) about thc movements of the lateral parts of the daphragm as not
bung m the dircction of the longitudinal shts of the kymograph was meorrect
Even there, the principal direction of the movements 1s ongitudmal, 1 ¢ parallel
to the median plane of the body

The respiratory rib movements are more complex and tahe place around the
axis of the costal nechs although the mam direction s cramocaudal (1VADE
1954), especrally as far as the postenor or dorsal parts of the 7th to 10th pars
of nbs are concerned The nibs nse duning nspiration and thus increase both the
dorsoventral and lateral diameters of the thoracic cage

The differences 1n amplitude 1n different ribs and in different parts of the same
nb are relatively great T'he respiratory amplitudes of the 7th to 10th pars of
nbs increase from below upwards the movements of the 10th parr of nbs are
smaller than those of the 9th pair which i turn are less than those of the 8th
pair The amplitude of the posterolateral parts of the nibs 1s obviously greater
than that of the medial parts close to the vertebral articulations The tracing of
rib movements 1s recorded simultaneously with the diaphragmatic mosements and
through the same shts of the hymograph

As pointed out 1n a previous paper (ScirpT 1966) the hymographic tracing
1s produced by the movements of the diaphragm and nbs at the pomt of mter
section with the immobile shts of the hymograph while the film 1s moving
The posttion of this point on the surface of the diaphragm or nbs obviously
vartes continuously dunng respiration (cf Fig 2)

2 The normal respiratory kymogram and its variations in males
and females and 1n dextrocardia

The materal consists of 55 healthy individuals who underwent routine €x

amation for employment, 97 were males aged from 22 to 51 years and 28
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According to phystologists, the drphragm 1s the chief muscle mvolved m breath
mg Wabke (1954) calculated that 75 $o of the vital capacity 1s due to the down
ward movement of the diaphragm dunng mspiration

I have expenmented with slits placed at nght angles to tangentals to the
lateral parts of the diaphragmaue cupoles 1e at 30° angles to the longitu
dinal s of the body Compared with ordinary hymographies made with longt
tudmnal shts there were no appreciable diffcrences amphtudes and waveforms
but owing to the obliquity the tracings were somewhat deformed and thus less
sitable for interpretation

The fact that the most import-mt component of the diaphragmatic moscments
15 the longitudinal one thus applies to 11l parts of the diaphragm though the
various parts have different amphitudes Accordingly, the statement i my first
paper (1960) about the movements of the lateral parts of the draphragm as not
being 1 the direction of the longitudmnl slus of the kymograph was meorrect
Even there, the principal direction of the movements 1s longitudmnal, 1 ¢ pamllel
to the median planc of the body

The respiratory nib movements are more complex and take place around the
axis of the costal nechs although the main direction 1s cramocaudal (Wabe
1954), espeaially as far as the posterior or dorsal parts of the 7th to 10th pars
of ribs are concerned The nibs nise during mspiration and thus mcrease both the
dorsoventral and lateral diameters of the thoracic cage

The differences in amplitude m different ribs and i different parts of the same
nb are relatively great The respiritory amphtudes of the 7th to 10th pairs of
ribs mcrease from below upwards the movements of the 10th par of nbs are
smaller than thosc of the 9th pair which m turn are less than those of the 8th
pair The amphtude of the posterolateral parts of the nbs 1s obviously greater
than that of the medal parts close to the vertebral aruculations The tracing of
rib movements 1s recorded simultancously with the diaphragmatic movements and
through the same shits of the hymograph

As pointed out 11 a previous paper (Scumipr 1966) the hymograplic tracing
1s produced by the movements of the diaphragm and nbs at the point of nter
section with the immobde shits of the Aymograph while the film 1s moving
The position of this pont on the surface of the diaphragm or nbs obviously
varies continuously duning resprration (cf Fig 2)

9 The normal respiratory kymogram and its vanations n males
and females and in dextrocardia

The matenal consists of 55 healthy individuals who underwent routine ¢X

ammation for employment, 27 were males aged from 22 to 51 years and 28
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groups or eliminated alternatively the results are R > L 1n 37 5/55 cases and
R>>T 1n 29/38 cases The results by binomial distnbution weuld thus wndicate
a sigmficant predomunance of greater amplitudes of the right as compared with
the lefs hermdiaphragm This contradicts the established opinuon that because
of the Iver the excursion of the right hemidiaphragm 1s less than that of the left
one

Costal respiratory mozements (Fig 1)

Wareform The tracng of a costal respiratory cycle was a relatnely flat
shightly asymmetnic undulating wave whose direction was opposed to that of the
diaphragmatic wave The tranation between nspiration and expiration and vice
versa was smooth and rounded As n the diaphragmatic tracing there was no
appreciable difference 1n waveform between males and females

Amplitude The movements of the posterolateral parts of the 7th to 10th nbs
are usually recorded The costal amplitude 1n ordinary breathing was usually
small and often unappreciable Consequently only amplitudes i deep breathing
were considered i this study

The mean amplitudes with standard deviations on the nght and left sides i
males and females are presented in the Table There was no statisucally ssgmif
1cant difference between the two stdes nor between males and females

A respiratory mdex has been created to mdicate the relationship between
costal and diaphragmatic respiratory amplitudes in males and females This index
was obtamed by dividing i each case the costal amplitude (in millimeters) by
the diaphragmatic amplitude (1n centimeters) dunng deep breathing

C ampl
m: resprratory index (R 1)

The results were i males R I =112 + 088 and in females R | — 152 £
091 There was no statstically significant difference 2t a 5 %o level bemec_n
males and females (see Table)

It has been found that the resprratory mdex may provide valuable smformation
m hymographic exarmations s cases of emphysema and other Tespiratory dis-
turbances This will however not be dealt with 1n this connection

Dextrocardia

As mentioned earhier twelve cases of dextroc
ardia were exammed 50 as to
control the diaphragmatc amplitude results (Fig 3) These consisted of 5 males
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Table

Nonmal daphragmatic and costal amplitudes and respiratory index with standard devations wn males
and females

Males Females Staustcal sigmfi

cance of differen
ces between males
and females

(T test) P=5¢

Right side Leftside  Right side Left side

Normal res Diaphsigma 23409 21407 21406 20406 —

pirauon uc amplitude  cm cm cm cm
Deeprespiea Diaphragma 61+18 57418 49418 46417 +
uon tic amplitude  em cm cm em
Costal 58+42 58442 63129 77439 -
amphiude mm mm mm mm
Respiratory index 1121088 1524091 -

Diaplragmatic resprratory movements (Fig 1)

Waveform The hymographie tracing of a normal diaphragmatic mosement
was of a regular, shghtlv asymmetric, stecp wave The ascending espiratory amt
was strught except m 1ts upper part where 1t was shghtly levelled off mdiciing
some slowimg down towards the nd of expiration The descendg or wspiraton
arm consisted of a straight ine with the apex of the wave representing transition
from expiration to mspiration usually forung an acute angle The concity of
the wave mdicatmg transiion from insprration to expiration was most often
pomted although sometimes rounded There was no apprectable difference w
wayeform between males nd females

Amplitude The method allows for an accuracy of 05 cm in the diaphragmatic
amplitude and 1 mm m the costal movements, as mensured on the filins The
mean diaphragmatc and costal amplitudes with standard deviations on the nght
and left sides 1n males and females are given m the Table

The diaphrigmatic amplitude 1n deep respiration was on a 5 ¢ level signift
cautly greater i males than m females

The diaphragmauc amphtudes i males and females togetiier produeed the fol
lowing figures greater on night than on left side in 29 cases cqual on nght and
left sides m 17 cases and smaller on right than on Jeft stde m 9 cases

If the number of cascs with R=L 1s dvided equally between the other two
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groups, or ehmmated alternatuvely the results are R > L n 37 5/55 cases and
R>Lin 20/38 cases [he results by bmomial distribution would thus indscate

a ug! pred of greater amplitudes of the nght as compared with
the left hemidiaphragm Tiis contradicts the established opimon that because
of the lver the of the nght hemidiaphragm 15 less than that of the leit

one

Costal respiratory mo ements (Fig 1)

Wateform The traung of a costal respiratory eycle was a relatnely flat
shightly asymmetnc undulating wase whose dircction was opposed to that of the
diaphragmatic wave The transition between inspiration and expiration and vice
versa was smooth and rounded As i the diaphragmatic tracing there was no
appreciable difference 1n wayeform between males and females

Amphtude The movements of the p lateral parts of the 7th to 10th nbs
are usually recorded The costal amphtude i ordinary breathing was usually
small and often unappreciable Consequently only amphtudes 1 decp breathing
were constdesed 1 this stady

The mean amplitudes with standard deviations on the nght and left sides 1
males and females are prescnted 1n the Table Therc was no statistcally sigruf
1cant difference between the two sides nor betwcen males and females,

A respiratory index has been created to indicate the relationship between

costal and diaph respiratory amplitudes i males and females This index
was obtained by disiding in each case the costal amphtude (in mllimeters) by

the diaphragmatic amphitude {1 ) during deep breath
C ampl
Dampl = resparatory mdex (R 1)

o;;hc results were mmalesR I =112 * 088 and n females R T == 152 +
There was no statisucally sigmficant difference at a 5 65 I o
mal-lm and females (sce Table) 7 fael bevveen
t has been found that the respiratory ndex may
y provide valuable
m hymographic exanunations m cases of emy iomatn

physema and other res
trban es This will however not be dealt w piratory ds-

th in this connection

Dextrocardia

As mentoned earler twelve ¢
ases of dextrocardia were examined
control the diaphragmanc amplstude results (Fig 3) These cansstcdc ofs; :all:;
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Table
Normal diaphrag, and costal amphitudes and respiratory index with standard devtahons n males
and females
Males Females Statistical signifi

cance of differen

Right ude Leftside  Rightsde Lefrmde 08 betweenmales
and females

(T tes) P=5

Normal res Duaphragma 23409 21407 21106 20406 -

prration uc amplitude cm cm cm cm
Deeprespra Diaphragma 61418 57418 49+18 46+17 +
tion tic amphtude  ¢m cm cm cm
Costal 58+42 58%42 63129 77£39 —
amplitude mm mm mm Tam
Resprratory index 1124088 1524091 ol

Diaphragmatic resprratory movements (Fig 1)

Waveform The hymographic tracing of a normal diaphragmatic mosement
was of a regular, shghtly asymmetruc, steep wave The ascending expiratory amt
was straight except 1 its upper part where 1t was shightly levelled off, indicating
some slowing down towards the end of exprration The descending or inspiratory
arm consisted of a straight line with the apex of the wave representing transiuion
from exprration to mnspiration usually formung an acute angle The concavity of
the wave indicating transition from mspiration to eapiration was most often
pomnted, although sometimes rounded There was no appreciable difference 1t
waveform between males and females

Amphiude The method allows for an accuracy of 05 ¢m in the diaphragmatic
amplitude and 1 mm 1n the costal movements, as measured on the films The
mean dsaphragmatic and costal amphtudes with standard deviations on the right
and left sides m males and females are given 1n the Table

The diaphragmatic amplitude in deep respiration was on a 5 ¢ level signift
cantly greater n males than i females

The diaphragmatic amphtudes 1n males and females together produced the fol
lowing figures greater on night than on left side 1 29 cases, equal on right and
left sides m 17 cases and smaller on right than on left side 1 9 cases

If the number of cases with R == L 15 divided equally between the other two
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Fig 2 Schematic tracing showing the
points of intersection of the rocntgen
beam passing through the slits of the
kymograph with the highest pomt of the
daphragmatic surface dunng 1espiration
diaphragm 1n cxpiration ) da
phragm 1 ordinary mspiration { )
and daphragm at the end of deep in
spiration { 3}

and 7 females aged from 18 to 69 years All except two were healthy, with
normal roentgenologic heart and lung findings One of them, a man aged 69,
had a shghtly enlarged heart and 2 mmor left lateral pleural adhesion Another
male, aged 48, had some nunor fibrotic changes at the nght apex Eaght of the
subjects had situs mversus both of thoracic and abdomimnal organs Tour had a
rotation anomaly with dextrocardia but with normally situated aorta and Iiver

Diaphragmatic respiratory movements in dextrocardia (Fig 3) The wateform
was bilaterally normal n ten cases and stepformed m one In another case 1t
was stepformed on the right and normal on the left side

The amplitudes were within normal hymits 1n all the subjects The amphtudes
of the nght and left hermdaphragm considered separattly were as follows on
nght side smaller than on left n 7 cases, equal on right and left sides 1n 4 cnSCtS;
and greater on night side m one case These results indecate a clear tendency to
a smaller draphragmatic amphtude on the right side

Costal resprratory movements i dextrocardia (Fig 3} These were normal
both 1n waveform and ampliude
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Fig 2 Schematic tracing showing the
pomts of ntersection of the roentgen
beam passing through the slits of the
Lymograph with the highest point of the
draphragmatic surface dunng respiration
daphragm i expiration  ( } da
phragm n ordinary inspirauon ( )
and diaphragm at the end of decp m
spiration { ) 4

and 7 females aged from 18 to 69 years All except two were healthy, with
normal roentgenologic heart and lung findings One of them, a man aged 69,
had a shightly enlarged heast and a munor left lateral pleural adhesion Another
male, aged 48, had some munor fibrotic changes 1t the nght apex Eight of the
subjects had situs mversus both of thoracic and abdommal organs Four had 2
rotation nomaly with dextrocardia but with normally situated aorta and hver

Diaphragmatic respiratory movements m dextrocardra (Fig 3) The waveform
was bilaterally normal m ten cases and stepformed m one In another case it
was stepformed on the nght and normal on the left side

The amplitudes were within normal Luuts w all the subjects The amplitudes
of the nght and left hermdiaphragm considered separately were as follows on
night side smaller than on left in 7 cases, equal on night and left sides 1n 4 cases,
and greater on nght side m one case These results mdicate a clear tendency to
a smaller diaphragmatic amplitude on the nght side

Gostal respiratory movements in dextrocardia (Fig 3) These were normat
both n wareform and amplitude
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Fig 3 Stus nve sus hym

hy in deep resp
Clower sy ™ ymography P respiration of normal
of the ho2ge) The diaphragmatic amphtude 15 smaller on thy nght s?ep:xfs:
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V.

Fig 2 Schemitic tracing showing the
pomts of intersection of the roentgen
beam passing through the shts of the LY
kymograph with the highest point of the \
daphragmauc surface during respiration
diaphragm 1 expiration (
phragm n ordinary inspirition [¢ ) 3
and diaphragm at the end of decp i
spirtion ( )

dia

and 7 females aged from 18 to 69 years All except two were healthy, with
normal roentgenologic heart and lung findings One of them, a man aged 69,
had a slightly enlarged heart and a minor left lateral pleural adheston Another
male, aged 48, had some munor fibrotic changes at the nght apes Fight of the
subjects had situs mversus both of thoracic and abdommal organs Four had a
rotation anomaly with dextrocardia but with normally situated aorta and lver

Diaphragmatic respiratory movements in dextrocardia (Fig 3) The waveform
was bilaterally normal i ten cases and stepformed 1 one In another case 1t
was stepformed on the nght and normal on the left side ;

The amplitudes were withm normal limuts 1n all the subjects The amphtudes
of the nght and left henudiaphragm considered separatcly were as follows on
nght side smaller than on left i 7 cases, equal on night and left sides in 4 casctz,
and greater on night side 1n one case These results mdicate a clear tendency
a smaller diaphragmatic amplitude on the right side

Costal respiratory movements i dextrocardia (Fig 3) These were normal
both m waveform and ampltude
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The results are m accord with the findings 1 the fifty five normal cases m
which a sigmficantly greater diaphragmatic amphitude was prescnt on the nght
as compared with the left side The results also agree with the obsen ations made
by Carwson, Kinearn & Onerry (1962) who wrote  the relative position of the
two henudiaphragms 1s not primanly dependent on the postion of the Iner as s
widely beheved but predommantly on the posiion of the heart, the mass and
activty of which depress the undaulying henudiaphragm”

3 Resprratory kymography in cases with enlarged hearts

The matenal consists of 12 cascs, 8 men and + women, aged betwcen 20 and
86 ycars The diagnoses were myocardial sclerosis i 7 cases, 1ortic valve stenosis
m 3 cases, mtral valvc discase in one case and acute mcompensation m one case

The heart volume i the mnle pauents vaned from 1280 ml to 1 740 m,
the average being 1558 ml, 1¢ about 85 ¢5 cnlargement compared with the
normal average In female pauents the heart volume varied from 920 ml to
1960 ml, the average bung 1302 ml, 1¢ approximately 100 o above the
normal

Shght to moderate stasis m the lungs was present m six cases The remamung
s cases had no stasrs There was no appreciable difference in the khymographic
appearances butween these two groups

Diaphragmatic resprratory movements (Fig 4)

Waveform Tlus was bilaterally normal in eleven cases and stepformed m onc
case The latter presented no pulmonary changes at the time of hymography but
bilateral pleural effusions had becn present a fortmght earlier

Amplitude This was bilaterally 1wverage m one case and moderately reduced
m one case In a further four cases, the amplitude was within normal humuts but
the movements were less on the left side, with differences of up to 2 cm comparcd
with the nght side In five cases the amplitude was moderately reduced on the
left side and average on the night side Fmally, m one case with a constderably
enlarged heart the amphtude was moderately reduced on the nght side The Teft
chaphragmatic tracmg could not be recorded because of the very large heart, the
total volume of which was 1960 m! Thus, in mne cases out of the cleven the
diaphragmatic amphitude was smaller on the left than on the nght side

Costal resprratory movements (Fig 4)

Waveform This was bilaterally normal i all the cases
Amphiude This was bilaterally average in six cases and moderately reduced



417
ANATOMIC AND PHY SIOLOGIC ASPEGTS OF RESPIRATORY K MOGRAPIY
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ged heart (aortic stenos ) Rymog aphy n deep resp a
ause of the te 1t othery
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The results are n accord with the findings m the fifty five normal cases
which a significantly greater diphragmatic amplitude was present on the nght
as comparcd with the left side The results also agree with the obsersations made
by Cartsoy, Kincaip & OnoLey (1962) who wrote the relatne position of the
two henudiaphragms 1s not prunanly dependent on the position of the Iner asis
widely believed but predomunantly on the position of the heart, the mass and
actisity of which depress the underlying henudiaphragm

3 Respiratory kymography 1n cases with enlarged hearts

The material consists of 12 cascs, 8 men and 4 women, aged between 50 and
86 years The diagnoses were myocardinl sclerosis 1n 7 cases, aortic valve stenosis
n 3 cases, nutral valve disease 1 one case and acute mcompensation m one casc

The heart volume m the male patents vaned from 1280 ml to 1740 ml,
the average bemg 1558 ml, 1¢ about 85 S5 cnlargement compared with the
normal average In femnle patients the heart volume varied from 920 ml to
1960 ml, the aserage bemg 1302 mi, 1e nppronmately 100 So abore the
normal

Shght to moderate stasis m the lungs was present i six cases The remaming
six cases had no stasis There was no appreciable difference in the hymographic
appearances between these two groups

Diaphragmatic respiratory movements (Fig 4)

Waveform Tlus was bilaterally normal m eleven cases and stepformed m one
case The latter presented no pulmonary changes at the time of hymography but
bilateral pleural effusions had been present a fortnight earlier

Amphitude This was Inlaterally average m one case and moderately reduced
m one case In a further four cascs, the amphtude was within normal hmits but
the movements werc less on the left side, with differences of up to 2 cm compared
with the right side In five cases the ampltude was moderately reduced on the
left side and average on the right side Imally, m one case with a constderably
enlarged heart the amphtude was moderately reduced on the nght side The left
draphragmatic tracing could uot be recorded because of the very large heart, the
total volume of which was 1 960 ml Thus, 1 nine cases out of the eleven the
diaphragmatic amplitude was smaller on the left than on the night side

Costal respiratory movements (Fig 4)

Waveform This was bilaterally normal 1n all the cases
Amplxtude This was bilaterally average in si» cases and moderately reduced
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Fig 5 Acute left side pyclo-
nephnus with calulus i left
ureter no pulmonary changes
hymography in decp re pira
tion Reduced costal amphitude
on the left side (arrows) Br
Laterally normal diaphragmatic
ampinude and waveform

Right 5 de

Left s de

on the left side this was one of nephriis with a left pleural effusion of moderate
stze

Of the aix cases with umlateral lesions fne had aserage and equal amphiudes
on both sides and one had a moderatelv teduced amplitude bilaterally

Costal respiratory mocements (Fig 5)

Wateform This was hilaterally nonnal in ten cases and steplormed 1 one
case which also had stepformed draphragmatic wasves The movements were

paradoxical dunng deep respiration m one case These last two cases of acute
nephnitis exhibited no pulmonarv changes

Ampittude Tlis was bilaterally average m three cases and shightly or moder
ately reduced m two cases The movements were paradoxical i one case (as

stated above) Thes. were the ux cases with bilateral lesions five cases of
glomer ) and one of pyel h

p In the six cases with untlateral
lestons the costal amplitude on the atfected side was marhedly reduced On the

contralateral side the amphtude was an average or mncreased
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1n three cases In two cases, the amphtude was average on the night and mcreased
on the left side In one case, finally, the costal amplitude was normal on the
nght and moderatcly reduced on the left side and there was a small pleural
effusion on the left side

Cases utth enlarged livers

Eight of the cardiac cases had enlarged Iners, palpable at 2 to 4 finger
breadths below the costal margin Six of these had an average diaphragmanc
amplitude on the nght side although greater than the one on the left «de One
case had an average amplitude on both sides, and m one case the amplitude on
the left side could not be recorded

The costal amplitude was aserage on the night side mn six cases and moderateh
reduced mn two cases On the left side the amplitude was average mn three cass,
reduced 1n three and increased m two cases

4 Respiratory kymography 1n acute renal processes

The matenal consists of 12 cases, 8 males and 4 females, aged between 13 and
66 years The diagnoses were acute or subacute glomerulonephnts i 5 cases,
acute pyelonephntis in 3 cases, acute perinephnts 1 3 cases and pennephnc
haemorrhage i one case

In six of these cases the process was umlateral three cases of acute pen
nephntss, two cases of untlateral acute pyelonephntis and one case of pennephric
haemorrhage Eight of the cases had normal lungs on roentgen exammation One
case with nght-side acute permephnts had a mimor mfiltration at the nght base
with a small pleural effusion Another case of nght side permephric haemorrhage
had a small pleural adhesion at the left base A small pleural effusion on the left
side was present mn a case of subacute nephntis The lungs were not examined
n one case of subacute nephnitis

Duwaphragmatic respiratory movements (Fig 3)

IWaceform This was bilaterally normal 1n ten cases and stepformed tm;
cases, the latter had no lung changes but one of them was undergomg pentonea
dialysis

Amplitude This was bilaterallv average 1n eight cases, slightly reduced 1n two
and marhedly reduced 1 one case Ths last case, which also had bilateral <tep-

ted with pentoneal dialysis
ed diaphragmatic movement waves, was trea
fg::casc hzﬁi an average amphtude on the nght and a shightly reduced amplitude



AMATOMIC AND PHYSIOLOCIC ASPEGTS OF RESPIRATORY ki MOGRAPHY 21

No platean shaped waves were observed 1 the present senies.

It may be mentoned with refetence to the case of ncphnbs wath left basal
broncho-pneumonsa reported m an earher paper {ScanupT 1962) that the &
aphragmatc waeform was plateau <haped bilaterally only 1n the deep-breattunyg,
Lymogram and the ampltude was only shghily reduced — fu severe abdommal
conditions with pentoniis the chaphragmatic amplitude 15 generally considerably
seduced — The plateau shaped waselorm in the case mentioned was probably
a result of slow respirauon and a short cessavion of breathing after each expira
tion

Conclusion

The results m normal cases indicate a statistically sigmificant predommnance of
smaller amplitudes of the Jeft cupole of the diaphragm as compared with the
nght cupole they have been confirmed by the findings in twelve cases of dextro-
cardia 1n the majonty of which the amplitude of the nght diaphragmane cupole
was smaller than on the left sde Similar results were obtamed 1n the majonty
of the twehe cases of cardiac enfargement mcluding the eight cases with
enlarged fner in which the amphtude of the left side of the diaphragm was
reduced

These results are aganst the common belief and indicate that it 1s the heant
and not the lner that exercises a braking influence on the diaphragm

Twelve cases of acute renal and penirenal processes weve examned In mne of
these the costal respiratory amplitude was reduced the reduction being most
marked on the affected side 1n unilateral processes The diaphragmatic wayveform
and amplitude as well as the costal wayeform were generally normat

These results are n disagreement with the general opimon that a pennephnc
pi;m:&s causes moscment restriction or paralyas of the draphragm on the affected
side

A close relationstup between the mnervauon of the ludneys and b muscles
may explam the hymographi. appearances

Acknowledgement
The author + ¢ hes (o

express fus gratitude to the Memo:
for hnamre syt o gr: nial Foundation Claes Groschin Ly

she i estigation

SUMMARY

du::; :)‘m:;g:xaphlr appearances produced by the movements of the daphragm and b
g 1 x:omrz;; M’le're 'm\cstlgalcd 10 fifty five normal cases  ith twelve cases of dextro
ol wehe cases of cardiac cnlargement sncluding eight cases of hepatic

Rement and twelie cases of acute renal processes were simifarly evarmned The effect
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Discussion

Normal cases and cases with enlarged heart Restriction of the draphragmauc
moyvements on the left side 1ppears to be 1 constant finding 1 cardine enlarge
ment Waveforms, diaphragmatic 1nd costl, and amplitudes of mb mosements,
are generally not affected These obscrvations are 1 agreement with the findings
mn the fifty five normal control cases m which a statistically sigmficant pre
dominance of smaller amplhitude of the Icft hamdiaphragm was noted  They
also agree with the findings 1 the majonity of the twelve cases of detrocardia,
1s previously descnibed

Reduction of the diphragmauc wnphtude on the left side can be explamed
by the mass and activty of the overlying heart The heart 1s mn fact a relatnely
heavy and relatively ancompressible organ firmly anchored by the aorta and
other large vessels as well as by the peneardial igaments In cardiac enlargement
a still greater part of the left diphragmatic cupole comes m contact with the
heart which acts as a brake upon its movements durmng 1ts ascent

No direct corrclation could be found between the cardiac volume md the
degrec of amplitude reduction on the It side of the diaphragm

Lalargement of the Iiver does not appear to affect the diaphragmatic or the
costal respiratory movements This 1s agamst the common belief that the Iner
excrts a bralung mfluence on the ovarlying henudiaphragm

Acute renal processes Acute renal discase does not generally affect the form
of the diaphragmatic or costal respiratory movements Stepformed daphragmatic
movements I two cases e possibly be explamed by a reaction to shghtly pamful
resprration The diaphragmatc amplitude does not appear to be affected in renal
nfection, even 1n cases of acute permephriis The costal amplitude appears on
the contrary to be msolved wunerally, reduction m the costal amphitude occurs
and m umlateral processes 1s more marhed on the affected side

The hidney 1s not held n place by any speetal folds of peritoneum or ligaments
and 1s not attached to nughbouring organs 1he affcrent nenve fibres that supply
the hidney are connccted with the 10th, 11th and 12th thoracic nerves The
antenor primary ramu of the thoracic nerves are the ntercostal nerves winch are
the motor nurves of nib muscles 1his could «xplam the mtmate relations be
tween the hidney and the nib movuments

Paradoxical nb movements i deep breathmng are probably not pathologic
Indeed, the author has obsersed such moyements m healthy individuals Horz
snecut (cted m Rontgenhymographische Bewegungslehre 1934) has also re
me phenomenon m normal subjects A plausible cxplanation is that

ported the sa
passively follow large diaphragmatic excursions

the lower nbs
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PULMONARY VASCULAR DISPARITY IN FALLOTs
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Unequal vasculanty of the two lungs 1n congenital heart discase with 3 lefy to-
nght shunt has been reported by Frewme 1929, Garrvnner & KirnpatrIck
1961 1963 DotLesy et coll 1961 WinrLey Rupne & Herzeneere 1963 and
Scrisuavov 1968 Studies of the discrepancy m the vasculanty of the lungs
Fallot s anomaly with agenesis of the left pulmonary artery { Napas et coll 1953
hJrLiser et coll 1959 Evanvir & PATTINSON 1996 among others) and extnn

ry artery (PORSTMAN Ef Saviag & Davip

n 1967 recorded 5 dispanity 1n the vasc pper
Yobes 1n 20 of a senes of 100 cases of Fallot s tetrad

The present study was undertaken to test the hypothesis of the direction of the
outflow tract of the night ventncle and the main pulmonary artery betng of sgmif
tcanice by mdicating discrepancies in the vasculature of the two lungs m Fallot s
2nomaly Tt was also hoped to determune whether the appearances of the systolic
—_—
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of the heart, renal processes nd other factors upon the draphrgmatic and the co tal
mosements are discussed 1n detul

7ZUSAMMENIASSUNG

Die von den Atmungibewegungen des Zwerchfells und der Rippen verursachten kymo
grapluschen Erschemungen wurden studicrt Das Matennl besteht aus funfundfunfzg Nor
malfallen und zwoll Verglerchsfallen von Dextrohardie Terner wurden zwolf Falle mut
Herrvergros eruny, emnschliesshich acht Ialle nut Leben ergrosserung und zwolf Falle nut
ahuten Nierenprozessen untersucht Der Linfluss des Herzens 1enaler Prozessen und anderer
Taktoren auf dem Bewegunesverlul des Zwerchfells und der Rippen wird detailliert be
sprochen

RESUNML

L wteur 2 ctudie les imnges hymosraphiques des mows ements du diaphragme et des cotes
pendant la respirition chez cinquante cinq sujets normaus et dans douze cas de destrocardie
11 1 cxanune par la meme methode doure cas de cardiomegalie comprenant huit cas
d hepatomégalic et douze cas d affection rénale aigue Il exymune en detail nfluence du
coeur des 2ffections tenales et d autres facteurs sur les mousements re piratorres diaphrar
matiques ¢t costaux
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RV Fig Fallots nomaly with mfundibular nd sahular
pulmonary stenoss Prey ous attempts at blind infun

€Cross-sectional area of the a;
DbEZ 1967)

Appreciation of the de
Ppanson of the relatie wiq

rieries was not determimed (CasTELLANOS & Hernan

gree of vasculanty of the tungs was based on 2 com
dths of the vessels of the two lungs <o that thesr caliber
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Fng 1 Tallots anomaly with fundibular and valvular pulmonary stenosis Right vensnicular
E:l low tract and pulmonary trunk mclned towards the nght right and left pulmonary artenes

th emerge withoue ansulation from the pulmonary trunk with the typical configuration
})J:;csm w Fallot s nomaly  blind ductus projects from the trunk Equal vascubinty of the

Jet m the pulmonary artcry were of equal significance m pulmonnry valve stenosis
with an mtact ventricular septum

Matenal and Methods Anglocardiograms of a consecutive serics of 119 cases
with Fallot s anomaly and 81 cases with pulmonary valte stenosis with mtact ven
tricular septum were reviewed  Cases with agenesss of the left main branch of the
pulmonary arters, peripheral pulmonary stenosis and those treated with a Blalock
Taussig anastomosis were «acluded Anguocardiographic studies had becn per
formed m simultancous frontal and lateral views with the Clema roll film changer
(Gidlund system) and mnjection of the contrast medum nto the right ventricle
With few caceptions, the exposure ime did not exceed 0 016 scconds Six pairs of
films per second were exposcd Cane angrocardiography was not performed  Per
tment chmeal and hacmodyvnimic data were available m all cases

The mternal diameter of the rght and left pulmonary arteries was measured 1
the angiocardiogrims at a pont approsumately 15 cm from their origin at the
trunk, both 1n frontal and literal views whenever possible films exposed mn ven
tricular S)smlc were used When the night pulmonary artery displayed a variable
caliber the mean value between that measurcd at the narrowest and widest points
was determined  As only the relauve sizes of the artenes were of mterest, no at
tempt was made to correct for enlargement causcd by the dnvergmg rays The
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a

Fg 3 Fallots anomaly with val ular and infundibular stenosis
pulmonary trunk directed towards the mght
in the left lung especaally those 1n the upper
lung night aom ¢ acch

a) Outflow tract and
a blind ductus 15 outhned b) The sessels
fobe are wider than the vessels in the nght

the difference 1n width rangug from 3 to 7 mm In the remaming case both main
pulmonary arteries were marhedly hypoplastic and collaterals contnibuted sub
stantially to the relausely ncher vasculanity of the left lung The outilow tract
deviated towards the nght in six cases (Fig %) and ran a vertical course n four
Al patients were cyanotic and presented evidence of combined valar and 1nfun
dibular stenos.s A nght aortic arch was present 1 fine cases

The contrast filkng 1nd the calther of the pulmonary vems when visible re
flected the varations 1n the artenial vasculanz:
cours of the pulmonary artery trunk when asessed n the frontal film differed
from that of the outflow tract of the night ventricle 1n less than 2 thued of the
heants The mowt common disalignement was deviation of the pulmonary artery
10 the nght while the fundibulum followed an almost vertical course Although
Mo t cases of asymmetnc vascularty of the lungs o curred 1n this category the
nght lung being more vasculanzed than the left equal vasculanzation was more

ation 1 all the four groups The

lanity of the lefy lung or upper fobe w

anery trunk projecting towards the nght (Fig 3)

pulmonary
sessel i the midline

and 1n three cases with this

The systohic jet 1n the pulmonary trunk was outhned only rarely and did pot
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was not measured  The syme miethods were applied to the study of the vems of
the night and lcit lungs

The onentaton of the outflow tract of the nght ventnicle and the mam pul
monary artery was assessed from the frontal films correlated with the findings
n the lateral views

Results
Fallot’s anomaly

The cases may be grouped 1nto four classes following analysis of the pulmonary
vasculanity and onentation of the nght sentncular outflow tract

Group 1 (79 cases) Lhese displyed cqual vasculanty of the lungs and no ab
normal deviation of the outflow tract of the night ventricle or the mamn pulmonary
artery The pulmonary arteries were also equal m cahber, the differencies
width never exceeding 2 mm- All pauents were cyanotic

Group 2 (18 cascs) Ihe vasculanty of the lungs was equal but a deviation of
the outflow tract from 2 straight course was observed The mam night and Ieft
pulmonary arteries were equal 1 width m all the eighteen cases The outflow
tract of the nght ventricle ran 1 oblique course, towards the nght m thirteen
cases (Ig 1) and towards the left 1n four cases, and pursued a tortuous course
towards the nght m the remaming case Combmed valvar and mnfundibular
stenosis Wwas present 1 twelve cases and only infundibular stenosts m the reman
g siX cases A nght aortic arch was recorded n six cases Fourteen patients were
cyanotic and four were acyanotic

Group 3 (12 cascs) Rclative hiypovasculanty of the entire left Jung was present
1 eleven cases nd was hmited essenially to the left upper lobe 1 an additional
case In all the twelve cases the nght pulmonary artery was wider than the left
the difference ranging from 2 to 18 mm A shght local constriction was present
m the left pulmonary artery tn one wstance The outflow tract of the nght ven
tricle pursued an oblique course towards the night 1 nine cases and was parallel
to the spine m two cases (I1g 2) In the remuning case the outflow trict w1s
greatly distorted and projected dorsad Combined valvar and infundibular s(cno“
sis wis noted 11 one case A rght aortic arch was observed m s cases Al

patients but one were cyanotic
Group # (10 cases) Five of these cases had richer vasculanty m the whole of

the left lung than m the night lung, and five had hypervasculanty hmted to 1{1\:
left upper lobe In nine cases, the left pulmonary artery was wider than the right,
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Discussion

The worhs of GARFUNREL & RIRRPATRICK and WinTLey Rupne & Herzen
serG descnibing the discrepancy vasculanzation of the nght and feft lungs
congenital heart disease with Teft to nght shunt did not clanfy the underyng
mechamsm WiLson & AuPLATZ considered the direction of the pulmonary ar
terv Jet to be the determuning factor 1n Fallot s anomaly with mequality of the
sasculanty of the lungs The jet was observed to propagate mto the nght or left
pulmonary artenes or to be limuted to the mamn 1rtery Depending on the direc
viom of the outflow tract of the nght ventncle the left upper lobe was hypoyas-
culanzed when the jet was directed mto the nght pulmonary artery and vice
sersa Such mequality of the vasculature was recorded 1 20 per cent of therr
cases when assessed by inspection of conv enuonal films of the chest This abnorm
ality whether due to relative hypo- or hypervasculanity, was noted 1 twenty two
of 119 cascs of the present senes studed angocardiographically Inequality of
sasculanty was imanably associated with a change in the dimensions of the man
arteries and veins

While a pulmonary artery Jet was seen only rarely mn the present series of
Fallot s anomals the onentation of the outflow tract of the nght ventricle and the
pulmonary artery could be analyzed m detal It did not correlate well with the
radwlogic umpression of the degree of vasculanzation It 1s true that relatnve
hyposasculanty of the left lung or left upper lobe was usually assocrated with
deviation of the mfundibulum to the nght but the same course was noted 1n
several cases with relatne hvpersasculanty of the left lung and 1n twehve ont of
eighteen cases with equally vasculanzed lungs or upper lobes Tt should be em
phasized that due consideratron was taken of the fact that in Fallor s anomaly
the mam pulmonary artery and 1ts two branches may be well aligned despite a
marhed inclmation of the former towards the right (¢f Fig 1) The left pul
r\‘:::;sn(oa:}:ccrl’c f(:ltll; anses from the night upper aspect and pursues a course up-

oth hypovasculanty and hypervasculanty of the left lung were

present with thus charactenistic anatomy of the artenes
‘\}I:‘:l;l:i;:f;];n Sullrx‘n[o:ary l\al\c stenosts with intact ventnicular septum 1n
e hypothens ;ha(]‘h ¢ pulmonary artery may be powerful, did not support
¢ jet 15 of pnme significance for the appearances of the pul
monary vascular tree The direction and extent of the systoltc jet m the eleven
::ws with relatine hyvpervasculamtv of the left lung were no different from
N fisscm;::cm m 69 cases with equal vasculanty of the lungs Furthermore
e o ‘coﬁngwn for the mght pulmonary artery to be wider than the left
Fig 4)) 'lt;csc ;azws ;:dntll[ there be relative hypervasculanty of the left lung
ie observation that in certain instances of heart lesions
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Fig 4 Pulmoniry vale stenosis with intact ventncular septum late systole a) The nght
pulmonany ariery 1s o mm wider than the left but the vasculanity of the left lung 15 greater
compired to the nght lung the systohc jet umpinged on the anterosupenior wall of the pul
moniry trunk (not shown) b) The left pulmonary veimns are wider than the right

propagatc mto the mun branches of the pulmonary artery There was no ev
dence of thrombosis of the pulmonary vessels

Pulmonary valve stenosts

Unequivocal side to side dispanity of arterial and senous vasculartzation of the
lungs was demonstrated m twelve of 81 cases of pulmonan valve stenoss with
mtact ventricular septum the left lung having wider vessels m eleven cases (Fig 4)
hypovasculanty bung present i only one case with a hypoplastic Ieft artery
Contrary to the findings m Fallot s anomaly, the discrepancy of vasculature was
not related to the relative calibers of the mam branches 1he left artery was either
of the same width (4 cases), 1 few millimeters wider (3 cases) or narrower 4
cases) than the night artery, the case with a hypoplastic artery not bemg mcluded
The systolic jet impiged on the superior wall of the mam artery wall anterior
to the area of the pericardial reflection and mn none of the cases m the senes
propngated directly mto the mamn branch of either side Lddies were apparent
1 the left artery at 1ts ongin from the trunk m 1solated cases but the left artery
was no wider than the nght artery The nght pulmonary artery as a rule was
wider than the lcft artery m the large group with equal vasculanty of the lungs
Consequently, no relation was established between either the d:rccfuon of II(::
pulmonary artery jet and 1ts occasional propagation towards the left arteny
the dimenstons of the mamn branches and the vessels of the lungs
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Discusston

The works of GARFINREL & KIRArATRICK and Wurteey, Rupe & HERzEN
erG descrbing the discrepancy s vasculanization of the nght and left lungs m
congenytal heart discase with Jeft to night shunt did not clanfy the underlying
mechamsm Witsos & AvipLatz considered the direction of the pulmonary ar
tery et to be the determinng factor in Fallot s anomaly with mequality of the
vasculanty of the lungs The Jet was observed to propagate mte the nght or left
pulmonary artenes or to be mited to the mam artery Depending on the direc
tion of the outflow tract of the nght ventnicle the left upper lobe was hypovas-
culanized when the jet was directed nto the nght pulmonary artery and vice
versa. Such nequality of the vasculature was recorded 1 20 per cent of ther
cases when assessed by inspection of conventional films of the chest Thus abnorm
ality whether due to relatise hypo- or hypenasculanty was noted 1 twenty two
of 119 cases of the present series studied angiocardiographcally Inequahty of
vasculanty was mvanably associated with a change n the dimensions of the man
artenes and vens

While a pulmonary artery jet was seen only rarely in the present series of
Fallot s anomals the onentatton of the outflow tract of the nght ventncle and the
pulmonary artery could be analyzed in detai] It did not correlate well with the
radiologic 1mpression of the degree of vasculanzation It 1s true that relatne
hypovasculanty of the left lung or left upper lobe was usually associated with
deviauon of the infundibulum to the nght but the same course was noted n
several cases with relative hvpervasculanty of the left lung and n twelve out of
eighteen cases with equally vascularized lungs or upper lobes It should be em
phasized that duc consideration was taken of the fact that in Fallots anomaly
the mam pulmonary artery and ats two branches may be well aligned despite a
marhed mnchnation of the former towards the nght (cf Fig 1) The left pul
:?::ﬂoa::;,c ;thcgo (a}:]}s:s from the nght upper aspect and pursues a course up-

ypovasculanty and hypervasculanity of the left lung were

present with this charactenstic anatomy of the artenes

h}::;:l{:‘imgsl i pulmonary valve stenosis with intact ventricular septum in
the h‘pmhc)j;o‘ ll]c 1:;1 n the pulmonary artery may be powerful did not support
o at the jet 15 of prime significance for the appearances of the pul
nary vascular tree The direction and extent of the systolic let 1n the elesen

caes with relamne hypervasculanty of the left Jung we :
tho: g were no different from
" lic present in 63 cases with equal sasculanty of the lungs Furthermore
05 iy Nl b e o e e e s he et
(Fig 4) These facts and the oboem stion th ypervasculanty of the left lung
n that 1n certain wstances of heart lesions
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Iig 4 Pulmonany valie stenosis with intact ventricultr scptum late systole a) The neht
pulimonary artery 1s 5 mm wider than the left but the vasculanity of the left lung 1s greater
compared to the nght lung the systolic jet unpinged on the anterosuperior wall of the pul
monary trunk (not shown) b) The left pulmonary vewns are wider than the nght

propagate mto the main branches of the pulmonary artery There was no ev
dence of thrombosis of the pulmonary vessels

Pulmonary valve stenosts

Unequnvocal sde to side disprity of arterial and venous +ascularization of the
lungs was demonstrated m twelve of 81 cases of pulmonary valve stenoss with
intact ventricular septum, the left lung having wider vessels m eleven cases (Fig 1),
hypovascularity being present m only one case with a hyvpoplastic left artery
Contrary to the findings n Fallot s anomaly, the discrepancy of vasculature was
not related to the relative calibers of the mam branches The left artery was either
of the same width (4 cases) a few mllimeters wider (3 cases) or narrower (4
cascs) than the night artery the case with a hypoplastic artcry not bemg mcluded
The systolic jet umpinged on the supcrior wall of the mam artery wall anterior
to the arca of the pericardial reflection and m none of the cases mn the seres
propagatcd directly nto the mamn branch of exther side Eddies were apparent
1 the left artery at 1ts origin from the trunk i 1solated cases but the left artery
was no wider than the right artery The nght pulmonary artery as a rule was
wider than the left artery m the large group with equal vasculanty of the lungs
Consequently, no relation was established between ether the direction of thi
pulmonary artery jet and 1its occastonal propagation towards the left artery o
the dimenstons of the main branches and the vessels of the lungs
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pulmonary arter) Jet as well as by the onentation of the night ventrcular outflow tract and
the pulmo ary artery was not substantiated 1n the present i estigation The findings present
ed v gest that structural rather than haemodynamic factors may be of greater importance

7ZUSAMMENFASSUNG
Dic Hypothese dass dic ungleiche Gefusssersorgung der Lungen bes Fallotscher Tc!ra!‘]c
und ber Pulmonalllappenstenose mut intaktem 'V entrih von der ¥
tung n der Pr \! und von der O des rechien Ausl ktes sowic der

Tulmonalartene abhangig s honnte bes der gegenwarugen Untersuchung nicht best ugy
werden Die Befunde deuten darauf lun dass die strukturalen Faktoten von grosserer Bedey
tung als die hamodynamuschen sind

RESUMEL

L expenmentation faite par les autcurs ne conbirme pas 1 ypothese selon laqaclle Linega
lite de vasculansaion des poumnons dans } anomalie de Fallot ¢t dans la stenose valhvulaire
pulmonaire aver septum entriculaire intact peut etre due a la direction du jet de lartere
pulmonaite ct a ] orientation de la chambre de chasse du ventncule droit et de 1artere pul
monaire Les resultats de cette expenimentation font penscr que les facteurs les plus ampor
tants sont structuraux plutot qu hemodynamiques
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with left to-nght shunt the vessels of the left upper lobe may be narrower than
normal would indicate that structural rather than haemodynanuc factors priman
ly determue the vascular mequality of the lungs demonstrated at angtography
However 1t should be stressed that the present investigation 1s essenttally mor
pliologtc and does not allow detailed conclustons as to the magnitude or velocity
of the pulmonary flow These parimeters should be determmed with the aud of
1sotope exanunations and other means

The frequent occurrunce of 4 night aortic arch 1 Fallot s anomaly associated
with pulmonary artery malformations, particularly agenesis of the left pulmonary
artery, has been cmphasized by Patrinson & Evasver 1957 and KiEFser et
coll 1965 among others Whether the lugh frequency of a nght aortic arch as
socated with dispanty of the vasculature of the two lungs mn the present scries
of Fallots anomaly (11,22 cascs) 15 sigmficant or occurs by comadence s,
however, not clear from thus small <cries

Conclusions

Uncqual vasculanity of the two lungs was encountered 1 8 per cent of cases
1 Fallot s anomaly and 1 15 per cent of cases of pulmonary valse stenosis with
mtact ventricular septum In the former group, both relatnve hypovasculanty
and hypervasculanity of the whole left lung or 1ts upper lobe occurred with equal
frequency while 1n pulmonary valve stenosis relatne hyper asculanty on the left
side was the smgle dispanty encountered The vanations i the nternal calibers
of the nght and left mamn pulmonary artertes 1n Fallot s anomaly were of the
same degree as those noted m the vasculature of the lungs while 1 pulmonary
valve stenosis no such correlation was recorded In both heart lesions mequahty
of the vasculature had its counterpart on the venous side

No evidence was recorded to substanuiate the hypothesis that the orientation of
the night ventricular outflow tract and mam pulmonary artery determuned the
discrepancy m the appearance of the vasculature of the lungs, nor had the direc
tion of the systolic jet i the main pulmonary artery any obvious sigmificance The
findings would indicate that the dispanty of vasculanty of the left and niglits lungs
m Fallots anomaly and i sunple pulmonary valve stenosis represents an as
sociated anatomical abnormality and 1s not a secondary effect of the altered

haemodynamics

SUMMARY

The hypothesis that unequal sasculanty of the Jungs m Fablot s anomaly and P“l"“’f":‘l‘;’c
stenosts with an mtact ventricular septum may be determined by the direction o

yalve
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pulmonary artery jet as well as by the onentation of the night ventrcular outflow tract and
the pulmonary artery was not substantiated in the present isestigation The findings present
ed u est that stractural rather than hacmodynamic factors may be of greater importance

ZUSAMMENFASSUNG

Die Hypothese dass die ungleiche Gefassversorgung der Tungen ber Fallotscher Tetrade
und ber Pulmonalklappenstenose mit mntahtem Ventrikul von der I1 h
tun,, an der P und von der O des rechten Au flusstraltes sowie d ¢
Pulmonalarterie abhanytg se1 Lomnte ber der gegenwartigen Untersuchung micht bestatigt
werd n Die Befunde deuten darauf hun dass die strukturalen Faktoren von grosserer Bedew
tun als die hamodynamischen sind

RESUMF

L expénmentation faite par les auteurs ne confirme pas | hypothese selon laquelle 1inega
lite de vasculansation des poumons dans | anomalie de Fallot et dans la stenose valvulare
pulmonaire avec septum ventrculaire intact peut etre due a la direction du jet de lartere
pulmonaire ct a | onentation de la chambre de chasse du ventncule drot et de 1artere pul
monaire Les re ultats de ¢ette expensmentation font penser que les facteurs les plus ampor
tants sont structuraux plutot qu hemodynamiques
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CONTROL OF A TOMOGRAPHIC SYSTEM
by
OvE MATTssoN

The d d d

on ohic app for and good
mage quality necessitate increased hnowledge of control ‘methods o enable

extension and improvements A test object commonly used for determmuing the
resolution of detaul 1s the wire phantom This may take vanous forms, but the
one used by the author has three or four parallel smooth wires of diameters down
© 01 mm arranged obhiquely The movement of the tube m a tomographic
system will produce a potenna.l space mmage of the object 1 the image plane
Thus 1s a three d the of which was pomted out
by MarsTRanDER (1954) Thns potential space image may be recorded n a
Toentgenographuc film 1n different ways

A wire may be said to be a cyhnder The condibons first to be discussed
presume the cylinder to be honzontal and the tomographic plane to pass through
Uts centre Dufferent directions of the roentgen beam are represented 1n Fig 1
The parts of the cyhnder depicted will be hinuted and will form the tangentral
zones (Epnows 1960) indicated by dense hnes The space mmage obtamed
consists of an unirradiated three dimensional zone a cross-section of which 18
roughly thombic with two acute angled corners and two curved sides the later

corresponding to the tangential zones m these a true contour can be obtamed
tomographically
—_
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Fig 1 The tomographic con
ditions 1 the deprction of a
cylinder Different directions of
the roentgen beam will create a
space image (seen 1n Cross sec
tions) The tangential zonces are
mdicated by the thick black
areas)

OVE MATTSSON

W7
:

n prnciple

R of the
big 2 Oop nd the cylndnical object (both

of the space image a
seen 1 CrOSS Scctions)
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Fg 3 ‘Magufied tomographic 1mage of a wire ar
ranged oblquely (top) and_tomographic test with
res of diameters down to 02 mm (below

The principle of a space image of a cylinder with an arbitrary tomographic
s stem 1s presented m Fig 2 together with the cylindncal test object to enable
a comparison between them each being depicted m crosssection All the beams
are viewed 1n one plane This suffices for the d since beam m t
m parallel with the cylinder do not alter the image The film may be posioned
vathin the umirradiated zone (the spacc 1mage) and thus arranged to record the
plane desired The conditions when the cylinder 15 arranged obhiquely may be
dernved from this igure with reasonable approximation The space 1mage of the
oblique cviinder will of course be oblique and as the film 15 horzontal, an
oblique section of the potential space image will be recorded Tlus wall cor
respond to a cross-section of increased length although of the same structure

Blurred contours often with utegulanties explamed by the pattern of move
ment are produced outside the <pace image A magnified roentgenographic
tmage of a thin wire 1s shown 1n the upper image 1n Fig 3 Usually a few wires
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Fig 1 The tomographic con %

ditions tn the depiction of a
cylinder Different directions of
the roentgen beam will create a
space image (sten 1n cross sec
tiens) The tangential zones are
indicated by the thich black
areas)

Representation of the appearance 1 principle
gl]gthi sp.‘ie image and the cylindrical object (both
seen 1 Cross scCtions)
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3 \agnified tomographic mage of a wire ar
faligcd obliquely (top) and tomographic test with
% res of diameters down to ¢ 2 mm (below)

The prinaiple of a space image of a cylinder with an arbitrary tomographic
s stem 15 presented m Fig 2 together with the cyhindncal test object to enable
a companson between them each being depicted 1 crosssection All the beams
are viewed m one plane This suffices for the discussion, since beam movements
1 parallel with the cylinder do not alter the image The film may be posiuoned
+ thup the unuTadiated zone (the space image) and thus arranged to record the
plane desired The conditions when the cylinder 15 arranged obliquely may be
derved from this figure with reasonable approxtmation The space 1mage of the
obhique cvhinder will of course be obhique and as the film 1s honzontal an
oblique section of the potentral space 1mage will be recorded Thus will cor
respond to a cross-<ection of increased length although of the same structure

Blurred contours often with regulanties explained by the pattern of move
wem are produced outside the space image A magmified roentgenographic
tmage of a thin wire 1s shown 1 the upper image m Fig 3 Usually a few wires
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F1g t A tomogriphuc test object

Tig 5 Lmear tomogram with the test object Varous
degrees of blurring for different contours depending upon
the onentiuon
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Fig 6 Irregulanty of blurnng in certun Hpes of tomo:
graph ¢ mox ement 1ecorded with the test object (left) and
w th the wire test (nght) Both represent hypocyclo d mo-
ton

arc used as i the lower image m Fig 3 The wires convementy arranged m a
small frame are ulted 30 or 40 dunng the exposure The test can be accepted 1f
a well defined figure as descnibed above 1s obtained It 1s sufficient even for
complicated tomographic systems to make the wire test 1n two directions with
90 between each

Spectal equipment consisting of thin metal bars arranged 1n the form of a star
was constructed for the purpese of studying the true defintion obtamnable 1n the
tomographic layer and the type of blurring adjacent to it with special reference
to the onientaton of the contours (Fig 4) It 1s well known that a inear tomo-
graphic system for examp'e produces good blumng of certam contours but
pracucally none of others. An ellipsoaid pattern of movement on the other hand
produces different types of blurnng for the vanous contours

These phenomena are closely associated with what may be called layer thick
ness The type of blurmng affords a good impression of the capability of the
apparatus m use as demonstrated with the equipment with the metal bars.
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pin-hole

Iig 7

Fig 7 Phintom with lead letters at diffrent devels

Tig 8 By means of pinhole 1 the objeet phine the tube fitm Iy 8
movement 1s recorded on a cassette pliaced underncath .

Rnowleldge of the gridient of the bars will enable the lnyer thickness to b
esimated, and many may consder this factor a quality sign of a tomograph
but the ¢\pression laver thickness 1s n fact an irrational one and cnnot be
accepted without rescrvation [he mntter 1s more complicated than generally
belicved In elipsoid tomography, for mstance the lwver thickness 15 not con
stant but varies with the onentation of the contour continuously between two
borderhne values In lmear tomography it alters gradually from mfimty to a
nmunmum (cf Fig 5) It 1s 2lso mconstant m hypocyvclaid tomography but has
certam numma that also depend upon the 1ctual onentation of the contour An
averall evaluation of 1 tomographic system by such m maccurate methed 15 not
very recommend bl but may be of mterest as 1t spotlights the vanous derees
of blurrmg ob.amcd with 1 given system It thus represents the tomographic
quality for curtamn contours positioned arbitranily Both the well defimed and
blurred parts of the image produced with this phantom ifford mformation wd
1t 15 possible closcly to observe the blurrmg of 1 contour durmg the movement of
the tomographic systum  Lich radiologist must direct the results from the phan
tom tests to the work m hand and sclect a type of mosement suitable for the
object to be examined

1t should be pomted out that the turnmgs m the tomographic system (where
the beam changes direction when the tube has completed a turn) will product
wregulanties n blurmog Such wrregulanties for mstance m hypocycloid move
ment, are pnmcularly well seen with the test star but they are also observable
with the test wires, as llustrated m Fig 6
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Fig 9 The irregulanty of the cune indicates mechameal instab ity

A representation of the level of the tomographic plane may be obtained with a
ample arrangement consisting of an acrylic plate 1n which thin metal letters
or numbers are arranged at 2 mm intervals Iike steps n a spiral stawrcase Sumlar
systems have been used for many vears (Fig 7) It will be noted that the blurred
letters permut an evaluation of the tomographuc function It must always be hept
1n mund that the blurrng 1s the movement of the sharp image corresponding to
the tabe path

The tests descnbed allow of an casy evaluation of tomographic systems The
level of the graphic plane the defi t d and the type of blurmng
obtaned are sufficient for practical needs Compansons may of course also be
made between various types of motion and different apparatus Unsausfactory
defimtion may be due to factors connected with the mechamcal system or the
focus. In such an event as well as in all siuations i which the stability 15 1n
doubt 1t will be neccessary to make complementary tests

Good defimtion m the tomographic plane preduced by accuracy of the pro-
jection 1s theoretically based on the simultaneous movement of the focus and the
film 1 paths <o arranged that a ray from the focus through an object detail
always hits the same point 1 the film A tomograph 1s thus made up of a much
more comphcated mechanical system than any other roentgen apparatus. The
demands on the mechanrcal construction are high and an maccuracy of 0 1 mm

may imparr the results A regular check of the mnstallation and a few simple tests
wll enable a control of the accuracy

The main ponaple m such checking 1s the use of a suitably adapted puhole
which enables a record of the tomographic path to be obtamed
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Lead plate
wit e ) >

pin~hole

g 7

Fig 7 Phantom with lead letters 1t diffesent levels

Fig 8 By means of pinhole m the object plane the tube ™ Iy 8

movement 1s recorded on a cassette pliced h

Kuowledge of the gradient of the bars will enable the layer thichness to be
wstimated and many may consder thiy factor a quality sign of a tomograph
but the cxpression laser thickness 1s m fact wn wrationnl one and cannot be
accepted without rescrvation  The matter 1s more complicated than generally
believed In ellipsoid tomography, fer mstance, the lyyer thickness 1s not con
stant but varies with the onentation of the contour contmuously between two
borderhine values In lncar tomography 1t alters gradually from wfumty to a
mmmum (cf Fig 5) It 1s 1lso mconstant m hypocvclodd tomography but has
certam numma that also depend upon the Actual orentition of the contour An
overall cvaluation of 1 temographic system by such an maccurate method 15 not
very recommendable but may be of mterest as 1t spothights the vartous degres
of blurnng ob.amed with a given system It thus represents the tomographic
quahty for certam contours positioned arbitranily Both the well defmed and
blurred parts of the image produccd with this phantom afford mformation, 1nd
1t 15 possible closcly to observe the blurring of 1 contour during the movement of
the tomographic system Lach radiologiet must direct the results from the phan
tom tests to the work i hand and select a type of movement switable for the
object to be examined

1t should be pomted out that the turnmgs m the tomographic system (where
the beam changes direction when the tube has completed a turn) will produce
rregulanties 1 blurning Such rregulanities, for mstance m hypocycloid move
ment, are pamcularly well seent with the test star but they are also observable

with the test wires, as illustrated i Fig 6
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Fg 12 Adjustment of the exposure tme to 2 h gher value than that corresponding to the
tomographic cycle produced double exposure D fferent types of this phenomenon are dep cted

whole It should be Lept m mnd that the tube 2 heavy component of the
system, often suspended by a movable arm may cause more nstability than the
casette holder which moves more slowly and contamns fewer heavy parts

1f the pinhole 1s located above the tomographic planc and at a <afficient dis-
tance from 1t the beam through 1t wall trace a contour m the film lyng 1n the
moving cassette holder This will represent the tomographic path The central ray
will the ot be used and this may nfluence the result Irregulanties in the focal
spot sometumes appear when a penpheral beam 1s emploved The prnaiple how
ever usually renders a satisfactory resalt This method unveils wregulantes of
tube movement 1n relation to those of the cassette 1¢ deviations from the
calculated path that are not neutralized 1 the system itsclf The outcome of this
type of test 1s presented 1n Fig 10 where the tomographic path has been mter
rupted It 1s the result of a short exposure which does not correspond to the
whole tomographic cycle

The pushole to be used for these studies must be made 1 a special way as 1t
has to transmut vanously directed beams The pinhole described and standardized
for comventional focal studies {RunThis 1957) consists of a hole with parallel
sides but with a restriction 1 the centre which will cut off the beam if it should
not be wholly or approximately at nght angles to the image plane A specrally

Fig 13 Vanaton i focal sz with mulliampe

age low value 23 mA (left) and
e ree o palue (left) and high value

e
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)
Tig 10 Incomplete tomographic cycle sn

Y J
i
dicated by the pinhole test The exposuses 1’
has not been of sufficient durition e v et -

Two posstbilities exist A fixed pinhole may be used, and a stationary cassette
1s placed below it, the cassette 15 arranged so as to depict the beam projected
m a thin hne representing the movement of the tube The pmhole should be
situated 1 the object plane and the central ray should be employed (Iig 8)
Many mteresting obsers ations may be made by a study of the records so obtamed
Aa rrregulanty, m the start of the movement, for mstance, will indicate senous
wstabdity Such a phenomenon 1s depicted 1 Fig 9 where irregular and smooth
curves arc presented together, m the actual tomogram, a marhed riducuion 11
defimuion occurred

It may be pointed out, agamst the muthod descnbed that the wregulantes
of the movements of the tube and the cassette may someumes tancet out The
test must therefore be performed m a way to permut a recording of the total
deviation from regulanty, be 1t caused by the tube itself or by the system as 2

Fie 11 At constant tube speed a i }
umform density will be produced | ‘
with the pinhole test A moderate re N |
duction 1 speed at the turmings in !
an ellipsord tomographic systém Yeads

to increased exposure 3 region of x’
double exposure can be observed }
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It 15 not only necessary for the mechamcal system to have a stable acton
without deviations from the path selected but constant speed and esposure
tepsity must also exist 1f optimal tomographic results are 1o be obtained

Another type of pinhole may be used to study the exposure dunng the tomo-
graph ¢ cycle which 15 m fact a measure of exposure mtensity related to speed
Thus has a diameter of about 0 25 snches (about 64 mm) and when arranged
1n a way smilar 1o the pinhole described above gies a band shaped exposure
tndicating the exposure intensity Compared with the small pinhole, this system
affers a superior means of Judging the exposure which may now also be determm
ed denstometrically A more accurate estimation will sometimes be necessary for
dectnical adjustments

It 15 possible to recognize uTegulariuies 1n density with the naled eye Two
examples will be ginen The speed of a tomograph 15 often seduced temporanly
while the heavy masses of the system are turning at the ends of an ellipsoidal
figure where the radius of the curve reaches its mummum A relative increase 1n
exposure often occurs (Fig 11) When the exposure tme 1s adjusted to a value
tugher than that corresponding to a full phic cycle a kind of double
exposure will appear Such a phenomenon may be obsenved in Figs 11 and 12

A study of the focus may be of some interest This 15 preferably performed
with a standardized pinhole plate 70 # or 30 # 1n diameter as described by
Rhuvine The test Itk all convenuonal tube tests 1s made with a fixed tube A
ranation 1 focal wze « acc the mull

p value this
observation has explamed the reduction 1 definition that was obtained with a
certain change in milliamperage Two pinhole 1mages varnng m size and shape
with the milliamperage are presented n Fig 13

Other reasons for a study of the focal spot exist A considerable oversize m
foci 1s not uncommon (hrsr & Nicirors 1998) and tubes labelled 0 6 mm may
have focal sizes of about 10 mm X 09 mm 1e a diagonal measurement of
about 13 mm A chech of the focal spot 1s important and must be made 1f the
definition to be enpected with a certam apparaius is to be known The tube m
some tomographic systems revolves dunng the cycle which means that the
diagonal measurement will funcuion as the true focal measurement This may be
unfavourable compared with a sinular non moving focus the total width of
which at feast in some directions will not reach the same value The matter of
focus 15 usually more cntical tomography than m comentional roentgeno-
sraphy The reason for this 1s that a moderate degree of magmification and an
wneteased object to-ilm distance practically always exists m the former The
Reometnic conditions are then mo:

re cntical than otherwise and the focal
usell 55 the domunating factor ©oe e

Tt 1s important to appreciate that different casettes may have vanous levels
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© d

Fig 1t The off focus radiation mn the pinhole mmge (a) produces
a large amount of y the

(b} as a wide zone of density OIf focus radiation has been reduced
by a small close to focus diaphragm {c) and the tomogram 1s 1m
proved (d)

constructed wide angle pmholc was used to produce a width of beam approx
imately constant 1 spite of its direction Funnel shaped depressions on the two
sides of the lead platc mect m a narrow hole, the total shape of the passage 1s
not unlike a sandglass With this system the diameter of the beam will not be
changed by a moderate varation i the mclnation of the beam A narrow beam
of constant width is necessary for a study of wrregularities m the path
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schneben Dre mech A auf enen hen T ph sind hoch

da die Memnsten Ungenaui henten die Resultate beemntrachngen. Der Verfasser memt, dass
die Ronteenologen den Tomograph selbst prufen und Montrollieren sollten.

RESUME
L auteur etudie les objets tests et les methodes de controle des appareils tomographiques
1l decnt un fantome spectal ea fil 11 pour d la o dimage la

des h

doit oheir a des exigences tres severes et la plus
petite imprecision peut nuire a la quahte des re.ultats L auteur pense que les essais et les
controles des tomo raphes devraient etre faits par les radiologistes qui les utilisent

REFERENCES

Envowu P The tomogram 1ts formaton and content Acta radiol (1960) Suppl No 193

Khewp P H and Nicsiots A F - Focal spot sizes Bt J Radiol 31 {1938) 4P6

haTke A H G On the determination of roents en tube focal spot sizes by pin hole camera
roentgenography Acta radiol 57 (1957) 55

MarstRANDER F Fundamental problems m connection with mmage formanon mn tomo-
graphy Acta radiol (1954) Suppl No 116

Marrssoy O Practical ph hic problems n radiograp
tugh voltage techmque Acta radiol (1955) Suppl No 120

Pevser L. F - Diagnostic X ray beam collimation Cathode Press 23 {1966) 36

with special reference to



OVE MATTSSON

of film plane Such conditions may cause serious errors when a separation of
tomographic layers down to 2 mm 1s necessary A standardization of casseties
with a much higher degrec of precision seems to be required

The secondary radiation appeanng in tomography 1s generally taken care of
by grids, or 1s reduced by the mcreased object to-film distance A type of radiation
that wall act not unhke secondary radiation 1s off focus radiation This emanates
{rom the tube 1tself, espeannlly from the neighbourhood of the focus — the focal
disc — and wall not produce any image Comung from the tube 1t 15 not reduced
by the sncreased object to film distance and 1t reduces contrast m the same way
as the sceondry rays Tins matter was discussed by the present author m 1955
Most tomographic esammations are made with rather small mmage sizes so that
the possibilitses for a more effictent reduction of the off focus radiation will then
exist The effect obtamncd by a small close to-focus diaphragm mounted at the
tube window 1s demonstrated m Fig 14

A tomographic image 1n atself, representing a thin section of the body, will
senerally present low contrast, and each addition of foreign rays 15 undesirable
The off focus radiation can be recorded with a furly wide pinhole in the central
beam and moderate overcxposurc (Fig 14, aand c)

All human test objects mvolve meonstants, such as myoluntary movement and
anatomucal varatons from subject to subject, and m this respect phantonis asc
supertor This does not mean that the true results obtamable with a tomograph
will always be applicable to the chncal sector since there are many factors i a
humnan subject that may influence the proper choice of a system

The test objects and the methods now described of cheching the apparatus
are simple tools for exammng some of the fundamental functions It 1s suggested
that all tomographs should be controlled by their operators, the radiologsts, not
only on delwvery but also regularly, especially when the clnical findings indicate
that such a test be needed

SUMMARY

Test obyects and methods of cheching tomogr iphic apparatus e discussed A speaial wire
phantom for determuning the resolution 1s described  The demands on the mechanical con
struction of tomagraphs are hugh and the shghtest naccuricy may mmpaxr the results It s
suggested that the testing nd control of tomographs should be performed by the rad:

ologists who use them

ZUSAMMEF NFASSUNG

dishu
Prufung von Tomographie Apparatur mittels Testobjehten werden
Methods l‘“") - Dg htph bzur Be ng des Aull ermogens wird be

uert Em b
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«hneben Die mechanischen Anforderungen auf emen zus erlaslichen Tomograph sind hoch
da die Kewnsten Ungenaur kenten die Resultate beemntrachtgen. Der Verfasser memt, dass
die Romgenologen den Tomograph selbst prufen und kontrollieren sollten

RESUME
L auteur ctudie les objets tests et les methodes de controle des appareils tomographiques
11 decrit un fantome special en fil llique pour d la dimage. La

des doit obeir a des exigences tres severes et la plus
petite 1mprécision peut nuire a la qualite des resultats L auteur pense que les essais et les
controles des tomographes devratent etre faits par les radiologistes qui Jes utihisent
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FROM THE ROENTGIN DEPARTMENT (DIRFCTOR [+) MATTSSON), ERSTA SJUKIUS,
»
STOCKHOLM, SWEDEN

AREOMETITR FOR LSTIMATING THE
CONCENTRATION OF MODLRN BARIUM MEALS

by

Ove MaTTssoN

By the introduction of a new type of bartun contrast medium of low viscosity
but high specific gravity, the arcometer of limted range that was previously used
for approximate estimations (MaTtsson 1953) has become madcquate and thus
had to be altered

The expression high density contrast media, which has appe ared now and then
m the Iiterature, 15 physically incorrect The factor density 1 reference to the
roentgenographic depiction, 1s correlated to the amount of heavy bartum sulphate
per umt of volume and 1s thus physically proved A water suspension with a
certamn amount of Toentgen ray absorbing substance may however possess different
physical properties depending on the hydratisation effect  This effcct refers to
the abihty of each colloidal particle to absorb water molecules, with formation of
Jarger aggregates Itas due to the addition of small amounts of specific substances
A barium sulphate water mixture, of a given ray absorbmg capaaty, can be
modified from high to low viscosity — from that of a tooth paste to a watery
liquid — by addition of very small amounts of specific substances The true
amount of the absorbing substance 1s not changed, however

——
Submutted for publication 10 March 1969
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With earlier comentional banum meal mix 1
tures 1t was possible to reach a high density al i i |
though not w hout 2 ssmulianeous hugh s1scosity ‘ i
perhaps that of a paste The new prinaiple allows
fos wiscosty to be mamtamed together with 2
high concentration of contrast producsng sub-
ctances (Eusrne & MaTrsson 1956)

The addine components for obtaning low
iscosity have alsa heen utithzed to enable ad
dwon of food to a banum water mixture a
stabhzed and standardized meal with physto-
logic properties was thus deseloped (MaTTsson
et coll 1929 Euernne & Marrssov 1956) A
swtably low viscosty can be mamtamed 0 spite
of the conaderable amount of added nutrients
and the misture still has a density of the order of
magmitude of ordinary meals and a stability not
available 1n any other way

The new arcometer 1s sumilar to the one pre
viously marheted for com enuonal values of spec

sfic gravity The instrument 15 adapted for values [eu— . _l
of speafic gravty of 11 10 22 but w design Thde e areometer 15 small
duffers ittle from the earlier model Theoretically ?fc,l,‘::,dé g u‘:l"mmg s

sull hugher values of speofic gravity may be en
countered but then pracucal difficulties may appear In <pite of the low viscosity
ahigh intrinsic viscosity or a hnd of mternal fncrion will oceur i extremely
dense suspensions caused bv the heavy mass of the suspended matenal This
phenomenon may nterfere with the funchion of the areometer 1 spite of xs
smooth streamlined design The mstrument 1s shown i the accompanyng frgure

The areometer will be manufactured by Ssvensha AB Philips Sta Lholm Sy eden.

SUMMARY

\ new areometer for esumation of the pecific gravity of barium contrast media 1s de
scribed Its extended range enables controls to be made of barium meals of deasities huigher
than those within the range of the earher Jnstrument

ZUSAMMENFASSUNG
¥ n neuer \raometer zur des 1
D

wird as hat einem tert
hohcre Ronrentrationen als bi her za messen

Cewichees von B:

hungen
Messbereich der es ermoglicht auch
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RESUML

Lauteur deerit un nouvel arcometre pour mesurer les poids spéeifique des moyens de
contraste barvtés Son domame de mesures étendu permet de controler des densités plus
&levees quavec les tnstruments existants
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RONTGEN AND THE NOBEL PRIZE
With notes from Ius correspondence with Svante Arrhenius
by
FoLxe hauTsson

The first distnbution of Nobel
b 1901

That year the Nobel Prize Physics was to be anarded 10 Wilhelm Conrad
Rontgen according to a decision made at the Meeting of the Swedish Rogal
Academy of Sciences on Noverber 12th 1901 Rontgen on being noufied of
this decision wrote to Svante Arthenus with whom he was already acquamnted
Arrhenius was a member of the Nobel Commuttee for Physycs,
anxi0us to obtain information CONCermng \arious malters connecied with the
award  The subscquent correspondence has hitherto recened no attention
although 1t may be considered of nierest i that 5t throws seme light on Ront
gen < perwanahity

Rontgen 1n a letter day
Seerctary of the Swedish

prizes took place 1n Stockholm on December

and Rontgen was

ted November 17th 1901, was nopfied officaally by the
Rayal Academy of Scicnces that he had been awarded
aho told of the Academy s wish that the decision be
hept seeret unul the presentation of the price on December 10th, which was 10
be the Nobel Foundation s Commemoration Day of Nobels death and that he
—_—

Frm ¢ D yanment of Diagno ue Radulogs (Disertor Prof H Lodi} the Lm
ety W putal Uppsaly Sweden

"M ofewea s



Swedish stump assued m 1961 10 commemoration of the Nobel Prize \ward m 1901

w1 deared to be presnt posonally to recene the prize Rontgen was further
notificd of the wish, according to the statutes, that 1f possible the reciprent
should deliver a public lecture on subject wsociated with the work for which
he was bemng rewarded

Rontgen, m fus Ietter of reply to the Academy, which was dated November
24th, 1901, nd wiich had been drafted on the reserse side of the lutter of
noufication, expressed his great surpnise at havng buen awarded the prize and
sud that he was sull trying to wccustom himsdf to the 1dea He hoped he would
soon have the opportunity of xpressing hus thanks to the Academy m person and
ruscd the question of the date of tus Nobel lecture He stated that it might pos
stbly be in the muddle of December although this would not be easv and that he
would prefer February or May

Rontgen had cleardy before he recerved the officnl Ietter been notified of the
Academy s deasion, probably by telegram, for on November 16th he st 1
private letter to Arrhenus, thanking him for lus good wishes He evpressed fus
great pleasure at the nows of the award A saga has come true  he wrote, after
1ccening your letter this idea 1s constantly i my mind  He pronused to do Ins
vy best 10 attend the Prize Ceremony and hoped that his request for leave of
absenee would not be refused s he had never before made such an application
He lso ashed 1f Archenus would be hud cnough to advise him as to how he
should best arringe his journey He did not dare to ash advice from any of hus
tequuntances m Germany for fear of rousing suspicion Arrhenus i hus letter
of reply of November 214t Iisted the tram and boat connecttons with Sweden nd
gavc details of the departure and armval tmes from Mumich via Berlin and Saw
mtz and v1ia Warnununde He advised Rontgen to gise lus lecture i connection
with lus attendance 1t the ccremony and thereby save himself an extra journcy

Rontgen enjoyed travdling He Liked to make journeys to different places m
Germany, he had visited Switzerland nd on several occasions travelled m Italy

It 15 obyious, however, that he was diunclined to make the journey to Stochholm
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Translation of letter from Rontgen to Arrhentus dated Munich 16 November 1901
Aly Esteemed Collcague
\ saea has come true This thought has been constantly i my mand since I recenved your
letter T do not know what to say about 1t all Ferst I+ ant you to accept my sicere thanks
for your very hind words
1t 15 obvsous that on such an occasion I v ill de all I can to fulfil all demands and desires
I+ ould also very much like to be present personally at the Prize Award Ceremony af this
is possble For that T will need leave of absence which will probably not be denied me
snce | have never before applied for such leave
Whether I will ge a lecture immediately after the prze distnibution as you suggest I
cannot say as yet Before I can make any definste plans 1 will have to knot the mo't
suitable time for making the journey to Stockholm Unlortunately 1 have neser been to
Sweden and for fear of arousine suspicions ! cannot ask anyone here about the best routc
Meuld you be so very hnd as to let me know bricfly the be t way of travelling and how
long it would take? I should be extremely gratcful for this information
With my best greetings
Yours sincerely
It € Rontgen

to attend the Nobel Ceremony and that he had esen hinted at this Thus on
December 6th 1901 he had receved two telegrams simultaneously from Stoch
helm One was from the Prize Distribution Commuttee stating that the German
Ambassador had gone to Norway and that Rontgen could not thus be certan
of bemng represented wherefore he was carnestly entreated to be present The
other telegram came from Arrhenus with the news that the two other Science
Laureates would attend It was clearly not unul he had recenved this information
that Rontgen decided to make the Journey and his application for leave of
abwence was dated that same day It read smee the pnze 1s of extreme
value and confers great honour upon me 1 consider myself forced to fulfil the
desire of the Swedish Royal Academy of Sciences though with no hight heart
This 15 further proof of how he was dreading the journey
Rontgen arnved i the Swedish capital on the mormng of the day before the
prize distnbution was to tahe place On the same dav he wrote to his wife
describing fus journey He had travelled by boat from Sassmitz to Trellebor:
c 2 was rough and the waves swept over the ship so that there was “30
Queson of being out n the open air I <tood it for twe hours but then T had to
Se 1 and spent the next two hours i the customary way Rontgen was cleas:
l(’l: :, fo;:lrl ;ondmnn and when reaching Malmo by train had considered remamm;
augh he finally deaided 10 continue He folt better dunng the tramn
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Ihe Nobel Ceremony 1n the Great Hall of the Academy of Music Stochholm an December
{0th {90( Rontgen is recenng his prize from the hands of the Swedish Crown Prince
\Drwwing by D Ljungdahf m the magazine Idun )

journty On arnval m Stochholin he was to stay at the Grand Hotdl and thare
he was met by Arrhemus
Ihe ceremony 100k plice i the Great Hall of the Swedish Acrdemy of Music
on December 10th, 1901 five years to the day after the death of Alfred Nobdl
Rontgen was prassed in a long speech m which an account was gien of the
discovery for which he was now bemg rewarded and thereafter he recenved the
prize from the hands of the Crown Prince of Swedn
At the subsequent Nob Banquet Rontgen deivercd an doquent speech of
thanhs, the substance of which was evident from an article m the dauly pros
Rontgen replied with a brilliant speech which was recatved with great applaus
Ever smce childhood, he said he had been less conversant with Greeh thn
with Scandmavian mythology For lim, Scandinavian mythology had always
held something romantic and adventurous, and now he himscdf was experiencing
L new romantic Scandinavian dventure, wlich stamed to um ke a dreim
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but which was nevertheless a joyful reality That day a descendant of a line of
Lings beloved by therr people had presented magmificent prizes given by a son
of Sweden and at the suggestion of Swedish scienusts In this noble collaboration
between the Royal Family the people and saenusts the speaber savw something
charactenstically and honourably Scandinasian He wanted to admit openly
that he had nes oy imaguned that he would receive this pnze but now that 1t had
been presented to him he wished to declare that he mtended to use 1t i the
purit of the founder for the altruistic promotion of further scientific des clopment

Rontgen left the capital on the day after the Nobel festnities He obsiously
{dt lghly honoured and proud of hus pnze In a letter dated December 18th,
1901 to hus friend Boser: he said that the Nobel Prize bad given him very great
pleasure and I also agamst my custom, travelled to the appomted place to
recenve 1t Since 1 only allowed a day and a half 1 managed to stand the celebra
tions I must say the Swedes understand how to arrange these occasions i a
wiple and therefore honourable way

The Undelivered Nobel Lecture

As carly as November 16th 1901 Rontgen m a letter to Arrhenus rassed
the question of the lecture which was to follow his receipt of the prize and he
retarnied to this matter 1n his subsequent correspondence He did not give a lec
wre immediately after the Pnze Award Ceremony and 1 one of his letters he
stated that this was due to the arcumstances prevailing at lhis Unnersity, which
Le was unable to alter and which did not alfect von Behnng or van ¢ Hoff who
were completely free men The nature of these circumstances was not res ealed
w the correspondence however

When the ax month penod of grace for the Nobel Lecture began to expire
he rated the question with Arrhenws 1n a letter dated Apnl 17th 1902 as 1o
asunable date He suggested Whatsun week 1e May 20th to 24th but wondered
at the same ume whether the Roval Academy of Sciences might not allow him to
come m July or August As a reason for this he stated that he wanted to utrlize
lus vacauon for the Journes and that he did not wish to apply agamn for leave
of absence and mterrupt hus lectuning duties After a few days he recened a
favourable reply from Arthemius and 1n hus response of Apnl 26th he expressed
bus pleasure at the mformation that hs lecture would be accepted even xi:] Se;
tember or October  You hase freed me from a mghtmare he sad | \\gs

finding it increasingly d
gly difficult to get used to the idea of
1 the muddle of May 10 gnve my lecture roveling o Stockbolrn

Rontgen s collaborator and

ood frend Zeh
31 the thought of hos Sobel Lovpont i Sen s pois el aware of hus anviety

ccture 1 Stockholm In a letter dated August 15th
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Translation of letter from Rontyen to \rrhenus dated Vumch 10 October 1907

My Isteemed and Dear Colleague,

A sudden change occurred m my plans yesterday afternoon I was absolutely ready for
the journey and my wife wnd I were to have left this morning even 1f no answer had come
to my question about the tume for delnenng the lecture 1 had armanged for my mal to
be sent on to Berhn or Copenhagen Then a letter from Professor Hasselberg anned which
ended with the following sentence A1 this obvieusly only if you wi h to give the lecture
which ac ord ag ta the regulitions 1s certamly desirable but not absolutely ne essary  This
very acceptable message from the Chairman of the Nobel Comnuttee for Physics te from
oflicial quartcr gave me revon to send hum the following telegram  1n your letter re crned
today you tate that according to the regulations my lecture 1s desirable but not absolutely
nece sary Under these circumstanees T am very reluctant to make the journes but I would
like your opmion as to whether the Nobel Commnttee will be offended 3f I do not come
My departure was thus postponed for 2 day Today I recened the reply Perhips best to
com~ I de 1ded nescrtheless to remun here ind 1 hope and also belicve that you wall not
teproach we for my decsion You will be well aware from our correspondence how 1 have
honestly miended to fulfil my obligation I interpreted the paragraph i the Nobel Statutes
s such untd I recened diffcrent information from Hasselberq, You also hnow that I have
not with one word mtimated that 1t would be an effort or a sacrifice to fulfs] my obligition
Lhe fact chat T was unable to cuve the lecture mmeduately after the prize distnibution was
due to our unneraty conditions which I could not alter but which do not apply for Belume
or vant Ioff who are completely free men

I mention all this so that the gentlemen of the Nobcl Commuttee and espeaally you whe
have been particularly hind towards me will not be dis atisfied with me 1 hope vou wall not
reproach me for withdrawing when 1t became known to me there was 1o actual obligation
I cannot nd myself of the suspicion however that some nught not think  Rontgzen he must
<urely hase wanted to guve the lecture otherwi e he would not have made the long journcy
and given up so much of fus time

With many thanks for all the hindness you hase shown me sn this matter L ead with the

hope that we shall soon meet agam
Yours very sicerely

i C Rontoen

Zehnder offered to accompany Rontgen on Ius journey and to assist with the
experiments w hich Rontgen was considerng including, and thus mahe the pres
atation caster for hum In a letter of reply written on September 2nd, Rontgen
expressed his sincere thanhks but cven then made no defimte plans for the lecture
and therefore gave Zehnder nather a positive nor negative answer J
In a letter to the Nobcl Foundation dated October 2nd Rontgen mq]uxrc1
about a suitable day at the end of the month for the lecture He had thcnbc (‘aﬁrﬂ)‘
decided to mahke the journcy, and m a letter to Arrhenus dated October
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evpressed certain wishes i connection with the lecture He intended to project
some shides and stated hus requirements concerming the illumination and lens of
the projector He added 1 wish all this were over It 1s the only public
lecture that I hase been requested to gne and I have stage frght <o to speak

Rontgen made preparations for leaving Munich on October 10th to be ac-
companied by his wife, but on October 9th he recened a letter dated October
Cth from the Chawrman of the Nobel Commuttee m which he was informed that
the 17th 20th or 21st of October would be suntable dates for the lecture He was
requested 1o send a telegraphic reply The end of the letter read  “this apples
abviou Iy only if you wish to give the lecture which according to the regulations
1s desirable but not absolutely necessary Rontgen grasped at this official 1n
umation and now percened a formal possibility of withdrasing Much earher
m his applicauon for leave of absence he had declared that it was not with a
light heart that he was prepanng to travel to Stockholm In view of us apparent
disinclination to make the journey and the necessary public appearance, it was
probably with a great relief that he found a reason for not gomg He thercfore
telegraphed that he was very disinclined to trasel but that he would first very
auch ke to know whether the Nobel Commuttee would be offended if he
did not gve the lecture The telegram which he recenved reply ran Perhaps
best to come Nesertheless Rontgen decided to remain at home and telegraphed
both to the Nobel Commuttec and to Arrhenius Defimtely decided not to come
With dus he had finally released himself from a dilemma which had been a
burden 1o hum for so long He did not want to delver the lecture but at the
same time was anxious to fulfil bis obligations to the Academy In a subsequent
letter to Arthentus on October 10th he hoped that thev would not be dissatisfied
with lum He pointed out that he had intended the whole time to fulfil his duties
and hoped that he would not be reproached for withdrawing when 1t was made
clear 1o lum that there was no actual obhigation

This correspondence obsiously indicates that the dea of travelling to Stock
holm and of delnenng a public lecture gave Rontgen a constant feeling of
uncasiness He clearly regarded the journey as tong and difficult and 1t 1s pos-
sble alwo that unpleasant memorics of the heavy seas on his journcy to the
pnze distnbution a year earlier in December contributed to this atutude There
1 1o doubt however that the mam reason was his mamifest shyness of public
appearances With obstnacy Rontgen put up a fight aganst the demands for a
public hfe that was pouring, upon lum from all parts of the world He was
obvioudy by nature a conscrentious man who wished 10 safeguard tus routine
against unwclcome interruptions, He was happiest with the daily work at his own

0 titute and when engaged i sy tematic lectunng Leave of absence durnn, a
university term went againdt his nature ¢
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Translation of Iciter from Rontgen to trehenus dated Vumeh 10 October 1907
My Fsteemed wnd Dear Colleague

A sudden change occurred 1n my plns yesterday alternoon I was b olutely ready for
the journcy nd my wile wnd I were to have left this morning even if no answer had com
1oy question about the ume for delern., the lecture I had arra 1sed for my mal to
be sent on to Berhin or Copenhiagen Then a letter from Professor Has<elberg armned which
ended with the followng sentence All this obviously only if you w1 h to give the lecture
wluch ac erding to the reculitons s certamly dearible but not absolutely ne ewary  This
very acceptable message from the Chaimman of the Nobel Commuttee for Physics 1¢ from
officnl quarturs gave me revson to send lum the following telegram  In your letter re ened
tod1y you tate that according to the regultions my lectwe s desirable but not absolutely
nece sary Under these circumstances 1 am very rdluctant to mahe the journey but T would
hike your opmion as to whether the Nobel Comnnttee will be offended 1f I do not come
My departure was thus postponed for 1 day loday I 1ecened the reply  Perhips bet to
come I de sded nevertheless (o remun here nd T hope and also believe that you will not
veproach me for my dictsion You will be well asare fiom our correspondence how I hue
honestly mtended to fullit my obligation T nterpreted the parageaph i the Nobel Statutes
as such untid I recenved different information from 1laswelberg You also know that I ine
not with enc word mtimated that 1t would be w effort or 1 sacrifice to fullil my oblig tion
The fact that I was umble to e the lecture immediately after the prize distobution wis
duc to our unnaisity conditions which I could not alter but which do not apply for Behnng
or vant IHoff who are completely frec men

T mention all this so that the gentlemen of the Nobel Commuttec and especally you who
have been particularly hind towards me il not be dissatisiied with me T hope you will not
reproach me for withdrawmg when it became hnown to me there was no actunl obhgauon
1 cannot nd myself of the suspicion however that some mught not think  Rontgen he mu't
surely have wanted to give the lecture otherwi ¢ he would not hve made the long joursicy
and given up so much of s time

With many thanks for all the hinduess you have shown me m this matter T end with the

hope that we shall won meet 1gam
Yours very sincereh

It C Rontgen

Zehnder offered to accompany Rontgen on lus Journcy and to assist with the
cxpenments which Rontgen was considermg including, and thus mahke the pres
untation easicr for i In a letter of reply wntten on September 2nd, Rontgen
expressed his smeere thanhs but cven then made no defuute plans for the lecture
and therefore gave Zehnder nather a positive nor negative answer .
In a letter to the Nobel 1oundation dated October 2nd Rontgen mquircd

“bout a sustable day at the end of the month for the lecture He had then clearly

decided to mahke the journcy, and mn a letter to Arrhemus dated October 8th
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LYMPHOGRAPHIC DEMONSTRATION OF CISTERNA
CHYLI TRAUMA
Intralymphatic ingection of patent blue violet during operation
by

H Brincasr H Incstrur T S Jensev and H Skjorbsore

Few reports on chylous effusion mto the pleural or pentoneal cawity dem
oustrated by lymphangiography with aily contrast media have appeared since
1963 Such effusions may anse from lesions in the abdommal or thoracic
Imphancs due to congenital traumatic or mahgnant condstions (CaMieL et coll
1983 Cravez & Conn 1966 Craves et coll 1967 Hewwwan & Cowuns 1963
hwvovtn & Tavior 1964)

If chylaus effusians do nat yield to consenause management surgery may be
indicated (Cuavez & Covv Harby et coll 1962), although radiologically dem
onstrated hmphatic fistulac may be located only with difficulty at operauon
Operanve demonstration of thoracic duct lesions has therefore sometimes been
dbtained by njecting a dye wta the lower part of the oesophagus (Cons Jr et
coll 1958 Haroy et coll

The present commumicanion 15 a report on traumatic wjuny to the cisterna
chyl with chylous ascies, 1n which the site of the lesion was demonstrated pre

S tiutted for publication 1 October 1968
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SUMMARY

The first Nobel Prize n Physics was awarded by the Swedish Academy of Sciences to
Wilhelm Conrad Rentgen n 1901 for the discovery of the radiation that now bears hus
name Rontgen attended the prize presentation ceremony but he gave no Nobel lecture
The rewons s mdicated by two letters from Rontgen to Arthenus 1 member of the
committee are ginven

ZUSAMMENTASSUNG

Der erste Nobelpress fur Physih wurde von der Schwedischen Akadenue der Naturwis en
schaften 1 Jahre 1901 Wilhelm Conrad Rontgen zucrteilt Rontgen war ber der Preis
austerlungszeremonic anwesend aber die Nobel Vorlesung kam micht zustande Die Ursachen
werden nut zwer Bricfen von Rontgen an Arrhentus em Mitgled der KRonutee beleuchtet

RESUML

Le prenuer Prix Nobel de Physique fut attnbué par 1 Academie Suedoise des Sciences 1
Wilhelm Conrnd Rontgen en 1901 pour In decouserte du rayonnement qui porte mamtenant
son nom Rentgen assist1 a 11 reause du priv: mats ne fit pas la conférence que 1on attendait
de lur Les raisons telles qu elles sont mdiquees par deus lettres de Rontgen 1 Arthenius

membre du comte sont cyphquees

SOURCLS OT DOCUMENTATION

Letlers from RONTGEN to
ARrHENIC, dated November 16th 1901 Apnl 17th and 26th October 6th and 10th 1902
The Swedish Royal Academy of Sciences Stockholm
SEGRETARY OF THE SWEDISH ROvAL AcApEMy OF Sciences dated Nosember 24th 1901
heid Lennep West Deutschland

Letters to RONTGEN fiom
SLCRETARY OF THE SwEDISU ROYAL AcADEMs oF Sciences dated November 17th and 27th

1901 October 14th 1902 Deutsches Rontgenmuseum Remscheid Lennep West Deutsch

land
Arruents dated November 2lst 1901 April 22nd and October 2nd 1902 Deutsches

Rontgenmuseum Remscherd Lennep West Deutschland
ChalrvaN oF TnE Noncl Commrrrer For Pnsics dated October 6th 1902 Deutsches

Rontgenmuseum  Remscheid Lennep West Deutschland
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(DIRECTOR S RAAE), THE MUNICIPAL HOSPITAL AARHLS DENMARK

LY\fPHOGRAPHIC DEMONSTRATION OF CISTERNA
CHYLI TRAUMA
Intralymphatic njection of patent blue violet during operation
by

H Bancner H Incstaer T S Jensen and H SkjoLpeore

Fev reports on chylous effusion mto the pleural or pentoneal cavity dem
on trated by lymphangiography with oily contrast media have appeared since
1963 Such effusions may anse from lesons in the abdominal or thoracac
Ivmphatcs due to congenital traumatic or mahignant conditions ( Camizr et coll
196¢ Cuavez & Conn 1966 Craves et coll 1967, HEsuvan & Corpins 1963,
Rnuonti & Tavior 1964)

If chylous effusons do not yield to conservatise management surgery may be
ndicated (Guavez & Coss Haxpy et cofl 1962) although radiologically dem
onstrated Ivmphatie fistulae may be located only with difficulty at operation
g};:crau‘\lrbdcmnnsxraunn of thoracic duct lesions has therefore sometimes been

aIne: njectiny
o 1o )HAL;\ 5 :oﬁy)c mto the lower part of the oesophagus (Cornn Jx et
(h'[;:lc p)rtvnl commumcation 1s a feport on traumatic 1njury to the cisterna
Y with chylous ascites i which the site of the leston was demonstrated pre

Sutamed for publ ation 1 Octcber 1168
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Preoperitine lymphangiography with leak of contrast medwum at the level of LI mto the
peritoneal ety (left) and 3 hours fater (nght) peritoneal effusion of the medium

operatively by lymphangtography and durmg the operatton by intralymphatic
mjecuon of patent blue violct mto the foot 1hrs method of disclosing a lesion 1
the lymphatic systum during operation docs not appe i to have been described
presously

Case report

A boy aged 2 yeus nd 9 months previously n good health was adnutted because of
increasing aircimference of the abdomen for 3 to 4 days diffuse abdommnal pamn and
wmorena One week before adnu sion he had tnpped over a bicyele and hurt lus abdomen
The abdomen was distended with asatic {lud and had a marked venous pattern Immediate
laparocentesis released 500 ml of <hylous flurd and further laparocentesis 2 weeks ater
yielded 1500 ml more flud

Lower cxtremuty lymphangiography produced satisfactory mflow only on the left side
where 65 ml Iipiodol Ultraflmd 38 S5 wire mjected Tlnus gave satisfactory fillng of
apparently normal lymphatics and lymph nodes on the left «wde as far as the junction of
L1—L2 where oozng of contrast medwm ito the pentoneal cavity (ste accompanying
was observed Ihere wete no signs of filling of the thoracic duct supriclavicular

figure)
es or pulmonary prenchyma neither immediately after the injection of the con

tymph nod
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(rast medsam nor 24 hours later The lymphangioeraphic findin s thus suggested mpuny to
the abdomunal lymnhatics at the level of the cisterna ¢hyh
parotomy was perf d 17 days after Before the operation 2 jymphatic on

the 11 bt foot was exposed and through this vessel patent blue violet 023 & 1 physiologe
saline was inje ted manually several times 1n the course of the operaion  Sbout 25 wlwm
all of this solyticn v as uved

Opening of the peroncum disclosed about 1500 ml of a slightly bluetsh clylous ascitic
(lwd Oomng of patent blue violet was then obscned to take place beneath the mesentery
of the small ntesune so the left 1hac fo sa Further exploration of this area tevealed no
siens of ruptured Jymphatics but the dye made it evident that the lymph passed retro-
pentoneally mto the left hac fossa from a traumatic le 1on of the lower part of the astema
ehyli The latter w s expo ed and hgated above and below the sie of perforation A per
furated lymhatic on the left of the cisterna chyli and one at the leel of the first mtesinal
branch of the uperior mesenteric artery were also higated Before the ligatures v ere applied
an mjection of patent blue violet produced colour through the delfects into the abdomen 10
10 20 cconds later \fter the sites had been Jigated continued njection of the dye was
follos ed by rupture of a small lymphatic ve s this was ligated No further dye was
wjected the abdomen + as closed and retropenitoneal suction dramage applied

No wns of further effusion v ere evident durwav the fir t fise days alter operation and
there was anly minamal discharge from the dratn which ¢ as therefore remosed Haweser
eislous flurd nos started appearing agamn and neces wated laparocenteses seven ten and
cleven days after the oneration a total of 5700 m) of fluid bewng remoscd

\ lurther «peratson the day after the last laparocentesis disclosed a Jymphatie fistula o
the lelt of the mfenor mesentenic artery 1n elose proximuty to the lymphatic fistulae dem
onstrated st the pomany operancn Due to the hgature 1t was possible this ime 1o Jocaze
the le 1on without wsing any contrast medium or dye The fistula was tied The patient was
di charged m perfeet health sin v ecks after admisson Two months later he was sull fit

Discussion

The present case Dike previously reported cases substantiates the value of
hmphangiography with oily contrast media n demonstrating lestons of the mtra
bdomnal hmphatics

The wmiralymphauc mjection of patent blue violet was of decisne 1mportance
m the present case mn the exact location of the aisterna chylt and of the ruptured
fmphatcs dunng the pnmary operation Moreover njection of the dye after
beation confurmed that all the defects had been closed By subcutaneous injection
of the dye 1nto the dorsum of the foot Ciien (1960) falled to obtain any
distinct blue saining of the ihiac and lumbar lymphaucs Without direct intra
Wmphatc myection of the solution only a diffuse greemssh blue staiming of tissyes
wobramed which does not make it any easier to dentify the lymphaucs

Phe fact that dunng the pamany operation a lymph trunk was obsenved to
:\r:x\e Tuptared duning the njection of the dye imdicates the posaibility that similar

068 w3t oweus dunng hymphangography and Tead to chylous effusions Ths
s lihels to uecur particulardy 1n cass of ymphatic abnormalitics assocrated with
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wncreased hydrodynanuce pressure However, no case of thus nature seems to have
been reported, unless the one of Camier et coll (1964) may have been such
aone

SUMMARY

Traumatic mjury to the cisternt chyli caused chylous 1scites m 2 boy ged 2 years and 9
months The ate of the lesion was demonstrated pre operatnely by lymph wgiography and
durmg the operation by direct mtralymphatic myection of dye mto the foot

ZUSAMMELNTASSUNG
Chyhscites wurde durch triumatische Verletzung der Cisternt chyli m emem zwer Jahre
und neun Monate nlten Jungen verursacht Die Lasion wurde preoperauis ber Lymphangio
eriphie lokahisiert und wahrend der Operation muttels direhter mtralymphatischer Ean
spatzung von Tarbsioff 1 den Fuss dargestellt

RESUMI
Unc levon traumatique de la cterne de Pecquet chez un gargon 1we de 2 ans ct 9 mois
a donne heu 1 une 1scite chyleuse Le siege de 1 lesion a cte mus en evidence av it 1 opera
tion par lymphographie et au cours de | operation par une injection ntralymphatique directe
de colorint 1u niveau du pred
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TROM THE DEPARTMENTS OF RADIOLOGY (DIRECTOR PROF T ADACH{) AND SLR
GERY {DIRECTOR PROF k KAWASHIMA) THE TORYO MEDICAL AND DENTAL LAL
VERSITY SCHOOL OF MEDICINE TORYO, JAPAN

SIALOGRAPHIC STUDY OF DISEASES OF THE 7%
MAJOR SALIVARY GLANDS

by

Sopt Suzurr and KenkicHr Ranasuna

The roentgenagraphic demonstration of the salnvary gland 1n the Ining human
subject was first performed by ArcELty m 1913 who successfully revealed a
stalolith m Yharton s duct with a bismuth suspension Barsosy (1925) diagnos-
ed idiopathic dilatation of Stensen s duct 1 a 70 year old man with a potassium
l::::]dc solution  the patient apparently expenenced severe pam and developed
- l:t:l;y facial palsy following the mjection Jacosovicr et coll (1926} suggest
oo m:m s}x‘alograp}ue which has since been widely used to designate the
“99%) “g'm};l ic demonstration of the salivary glands and their ducts CARLSTEN
of Sm“mas:i e first to use Lapiodol for sialographv and demonstrated dilatation

h s duct wath this method
hasna_:,p;; :df l:nc;[casmg experiences since 1ts mception by ARcEnIN sialography
There s wyb oLT, always been “a neglected stepchild of roentgen diagnosis
1) e, e two mam explanations for the unpopulanty of the procedure
of pathotocs ation of 1ts smportance m the diagnosis and differential diagnosis
and (2 ‘ilc ‘r;mce:es not only 1 but also adjacent to the major saln ary glands
7/ thefact that it may canse pamn and funcuonal disturbances as well as

Submutted for pudlication 18 Junc 1968
WM 1) Ryg g,

] v
£ sVt 81569 465
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mcreased hydrodynamic pressure How ever, no case of this nature seems to have
been reported, unless the onc of CamIEL et coll (1964) may have been such
aonc

SUMMARY

Traumatic njury to the enstern1 chyl caused chylous scites m a boy aged 2 years and ¢
months The ste of the lesion was demonstrated pre operatunely by Iymphangiography and
during the operition by direct mtralymphatic injection of dye nto the foot

ZUSAMMLNTASSUNG

Chylascites wurde durch triumatsche Verletzung der Cisterna chyli i emem zwer Jahre
und neun Monate alten Jungen verursacht Die Lasion wurde preoperatn ber Lymphangto
zraphie lokalistert und wahrend der Operation muttels direhter mtralymphatischer Ein
spritzung von Turbstoff m den Fuss dargestelit

RESUMI

Une lesion traumatique de 11 citerne de Pecquet chez un gargon ige de 2 ans et 9 mois
a donne licu 1 une ascite chyleuse Le siege de 11 lesion a cte mis en vidence avant lopera
tion par lymphographie ct au cours de 1 operation par une myection intraly mphatique directe
de colornt au niveru du pred
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The roentgenographic demonstration of the salivary gland 1n the lving human
subject was first performed by ARCFIIN in 1913 who successfully revealed a
sialolith 1n Wharton s duct with a bismuth suspension Barsony (1920) dragnos-
d sdiopathie dilatation of Stensen s duct 1n 2 70 year-old man with a potassium
wdhde solution the pauent apparently expenenced severe pamn and deseloped
tran nory facial palsy following the injection Jacososict et coll (1926) suggest
od the 1 sialographie which has ance been widely used to designate the
‘;““;E‘“'ngphlc demonstration of the <aliary glands and their ducts CARLSTEN

1926 was the furst to use Lipiodol for sialography and demonstrated dilatation
of Stensen s duct with this method
ha.:nasp‘::‘ :g ;nclr;asmg expcncnces“smce 1ts tnception by ARy sialography
There o ‘O)b: \o:: ,:1;:::‘5 b?en a neglected stepchild of roentgen diagnosis

for the lanty of th d
3 pop y of the €
1) underestmation of its inportance 1n the d and diffe A

of

ang“ﬂ‘glﬂi\c processes ot only 1n but also adjacent to the major salivary glands

‘\“l——e fact that #t may cause pan and funcuional disturbances, as well as
Submutted fer publication 18 June 1968
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I I

Fig 1 Ilustration of the sialograpluc tech { l;
nigue

X
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a b

g;,g ’_; a) Conventions] film Huge stone i the submandibular gland b) The ductules are
Jate

changes, associated sith *he anjection of contrast media, especally oy media,
under high pressure

In the carly davs 2 blunt necdk or cannula was attached to a syringe and the
medum mjeeted mto the salivary duct (ref 1, 5 10 16) The onfice of the
salnary duct was usually cnlarged with lachrymal dilators or graded filiform
whalebone bougies prior to the msertion of the needle or cannula, if necessary,
the orifice was even sht Guirmo & Boon HeperstroM made a specral needle
that prmcntu{ the medium from leahing mto the oral cavity from betseen the
needle and the duct wall They also recommended the use of polythane tubmg
filled with the water soluble medium and connected to the needle The plastic
tube ensured that the medium was introduced mto the salnvary gland under Jauly
constant hydrostatic pressure  PARn & VMason (1966) deseribed almost the
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Fg 3 Salolth (indicated by arrow) Fig 4 Stone 1n Wharton s duct (arrow)

ame techmque and stated that hydrodtatic sialography was supenor to the
hand mnjection method

Rusis & Buatr (1927) introduced a sialographic techmque called <ecretory
sualography They nserted a polythene tube with a mietal stylet deep mto the
salnary gland, the ontfice of which had been previously enlarged with lachrymal
dilators. Upon the completion of the wmjection of Pantopaque (cthyhodopheny!
undeqylate), the open end of the tube was plugged with 2 wooden stopper and
roentgenograms were obtamed The tube was then withdrawn and the salivany
gland sumulated by the chewing of a shice of lemon  a further roentgenogram
was produced after the mouth had been nnsed

Smce Cartstev first used Lipiodol n sialography 1odmated ofls or smilar
media, such as Lipiodol Ultraflwd or Pantopaque have been considered as con
trast medra of choice in stalography by vamous workers (10 12 13 16 17) The
olly media may however because of their visad nature impair the functuon or
even damage the tissues of the salinary gland (7)

Water soluble 1odinated orgamic compounds such as Hypaque Urografin
Trosd have been tried 1n sialography by a few worhers Urografin 76 ¢ the
1odine concentration of which 1s 37 ¢ should produce as excellent radiographic
contrast as Lipiodol unless the former should be diluted by excessive saliva or leak
;n:cod llh: oral cavity through the space between the wall of the duct and the

e

D:::Rprescm authors first applied the catheter replacement techmque (Ser
_— un)h:ln s;xalographv, m 1959 A polythene tube nserted into Wharton s duct
mdu;‘ y held 1 place there was no evidence of leakage of the contrast
P o the oral cavity Smce then this method has been used 1 a series

stalographues Approximately two thirds of the matersal were paroud
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Fig 1 Illustration of the sialographic tech 3 ) ;
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Tig 2 a) Conventional film Huge stone m the submandibular gland 1) The ductules wre

dilated

changes, associated aith the 1 jection of contrast media especrally oihy media,
under high pressure

In the early days a blunt needle or cannula was attached to a svrmge and the
medium mjected mnto the silivary duct (ref 1, 5 10 16) The onfice of the
salivary duct was usually enlarged with lachrymal dilators or graded filiform
whalebone bougies prior to the insertion of the needle or cannula, if necessary
the onfice was even sht Gurrmo & Boow Heberstrom made a special needle
that prevented the medum from leahing mto the oral cavity from between the
needle and the duct wall They also reccommended the use of polythene tubing,
filled with the water-soluble medium and connected to the needle The plastic
tube ensured that the medm was mtroduced mto the salivary gland undcr faily
constant hydrostatic pressure  Parh & Mason (1966) described almost the
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Fig 7 Recurrent jarotitis 15 3 29 yearuld
woman Cyst like changes in the parcnchyma

and tube together The metal gusde 15 withdrawn when the tube has been
wserted deep into the salvary duct

3 needle with wopeock 15 attached to the polythene tube and the medium
souly ngected under constant low pressure any au m the msiruments mu t be
completely remosed prior to the mjection The amount of medium should he
iimited to 25 ml in paroid and 20 ml m submandibular sialography On
completion of the mjection the stopcoch 15 closed and the synnge 15 dis onnected

Material and Resules

The pathologic processes tn the present senes are diided nto four groups as
follows (1) sialolthiasis (2) waloademudes or sialoadenoses (3) salnary gland

tumors and (4) tumors to be differentiated from salivary gland tumors (para
stalomas)

1 Swalolithiasis

A <aliary stone 15 not uncommon 1 adults and 15 characterized by panful
swelling of the salnary gland aggrasated by the ingestion of food A review of
the hiterature by Ravcu disclosed that the madence of calculus formation was
highest 1n the submandibular gland or its duct (Wharnton's duct) 1¢ 83 e
‘The incidence in the paroud gland including Stensen's duct was 10 ¢ and in
the sublngual glands 7 5¢ 1t was higher m males than i females and uncommon
m children of both sexes Multiple stones occurred 1n 25 S of all the patents
reviewed by Ravcn

Salnary calcult may be minute or very large or vary anywhere between these
extremes 1F1gs 2 3 4 and 5) They were howeser 1 the Ppresent matenal
mostly less than a cubic centimeter 1n volume and ranged from 01 to 1 0 gram
in weight

Sixteen patients of the present series had had submandibular salolthass mine
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Fig 5 Aur bubble in middle part ind stone in Fig 6 Sequelae of purulent parottis
posterior part of Wharton s duct

sialographies, the remaining third being submandibular sialographies No ittempt
has been made to perform sialography of the sublingual glands

Though none of the parotid sialographies was unsuccessful, submandibular
stalogriphy farlud m eleven patients, because of ther difficulty m openng the
mouth, or mability of the operator to find the onfice of the Wharton s duct

Urografin 76 9% and Liptdol Ultrafluid have been emploved i miost of the
sialographies, though Lipiodol Pantopaque and Endografin have proved just as
excellent as the first mentioned two contrast media

Technique Our techmque s schematically llustrated m Fig 1 The metal
gutde 15 0 7 mm 1 diameter and 15 em 1 length, its tip beng blunted so as
not to njure the mucous membrane of the salvary duct The polythene tube,
which 1s carcfully dismfected, 15 tapered at uts tip The patient 1s placed mn a chair
and with face upwards Nerther general nor tocal anesthesia 1s required, though
pre medication with 35 mg or 70 mg mependme mas be wdicated m nervous
subjects

The onifice of Stensen s duct hes opposite the upper second molar tooth and the
opening of Whartons duct at the sublingual caruncle The msertion of the
metal guide 15 not always casy especially m submandibular sialograpby The up
of the guide can be advanced 1n Stensen s duct to the pomt where the duct 15
arcumsented by the antertor border of the masseter muscle and m Wharton s
duct, unless 1t 1s obstructed, to 1ts postertor end The polythene tube 1s then
threaded on the metal guide and shid mto the salvary duct Some resistance
may be encountered when the tip of the tube passes through the sphmeter onfice
of the duct This 1s however easily overcome by a slight thrust upon the guide
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I10-year-old  Fig 11 Rounded fillingdefect caused 1y
Fig 10 Seamented & latavons n 3 103 Fig 11 Rounded fil

2 Siaload des and siaload:

deute sialoadenitts Swalography 1s undoubtedly contra ndicated 1 acute
sialoadenitis but the authors have not infrequently been obliged to perform
sialographs m a patient with an acutely inflamed salnan gland 1n order to
rule out sialohthiasis In none of the patients however did an exacerbation of
wgos and ssmptoms follow the sialography Some patients even expenenced some
improvement The changes in acute staloadenitss 1f present are not conspicuous
or are only shght Acute purulent sialoadenstis sf marked may however produce
detnmental <equelae to the duct system of the gland

Fig 615 a parotid sialogram of a 35 year-ald man who suddenly developed
panful swelling of the left paroud region 1n assoctation with purulent discharge
from the onfice of Stensen s duct 3 weeks pnor to the sialographic examnation
The acute mflammatory process and pus discharge promptly subsided on pen
1allin when sialography was performed to rule out a sialolith s the Stensen s
duct The sialogram res caled ectatic changes in the parotid gland and wregulacity
of the wall and lumen of Stensen s duct but no stalohthiasis

Chronic recurrent sialoadenttis Recurrent staload

1s not m
Ppauents with poor mouth care Though the etologic features of chronuc recurrent

Pparottis in otherwise healthy subjects 1s sull not fully clanfied 1t predominantly
Oceurs n post menopausal women and n infants or children of both sexes )
Micro-orgamsms such as pneumococer streptococes and staphylococer are fre
quendv ssolated from salna from the affected gland (12) In the present series
threc of the pauents were post menopausal women and three were children
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Tig 8 Sjogrens syndrome 1 a 60yerr Fig 9 Sjogren s syndrome 1 a 47 year old woman
old woman

bemg males and scven fumales the ages rngmng from 21 to 63 years of age
(average 442 years) Tne had muluple stones Among a total of 24 venfud
calculi twelve were located m the catraglandular portion of Wharton s duct and
ten calcul within the submandibular gland, including the ntraglandular portion
of Whartons duct The rumanung two stones lay m the duct of the accessory
gland The nght submandibular gland or its duct was affected m e, and
the Icft m seven patients

A homogencous accumulation of contrast
(Figs 3 and 1) 1s an mdication of marhed destruction of the parenchyma of the
gland secondary to the mcarccration of the stone m Whartons duct Sunple
Iithotomy 15, as a rule msufficient m these cascs, and complete remosal of the
submandibular gland mcluding Whartons duct may pronuse better result
Recurrence of sialohthiasis 1s not infrequent following the former procedure

A filling defect caused by air can usually be easily distinguished from onc
produced by stonc, as exemplhficd n Tig 5 The sahvary stone 1s manly com
posed of calcium carbonate or calcium phosphate and 1s not ifrequently strat
ified Because of the high concentration of hime, 1t may be piched up m the
conventional roentgenogram unless overlapped by bony structures A salolth
m the submandibular gland or Whartons duct was clearly identified i the
occlusal dental film 1 all the mne patients of the present matenal who were
examned by the intra oral method Since water soluble contrast media tend more
accurately to delmeate the contour of the stone than oily media, the lpl'CSC“t
authors prefer Urografin 76 ¢ to the latter whenever sialolithiasis 1s likely

d n a sub dibular gland
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Fig 13 Large pleomorph¢ adenoma dis- Fig 14 Large dermoid in the submand bular
Facing the pacond Siand upwards region displacing the submanditular gland

Miscellancous Bilateral swellmg of the paroud glands 1s not frequently en
countered m sarcoidosts and two such patients were represented 1 the present
series fioth these patients had been treated with steroxds and the sialographics
proved to be normal

Tour pauents of the present matennal had Mikulicz s svndrome (see ref 1]
and 19) Three of them had bilateral swelhing of the parond glands with eosin
ophuic granufoma of the lymph nodes at biopsy The sialograms revealed slight
trregulunty of Stensen s duct and the mtraglandular ductules but far)y normal
appearance of the parenchyma The condition of the fourth panent vas wdentrcal
with that reported by Miniicz m 1888 1e symmetne swellings of the parond
and lacrimal glands of unbnown etiology The contrast mediurm outhned a normal
duct svstem throughout the enlarged paroud Jands

Marked dilatation of the salvary ducts un.
the ducts 15 rare Fig 10 15 a left parotid sialogram of a 104year-ald gul who
had dight swellmg of the parotd region without purulent discharge from Sten
sen s duct The duct was segmentally dilate:

dm a bead fastuon but the 1ntra
glandular ductules and the gland parenchy

ma appeared almost normal Though
Stensen s duct may be segmentally dilated 1n chro,

RIC recurrent parouts of the
adult ype such didatation was less marked and more srregular than 1 two
Patients with segmental dilatations of Stensen s duct of unknown ctiology

assocrated with stone or stenosis of
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Fig 12 Lateral (left) and pa (night) views of pleomorphic
adenoma

The duct system was only distended in two of the adults but 1 the thurd evstic
pools of medium ndicated gross destructine changes m the parenchyma of the
parotid gland (g 7)

Recurrent parotitis i the fantile group usually responds well to antibiotics,
especially pemelhn, and recurrence may become less frequent and severc until,
as the patient grows older, complete remission occurs The sialographic changes
m the mfantile form were much less severe than those m the adult, and there was
only shght irregulartty i Stensen s and the mtraglandular ductules 1n all three
cases

Sjogren’s syndrome Reratoconjunctivitis sicea assoctated with mucosal xerosis
of the digestive as well as the respiratory tracts, rheumatord arthntis and swelling
of the parotid glands 1s called Sjogren s syndrome, the ctiology of which has not
been thoroughly eluaidated There were seven patients with the syndrome m the
present <erics, they were all female, aged 38 to 60 (average 50 4 vears)

Swelling of the parond gland was evident m all but one pauient and was
bilateral m tvpe Sialography may revenl small cyst like casities scattered through
out the parotid gland, as shown in Figs 8 and 9 Recurrent episodes of ascendmg
mfection of the parotid gland may occur 1 patients with Sjogren s svndrome,
and characteristic roentgen appearances may be produced by this condition as
well as by recurrent parotitis It would appear, however that the cystic cavities
m Sjogren s syndrome are more uniform 1 shape and size than those m chromc
recurrent parotitis in the adult

The present matenal mcluded five patients with heratoconjunctivius sicca
sumplex or symptomatica with normal sialograms
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Fig 16 Cyst within 3 Warthin s tumor

rounded by displaced ductules and parenchyma (Figs 11 and 12) As the mass
grows larger the salnary gland as a whole may be displaced {Fig 13) The
sialocrapluc diagnosis of pleomorphic adenoma may be made with ease of the
tumor 1 <mall and sitnated deep m the salnary gland but with some diffsculty
if it displaces the salnary gland as a whole a large tumor adjacent to the
sasary gland may frequently alter the posiion of the entire salnary gland
(Fig 14,

AMalignant tumors of the salivary glands are less comumon than pleomorphic
adenomas There are only three representanve patients m the present senes. Most
of the malignant tumors occur 1n the sixth or later decades and are chmseally
charactenized by rapid growth poorly circumscnibed margin of the mass due 10
s mfitratne nature frequent assoctation with neuralgic pam or if 2 parond
fumor factal palsv and lymphatic or distant metastases

‘The most important of the sialographic findings in malignancy is the leakage
of medm from the eroded ductules 1nto the tumor or the gland parunchyma
(Fig 131 Such a leahage was observed n all the three patients with caranoma
but on the other hand 1 none of the fifteen patients of the present series with
pleomorphic adenoma

Fig 1615 2 nght paroud sialogram of a 70-year old man with a large cystic
tumor of the night sifra aurcular region Sialography revealed 2 cystie <Aty
which was found to contain pus The growth was hstologically a papillary
©voadenoma hmphomatosum (W arthin s tumor) and apparently belonged to
the berugn subgroup of sialomas Leahage of medium inte the Cystic cavty was

wcondary to milammatory destruction of the duct system rather than to
mfltraton by malignant cells
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Toy 15 Lateral (left) and ap (nght) views of adenocarcinoma of the parotid
gland leaknge of contrast medium (arrows,

Salwary gland tumors

Tumors of the sals ary glands are classificd as parenchymatous {sirlomas) nd
mterstitinl (syn stalomns) i Ravei s monograph The former (95 4 §c of 2059
cases of the salnary gland tumors collected from the materals of Kirntiy,
Repov and FooTe) are further sub divided imto three subgroups, 1¢ benn,
senm makgnant and maliknant The ntersttal (46 ¢) are vascular tumors,
lymphomas and othcr neoplasms mterstinal m ongin  Pleomorphic adenomas
(mixed tumors), belongmg to the scm malignant subgroup comprise about
three quarters of all sidomns and thus have the highest ineidence

Fifteen patients (eight females and seven males) had pleomorphic adenomas
mn the present material, all on one wide The average age of these patints was
47 1 (rangmg, from 20 to 74 years of 1gc) when sialography was performed Nine
tumors 1rose from the paroud, six from the submandibular and none from the
sublingual gland

Of a large sunes of pleomorphic adenomas collected from the hterature by
Ravcit 8% % were parotid, 8 54 submandibular and 05 % sublmgual m orgym
They also arose from sites other than the major saltvary glands m 75 €c of the
matenial

A plcomorpluc adenoma 1s charactenized sialographically by a well circum
scribed filling defect or mdentation m the salnary gland without leakage of
medium mto the parenchyma or the neoplsm  The defect, 1f sult small, 1s sur
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SUMMARY

1t 15 stated on the basis of 160 sislogriphues that the procedute s inds pensable m the
dizeno s of sialolithuass chiome oloaderitis and vancus aabadenopathies Sials raphy
may al o play an umporsant role w the differential diagnows of siatomas and para salamas

ZUSAMMENFASSUNG

Ess rd hervoraehoben, anlafich 160 Untcrsuchun en mut %l graphue dass die Methode
fur & Duagnase der Spechclsteine chromscher ¥ atzundun en und anderer Efkraniunren
des Spescheldrusen ineatbehrlich 1t Die Methode hat ich auch fur die Duiferenualdiamnose
1on 1d: und } l v emvoll enoae en

RESUMIS

Lne ene de 160 sialographies montre que cette techmque est indispensable pour ¢tablir
Ie diamno e de Inhrases salnaires d adentes salnaires chromques et de dnerses atfections
des giande  alnawes Les auteurs decrnvent la techmque La sialomraphie peut aussi jouer

un 1 e mportant dans le di2gno tic po wf et dans le diagno ue differenticl des sralomes
et des para alomes
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v

Fig 17 Parotid sialogrim i 10 year old
girl with an egg sized tumor in the nght
wfr1 auncular region Large indentation i
the lower portion of the gland which 1s dis
pliced upwards (The diagnosis of 2 para
sialoma was hised upon the essentially nor
mal volume of the gland the tumor was
enucleated ind proved to be a reticulo
sarcoma nsing from a lymph node )

Tumors adjacent o the saliwary glands (para sialomas)

Palpaton of a swelling 1 the mfra auricular or submandibular region cien
by a shilled hand, may not uncommonly disclose 1nsufftcrent mformation as to
whether 1t anses from the salivary gland or outside 1t Stalography must then
play an mportant role n the differential diagnows provided the mass 1s marhed
with a picce of flexible wire (Tigs 12 and 17)

Most of the soft tumors such as lymphoma, [ymphangioma or hemangioma
produce little distortion or defornuty of the salnary gland ever though they
scem to encroach upon 1t Hard tumors on the other hand, mayv produce an
mdentation 1 the gland or even displace 1t as a whole

Unlike the pleomorphuc adenoma and other sialomas, para silomas hittle
affcet the total volume of the parenchyma of the gland, even though they may
distort or displace 1t to a marhed degree This phenomenon 1s the most important
of the sialog aphic findings upon which the differential diagnosis betwecn sialoma
and para sialoma 1s based (I'g 17)
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ROFNTGENOLOGIC DETERMINATION OF CALCIUM
CONCENTRATION OF SKELETAL BONE WITH
DOUBLE BEAM APPARATUS

by

K Astranp N E Amsire O Bartiey and N Cuipener

Vartous roentgenologic methods of estimaung the calcium content of the shel
eton have been described since the end of the nineteenth century the umplest
and niost common consising of 1ts direct esumation from roentgen films This
method 1s subjectnne and mexact and according to the Iterature a 30 % to
20 ¢ reduction m the content 15 required before clear cut changes can be
obeenved (BaBalantz 1947 1948 Arbray 191) For some ume attempts have
been made to achieve 2 more objective esttmation of the calaum content Bar
\ETT & Norprv (1960 1961) calculated the rauo of the thickness of the cortex
and the diameter of the bone both measurements bemng obtaned directly from
roentgenograms Control cases were compared with a group that chnically had
osteoporosts The mnvestigation was carned out on different parts of the sheleton
1 the femora and the metacarpal bones the concavites of the lumbar sertebrae
were also measured Significant changes could be demonstrated m more than
half the number of cases m the osteoporotic matertal

A number of methods have been described m which density dufferences be
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478 $0J1 SUZURI AND KENRICII RAWASHIMA

1t
15

16
17
13
19

2

Parn W M and Masox D K Hydrostatic sialography Radiology 86 (1966) 116

Patex D H and Tiackray A € Chronic sialectatic parotitisin the light of pathological
studics on parotidectomy material Brit J Surg 43 (1955) 43

Pasxe R T Silography Bnt J Radiol 3 (1932} 492

Purvey I J and Siaviro M J  Sialography Arch Otolaryngol 51 (1920) 526

Raven S Dic Speicheldrusen des Menschen G Tlueme Verlag Stuttgart 199

Rupiy P and HowtJ 1 Sccretory sialography m discases of the major salunary glands
Amer J Roentgenol 77 (1957) 575

— and Besse B L The sialographic differentiation of Mikulicz s discase and Mihulez s
syndrome Radiology 68 (1947} 177

Sjoeren H - Zur kenntms der Kheratoconjunctisitis sicea (heratius fibfornus ber Hypo-
funhuon der Iranendrusen) Acta ophthal (1933) Suppl No 2



ROENTGENOLOGIC DETERMINATION OF CALCIUM OF SRELETAL BONE 481

Fig  \lcasurement apparatus

composed of hydroxyapatite and the other contained water The wedges were
#ivo-controlled and a digital computer solved an equation system obtained by
the application of Lambert s law The detector was a santillation counter with
4 thallum acinated sodium todide crystal Two roentgen beams from a ngle
source were employed and the measurements were made on the metacarpal bone
of the thumb

Mcthods with gamma radiation hase also been descnbed Gersnon Comen
et coll {1958) employed * Ir as the source of radiation and a scnuillation
counter as detector These authors described the results of measurements of
Iimbar vertebrac mn three cases The error of method was gen as + {Q ¢
Caneron et coll (1963 1664) used ' I or “Am as a monochromatic low
epergy <ource with a scintllauon detector system and scanned the human radus
with 2 3 mm colimated besm at 1 mm mntervals They stated that the ex
Perimental error was * 8 ¢,

For vanous reasons the demands imposed on methods for estimating the
beleton hase recently become greater Osteoporosis grows more common with
wereasirg hie span Moreover even younger patients may be afflicted with
decaltafication by the widespread use of hormone therapy Smce the earhier
methods ether carmed large errors or were too comphicated for routine pur
Poses at was deemed worthwhile to design a new swmpler apparatus for deter
mination of the calcrum content of sheletal bone One of us {(k &) prmarily
responsible for the theory and for construction of the apparatus

UCB004 4y R Lg D& Vol B(1965)
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REFERENCE
WEDGE

ROENTGEN
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oBJECT

Fig 1 Sch I of the me and cerewst diagram of the brudge

tween roentgen films of the <heleton and a reference matenial were compared
The furst to use this techmque was Price (1901) Much later, Heven & Scumipt
(1960) analyzed the sources of error of these methods The film density alone
may, accordmng to them, be mfluenced by as many as seventeen factors These
authors investigated chemically the calaium content of an anatonmcal matenal
and compared the values obtamncd with densitometric measurements from films,
they found that the error of method amounted to £ 10 §¢ when the mvestiga
tront was carried out over the proximal end of a femur The error was somewhat
greater 1 measurements over a calcancus VIRTAMA (1957) imnstead of mahing
densitometric measurements deternnned the amount of siser dissalved from
preces cut from the sheleton part { metacarpal bone) of the roentgenogram

Vost (1959) measured the absorption m the distal end of the femur with
the aid of common polychromatic roentgen rays and an 10mzation chamber
This wvestigator comparcd the absorption values with a reference consstng of
a musture of water and bone ash The error of method was reported to amount
to £ 34 9 Maxrr et coll (1960) made use of a scintillation counter with 1
sodium 1odide crystal n place of an 1omzation chamber They performed mn
vetigations on dned femur matenal and stated that the results were comparable
to those obtamed with the densitometnic techmque

Some s estigators have used monochromatic roentgen rays FrommuoLp &
ScuokNecHT (1960) employed a counter tube worhing m a proportionality
region, the mvestigations being carned out on the fingers, the absorption was
registered graphically Jacosson (1963) described o theoretically attractise
method for estimiting the calcium content He used monochromatic roentgen
rays of different wave lengths and two wedges as references One wedge was
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Table 1

Triphcate measurements of roentgen absorbengies wt four pueces of compacta of
different thichnesses — \feasurements carvied out on rach puece alone and on pie &
wnt tasious combinations

Compacta \bsorbencics 1n 11m reference wedge

e ——
Pece Thickness mm
4 346 329 328 322
a 35 349 342 347
b 501 199 501 22
< 584 528 572 575
~b 852 840 834 833
a-c 8135 @18 914 913
b+e 108> 1051 1045 1043
a-b+d 1128 1124 sz 122
bretd 1431 1163 1345 13 42

with hughly senative mntensifymg screens (Cawe extrema) taped to the photo-
muluplters The photo-multsphers are fed by stabilized direct voltage (1010 V)
and are connected to a smple amphifying bridge supplied by a stabiized volage
0£275 \ The bndge (circuit diagram in Fig 1) contams a double triode {RCA
5751) with vanable gnd resistors permutting balanang of the amphfied coment
Irom the photo muluplicrs
A #A meter (range — o to + 0 #A) 1s connected 1n senes with resstors be

tween the anodes of the trnode a vamation mn the resistors will alter the senst

ity of the apparatus The beam pasang through the test object 1s adjusted
agtomatically to a predetermined level by means of a simple servomechanism
which yaries the anode current of the roentgen tube Control of this adjustment
can be made with the bridge by drsconnecting the reference stde and compann,

the voltage on the test object aide with a standard voltage s

Measuremrent of roentgen absorption

An anode voltage of about 65 AV 1s controlled with the cxtra volimeter and
hept constant Before each series of measurements the bridge 15 set at zero usy
an aluminium plate on the test object side and the alumintum referenc dng
both positioned so that the same thichness breaks the two beams The cf‘ Y
test obyect 1s substituted for the aluminium plate and the wedge ad, u:tr:: o :‘ht
the zero point on the #A mieter 15 regained The reading ongthc indncat‘o‘i"dn?l
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Fig 3 Tunction of the thickness m mm of »
plexiglas fu{x) or bovine compaet1 fe(x)
or alununium plate f41{x} and rocntgen ab » s
sorbeney (mm alunumum reference wedge)
Ihe fm(2) cunve 15 based on duplicate read »
ngs made 2t wout 1 mm mtervals between —
5 mm and 80 mm thichness of pleaglas °

each cross 1s the mean of three rendings with
the nunced meat physiologic sahne rature

Double-beam apparatus for roentgen absorption measurements

The mvestigations were carned out with 1 apparatus emploving poly
chromatic rocntgen ridiation and two photo mulupliers (RCA 931 A} as de
tectors The roentgen tube hns 1 focus of 12 mm and 1s fed by a sigle phise
full wave rectificd rountgen generator (Schonander DIR 1000) An catra volt
meter for readmg the primary potcntial corresponding to the anode voltage at
fluoroscopy was mstalled no

Rocnigen rays pass through two brass tubes, fastened at 2t an angle of 152
to a plate which 1n turn 1s held by the arch and column stand of a Lysholm shull
table (Figs 1 and 2) Each tubc 1s fitted with a circular brass diaphragm 6 mm
m diamcter, and an alummium filter at the end nearest the measurement regon
To compensate for the hedd effeet the fifters are of different thicknesses 2 m
m the upper tube and 3 mm m the lower

An alummmm wedge breaks the path of the upper beam and supphes the
reference This has approaimatdy the same roentgen absorpuion as compicta
(see Thg 3) The thickness of the reference wedge where 1t breaks the beam 115
read on an mdicator dial to an accuracy of 001 mm The test object 1s plncbt
i the other beam Lach beam passes then through a 10 em long brass tu>L<
These tubes are fitted with rectangular sht diaphragms (12 mm X 6 mn(l1
% 42 mm) at the ends near the reference wedge and the test objcc{tmthl&ma::
phragms are replaccable, and pernut variauons m size and shape o o)

short brass tubes (F1g 2) act simultaneously as holdurs for
as required The fosed i b tamers and are fitted
1wo photo multipliers, the latter are enclosed i brass conf
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Fig 5 Calewm content shde rule set for an object thickness of 40 mm and a reading of 10 mm
reference wedge The measured compacta contasned about 703 mg Cafem?

m millimeter aluminsum reference wedge were recorded The mean valucs
cormesponding to the dufferent thicknesses are plotted in Fig 3

Theoretical The objective 15 to measure the thickness ) mm of a substance ¢
{compacta) surrounded by a less absorbing substance m (soft ussue) 1 a sample
whose total thichness 1s d mm  The sample 1s assumed to have a total absorption
to @ mm reference wedge Suitably calibrated curves must be obtamed with the

s, allowing a of 3 on the basis of the roentgen absorption
aand the thichness 4 of the sample

Absorption cunves were constructed for m and ¢ separately and expressed
millumeter reference wedge 1€ fu(x) and f (x) mn Fig 4 The curve representing
the difference f (x)-—f (x) 15 also mscribed

From curve fo(x) 1t can be «een that 3 mm of substance ¢ corresponds to x; mm
reference wedge and therefore has the same absorption as f.(x;) mm of sub-
stance m Since the sample 1s composed of an addinonal (d—3) mm of sub-

stance m 1t should have the same total absorption as fn(x1) + (d—3) mm of
this substance that 1s to say

fm(a) =fu(2:) +d—y
fu{x1) —>

-
*

fala) —d=fn(x1) —{ (21)

Thus one should arrve at 3 by subtracting the thickness of the sample d from
fn{a) and at that level draw a line parallel o the x axis The pomt where this
bine crosses the difference curve fu (%) —f (x) 15 that = value on the x axis x
which corresponds to the sought y value

These calculations are not quite correct because the beam 15 polychromatic
and therefore has a somewhat different spectrum passung through m or ¢ or
mixture of these substances The error 1s small however (les than 01 mm Al;)i
and has been corrected for empmcally by construction of a new soft tissue ab
sor;uon cx:in;whlcl; lies ‘nm]mgdmcly above the onginal {,(x) al

o mvoid these relamvely laborious calculatio,

corrected soft tissue absorption curve was cons:lr’u:\csdpc(c?;lgﬂ;d)c g’,lc;:,:g ::Z
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Tig 4 Representition of functions employed
to calculate 3 mm compactt within an object
d mm thick when the roentgen absotbency 15
@ mm aluminum reference wedge

of the thichness in mullimcters of the reference wedge corresponds to the roentgen
absorption of the object

The balance of the bndge 1s controlled after every 3rd to 6th measurcment
Measurement valucs are considered acceptable only if the error 1s no greater than
+ 03 #A 1n the sensitivity reglon employed The latter value corresponds to at
the most £008 mm alummmm  The thickness of the test object 13 measured
with vermer calipers

Preliminary experiments were carned out, m these, the roentgen absorbencies
of compacta (bovine) and soft ussue (mmeced meat moistened with sahne)
were measured Tour preces of bovine compacta of 3 6 mm 3 51 mm, 501 mm
and 5 84 mm thickness 1t the measurement site were umployed  The roentgen
absorbencies of each piece alone and m various combmations were measurcd
i tripheate (sce ble 1) The thichness of compacty i mullimeters was plomd
agamst the mean of the readings m midhneter aluminium wedge (Fig 3)

The mnced meat moistened with saline was pached firmly mto two wedge
shaped vessels made of thm pleighs These wedges were Juxtaposttioned S0
that they formed paraflel planes for measurng the thichness of the muat pilus
the contamer walls, and provided constant thichness throughout the arca of (ll:
transmmtted roentgen beam  I'mphcate measurements were made at cach of

thicknesses between about 10 mm and 80 mm, and the roentgen absorbencics
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Fe 6 Results of se en senes of model ex

penments performed with alun imum plates and
difer ne ) Ln

ess of plesiglas (comb ned = object thickness) The pouits above each column
andicate the duplicate seadings 1n mm alum nwm reference wedge Below each senes the

dev1ation of the calculated thickness from the actual thickness of the measred alumunum plate
Pl tted for each measurement

all of which vaned i thickness The thickness of each sample was measured
with a micrometer caliper to an accuracy of + 608 mm

A total of /8 tests with alummum plates and plexiglas were performed
duphicate The alymmum plates were 098 196 297 392 493, 594 gnd
693 mm thick while the plesiglas preces differed m thichness by about 5 mm 1o
2 maumum which n combmation with one of the al
foentgen absorbency reading of about 14 mm alumun,
senes of tests are illustrated tn Fig 6 The thickness of
¢ach senes was then calculated from the reference wedg
and the measured thickness of the test object 1n milhmeter {A) plate plus plexy
glas) with the aid of the shde rule The deviations from the absolute thichness of
the plate are plotted below cach expenmental senes in Fig 6 The mean value
for the devianions v a5 002 mm with a standard deviation of S==0 046 1, ith a
% 7¢ confidence mternval 5 196 =009 ;e the error of a single reading was
201l mm If 6 mm Al 1s assumed cqual to 100 ¢, the cotresponding error 15
19 At the mean salue for 22 readimgs the error of method with 95 ¢,
probabuhity 1s less than * 07 ¢ 4

uninum plates gave a
wm wedge The seven
the aluminium plate 1n
¢ readings in millmeter
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Table 2
Results of the chenucal analysis of four pucces of bouine compacla

Woght g % olume wml Spee granity \sh g sh Caoy
22343 10717 208 15639 639 269
3 7494 17764 211 26164 698 68
19704 0929, 211 13753 698 256
29093 13773 211 20382 01 768
Mean 210 696 205

thichness of the te t object (d mm) agunst its rocnigen absorbeney {a¢ mm
rference wedge), the thickness (3 mm) of the substance ¢ may be read opposte
the zero point on the rule

Two additional scles were also mcorporated on the shde rule, one for alu
mumum graduated m nuthmcters and the other for compacta The tinchnus of
the latter has, howcver, buen comverted to mg Ca/cm on the basis of the results
of the chemucal analysis of compactr (Table 2) Ihe bovine compacta pieces
contamed 210 0265 10° 10°'==>556 mg Ca per cm per mm tincknes, and
the followmg rel wons were used to construct the scle

Bovine compictn Calcum

mm mgfcm?
09 50
18 100
27 150
36 200
£5 250
54 300
63 350
72 400

Model expertments Tor standardization of the techmgue wd testng the eeror
of method, mert substances of wmform structure were required so that a circum
stantial analysis of autopsy specimens which would be difficult to defme could
be avorded Alummum nd pleviglas werd tested and thar roentgen absorbencies
were compared with those of bovine compactar and nunced meat respectively
The results (Fig 3) mdicated the sutabibty of alummum as a rdnrulc;
material and substitute for compicta, while plexiglas so closely appm\mnilczl
the munced meat m absorbency that the curves were almost denucal Mode

uples of alununizm plates and plevglas
capernments were thus daborated with samples of alumni p I
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Table 3
Results of sux seves of absorbency measurements in the right 1ad us of @ male aged 23 years

Stemem  Thek Absorbeney  Calaum Deviat on
from wrst ness mm mmmrefer Mg em from mean
ence wedge calcrum values
Senes 1 4 1084 250 12
> 407 iz 269 -0+
& 157 300 17
7 198 37 22
8 406 1273 323 9
9 12 44 328 08
10 1427 363 —03
1 487 1415 353 —43
12 1443 371 —11
13 486 1467 385 27
14 1457 3.9 41
Mean 09
Seres2 4 1098 260 53
B 106 e 279 33
3 161 304 31
7 nis 312 —25
8 406 1218 340 —09
9 1230 349 —17
10 1258 366 03
u 07 12 0 375 I
12 1247 360 ~40
13 1446 340 —13
% 838 1419 336 ~22
Mean 01
Sres3 4 1064 236 —4s
> 407 115 270 0
6 1133 287 27
7 1182 317
—09
3 407 zts 338 15
s 12 50 361 17
1o 12 44 38 1
n 407 12 46 309 22
[}
- 1251 362 s
1438 66
—24
4+ 487 1415 353 oy

Mean 14
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Tig 7 Right forearm of subject in place 1n the test object
holder

Calcrum content of human radrus The distal half of the radius was chosen
as the measurement region for the mvestigation m human subjects A specsal
detachable measurument box wis constructed (Iig 7) This was made of
plexiglas and served two purposcs, the first being to compress the <oft tissue w
the investigated region to an ¢ven thickness and the second to fix the arm <o that
the distal end of the ulna could be used as a reference pomt to establish the
measurement sites along the radius To facilitate this, a scale was marked on the
bottom plate of the box The object holder was fastened to a plate that could
be raised and lowered to deturnune the region where mummum roentgen ab
sorption through the radius was obtamed In other respects the measurements
and calculations were performed as described earhier

Measurements were made 1 two subjects, a man aged 23 (Table 3) and 1
woman aged 62 ycars (Tablc 4) Eleven sites along the radws at 1 cm munals,
4 to 14 cm from the wrst, were employed Six series of measurements were
performed m each The mean as well s the range of the sx registrations 1t cach
site, are given 1 Fig 8 Furthermore the calaum lovel of the older subject was
calculated from the mean values obtamned for the younger one as the standard
at 10065 The average calaum level for the former was about 51 “ of the
standard

The standard devtations of the mdividual measurements from the mean \alurcs
Were, 1 PErcentages, S==24 o for the values of the younger and =23 %0
for the older subject, thus S 196 =47 % und 45 %%, respectrvely Thrs means
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Table 4

Results of sc senes of absorbency measurements wn the vight radiss of a female aged (2 years

Swemem  Thuk Aborbency Calowm  ercentage  Deviation
from wtist  ness mm i mm refer  mglem { stapdard from mean
ence wedge n Table 3 calrum
values
Sencr | 4 881 us 478 10
H 125 921 e s41 34
6 957 167 561 24
7 913 177 553 -1
8 106 986 187 545 03
9 99 193 BT —03
10 1126 179 42 —1c
1 188 1109 162 445 —i6
1 1134 183 488 07
13 na 180 480 06
4 188 o7 163 454 —16
Mean 01
Ser es 7 4 88 102 413 —55
5 107 912 13> 500 —07
6 932 149 505 —32
7 984 184 575 06
8 107 980 130 525 —1s
3 90t 189 532 s
10 148 jos 533 25
n 187 157 198 534 43
12 130 181 433 02
13 110 188 501 27
14 87 1138 187 s14 44
Maan g7
s 3 4+ 880 118 478 Lo
5 405 917 141 222 1s
e 247 161 546 oo
7 978 182 569
8 05 931 184 536 _ﬁ 4
9 1006 201 o i
10 145
n @8 1 522 14
1130 181
12 428 —o3
121 174 64 1y
13 ui 6
14 488 1z }Bﬁ 3 —31
62 —o8
Men 01
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‘Table 3 (cont )
Site an em Thick Absorbency  Caleram Deviation °,
from wrist ness mm i mm refet mgfem? from mean
ence wedge caloum values
Serics 4 4 1075 245 —08
B 406 1101 263 —26
6 14 290 -7
7 182 319 —03
8 406 121 337 —17
9 1232 350 —13
10 12 95 366 0,
1 107 1267 374 08
12 1298 391 43
13 1477 391 43
14 486 1464 285 58
Mcan 07
Seties 5 4 1067 239 -1
5 105 nn 240 o
[ 146 294 —03
7 178 31, ~l6
8 406 1217 340 —08
9 12 39 355 0
10 12 62 370 1o
i 405 1251 364 —19
12 1271 377 0.
13 1430 365 =77
14 485 14 07 351 ~33
Mean —11
Series 6 4 10386 223 24
N 406 1107 260 —1>
¢ 151 297 07
7 1198 329 78
8 406 1231 50 24
9 1237 35 —03
10 1247 361 —08
1 406 12 /0 376 13
12 1292 389 37
13 1440 372 -08
14 484 1414 356 —2°
M an 07
t cach measurcd site used as standard values
\ean values of c:\lclllh;a 6 7 8 9 10 11 12 13 14
Sue 947 270 29 320 343 355 363 37 37> 37> i

\ean
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Table 4

Resslts of sux series of absorbency measurements 1 the 1ight radus of o female aged 62 ears

Stemem  Thick Absorbency  Calaum Pereentage Deviauon
fromwist  messmmnmmrcer mg cm of standard frcm mean
ence  edge inTable3  calqum
ralues
Senes 1 + 881 118 478 10
5 105 927 145 541 34
6 907 167 561 24
7 973 177 553 ~16
8 106 936 187 545 05
9 99 193 544 ~03
0 1% 149 492 ~16
1 488 1109 162 445 ~46
12 1133 183 88 07
13 1129 180 480 06
14 138 1oy 16> 0t ~16
Mean  ~01
Seres? 4+ 828 10° 3 —~55
2 407 912 17> 500 07
[ 937 149 505 32
7 98¢ 184 575 06
3 07 FE) 180 525 ~1s
9 991 189 539 —15
10 1143 194 533 25
1 487 H 52 198 534 43
12 1130 181 433 (3]
13 1t 40 188 501 27
1 487 1138 187 S14 44
Mean 02
Sresy 4 280 N8 e 1o
S 405 917 41 522 15
® 947 161 546 09
7 93 182 569 0
8 105 9381 184 536 04
° 1006 201 566 19
:“ 1145 190 522 14
I‘ 438 11 30 181 488 _03
2 12y 174 464 17
:i 1t 10 156 43 3y
488 1z 168 462 -08
‘Mean 01
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Table 4 (cont )

Sucinem  Thick Absorbency  Calcum Percentage  Deviation °,
from wrist  ness mm m mm refer  mgfem? of standard from mean
cnce wedge mn Table 3 caloum
values
Seres 4 4 886 121 490 72
5 406 9210 134 496 —11
6 963 170 576 39
7 979 180 363 —06
8 407 987 185 539 —01
9 1010 200 563 16
10 1130 181 337 —ii
1l 488 1135 184 66 03
12 1149 193 515 34
13 1127 178 475 ot
14 188 1114 170 467 —03
Mean 08
Senes 5 + 879 115 466 —02
E 406 917 139 515 08
o 960 167 566 29
7 998 190 59 ¢ 2,
8 408 ag7 184 536 —04
9 997 190 532 —ia
10 1149 195 536 28
11 486 11 34 185 499 —08
12 1123 178 475 —06
13 1123 178 473 ol
14 486 117 173 475 0
Mean 07
Seaves 6 4 883 119 482 14
5 407 200 126 17 —10
G 915 136 461 —76
7 978 179 549 —10
8 407 995 191 557 17
9 996 191 538 —09
10 nn 170 47 —41
n 486 1124 179 482 —09
12 1116 173 46 [ —20
13 1123 176 469 —0
14 487 1102 163 448 -2
Mean  —I8

v T d site
lcium and percentage of standard (sec Table 3) 2t cach measured
\fean valucs of caler P 2 ) o A " .

i - vace 1583 1820 1851 1940 1848 1820 1803 1777 I?(ﬂ
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o -
-
/\
mle - == RS
Fg 8 Calaum content in the radws of two
subjects. The thick continuous lines fepresent
ibe means of six readings (mgfem? Ca)
" ~ tahen at 1 cm ntersals between 4 and

e 14 cm from the wnst The thin continuous
Lines show the ranges of the six regustrations
at cach site the thick broken line ASL.

represents the percentage of calcium using
the mean values for B F as 100 ¢ The
thin broken hmes ndicate the percentage

wm ew  range of the six registrations.

that the error of reproducibility 1n the mean of a senes of 11 readings was
+14¢ 1n both mstances and that the mean of the two measurement scries
(92 readings) had a reproducibiity error of * 1 % (92 €0 confidence level)

Discussion

The apparatus described 1s of relatnely sunple design but to judge from the
model expertments the measurement technique scems to produce a small meas-
urement error about * 0 7 <¢ for the mean of 22 measurements For reasons
alreadv gnen a measurement entor comparable to that obtained 1 the model
experiments should apply when measunng an object consisung of compacta and
soft tisue In addition o this the error at any particular location m the subject
must al\o be considered Therefore the measurement reproducibility m human
subjects must be such as to provide a good ind n of the total
resulting 1n absolute values

The measurements should be made with the same light intensity (same working
pomt} as that employed to balance the beams This 1s achieved by a seno-
mechamsm that regulates the anode current (mA of fluoroscopy) so that the
mtensty at the photo muluplier on the object side 15 held constant d
\ar;:mns]m ‘i:nslly and thickness of the object spe

e role of the soft tissu
cut by vy e :; acl :;:d(ch:-u tlzlal absorption 15 automatically cancelled




Comparatn e investigations on the absorptions of minced meat moistened with
sale and of plexiglas as well as compacta and alummum were m good agree
ment It may therefore be stated that the measurement mn man should carry
approximately the same crror of method as m the model expenments Never
theless a number of factors might have mfluenced these values, namely (1)
faulty chemical determination of the calcum content 1 the preces of compacta
employed for construction of the compacta cunve Fig 3, (2) error m the <oft
ussue curve of g 3, ¢ 3 duc to absorbency differcnces between the meat salme
munture and soft tisue contaming fat, muscle etc, or (3) an abundance of
spongtosa n the measurement region

The accuracy of the chenucal determmations depends on the number of te ts
Tor construction of the norm cunve fe» the calcrum content was esumated w the
form of mean valucs of four tests As stated carlier, the accord between the
absorption of soft tissuc and pleaiglas was excellent

When the measurements are performed at locations characterized by much
spongiosa, the roentgen absorption s reduced by the gramuness of the spongios
structures This error occurs however with all measurement methods, since 1t 1s
a physical phenomenon and cannot be avorded According to Hruen & Scumior
1t can be as high as 10 S¢ with 1 granular size of 1 mm The measurcments m the
present mvestigation were made m sheletal parts with a predomumantly compact
structure

The reproducibility of the measurement techmque was confirmed by the results
of caleum mieasurements 1 two subjeets The deviation from the mean based
on 22 readings was | ¢, which compares favorably with the 3 07 ¢¢ urror of
method recorded 1 the moddl cxpeniments

To obtain 1alues reproducible m the same mdividual, and sutable for cal
culating the relative percentage of calaum based on standard curves, certam
conditians are required, m particular well defmed thickness and sumlar meas
urement sites over compact sheletal structures The specially constructed object
holder satisfies the former requirement and measurement sites between 4 cm and
14 cm from the distal end of the ulna satisfies the latter requirement

The roentgenologic method descnibed for determmation of the calcium content
1n sheletal bone appears to be wcll suited for routime use The procedure 15 ample
and requires only 15 minutes for 1 series of 11 readings Moreover, the results
are readily av ailable by conversion of the measurement values to mg cm Cawith
the spectal shde rule Smce there 1s 2 marhed reducnon 1n bone calcium rcdated

normal curves should be estabhshed for different age groups

o ncreased age,
g 1on with a study of

Such standards are n the course of preparation i conjunct

series of patients
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Addendum 1n proof

Stnce this repost 1 as written a rou tomc ph method of calcm
12 bone has come to our attention {Enman I Jinegvist & Steiv) Roentgen films at the two
locations of the radius and ulna are s anned and the densitics compared with the dens ty
of a smultancowly exposed standard The crror of method per 1ngle measurement was
found to be about 3

SUMMARY

A new method of esumating the calcium content of sheletal bone with a pclychromatic
roentgen source and two photo-multphers 1s described  The errer of method was e tmated
1 medel experiments (o be less than 1€z Prelmunary measurements i the di tal half of
the buman radwus mdicate that the caloum content can be determined with a reprodu
cibility ersor of & 1 ¢ (92 ¢ confidence level)

ZUSAMMENFASSUNC

Eine neue Methode 7ur Besummune @ s halhgehaltes des hnochen mittels ermer poly
chramatichen Rontgen trahenguelle und zwer Photorer tarker wird beschneben Der Mess-
fehler v ar wemger als 1% Vorlaufige Messunven am unteren Ende des mens hlichen
Radws ze1 ten dass der Balkgehalt innerhalb emer ( enawighest v % 1% Lesummt
werder kann Zwnerlas ighest 1 ©

RESUME

Les aut urs decnvent une nowelle methode pour e timer le contenu en caleum de 1os
2u mojen d une source polychromatique de ravons de roent,en et de deux photo-multtphica
teurs Des experiences ur des modeles cnt permus d estumer 1 erreur de cette methode 1
fenicure a 1 Des mesures préhminaises sur la moitié distale du radius de | homme mentrent

Que da determinaticn de la teneur en calerum est reproductible avec unc erreur de £ 165
{mseau de confiance 95 ¢
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EFFECT OF SECRETIN IN CELIAC AND SUPERIOR
MESENTERIC ANGIOCRAPHY

by

Rorr Upen

Pancreanc anglographues are usually performed with the pancreas at rest as a
result of fasting and premedication Inactsity imphes low oxygen consumption
of the pancreas duning the examination

Oxvgen uptake n the pancreas can be increased by the intravenous admin
iwration of sccreun (Jorees 1966 Jorres & MuTt 1949 Lackrior et coll
1967) Dunng recent years pure crystalline secretin has been successfully pro-
duced and sance 1966 svathess 1s possible  Secretin acts as a catalyst m the
producuon of bicarbonate and water by the pancreatic cells as well as 1n the
producuon of enzymes though to a lesser de;
per hg body w eight administered ntravenous|
Pancreas from the state of rest 10 4 or 5
from the pancreas to the duodenum follow
3 minutes to become maximal at 10 to 3

[ of the p 15

Tavior et coll (1966)

gree. One climical unit of secretin
¥ increases the oxygen upiahe in the
mes within 3 minutes. The secretion
ing its mtravenous mjection starts at
0 ruautes The greater oxygen con
d with an sncrease 1 blood flow

In pancreatic angiography with administrauon of
¢ normal cases reported that the pancreatic artenes
were well demonstrated BENNET et coll {1967) 1 an 1y estigation of 33 patients
—_—

Subnutted for publication 19 November 1968

W64 4y R Le D x ot g (1my
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Table 1

Comparatize studies of the diameter of the gastroduodenal artery the proper hepatic arlery and the postal vetn
w fifieen combined celiac and supertor and fue cehac wathout and with
secrelin stimulation

Without secretin With secretin
(mm) (mm)
The gastroduodenal artery 38 (range 2—u) + 8 (range 2—65)
The proper hepatic artery o 4 (range 1—8) 53 (ringe 1—79)
‘The portal yein at maximun contrast filling 158 (range 10—20) 176 (range 12—22}

seventeen of whom had pancreatitis and one with carcinoma of the panereas,
.tated that faslure to outhne the pancreas during the capillary phase following
the admimstration of secretin was pithologic They added that the artenal phase
15 shortened and the pancreatic arteries become better contrast filled  These
authors apparently did not carry out control cxammations without secretn 1n
the individual subjects

The present mvestigation was performed dunng the period 1966—1968 to
ascertamn the effect of secretin on the vessels during angiography of the pancreas
and whether favourable changes could be obtamed for tmproving the diagnosts
A preliminary report on ten cases was read at the 1967 March Meeting of the
Swedish Society of Medical Radiology

Material The matenial consisted of 20 patients aged between 48 and 80 years,
with a mean of about 65 yeirs, and made up of twelve men and eight women
No patients with acute or subacute pancreatitis were investigated with secretin
because of the rish of activating the condition

All the patients were exanuned for probable carcmoma of the pancreas The
followng diagnoses were based on angiography, chnical studies, operation or
qutopsy Frve patients had carcinoma of the pancreas and two had pancreatic
cysts The pancreas was normal n thirteen patients One of these, howcver, was
suffering from primary carcinoma of the Iner, one from currhosis of the liser,
one from carcinoma of the duodenum, and one patient had Iner metastases from

carcnoma of the colon

Methods

Angrographic exammation technigue and administration of secretin S

angiographics were performed with MIKAELSSON (1965) catheters inserted after

uncture of the femoral artery m the grom Combined cellac and superior
P!

elcctive
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Tig 1 Case
€xposed 15 seq
i e 1
L5 munutes befo e the
csen o

0 Normal combined cel ac and superior mesenteric angiography both films
conds after the start of contrast medium njections a) athout secretin b) With
units of secretin injected 1nto the celiac artery and the superior mesenteric artery

¢ contrast medmum snjection The following observations were made de
¥ flus 10 the aorta w dening of the gastroduodenal artery from + 10 5 mm (e
parmowing of the true hepatic artery and increased number of contsast filled small pancreatic
artertes both tn the head and body of the pancreas and faintly outlined gland (<)

mesenterie angiography was performed 1n fifteen patients and cehac angiography
alone 1n five pauents For each angiography 50 ml of Urografin 60 ¢¢ or 76 <,
were injected v ith automatic pressure equalization at 4 kg atmosphernc pressure
The catheters were Y coupled m the combned celiac and supenior mes ntenc
angiographtes

The film series were made to a standardized program with films obtamed as
follows 2 s for 4 <econds 1 s for 3 seconds and 1 s esery third second for 15
#conds Each senes thus continued during 20 seconds In one mstance films
were obtained with 2 < for 4 seconds and thereafter one film every third <econd
for 18 seconds

The first angiographic senes serses 0 was obtar
Jection At least 15 minutes after senes 0 usaally at
units of secretin were mjected through the cathet,

ned without prior secrenn m
30 munutes 75 or 150 clinical
ers half in cach From 1 to 3
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Fig 2 Casc 12 Normal combmed cehac and supenor mesenterie angiography without se
cretin 6 scconds after start of the contrast medwm myection (a) and with 75 climcal umts of
secretin mjected nto the celtac artery and the superior mesentenc artery ? minutes before the
contrast medium mjection (b ¢ d) The filmn (b) was exposed 6 seconds after the start of
contrast medm njection and (c) 1s a subtraction film of (b) Aasmal accumulation of
contrast medmm 1 the pancreas in both series n the films exposed 6 scconds after start of
the contrast medwm njection In films (b) and () with secretin the accumulation of con
trast medium 1n the pancreas 1s clearly seen {arrows) while without secretin (a) there 15 onlv
shight accumulation of the medium 1he subtraction fihn m {d) was obtained 2 5 seconds after
the start of contrast medium mjection A great number of small dense pancreatic arterics arc
outlmed nd the gland 1s fantly outhned

No prcmcdlcanon was gnen but before the investigation the stomach was
inflated wath carbon dioxide {The exammation was always supplemented with a
right posterior obligue view, followmg the admumstration of chiolecystohun
prncreozyim, alone or combincd with secretm Ihis anglographic series 1§ not
included m this report but will be published Inter )
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Table 2

Gompasat: e stuches of mean transit tvme and range of talues (in parentheses) n fificen combined celiac and
superior mesentenc angiograms and fire celiar angiograms uthoul and wth secretin

Time 1 s¢conds after start of
contrast igecuon

W thout secretn Wath secretin

Appra ance of contrast med wm 1n 2 smuall axtery of the

pancreas identfiable in both series 15(0~25) 09 (02—123}
Appearance of cont ast medium in the portal ven g3 (>—18) 70 (3—1.)
Masumal contrast filling of the portal vein 107 (921} 131 (9—-18)

Recording of width and contrast filling of the vessels The dameter of the
gatroduodenal artery and of the true hepatic artery were used as parameters for
the artenal phase The d of the gastroduodenal artery was measured
Lem from s ongin and the measurements were made on the firt roentgenc-
grams in which contrast filling of one of the small pancreauc artenies was demon
strable 1n both senes The diameter of the true hepauc artery was determmned
from the same films

The number aad width of the «mall pancreatic artenies and the accunulation
of contrast medium 1 the pancreas dunng the capillaty phase — pancreato-
Zraphic effect — were estumated and classified m degrees of 1104 from small
10 large and used as parameters for the capilary phase

As parameter for the venous phate the diameter of the portal vemnr was

Measured 1n each series on the film i which the contrast densty i the portal
‘e was maximal

The density of the contrast medium m a vessel does not only depend on the
width of the vessel but also on the concentration of the contrast medium which
W 18 turn depends on the amount of medium wjected per umit of time and the
Tate of blood flow

The film with maximal contrast density of the portal vemn 10 each Senes was
used for measuning the width as mentioned above and for recording the rate of
blood flow Grerz & Sk {1968) have shown that suc o
8 <ausfartory as denstometric methods
0 and series I was compared

B a visual evaluaton s
The degree of maxmal density 1n senes

Recording of the blood flow rate Two films per second were obiamed dunn,
the first 4 seconds The pressure Injector was so adjusted that the first and g
films were obtained without contrast medwim to enable subtracuon Thcselc}l:nd

g



502 ROLF UDEN

Fig 3 Casc 6 Cyst of head of pancieas combmed cehac and superior mesentersc angiography
without secretin (2 b) and with 75 clinical umits of secretn 1njected wnto the cehac and
the superior mesenteric artery one menute before the start of contrast medium njection In
the film without secretin (a) the contrast medmum appeared i the portal vein () 10 scconds
after the start of contrast medium wjection and with secretn {c) after 5 seconds ‘Maximal
filing of the portal vein without secretin (b) was obtained at 19 seconds and with secretin (d)
at 16 seconds the contrast filling of the vein increasing after admnistration of secretia The
portal vem and the superior mesentenc vein are displaced medially by the pancreatic cyst

film could thus be fully exposed at the earhest half a second after the start of
injection For a comparison of the bleod flow rates m two senes performed m
eaactly the same way the absolute time 1s of less mterest than the difference 1
ame The third film was therefore regarded as eaposed at half a second alter
starting the mjection

The time required for filling of 1 small pancreatic artery identiftable 1 both
series, served to deternune changes 1n the blood flow rate durmg the artersal

phase A branch of the arcade of the pancreas, or of the dorsal artery of the
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Fig 4 Same case asn fig 3 Subtrac
tion fim with secretin of the arte
nal versus venous phase The artenes
losely follow the portal branches
(+—) 1n the parenchyma but not in
the hulum of the lner The cystic
arteries are not accompanied by any
portal branches and are thus 1den
tified (o)

pancreas or a similar artery, was selected The tunes required for the first ap-

pearance of contrast medium 1 the ponal ven and for maxmal fithng of the
ven were also recorded

Recording of reflux Reflux to the aorta from the celtac artery and the supenor
mesentenc arters was recorded Its degree was esumated and was classtfied from
slight 1o Jaroe sn degrecs from 1 to 4

Results

Widih and contrast filling of the ressels The vessels supplymg the pancreas
generally increased 10 width the mean wncrease 1n diameter of the gastroduodenal
artery bemg from 3 3 mm m senes © 10 ¢ 8 mm m senes 1 {Table § and Tig 1)
Mo widening of the true hepatic artery was observed

Ty d

proved of the p
c b

vessels and a more ntense pan
elfect were ol d after the ad: of secretin The fine
pancreatic artenes mcreased both 1n number and width  all the panenss In
crea.ed panc aphic effect was ot d i 13 patents followmng the ad
minsstration of secretin 1o fue of these there had been no Ppancreatographic
effe ¢ without secretin In seven patients no pancreatographic effect could be
abtained esther suth or without sccretin (See Fig 2 )

The demonstrauon of the venous phase was improved m 15 patients. Both the
diameter of the vessels and the contrast density increased w st of these Patients
and s mine of them esther the diameter or the contrast density increased The
diameter of the portal vein increased on an average from 158 mm 0 {76 mm

Of the five patients i whom the venous phase was not smproved three had
carcinoma of the pancreas {Table 1 and Figs3,5 6 7)
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Fig 5 Case 17 Nommal combined echac and superor mesentenc ngiography without secretn
at 10 _and 16 seconds respectinely after the start of contrist medium anjection (1 b) and
with 75 chmcal umts of sccretm anjected into Loth arteries 2 nunutes before the contrast
medium njection the film being obtamed 10 sceonds after the start of contrast m dum m
jection {c) Subtraction film of (c¢) 15 seen in (d) Maxunal density of the contrast medim
m the portal vein was obtuned with secretin 2t 10 scconds (¢) and without secretin (b) 2t
16 scconds the better filling of the vems was obtamed with secretin thus enabling a study of
the penpheral portions of the veins for instance the pancreaticoduodenal vems {&=} which
are hardly visible without secretin (1) When there 1s maannaf density of the portal vew with
sccretm (¢) there 1s only shght filling without secretin (a)

Blood flow rate The blood flow rite mcreased following the admimstration
of secretn i the vasculir areas that supply the pancrens whercas the el
phase m the hver often persisted longer ter sceretm (e Tig 8) In <eries 0,
without secretm, the small pncreatic artery slected was filled on an 1verige at
1 5 seconds, md m senies I, followng the admimstration of secretin on an ascrage

4t 09 scconds (Table 2)
The men time for the appearance of contrast medum i the portal van
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Fg 6 Case 7 Large cyst of head of pan
cress combined cefac and superior mes-
entenic angiography  without secrettn {a
b) at respectinely 15 seconds and 21 seconds
alter the start of contrast medium ingection
and with 73 chin cal units of secretin 10
tected into the arteries ? munutes before the
contrast medium mjection (¢} the film being
e posed at 15 seconds after the start of
contrast med um anjection With secreun
the contrast density of the portal vein and
of other veins surround ng the cyst was
much more ntense so that the form and
size ol the cyst were better assessed \ax
mal contrast density without sccretin (b)
was obtained at 21 seconds but with secse
un (c) 1t was obtamned at 15 seconds The
venous phase was only fantly outl ned after
15 seconds w thout secretin {a)

wi hout secretin was @3 seconds and with secretin 70 seconds The maximal
venous phase was present sn the portal veun on an average at 16 7 sconds m
senes 0 and at 13 1 <econds 1n seres I (Table 2 and Figs 3 5 and 6)

Reflux In 14 patients reflux to the aorta dimunished after secretin or dis-
appeared completely In four patients there was no reflux 1 esther of the senes
and 1 two patients the reflux was equally large m both series No increase 1n

refllux o curred 1n any of the patients after the admumstration of sceretin (see
Fig 1)

Influence of secretin on angiographic changes in carcinoma of the pancreas
Venn diagrams + ere made for the purpose of studying the correlation between
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Diminished reflux Increase in diameter
to aorta of the gastro
duodenal

artery

ava

Earlier maximal filhng
of the portal vein

Diagram 1 Influence of secretin on the reflux to the aorta on the blood flow rate and on the
width of the gastroduodenal artery i the twenty patients analysed 1n the \enn diagram

Subset  Diignosis

Carcinom of the pancreas (1) normal pancreas (1)

Carcinom of the pancreas (1)

Carcinoma of the pancreis (1) ciremomn of the
duodenum (1) normul pancreas (1)

Carcinoma of the pancreas (1)

Cyst of the pancreas (2) normnl pancreas (8)

Carcuomn of the pancreas (1) normal pm 1eas {1)

BNO G A LI —

Normal pancieas (1)

Nunber of
c1ses
2

1

—crS -

reflu, blood flow rate and width of the vessels (FrinsTEiv 1964) Ten of the
twenty patients ranged withm all the three sets Of the ramuning 10 patents,
five had caremoma of the pancreas and thus came to be placed within one ar two

sets (Diagram 1)

In five patients with carcmoma of the pancreas, the radwographic entena for
the discase (LUNDERQUIST 1965) were more clearly demonstrated A stenosed
and mfltrated gastroduodenal artery was opened after the admuustration of
secretn m onc patient (ki 9) Pathologic vessds, both arteries d vews
appeared carlier and were better filled followng sceretm (Tiy 7) Tmproved
contrast fillmg of the tumor was obtamned n two patieuts (sec Tg> 7 and 8)
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Earhier fifing of Earlier filing of
a small pancreatic the pcr:al
artery vein

(NN

Earlier maximal filling
of the portal vein

Diagram ° Influence of secretin on the blood

flow rate 1 the twenlty patients analysed i the
Ve d gram

Subset  Diagnosis

Sumber of
cases

1 Carcinoma of the panereas (1) pormal
panc eas (?) carcinoma of the duodenurs ) *
'; Ca cinoma of tbe pancreas (1) normal pancreas (%) 3
[
+ Carcinoma of the pancreas (1) 1
3 Cast of the pancreas (1) normal pancreas (71 8
g Ca cimoma of the pancreas (1) cyst of the pancreas {1} "
0
8 Ca cmoma of the pancreas (1) normal pancreas (1) 2

Tt was not possible to find any connection betwecn age sex amount of contrast

medium 1njected and any of the parameters for blood flow rate or width of the
vesels

Reactions to the drug Secretin caused a shight sensaton of warmth an the
epigastium in most of the patients m a few combined with nausea. Three
patents saud spontancously  “It 1s the same feehing as after a mp  Alcohol n
the duodenum 1s considered to mncrease pancreatic secretion No sigmificant

changes were observed 1n the bl
Pu[(g‘ W n the bloed or serum drastase or 1 blood pressure or

TN
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Diminished reflux Increase in diameter
to aorta of the gastro
duodenal

artery

(NN

Earlier maximal filling
of the portal vein

Diagram 1 Influence of secretn on the reflux to the aorta on the blood flow rate and on the
width of the gastroduodenal astery n the twenty panents analysed 1n the Vean diagram

Subset  Diagnosis Number of
cases

1 Carcinoma of the pancreas (1) normal pancreas (1) 2

2 Carcinoma of the pancreas (1) 1

3 Carcmoma of the pancreas (1) carcinoma of the

duodenum (1) normal pancreas (1)
Carcinoma of the pancreas (1)
Cyst of the pancreas (2) normal pancreas (8)
Carcinoma of the pancreas (1) normal pan reas {1)

S IR T I
—OrNS

Normal pancreas (1)

reflux, blood flow rate and width of the vessels (Femstein 1964) Ten of the
twenty patients ranged within all the three sets Of the remaming 10 patients,
five had carcinoma of the pancreas and thus came to be placed within one or two
sets (Diagram 1)

In five patints with caranoma of the pancreas, the radiographic entena for
the discase (LUNDERQUIST 1965) were more clearly demonstrated A stenosed
and mfiltrated gastroduodenal artery was opened after the adimnstration of
secretin m one pauent (Fig 9) Pathologic vessels, both arteries and \cmz,
appeared carlier and were better filled following sceretin (Fig 7) In;pro\c
contrast filling of the tumor was obtamed 1n two patients (sce Figs 7 and 8)
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Discussion

Following the admustration of secretn both a shorter artenal filling phase
and an carher venous phase were generally noted In four patients however
(Diagram 2) no change i the durauon of the antenal filling phase was observed
This discrepancy may be due to the fact that the method for measunng the time
was not sulficiently refined since only two films per second were obtamed in
two of these four paients an earlier venous phase was observed but not m the
other two

No diffetence m reflux to the aorta according to the 4 point scale was noted
m six patients but changes in the blood flow rate or the width of the vesscls
were recorded (Diagram 1) Reflux had diminished in the other fourteen patients
due to the fact that the celiac and the superior mesentenic artery can tahe up a
latger amount of contrast medium durning the same tme or even duning a shorter
ume

The contrast density of the vemns increased following the administration of
secretn which may be explaned mn three ways (1) a larger amount may have
been injected duning a shorter tume on account of the dumimished resistance 1 the
vascular bed (2) the vemns become wider which resulis 1 a thicker layer of
contrast medium and (3) there may hasc been no e for the contrast medium
10 become diluted 1o a great extent through esmosts on account of its more rapid
pasage the possibility of 1dentifying finer vems then augments (Fig 5} The
venous phase m the portal vein was difficult to assess i one patient but distinet
filling of the penpheral veins was ob 1 especially 1n sertes I (though this
occurred al o without secsetin) The pattent had extensive liver lesions primary
hepanc cascinoma and probably portal hypertension

The effect of contrast media on the vessels has been discussed previously but
AtvMEN (1966) among others has reported that the effect of Urografin dis.
appears after 5 minutes As the intenval between the senes without and with
sectetin m the present matenal was more than 15 minutes the differences be
tween the two senies cannot be explained as an effect of the contrast medwm

The prior administration of bradykimin (Boipsex & Repstan 1966) markedly
atfects the vessels generally within the enure area supphed by the cebiac artery
and the supenor mesentenc artery The mcreased flow duning the artenial Phase

(Conunuaton of legend to Fyg 7)
The tumor wa partially concealed by the co trast filled renal peh s
l‘:e palh:\ugl( ens (»Tl was cons de ably more i
th n without respecti ely at 9 seconds (d} and 17 {¢) The

rtal v
with se 1 un th n wthowt (18 and 20 mm respecy ely) The maximal fgmnn td:n;? ; :Idd;x
Port I ¢ n was 0 1h s cae present at the $ame tume 1e at 12 othons
se¢ cun but was mofe it nse with sccretmn

e
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Fig 7 Case 2 Carcinoma of head of
pancreas celiac angiography without
1
c)poscg at 35 ceconds (a) and 12 seconds (¢} after the start c} contrast ri\ﬂec(;fu,r: ?:(irrl‘nlz::s
with 75 climcal umts of secretin njected into the cehac artery 15 minutes before :m:i films

eaposed at respectively 35 scconds {b) and 9 seconds (d) aft
injection  Durng the artenal phase with secretin (15) )llaxe c:ulnhl(;s:tmft:l‘l’;lhcnfwlx;:cn“ :‘Im]‘zl;um
arteries was more ntense (o) and better filling of the tumor (=>) than .!'Z‘ tay wasp:b::““g:‘c

{For continuation ot legend see [ 509 )
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d
Fig 8 Case 5 Carcmnoma of head of pancreas cehiac ang ography without secretin (3) an

mf.h 75 chtcal units of secretin miected into the celia artery one minute before ;hc romms;
medium imjection (b) Vyathout secretin (a) contrast fill ng was obtained only of U < procuma
part of the gastroduodenal artery (—>) With secretin (b) the inf ltrated and stenosed segment
of the vessel was filled with contrast mediim due to d mnished penpheral resistance

a shorter time after the admimetration of secretin a higher degrec of contrast
density 1n the artertes capillanes and vemns 1s obtaned and lestons can be more
readhly demonstrated Better filing of the pathologic vessels is obtamed n car
©noma of the pancreas and both neoplastic arteries and veins as well as the tu
mor are rendered more dense (Figs 7 and 8) Improved differentiation between
the cysts and the surrounding parenchyma m pancreatic cysts ts obtained by ad
Tinstenng secretn (Fig 6)

BENNET ct coll have stated that the absence of any pancreatographic effect
following the administration of secretin 1s abnormal and signifies carcinoma or
pancreatiis No pancreatographic effect occurred n the present Imvestigation in
four patients wuth a normal pancreas as mdicated by angiography and clinical
©aninatton

Consequently the absence of a pancreatographic effect after secretin 1s not
definitely pathologic On the other hand a pancreatographic effect was obtamed
following secretin 1 two pauents with carcinoma of the pancreas and 1 two
Patients with pancreatic cysts

The pancreatic effect 15 only one of the parameters determining the effect of
seeretin on the pancreatic blood flow To be able to draw any defimte conclusions
atall from the absence of the effect of secretn on the flow 1t 1s necessary 1o study
the changes wn the width of the vessels and m the arculation tme as well (Dia
grams | and 2 ) Thus angiography of the

bancreas must be performed both with
and without seeretin under otherwise identical conditions
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Fig 8 Case 1 Carcinomn of head of pancreas combmed cehac and superior mesentene 1ngio
graphy without sccretin and film eaposid at G scconds after the start of contrast medium
mjection {(a} and with 75 clincal umits of sccretn nyccted mto both arteries 125 nunutes
before and the fifm exposed 5 scconds after the start of the contrast medmum myection {b) The
accumulation of contrast mcdium 1n the tumor was more intense with secretin (—) and there
was a higher degree of contrist density m the pathologic vemns (+—) Both films represent
maximal accumulation of contrast medium in the tumor in each senes which was obtuned
one sccond earfier with secretn Wath secretn the contrast medwm 1s sull present 1 the
hepauc arteries but has disappeared from the arteries of the pancreas and the howel

15 50 extensive that  the peripheral artenal detads arc lost ” {Bogsen & Repyan)
After the admimstration of secretin, a sclectnve effect on the pancreatic blood flow
1s obtamed and the gastroduodenal artery, but not the true hepatic artery, 15
widened The penpheral resistance i the other cehac vascular arcas persists
and, consequently, the artenies dunng the shortened artenal phase mantam or
ncrease their contrast filling 1 both the pancreas and m other areas followng
secretin, as opposcd to the tfect after bradyhimn Despite this, a better venous
phase 15 obtaned cven of the finest portal branches though not so marked as
after bradyhinn The cxcellent venous phase combmed with the mamtamed
arterial phase mahe 1t possible to obtun information about both the venous and
the arteral phases at the same mvesugation A good example of this 15 the Iner,
where, by means of the subtraction procedure the arterial versus the venous
phase and the interrefation of the two systems can be analysed m detail both
the tulum of the lner and far penpherally i the parenchyma, and vescls such

as the cystic artery can be wduufied (FBig 4)
Since a larger amount of contrast medium can be supplied to the pancreas in
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Conclusions

The cause of diminished reflus, more rapid blood flow rate and widened vessels
must be sought for in decreascd penpheral vascular resstance After the ad
muustration of secretin the capillanes are opened, so as to correspond to the
increased oxygen consumption m the panereas, and the glandular blood flow 1s
mereased Thus, sceretin affects the blood flow 1n the pancreas

The two vascular systems of the hver may be studied 1n detail mn the same
exammation after secretm stimulation, owing to the cacellent venous phasc i the
portal vemn and its branches, and to a well maintained artenal phase n the Iner

Carcinoma and cysts of the pancreas are better demonstrated with secretn

SUMMARY

Twenty patients were mvestiated by combined celac and superior mesentenc aneio
sraphy both with and without prior mtraartenal mjection of secretm The secretin increased
the blood flow through the pancreas as well s the wadth and contrast density of the pan
creatic vessels The excellent Gilling of the portal vem and its branches mahes a study of
the two vascular systems of the liver possble in the same exanumation Carcinoma and cyuts
of the pancreas are well demonstrated with secreun

ZUSAMMENTASSUNG

Kombunierte Angiographie der A cacliaea und der A mesenterzca supenior wurde mt und
ohne vorhenge intra artenclle Injektion von Sekretin ber 20 Patienten vorgenommen Das
Schretin fuhrte zu emem gestergerten Blutstrom durch den Panhreas sowie 7u erweterien
Pankicasgefassen und zu verstirhter Rontrastnniteldichtighest Durch die gute Fullung dc(;
V portalss und ihrer Aste war es moglich die beiden Gefass Systeme der Leber \\.1hrcnl
dersclben Untersuchung darzustellen Carcinome und Zysten des Pankreas honaten suttels
Sehreun gut sichtbar gemacht werden

RLSUML

1€
Lautcur a cxanune vingt malades par angiographie cochaque et par anmugﬂ{)h‘c
mesentcrique SUPCTIEUre associees avec et sans injection ntra artertelle prealable de scereti
creatt
La secretine augmente le debit sanguin dans le pancreas le calibre des vasseaut pa]n e
t la densité du moyen de contraste L excellent remphssage de la semne portale ¢
un; cnchcs crmet | ctude des deun systemes vasculaires du fote au cours du meme examen
sl'fs e cers CI: Ics hystes du pancreas sont bien mits en cudence grace a la secrctine
es can
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10 adults In nmeteen children all under 8 years of age, the gas disappeared
within 24 hours after laparotomy, m only three cases was there any sign of gas
m the abdommal casity 30 mmutes after the operation These 1y cstigators also
miected 10 to 110 ml of air mto the abdommal cavity dunng laparotomy n
welve children aged between 8 weehs and 8 years After 48 hours, nine of them
had no signs of gas and 1n the remamning three only traces were visible

Two cases of perforation following laparotomy have drawn our altention to the
question of the rate at which gas normally disappears from the abdomen after
this inters ention

Case reports

Case ] Boy aged 14 months in whom esophageal atresia had been diagnased at bisth
An upper esophageal stump had been exposed on the neck and 2 Watzel fistula created It
was decided 1o reconstruct the esophagus later Thus was done with the aid of the ascending
colon when the tafant was 14 months old Four days lates as his condition seemed unsatis-
fartony consenttonal roentgenography of the abdomen was carned out A moderate amount
of free gas was present in the abdomunal cauty and the small intestine was shightly di tended
with fluid levels suggestive of 1leus The gas ought to have disappeared according to Hore &
Craues, ¢ days after the laparotomy Perforation therefore seemed to be a Iikely cause of
the paeumopentoneum Re operation revealed defects in the sutuning of the cologastrostomy

Case » Boy aged 2 days 3 1th fecal sormung The mecomum had been pasted Con
‘estional roentgenography of the abdomen revealed ileus malrotation and bandike ad
hesions between the duodenum and small intestine s ere Tevealed at operation The after
course vas not wholly san factory signs of metconsm appeaning after 5 days Repeat
Toentgen examination of the abdomen revealed a moderate amount of free gas and ileus
From the expenence gamed w Ca e t I s as d and firmed at the
subsequent operation

Hore & CraMrr 1n their series of twelve cases of expenmental Ppheumoper
#oncum found no vanation i the resorption time mn pauents whose ages
ranged from 8 weeks to 8 years The age at which older children have the same

resorption tume as dults n postop e p p Wwas not Inves-
tigated

As 1t seems unlikely that the resorpuion capacity changes suddenly at some
tme dunng the peried between childhood and matunity 1t was considered that
@ more thorough investigauon mught throw hght on how the resorption time
alters duning growth 1f the conclusion reached by Hope & Cramex were correct
such changes could be expected to take place after the age of 8 years. At roentgen
examinations tamed out in all cases of laparotom) immediately after the 1ter
vention and while the patients were stll on the operauon table only small
amounts of air could be detected m most cases and m some cases no aur at all
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RESORPTION OF POSTOPERATIVE
PNEUMOPLRITONLUN IN CHILDREN

by

TRED §varTieorM and Nicoraus ZwET\ow

The resorption time of the air entening the "bdomen at laparotomn was firt
studied by Lavrerr (1922) In two of Ius eight cases subjected to laparotomy,
the gas took up to 3 wechs to disippear BaNNeN, n 1944, reported that post
operative pucumoperitoncum disappeared within 7 dayvs, and m 1945 s ated that
small amounts of gas were resorbed within 24 hours, while Jarger amounts took
up to 14 days Frimann Danr (1960), who mvestigated cases followmg 1p
arotomy, noted that the gas was gencrally resorbed after 6 to 10 days but that
up 10 4 weeks sometimes clapsed before 1t disappeared  According to Coccut's
(1952} observations, resorption of the gas took place withm a few davs while
ZurrinGer (1952) reported that gas was present for a weuh or longer after cvery
laparotomy Harrison ¢t coll (1957) demonstrated that the duration of a
postoperative pneumoperitoneun stands m direct proportion to the orngmal
amount of air They found that after gastrectomy all the gas was resorbed within
11 days, the only exception bemg a patient of asthemc body type with pulmonary
tuberculosts, m whom the gas took 23 days to disappear Hore & Cravir (1938)
were the first to report that the resorption tune was shorter m young children than

Submutted for publicaion 21 October 1963
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escape of ar Roentgen examinations were then carmied out 1t 6 hour mtenals
tll the ar n the abdominal cavity had disappearcd

Statistical analysis The matenal consisted of 46 chldsen, 15 boys and 31 guls,
rangmg m age from 4 to 16 years To find the refation between age (¢) and

resorption ume (3) the regression between vanables was analyzed It was found
that

F,=69 74+3 96 (x—1152)

where the coeflicient 3 96 yndicates that the resorption tume ncreased by 395
hours for each year of Wfe The correlauon between tme increase and age was
ighly sigmificant A ttest of coefficients gave the level p<<OO0L Al the el
evant values for age resorption tme and regression line as well as an upper
normal it for the resorption time are given n the accompanying diagram
At the upper age hmmt of 16 years, the resorption ime was about the same as
aduls

The statstical analysis of the matemal and the short ntervals between the
different roentgen films gave more clearly differentiated resulis as regards the
resorption time than have been obtamed 1 earlier myvestigations Thus explains
Why the present wrters unlihe Hore & Crauer rtecorded a sigaificant relation
between age and resorption ume

This study since 1t has revealed the upper lumt at different ages for the re
sorpion of 60 ml of air i the abdomen has provided a reliable bass for
deading whether signs of air leakage should be an ndication for a second
laparotomy Such a large amount of air as 60 m! has not becn obscred following,
laparotomy exther by the present or by any previous mvestigators In practice
therefore the upper hmit mentioned might be reduced shghtly The matenal
compnses only cases with an ordinary postoperative course It contains no cases
with 2 postoperative fall 1n blood pressure or with purulent peritomitis 10 which
the air 1 probably resorbed at a slower rate

Acknowledgement

The uthors take this opportunity of thanking E Carlstrom of the Department of Sta
ustic Ccthenburg Unnersity v ho performed the statistical analyses

SUMMARY

P st p rau e pn umopentoncum has been studied 1
Yoyear A wtausnically igmiicant relation bey

n 46 children ranqng i age up to
The form 1 + as found 1o ierease by 3 96

tween resorption time and age was established
houts per year of Lic
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Yue

L} s & 1 1 1 10 n n n " ”» "
Relation between age and the time taken for resorption of 60 ml of air 1n uncemplicated cascs of
e The Line

T,=6972+3 96 (\—1152)

is given together with an upper 95 ° normal it 7,+1 64 x

In order to be able to determune the resorption time at different ages, 60 ml of
air were mjected m all cases of uncomplicated 1ppendectomy after the abdomen
had been closcd The following procedure was adopted

After removal of the appendin, 1+ No 12 Nelaton catheter was mtroduced
through a scparite openmg i the abdomumal wall, and the abdommal wound
was then closed m laycrs with nterrupted sutures The Nelaton catheter was
fixed with a deep U suturc of wirc Air was mjected through the catheter with 1
Record syrmge, while at the sume tune a careful check was made by means of a
layer of flwd over the operation wound to see that no air escaped dunng the m
jection The catheter was fixed by double ligation and a roentgenogram was
obtamed to determmne the mtrapentoneal position of the air The catheter was
then removed, and the twisted U suture was drawn up tightly as soon as the
tip of the catheter had been withdrawn from the operation wound A further

chech was made with a laver of flud over the operation wound to preclude
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escape of air Roentgen exanunations were then carmed out at 6 hour mtervals
4ll the ar 1n the abdomunal cavity had dsappeared

Statistrcal analysis The matenal consisted of 36 children 1 boys and 31 guls
rangog w age from 4 to 16 years. To find the relation between age (¢) and

resorption time (3) the regression betweéen vanables was analyzed It was found
that

T.=69 74 +3 96 (x—1152)

where the cocfficient 3 96 indicates that the resorption time mcreased by 396
hours for each year of ife The correlation between ume increase and age was
highly igmficant A t test of coefficients gave the level p<< D001 Al the rel
evant values for age resorption time and regression line as well as an upper
normal hmit for the resorption time are ghen n the accompanying diagram
At the upper age limut of 16 years the resorption time was about the same as in
adults.

The statsstical analysss of the matenal and the short mtervals between the
different roentgen films gave more clearly differenuiated results as regards the
resorption time than have been obtained in earhier myvesugations. This explams
why the present writers unlike Hore & Crauir recorded a sigmificant relation
between age and resorpuion time

This study since 1t has revealed the upper it at different ages for the re-
sorption of 60 ml of awr w the abdomen has provided a rehable basis for
deciding whether signs of air leahage should be an indicaton for a second
laparotomy Such a large amount of atr as 60 ml has not been observed following
laparotomy erther by the present or by amy previous mvestigators In practice
therefore the upper hmit mentioned might be reduced shghtly The matenal
compnses only cases with an ordinary postoperatne course It contains no cases
with a postoperatise fall n blood pressure or with purulent pentonitis i which
the air 15 probably resorbed at a slower rate

Acknowledgement

The authors take this < pportumiy of thanling E Carlstrom Jf the Department of Sta
Gsties Gothenburg Lnnersis who performed the statistical analyses

SUMMARY

Postoperatne pneumc peritoneum has been studied m 46 children Tanging in age up to
1o years A statstically siguficant relation between resorption time and age s cotablened
The former was found to increase by 396 hours per year of hfe
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ZUSAMMENTASSUNG

Die Resorptionszeit des postoperatven Pneumopenitoneums wurde bey 46 handern im Alter
bis zu 16 Jahren besimmt ks wurde eme statstisch sigmiihante Abhangigheit zwischen
Resorptionszeit und Alter festgestellt Die Resorptionszeit verlangert sich um 3 96 Stunden
pro Lebensjahr

RLSUML

Les auteurs ont ctudie le p PLItoine postop chez 46 cnfants dont les ages
allment yusqu 1 16 ans s ont ctibh une 1clation statisuquement sigmficatnve entre la duree
de resorption et 1 e La durce de resorption augmente de 3 96 heures par ance de vie
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LARYNGEAL FUNCTION IN LARYNGOCELE
by
Anos hovacs

A laryngacele conuists of a dilatauan of the appendix ventricult which under
normal conditions 1s pre ent as an extension of the ventricle of Morgagm It 1s
similar iy shape to a thumb «tall 5 to 10 mm long hned with cthary epthelium
and directed obliquelv upwards A laryngocele 1s longer in children and usually
undergoes regression after the sixth year if it persists 1t usually contams no ar
and its walls lie 1 close app Under pathol cond arr may
howeter enter the sac, parucularly if this 1s longer and broader than usual a
ventilation mechamsm may sometimes become operatne due either 10 swelhng
of the mucosa or to a ncoplasm and dilatation of the sac may rapidly ensue It
1 believed that subjects 1 whom the laryngeal pressure 1s often ncreased, ¢ g
trumpet plavers glass blowers and chromic bronchitics may develop a laryngocele
more frequently than others

A lanngocele f of small wze remains below the false vocal cords but when
dilated tends to move upwards in the aryepiglottic folds In 20 per cent of cases
{WAv0rF) 1t breaks through the hyothyroid membrane and eventually through
a weahened part of the thyrowd carulage 1t then becomes extralaryngeal and
palpable between the muscles of the neck or under the shin

A lanngocele 1s phylogenctically 1dentical with the laryngeal air sac of the

Submutted for publication 7 December 1968
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ZUSAMMENFASSUNG

Die Resorptionszeat des postoperatiy en Pneumoperitoneums wurde bet 46 Rindern 1m Alter
bis 70 16 Jahren bestnmt s wurde eme staustsch signifilante Abhangigheit zwischen
Resorptionszest und Alter festgestellt Die Resorptionszest seslangent sich win 396 Syander
pro Lebensjahr

RISUML

Les auteurs ont ctudic le pneunoperitone postoperatowre chez 46 enfants done les ages
alfasent jusqu t 16 ans Ils ont ctably une telntion statisiquement sigmificative entre Ja duree
de resorption et | e La duree de resorption augmente de 3 96 heures par aniee de vie
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Fig ? Schematic drawings of laryngoceles
saternal (left) and external (nght)

the Inothyroid membrane to appear m the nech usually under the skin A mined
form when one external and one mtemal sac develop and a connection between
the two persists has also been descnibed The subdermal laryngocele consists of
a soft tumour of variable size m the arca demarcated by the antenor margin of
the sternocleidomastord muscle the clavicle the medsan line of the nech and the
honzontal part of the mandible It 1s never attached to the shin or the deep
ussues and can be easily compressed 1ts contents which are either air or mucus
can be sgueezed out but the lanyngocele rapidly rehills An mtemnal laryngocele
may cause dysphonta, dyspnea and coughing

Just above a laryngocele the internal surface of the larynx 1s hned with normal
mucosa, and at laryngoscopy the emnence caused by the Jaryngocele usually
mashs the 1psilateral vocal cord and arytenoid cartilage

Oblique assmmetne roentgenograms of the vocal cords dunng inflation of the
laryny  together with lateral views and tomography appear to be the most
sutable methods for demonstrating a lanyngocele Esen small laryngoceles may
be readily revealed by means of lateral and asymmetnic films of the vocal cords
Should the sac thus demonstrated contain air a differentiation from congemital
€vsts of the neck ectasia of the 1aternal jugular vem hypertrophy of the pheca
ventniculans and fibromatous poly ps must be made

The three complications that occur most frequently require careful v estiga
ton mechanical complications and those due to infecuion or tumour Disturbance
of phonation or respiratton by an internal lanyngocele 15 said to consutute a
mechameal complication 1f the laryngocele should become infected a phlegmon
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Tig 1 Obhque asymmetric roentgen
ograms during phonation (Ieft) and
milauon {nght) Only the appendix
ventnicull 15 representcd when the
lannx 1s anflated  the left ventncle
continues 1 a short channel the left
vocal cord 1s 1n the paretic paramedian
position The upper line points to the
pinform recess the trrow and muddle
Ine pomnt to the appendix and the
lowest Jime to the vocal cord

anthropoid apes In the orangutan, gant sacs arise from the larynx and extend
under the shin to the axilla When the male of the species starts roarmg the
hills and the valltys echo with the noise The secret of the exceedngly loud
sound lies m the resonating air sac that 1s blown up considerably duning roaring

The roentgenologist must apprectate the anatomy of the structures from which
a laryngocele anses The veniricle of the larynx 1s a sac shaped formation
between the true and false vocal cords, laterally from this sac a quadrangular
membrane, the lower thichened margin of which forms the false vocal cords,
anses A laryngoccle should not be confused with the pinform recess a similar
sac, filled with air, winch may extend deeply down to the ventricle of Morgagn:
or even deeper

The pinform recesses lie 1n the space delineated bv the thyroid cartlage and
are made up of two ar containng sacs on both sides of the vestibule of the
larynx Each 1s situated under the pharyngo emglottic folds, lateral to the
arycpiglottic plica, its oblique aperturc 15 directed backwards It occasionally
extends deeply behind the arytenoid muscle behind the level of the musculus
vocalis (see Fig 3a) When producing a low sound, the vestibule becomes
wider, whereas the pinform recess narrows The latter dilates on high tone phona
tion Thus, the space of the laryna 15 filled jountly by the pirform recess and the
vestibule of the larynx, although therr ditatauon and contraction are abways
Dp%is;dtypes of laryngocele may be disungwshed The so called mternal type
1 larynx and, when milated, deforms the ventricular and aryepiglot

m th
develops 1y the vallecula The external laryngocele breaks through

tic folds and eventual
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Fig 4 Case 2 a) Lateral rocatgenogram. A parrow
duct contamung at rans from the ventncle 0 the
laryngocele b) Appearance of the vocal cord with the
larynx mflated_an a-contatnmg €3st 15 visble c}
Alter surgery The cyst 15 no longer setn on phonation.
d) The tesected laryngocele The figures andicate
1 — os hyo deum 2 — ep glotus 3 — arr yst § —
duct 5 — socal cord 6 — arytenoid muscles 7 —
cricoid cartilage 8 — piniform recess.

4

uf i

cartilage at the second level A laryngocele 1s often best revealed by a Iateral
Toentgenogram obtamed dunng a Valsabva manoeuvre The nostnls have 1o be
completely closed by means of a clip and the patient nstructed to make every
<ffon 10 Wiow out the cheebs. Air filled cysts smaller than the ventncde of

Morgagm should not be diagnosed as laryngoceles 1 films obtaned under such
condions {sce Fig 3b)
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Fig 3 ) Pinform recess not connected with the ventncle b) Appendix ventricul ¢} Fractured
epiglottis \ narrow duct contuming ai runs trom the ventncle to the laryngocele

may develop mstde the larynx A laryngocele and a laryngeal ncoplasm may be
associated Somie authors believe that tissue tension caused by a tumour may
increase pressure m the ventriculosaceular system or that a ventilatton mechamsm
may become operative Others hold the view that the retention of flwd m a
laryngocele may be a factor i the induction of malignancy Congentzl predispo-
sition must at any rate be considered This subject has been extensively dealt
with by Bonanpint (1946), Gurnszr (1951), Mepa (1952), Lesoreni (1940),
CuEvATIER JachsoN (1947), Lrroux Romert & Rogrox (1957), Novorw
(1954), Freeman (1952), Bravier (1957), Prrosrazenswt (1957) and
Banuny (1967)

The roentgenologic exanunation of a laryngocele must be performed and
evaluated with the utmost care The lateral films as well 1s those of the vocal
cords have to be obtamned during function, re at least three roentgenograms
dunng respiratory arrest, phonation, and while the larynx 1s inflated, or twelve
m all Changes 1 the shape of the air column durning function as well as the
dynamucs of the laryngeal ventricle must be carefully noted

If the abnormality 1s of considerable size and without complication a sagittal
tomographic m estigation usually suffices for the diagnosis WeLiv (1954) has
recommended that cuts be made at three to four levels, the first at 25 cm the
second at 3 cm and the third at 4 em below the shin surface The ventricle of

Morgagm will be depicted at the first Jevel and the region of the arytenord
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Fig 6 Case 3 The resected faryngocele and
- + neoplasm

cords The left ventricle of Morga i v as not asble The pinform recess, lateral to the
€t vas normal an width and extended dov n to the level of the vocal cords (Fir 4
Laterat films obtained dunng the Vabala manocuvre indicated that the cyst was about
4 cm m diameter when the lannx was mnflated The appendix leading to the laryngo.ele
was clearly scon Roent enography ten days after operation revealed that the socal cords
met normally on phonation the left ventncle of Morgagm was well developed and thas

a

c

Fg s Cset a) Ir egular infiltration 1 of n
g the right false and true vocal cords with

smll opa tema b S eared

PR A bec:m)m n‘:&?u below the hyoud bone ¢) Larynx mflated 4 <yst appeared
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a b < d

Fig v Case 3 a) An awr contamng cyst (1) and 1 small well defined dense mass (?) he above
the glottis b) Valsalva s minocusre revealed the pirform recess (3) and the widened lanyngo
cele ¢} Forced phonation The dense mnss retuned 1ts size whereas the laryngocele and the
pinform recess becume separate nirrow shts d) Iwo months after removal of cyst 1nd neo

plasm

Case reports

Case 1 Girl aged 10 years had had difficulty m swallowing and brenthing smce she
was four Trachcotomy had been performed when she was siv years old so that she had
mtubation for 4 years she was adnutted for closure of the stoma

Roentgen ¢ Lateral with il of the larynx revealed that
the upper part of the epglottis was bent bachwards about 60 degrees and fived against
the posterior wall of the pharyny A narrow duct contammng air arose from the ventricle of
Morgagn: and ran along the aryepiglotue fold where above the hyoid bone 1t became
somewhat wider (Ing 3¢) It was assumed that the cluld had broken her epiglotus when
she was four and that the inwry had led to the development of the laryngocele

Surgical procedure The epsglots was freed fiom adhesions and the cannula removed
The laryngocele bemg smail m size had caused no symptoms and was only 1 sccondary

finding

Case 2 Woman 1ged 61 wisth the dragnosis of a lryngeal tumour with mietastases 1
the left cervical region The patient had been homse for three months and had occasional
dyspnoea during 2 to 3 wechs prior to adnussion  She had recently noticed a lump i her
neck this had vaned m size but had caused no pamn Laryngoscopy disclosed no abnosmality
of the nose eprpharyna or pharyny A tumour just abose the left ventricle of Morgagm was
regular covered with mucos and extended upwards to the aryepiglotuc fold The nght
side was normal A further mass was present m the the left cervical region clo ¢ to the
antenior margin of the sternocleidomastoid muscle and at the level of the hyoid bone thuis
extended to the left submandibular gland, was soft on palpauon and was not adherent to
the shin or deep tissues

Roentgen examination Oblique asymmetric roentgenograms idicated that the nght vocal
cord was normal but that the left was displaced shightly downwards although s surface
appeared to be intact A cyst contamng s about 12 cm i diumeter lay just abose the
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suioher and had occasional difficulty 1n breathing Lanyngoscopy sevcaled no abnormabuy
of the eprpharynx, nor pharyn but movement of the nght side of the larynx was restncted
An sregular merease 1 tissue extended from the laryngeal surface of the epiglows meohed
the nght anyepiglottic fold false cosd and ventncle of Morgagn: and reached 1f e antesior
commussure This caused considerable narros g of the lanynx

Roenlgen Oblique asy mmetns by revealed arregular mfiliration
of the nght false and true vocal cords, v 1th a small discrete mass lying above an wrregular
air filled duct durected outwards Fig 7 On nflation of the lannx, a mall cyst was tocated
1m the lateral films situated yu t tn front of the anepiglotuc fold (Fig 7¢)

Photozraphy after the radical extirpation indicated that tweezers introduced from aboe
1010 the Janyagocele could be pushed forwards nto the sentricle of Morgagns abose which
the vecrucose tumour was clearly viuble (Fig 8) Histologic 1nyestigation revealed carcnoma
and laryogocele
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SUMMARY

, The appendux of the sentrcle of Morgagni and lanvngoceles of small size can be well
et

in a of the vocal cords. Four cases of lanyngocele
ntwo of the cases associated with a malignant neoplasm are described

ZUSAMMENFASSUNG

Die Appendux des Ventrikels von Morgagm und Memere Laryngocelen Lonnen in anym
der mut d

et R fnah At
rischen der s erden. Es werden wvier

inlle ‘on Laryngocele beschricben von denen zwer Falle auch ein malignes Neoplasm auf
resen

RESUME

N Lappendice du ventricule de Morgago et les laryngoceles de pette taille pewent cere
i mis en evidence sur des radiographies asymetriques des cordes yocales L auteur presente
Quare cas de laryn ocele dont deux etatent associés a une tumeur maligne
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Tig 8 Case 4 The cyst (=) and the
necoplasm (+-)after removal

the cyst was no longer visble (Fiy, 4¢) Histologic i estigation of the resected larsngacele
disclosed no evidence of malignancy (Fig 4d)

Case 3 Man aged 57 with a history of hasing possibly swallowed a foreign body \
polyp had been removed 8 yeurs previously from the Ieft vocal cord since when lus
hoarseness had ncreased He was a heavy smoker

Laryngoscopy disclosed irregular swelling of the false vocal cord over the left true socal
cord The region of the ventricle of Morgagm appeared to be swollen

Roentgen examination A thin walled cyst contanng air lay above the level of the upper
margin of the thyrotd cartilage befund a thickened left aryepiglottic fold A well defuied
densc mass bout 1 cm dinmeter was situnted Jwst above the nnia glotudis and mvolved the
false but not the truc vocal cords agun above tlus a somewhat smaller air filled evst was
present Roentgenography with mflanon of the larynx revealed considerable enlargement of
the cyst Inferolaterally but clearly divided from it the piriform recess was visible Roent
genography with forced phouation demonstrated the small dense mass unaltered wn size
the laryngocele and the pinform recess then appeared s scparate narrow shis howeser
The diagnosis was neoplasm of the Jaryna with Jiryngecele (Ing 53

The new growth 1nd the laryngocele were removed (Fig 6) The histologic examnation
confirmed the diagnosts (planocelfular carcmoma 1nd laryngocele)

Oblique asymmetric films obtained two months 1fter the operation demonstrated absence
of the left vocal cord and hence the ventricle of Morgagmt Otherwise no further evidence

of abnormality

Case 4 Man, aged 59 with a diajnosis of neoplasm of the laryax had had hoarseness
bout 5 to 6 kg m weight He wis a heavy

for more than six months and had recently lost a|
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COMPUTER ASSISTED ANALYSIS OF
RADIOGRAPHIC NECK IESIONS IN CHRONIC
RHEUMATOID ARTHRITIS

by

Witrtav M Park and Wireauw O Brien

Nech involvement may often become a serous problem late 1n the course of
theumatoid anthnus A convenmient way of studymg these abnormalities 15 by
aneradiography we hase found marked mstabslity not only at the atlanto-axial
Joint but also at other levels In one patient m whom subluxation of the atlanto-
axial joint greater than 1 cm was found the joint space slowly widened dunng
flexion With extension however the joint remained wide unul the plane of the
alas became horizontal At this pomnt 1t suddenly snapped back agamst the
odontoid process of the axis and the patient was aware of a chick Subluxation of
the second third and fourth cervical segments was also present dunng flexion
In this parucular patient there was n addizon a promnent eroston on the
posienor aspect of the axis Despite this gross anstabihity the patent had hitle
seurclogic deficit or symptoms of vascular msufficiency dunng flexion

Although these are well 1 features of the cond
—_—

we believe that all
Thuis paper was presented at the 8th S: diol
1967

m Pans Scptemb
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100 n 10 Rhewms 4
0
caus
»
2
° * 1o b ® " *  Fg 1 Dicnmunant scores for
scores sngle reck roentgenograms
or s N s taken 1n fexion and ploted
Lae o onow

against nutnber of cases

rheumatord arthrns for more than ten years These were matched for age and
sex with a control group

The results are shown 1 Table T with indication of the levels of greatest in
solvement for each lesion Atlanto-axial subluxation was only found in the
theumatond group m fact 22 5 had subluxation greates than 5 mm Osteo-
phytosis was commoner 1 the control group while vertebral plate erosion, mter
vertebral subluxauon apophyseal Jomt discase and spinous process eroston were
more charactensuic of rheumatoid disease Apart from spwous process erosion
the theumatoid Iesions tend to mvohve higher levels than degenerative disease

Since there 15 sore overlap between the two groups we analysed the results
by means of Fishers discriminant function In this way we were able to demsve
a score (for a sngle neck roentgenogram taken n flexion) which reflecied
weighting factors for mdividual lesions dependent upon their value 1n distingussh
ing the two condittons

The scores obtained plotted agatnst the number of cases are shown 1n Fg 1
Ao control <ubject had a score greater than 16 and no rheumatoid case had a
score less than 3 Thus a score greater than 16 indicates definite rheumatord
arthriys and less than 3 normality In the overlap group 1t 1s possible to evaluate
false postine and negatne rates, At a score of 10 for example we would wrongly
call 8 G¢ of normal subjects theumatoid ones and 25 S5 of the rheumatoid cases
normal

Pauents abose and below a cut-off point score of 15 are compared 1z Table 2
Those with hugh values had such severe and conunuous disease as to heep them
off work and often requinng corticosterond therapy More had a negative (less
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Table 1

Precalence of lesions 1 100 patier 's otth defimte rheumatord arthrits as compored 1o a
control group of 100 normal subjects

Rheumatoid patients  Control group

Per cent Level Per cent  Level
Atlanto axial sublunatson {> 2 mm) 37 00
Hernation of avis (> 5 mm) 197 147
Osteapliytosis 31 ci6 50 Ci6
Plate crosion 21 C26 5 Ci6
Sublusation 2% ¢ 10 a4
Apophyscal erosion any level 59 Ct6 1 C67
Spinous process erosion 12 c67 2 c67

Table 2

Chneal course and anafysis of neck roentgenograms for discriminant scores

Scores
<15 > 15
Severe continuous discase 15, 389,
Advanced sublusanon of M C Ps 290 55 o
Mutuple nodules 140 31°,
SC AT ten years ago
Negatine (less than 32) 35 9% ne
High utre positives (greater than 256) 4 o 720,
Haemoglobin less than gram o 18 , 61 9%
Number of paticnts 49 51

such patients are at rish from sudden death, simce two of our patients died direct
ly as a result of rheumatord nech discase Both were females and had scvere
generalised rheumatoid arthngs for many years The neck defornuty with lateral
flexion was o severc n one of the patients that she pleaded for surgical rehef
She unfortunately died on the operating table while an attempt was beng made
to strengthen lier neeh The sccond patient had severe atlanto-ansal sublumuo;
and tripped over a carpet at home She died mstantly and at autopsy was foun
to have a separated odontord process, which was found to be protruding mto the
pressing the medulla

magnum and cont
foramen mag diographic findings m 100 pattents who had deftte

We have analysed the ra
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Fig 3 Two charactenstic lesions of rheumatosd arthriuis a) Vertebral

plate erosion (may be
of

two types) Clear cut erosions remniscent of penpheral arthnus are seen 1n Ca 1 C6
extensve erosion of the entwe vertebral plates gres a hazy appearance There 15 1n addinon
Tactve scle osis in adjacent verteb al bodies. b) Pencsl sharpening of the SpInous p ocess of
€6 with some eros on of processes C1 C4 and C3

are seen in Fig %a This gives the body of C5 a dense appearance which 15 due
{0 2 reaction from the erosion of both 1ts vertebral plates The spimous process
crosion or sharperung seen in Fig 3b 1s also charactenstic of rheumatoid dsease

By the tume neurclogic defiait has occurred the ana
Pprogressed far alread

eparauon versus all other lestons It wa

stability are intersertebral luxanon vertebral plate erosion and apophyseal joint
diease Disc space narrowing may be common to both groups but an association
with ostcophy tosis 1s 1n favour of degencrative disease

We routincly take a cervical film 1n flexion of all our theumatoud Ppatients pre-
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Fig 2 2) Separation of 7 mm between atlas and s due to imohement of the transvers
ligament of the atlis The second third and fourth apophyseal jomnt spaces are narrowed wit
1cactive sclerosis along the adjacent articular margins The body of C5 1s shightly displaces
posteriorly b) Odontoid process of axis completely croded allowing the atlas to ship forware
and ult downward Normally the planes of the axis and atlas are parallel

than 1 m 32) SCAT ten years ago with conversion to high utre SCAT
positives (greater than 1n 256) at the present time

Atlanto amal jomt mstability may be due to lawty of the transverse hgament
of the atlas, or to crosine destruction of the odontoid process of the axs or 1
combrnation of the two The first type 1s scen in Fig 2a, m which atlanto-anal
eparation of 7 mim 1s scen n the neutral position The subject should, of courst,
always be exammed 1 flexion as this may be the only position to show sigmificant
atlanto-axal subluxation

A more severe type of abnormality 1s scen m Fig 2b The odontowd process has
been completely eroded away and the forward shp 1s accompanted by a down
ward tilung of the plane of the atlas which now forms an acute angle with the
plane of the axis

There are other characteristic lesions of rheumatoid arthrins Thesc are shown
m Fig 3 Large vertebral plate erosions accompanted by mtense reactive sclerosts,



ILABORATOIRE DE NEUROPH3 SIOLOGIE ET SERVICE DE NELROCHIRURGIE DE L INSTITUT
\EUROLOGIQLUE BELGE BRUXELLES, BELGIQLE

ETUDE EXPERIMENTALE ET CLINIQUE DE LA
TOLERANCE DES CAPILLAIRES CEREBRAUX POUR
UNE NOUVELLE SUBSTANCE DE CONTRASTE
(SELS DE L’ACIDE IOXITALAMIQUE)

par

R GonserTe et G ANDRE BaLsavx

Dans un travail recent nous avons etudie L action sur les capillawres cerebraux
de tous les produits de contraste commercialises actucllement

Nous avons unhise deun methodes d une part 1observation des alterations de
fa bamere hemat phalique sur les g S apres jnj de
phosphore radicactif d autre part 1etude anatomo-patbologique de leurs effets
e microscopie Sectronique

Nous avons constate que leur toxicite propre cest a-dire hee a la nature
climique de 1acide ne permet pas en angograplue cerébrale de depasser une
concentration en 1ode de 300 mg m! Et encore faut 1l se mettre dans les meil
leures conditions ¢ cst a dire utihiser le sel de methylglucamine en proportion
maximale redutre au minimum la proportion du sel de sodium et enfin Pproteger
ers solutions par 1adjoncuon en proporuon definie d un sel de calen

um pour
comger e desequilibre 1omgue provoque par Yinjection des sels de sodium

Sounus 4 la Redacten Ie 14 novembre 1968
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operatively, whether for peripheral synovectomy or relief of neck disease, to
woud the danger of hyperextending the nech dunng mtubation and nduction
of anaesthesia by the anaesthetist 1n an unstable situation

To conclude, we feel that rheumatord neck disease 15 a potentially lethal cond
tion nd that predictable patterns of insolvement may become recogmsable with
regular radiographic examination

SUMNMNARY

The cenical films from 100 panients with defimte rheumatoid arthns for over ten years
have been analyzed with computer assistance m an attempt to predict the nsh of sudden
death It 1s recommended that ridiography of the cencal spime of all chrome rheumatord
patients be performed and that lateryl films of the neck m flevion be obtamed for asses
sing the mstability before undertahing anacsthesia

ZUSAMMENFASSUNG

Cercbrale Rontgenogrimme von 100 Patienten die Artheus deformans seit mehr als z¢hn
Jahren hatten sind mit Hilfe von emem Rechenautomaten analysiert worden um das Todes
nistho zu beurtetlen Es wied empfohlen dass Radwgzraphue fur alle Patienten mit kromscher
Arthrius deformans durchgefulict werden soll und ferner dass man emn laterales Rontgeno
gramm vom Halse m Flevion schaffen soll um festzustellen bevor Anasthesie yorgenommen
wird falls vertebrale Instabilitat vorliegt

RESUME

Les auteurs ont examune les radiographics cersicales de 100 malades atteints de poly
arthrite chromque rhumatismale confirmée evoluant depuis plus de dix ans et ont utilisé
un ordinateur pour essayer de prevoir le nisque de mort subite Iis recommandent de fare
une radtographic de la colonne cervieale de tous les malades atten ts de polyarthnite rhuma
tismale chromque et de faire des radiographies du cou de profit en flexion pour rechercher
une mstabilite vertebrale avant de procéder a une anesthesie générale



FOLERANCE DES CAPILLAIRES CLRFBRAUX POUR L ACIDE IOXITALAMIQUE 537

ment plus sensible et qui nous parait a 1 heure actuelle, donner les meilleurcs
garantes d mnocuite

Par ces diverses methodes nous avons essaye de determiner, par comparaison
avec d autres substances Ja toxicite hice a la nature chimque de 1aade 1a toxiate
des differents sels et I action protectrice des sels de calaum pour chacun d eux

Toxicite de 1 acide Pour determiner la toxicite lice a Ja structure chimique de
lacide nous avons chorsi le sel de sodium dont on connait 1a forte toxicite Nous
en avons compare les effets a ceux des sels de sodium des acides metnzoique et
1otalamique substances recentes (1961—1962) et d apres nos expenences les
moins toxiques parmu les produsts de contraste actuellement utilises

A titre comparaf nous avons determine la concentraton maximale en mg
10de/ml toleree par les capillares cerebraux chez le cobaye par le test de la
barnere hemato-encephabique et en uliramicroscope comme st

Lesions BHE Lés ons

Aade (sel de sodium) sp (M dec)
mg Il mg 1fmi

Metnizaique 240 200

Totlamique 260 220

Acde 95 (oxstalam gue) 340 2,0

Tant par la methode ultramiscoscopique que par le test au * P ] acide 95 se
caracienise par une 1l des captll.

des denves des acdes metrizoique et 1otalamique

cerebraux en comparason

Toxcite des sels non proleges par le calcum Dans une premuere sene d ex
penences nous dusposions des sels de sodium et de methylglucamme purs et du
sel de monoethanolamine assocse soit au scl de sodium soit au sel de methyl
glucamune La concentration des solutions est de 380 mg I/ml

La comparaison entre les sels de sodium et de methylglucamine est resumee
a dessous

LestonsdelaBHE
P

Solution | 380 mg Ifml Na ++
Soluuon 2 380 mg Ijml Mgl 0

Mic, elec

+++
+

pour abtenir un produr dy
uuhisable en anglographie cerebrale Nous avons ctudie Ia };)ro uln oc ontimate
sodium methylglucamine pour solutions a 380 mg I/mi porion optmale
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De plus, notre expenience clinque en utilisant des produsts opaques de viscosites
differentes, nous a convamcus de ce que, en angiographic cercbrale, 1l ne faut pas
recourir a des substances dont la viscosite depasse celle du sang (4 cP a 37°),
sous peme d’obtenir un remplissage meemplet du systeme capillarre sl existe
une gine arculatoire importante

Nous avions par consequent pu conclure que pour depasser le seurl de 300 mg
1ode/ml il faut s onenter vers des actdes ct des scls nouseaux

Etude esperimentale

Tous les produsts actucllement utihises sont des sels d acides trnodes avec dif
furents substituants en positions 3 et 5 sur le noyu benzemque Les diverses
substitutions peuvent s traduire par des differcnces de tolerance

Le produit de contraste faisant 1objet de ce travaul est constitue de solutions
de sels dun aade nouveau lacde triodo 2,4,6 acetylimmo 3 N hydroxy
cthylcarbamyl 5 benzoique (acide 95 1oxitalanuque)

COOH
|
1/°\1

|
CH,CONH L\ J CONHCH,CH,OH
I

Avec ce produit on peut esperer depasser la concentration de 300 mg 10de/mil
en angiographie cerebrale Lo effet, mome a des concentrations supencures, les
solutions de certans sels de cet acide sc sont revclees tres peu toxiques pour les
capillaires cerebraux

D autre part 1l est possible de preparer des solutions fortement concentrees du
sel de monoethanolamune de cet aade Ce sl dort allier en principe les wantages
du sel de methylglucanune (bonne tolerance) 1 ceux du sel de sodium (viscoste
faible) La combinaison de ces facteurs (modification de la formule chimique,
scl nouseau) devrait aboutir » un produit de contraste bren tolere par les capil
laires cerebraux, meme 1 concentration cleve et cela, malgre une viscosite basse
en regard de la forte teneur en 1ode

Nous avons applique a cette nouvelle substance les methodes utilisces pour les
autres pmduns de contraste, c est a dire la detection des lesions de la barl:xcrc
hemato-encephalique par le passage du ® P dans le parenchyme cerebral obser
vees sur des autoradiographees et surtout 1 observation en microscopie clectro

ue de son action sur les capsllaires cerebraux chez le cobaye, methode infint
ng
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Tableau 1
Lesons dela BHE

mg todeatl Solution de sel \a Solutign de sl \a + scl Ca
P M elec P Mic elee
380 + 4+ +4+ + +
340 o +4 [ =
200 o + 0 0
260 0 [ ° °
Tableau 2

Lesuns de la RHE

Solution de set Solunion de sel monoftha
monocthanolamine nolam n¢ + scl Ga
mg todefml 3 Mic e P Me elec
380 + + ° +
240 [ + 0 *
300 0 [ 0 0
260 0 0 ° ¢
solutions de bases organiques (monoethanol methylgl ) carla dif

fusion 10n1que est moindre en rason de la taille des catiops ¢ty peut-ctre de la
conducinite des solutions De faxt au cours d €xXpenences anterieures, nous ay ons
constate que Laction protectnice du calcum est nettement plus efficace pour Jes
s.ls de sadium que pour les sels de methylglucamimne Cependant, pour des solu
tons de .els de methylglucamine d acides plus taxiques que laade 95 pous
asons observe un effet protecteur discret mais indiscutable ) est viaisemblable
que cette protection se situe dans ce cas directement au niveau de | endothelium
capllare

L action protectrice du calaum vis-a vis du sel de m:lh)lglucammc de lacide
93 est diffiilement appseciable etant donne sa tolerance excellente (360 rag/
iode ml) A plus forte concentration la viscoste mntervi ‘l

ent comme facteur toxi
que { pour 380 mg 1ode ml la viscosite a 37 est cgalea 13 o

<P} et sur ce facteur
le calcium reste sans effct
En ce qui concerne le <l de sodum Ja
non de s} de calovm est paruculierement demonstr:
atine pour Jacide 9y
par le wst * P (forte concentration) que e % tant

par Iobsenvation ylt: -
{concentration plus faible} (vosr Tableau 1) ultra microscopique

protection des solutsons par } ad jonc
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Lésions dela BHE

up Mic ¢lec
Solution 3 1/2 Na/\Mgl ] +
Soluton 4 2/1 Naj\gl + ++

Nous constatons que Ia balance N1/Mgl 2/1 depasse nettement les hmtes de
la tolerance des capillaires cercbraus Par contre, Ia balance mverse Na/\gl
1/2 constituc un equihibre satisfaisant, mdiquant dans quelle proportion il est
possible d’adjomndre I sel de sodium au sel de methylglucamine

Le sel de monocthanolumine est ctudic dans une prenuere sene d experiences
en assocation avec ceux de methylglucamuine ou de sodmum pour solutions a
380 mg I/ml

Lésons dela BHL

up Mic élec

Solution 5 1/2 Eth)\Mgt 0 +
Solution 6 2/1 Eth/Mgl + ++
Solution 7 2 25/1 Eth/Mgl ++ +

Il est difficile de urer des conclustons formelles de ces expeniences Cependant,
st le sel de monocthanolamine semble moms toaique que le sel de sodium sa
toxicite paraut se rapprocher davantage de celle de ce dermier que de celle du sel
de methylglucamune

Pour eclarrar ce pomnt nous wons ctudie la dose maximale, expnimee en mg
I/ml toleree par les capillaures cercbraua en ultranucroscopie pour chacun de ces
trots sels

Ces experiences confirment la toxieite momndre du sel de monoethanolamine
par rapport 1 sel de sodium sans attemndre cependant la tolerance du sel de
methylglucamine, voir ¢t dessous

Sels de ! actde Concentration maximale {mg Yml)
1 ne y quant pas de Iéstons en mue clec
Sodium 240
Monoéthanolamine 320
Méthylglucamine 360

Protection des sels par Padjonction de caletum Le mecamsme de la protection
des capillatres cerebraux par les sels de calcum nest pas sunple D une part, le
calcium peut agir sur Ies cellules endothcliales elles-memes en ameliorant leur
e a un facteur toxique, d autre part, 1l peut agir en cormgeant le desc
mportant resultant de 1mjection rapide d un sl
\bre 1omque perdra son mmportance sil sagit de

resptanc
quilibre 1omque brusgue ¢t 1
En prncpe, ¢ desequil
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Fig 1 Anguog aphie vertebrale dans un cas de Steal
syndrome I injection dans lartere ertebrale gauche

i }o montre un reflux umpostant dans lartere \ertebrale
Wi S & one Jusque dans ) artere sousclaviere

La premuere formule AG 57173) musc a notre disposition est une solution
aqueuse a 48 ¢ diode d un melange de sel de sodum de monoethanolamine
et de calclum de 1acide 95 Sa viscosite a 37° est de 4 8 centipowses legerement
supeneure par cons~quent a celle du sang (4 cP) Letude expersmentale de
cette olution ne montre aucune alteration des capidlaies nt sous 1 aspect physio-
logique de la barmere hemato-eniephalique mi sous laspect morphologique
{ultrarmucroscopie)

Nous avons pranque 10 angiographies carotidiennes qui toutes ont ete par
faitement tolerees ne donnant lieu a aucune reaction d ordre neuralogique
wmtaul ou deficitarre Par contre nous avons constate que Linjection ntra

4 de ces <ol ctait doul meme diluces a 3255 diode
Dautre part nous avons constate que au dela d une concentration de 34 <%
diode les images radiologiques devenaent moms hables par la forte opacite dles

car
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Pour ce qui regarde le sel le monocthanolammne, la tolerance au depart est
meilleure que celle du sel de sodium, quoique nfericure a celle du sel de methyl
glucamme 11 est donc plus difficale d’apprecier 1effet protecteur du calcum
qui, en toute hypothese, sumble moms important (vour Tableau 2)

Ces expeniences confirment ) hypothese de HOLTERMANN (SaLvESEN, Lunp &
Hortervann 1967) sclon laquelle Ia principale action du sel de calaum est de
corniger le brusque desequilibre 1omque resultant de ©mnjection massne d tons
sodium

Lorsguil sagit d un autre sel (monocthanolamine ou methylglicanune), le
calcium trouse son utthte dans la protection directe de I endothelium vasculanre,
surtout s1l sc trouve deja fragihise

Pour confirmer cc point de vue, nous avons realisc des mjections repetees de
solutions de sel de methylglucamine pures et des solutions de sel de methyl
glucamine protegees par des sels de caleium Nous avons constate quil faut un
nombre plus eleve d mjections de solutions protegees que de solutions non pro
tegees pour obtenir des Iesions de Ia barniere humato encephahque decclables par
le test au *P Le calaum joue par consequent un role protecteur favorable lors
que lendothchum a cte preadablement fragilise

Lofin, dans une derntere sure d experiences, nous avons etudic les effets
resultant de | adjonction «<n plus du sel de calcium, des sels de magnesium et de
potassium, a 380 mg I ml, comme suit

Lésions de la BHE

up \ic clec
Soluion 8 Monoeth + Na + Ca 0 +
Solution 9 Monoéth + Na + Ca + Mg 0 0
Solution 10 Monocth + Na + Ca + Mg+ K 0 0

L adjonction du sel de magnesium semble avorr un effet protecteur supple
mentaire vis a vis des capillatres cerebraux mais deja sans cela les solutions sont
st bien tolerces quil devient difficile d apprecier une difference quelconque

Experience clinique

Nos ctudes experimentales chez 1ammal nous ayant convaincus de la su
penonte incontestable du scl de 1acide 95 sur le plan de la tolerance tissulaire
locale par rapport aux produits de contraste actucllement dispomibles ct les e
periences de toxiate generale fates dans les laboratorres Andre Gucrbet con
firmant Jeur superiorite sur cc plan cgalement, nous nous somines crus autoriscs

utiliser ce produit de contraste chez | homme, pour des angtographics cere
a

1es ct vertebrales
brales, carotidient



TOLERANCE DES CAPILLAIRES CEREFRAUX POLR L'ACIDE IOXITALAMIQUE 543

a 34 7% diode en anglographie carotidienne pour acquenr la certitude que les
olutions a 32 $o d1ode seront parfaitement tolcrees Dans aucun de nos 100 cas
nous n avons observe de agnes neurologiques, wntatifs ou deficitarres et cepen
dant d s agisat frequemment de malades ages ou presentant un reseau vasculare
fraglise Cette sene preliminatre ne permet pas, a notre avss de tirer des con
clusions defimitives mais elle nous semble suff nt prob pour

d autres series plus importantes

Nous nous ommes surtout nteresses au probleme de 1 opacification des arteres

vertebrales dont le reseau vasculatre plus fragile donne parfois lien apres des

hies a des complications graves (23 §¢ d meidents d apres Torua &
FoceLors 1967) Elles resultent sraisemblablement de leston de la barnere
hemato phalique dans le d des car verteb ct cere
brales postenieures dont les constquencts sont plus dramatiques qu ay niveau
des hemspheres corebraus D autre part etant donne le calibre plus pent des
‘aLseaux et leur situation dans une zone ou 1l est plus difficile d obtemir un bon
contraste radiologique on est tente de recounr pour ces examens delicats a des
produtts de forte teneur 1odee mats de ce fait plus toxiques Cest ams que
Torua utilise 1 Urografin 45 G, pour les angiographies carotidiennes et 1 Uro-
grafin 60 ¢ pour les angrographies vertebrales Une nouselle substance micux
toleree, quoique plus radicopaque nous semble par consequent particulierement
tnteressante dans ce domaine

Nous avons pratique 50 angiographies vertcbrales en utihsant la solution a
329 d1ode de 1 AG 58 97 Ces examens sont pratiques sous anesthesie generale,
Par ponction directe de Iartere dans la region cervicale haute Les cliches sont
obtenus apres mnjection de 5 m! la quanute totale injectee etant de 10 ml (20
ml dans un seul cas)

Les premieres angiographres furent pratiquees sans preparation particuliere
I ne semble pas que dans ces conditions 1 AG 58 9 presente une superionte
tudente sur les autres produsts de contraste en ce qu regarde le spasme de
lartere principal ecuerl de cet examen (5 a 10 %) Par contre au cours des
1 angiographies vertcbrales successnes pratiquees apres injection ntra \emeuse
dHydergine sunvant la techmque de LEGRE et coll
observe de spasme artenel dans aucun des cas

L association d une premedicaton a 1 Hydergine ot de 1AG 58 95 comme
substance de contraste a confcre A I angiographie sertebrale dans notre sers ice un
caractere de simplicite et de scounte comparable a celu; de | anglographie caro-
udienne  Ces examens ont cependant cte pratiques chez des sujets ages (15
malades entre 60 ct 69 ans 10 malades entre 70 eg 77 ans) Dans de nombreux
cas 1l existait des signes dansuffisance arculatore vertebro-basilare ou des
symptomes d hypertension mtra cramenne confirmes par un blocage du produt

(1966} nous navons
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Fig 2 Angiographic vertibrale a) Malade presentant une thrombose de lartere cirotide
internc au nnveau de la bifurcation On note une suppleance trés importante de la cireulation
carotidienne a partir du doiaine vertebro basilaire par 1intermediaire de 1 artere communicante
posteneure b) Malade portcuse d un cancer du sen et presentant une symptomatologie ccre
belleuse On observe la metastase hypenasculanisce et suuce dans la partie basse de la fosse
posteneure

temps capillaires 81 des concentrations de plus de 32 95 semblent utiles pour
lctude de la nucro-airculation dans certames regions (artere ophtalmque), la
concentration de 32 §6 nous parait 11 meilleure pour 1 etude neuroradiologijue
vasculaire cerebrale de routine

Nos obsenvations chez Tammal parasssant indiquer que 1element douleur
ctait dii a la presence du sl de sodium et a un momdre degre, du scl de mono
ethanolanune, nous avens supprime le sel de sodium et progres wvement reduit la
teneur du sel de monocthanolamne en le remplagant par celw de methylgluc
amine La concentration reste fixce a 320 ou 340 mg/1ode/mi et fa viscosite est
tres proche de celle du sang

La solution qui nous a paru conventr le mieux est constituee pour 1 3 de sel
de methylglucamme ct pour 2/3 de scl de monocthanolammne (AG 58 95)
D autre part, le sl de calcium ayant et juge responsable de bouffees de chaleur

par d’autres expenimentateurs, a cle suppnme
La viscostte de ces solutions a 32 et 3¢ % d 1ode est respectivement de 3,9 et

4,5cPa37°
Nous avons pratique avec ces solutions 100 angiographies carotidicnnes et

50 angiographies vertebrales Nous avons intentionnellement utilise des solutions



TOLERANCE DES CAPILLAIRES CEREERAUX POULR L ACIDE JOMTALAMIQUE 543

a 34 ¢ diode en anglographie carotidienne pour acquenr la certitude que les
<olutions a 32 € d1ode seront parfaitement tolerces Dans aucun de nos 100 cas
nous n mons observe de signes nearclogiques, 1mtatfs ou deficitares et cepen
dant, il s agissait frequemment de malades ages ou presentant un rescaut vascularre
fragihse Cette serie prcimmaite ne permet pas a notre avis de urer des con
clugons definitives mass elle nous semble suffisamment probante pour autonser
dautres scries plus importantes

\ous nous ommes surtout nteresses au probleme de 1 opacification des arteres
vertebrales dont le rescau vas ulure plus fragile donne parfois licu apres des

hies a des compl. graves (25 ¢ dnadents d apres Torva &

Focenots 1907) Elles resultent vrasemblablement de lewon de Ja barnere
hemato-encephaltque dans le domamne des circulations vertebrobasilaires et cere
brales postenieures dont les consequences sont plus dramauques quau niscau
des hemuspheres cercbraux D autre part etant donne le calibre plus petit des
vawseaux et leur situation dans une zone ou 1l est plus difficile d obtenir un bon
contraste radiologique on est tente de recounr, pour ces examens delicats a des
produits de forte teneur 1odee mais de ce fait plus toxiques Cest ana que
Tora vubse 1 Urografin 45 §o pour les angiographies caroudiennes ct 1 Uro-
grafin 60 < pour les angiographies vertebrales Une nouselle substance mieux
toleree quorque plus radicopaque nous semble par consequent particulicrement
mteressante dans ce domame

Nous avons pratique 50 anglographies vertebrales en utilisant la solution a
2% diode de 1 AG 58 95 Ces examens sont pratiques sous anestheste generale
Par ponction directe de | artere dans la regron cenvicale haute Les cliches sont

abtenus apres mjection de 5 ml la quantite totale injectee etant de 10 ml (20
il dans un seul cas)

Les premieres angiographies furent pratiquces sans preparasion particuliere
1 ne semble pas que dans ces conditions 1AG 58 95 presente une superiorite
eadente sur les autres produits de contraste en ce qui regarde le spasme de
lartre prncipal ecuerl de cet examen {5 a 105;) Par contre au cours des
> angiographies vertebrales successives Pratiquecs apres injection Inira veineuse
dHydergine supant la technique de Liore et coll (1966) nous navons
obsense de spasme artenel dans aucun des cas
m;-s;‘s:slsnon dune premedication a 1Hydergme et de 1AG 58 92 comme

e contraste a confere a | angrographie vertebrale dans notre service un

:f:imcl(l’t de smplicite et de secunte parable a celw de 1 hie caro-
f:m‘l::: cﬁ? %ﬁmcns ont cependant ete pratques chez des su}clsragm (15
it cxm:n dcl 69 ans 10 malades entre 70 et 77 ans) Dans de nombreux
Smplomen 1 es signes d nsuffisance arculatore vertebro-basilare ou des
Ypertension intra crapienne confirmes par un blocage du produt
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Fig 3 Angiographic vertebrile a) Malade prescntant des signes chniques d imsuffisince
circultorre vertebro basilare On obsenve une ugmentation considerable du trone bastlaire
mteressant ausst bien s1 largeur que sa longueur (mety artere basilaire) et confinmant 1 arterio-
sclerose majeure dans ce domune b} Malide presentant un petit memngiome occipital dont
lirngation se fait exclusnement 3 partir des artéres cercbrale posterncure et cerebelleuse
supericure L angiographie earotidicnne ctait normale dans ce cas

de contraste a liodoventriculographic  Chez aucun de nos 50 malides nous
navons observe de modificition de la symptomatologie clunque, en particulier
aucun signe ncurologique nouveau, m troubles de la conscience, powvant fure
cramndre un oedeme cercbral Aucun des 50 malades na presente de troubles
visuels apres | angiographic

La teneur en ode de 32 9% et une viscosite equuvalente a celle du sang donnent
un prodmt d excellentes quahtes de contraste Les images radiographiques apres
mjection de 5 ml sont excellentes ct supericures, a notre avis, a celles obtenucs
avee d autres produits actucllement disponbles

Quelques cliches angiographiques pratiques dans des cas de arculation verte
bro baslaire precaire, illustrent d une part la qualite radiographique des images
et d autre part, une tolerance parfaite du produit de contraste par ces malades
Steal syndrome (ig 1), suppleance par le systeme vertebral d une thrombose de
la carotide mnterne (Fig 2a), arteriosclerose majeure (Fig 3a) Enfin, la per
sistance d un contraste excellent sur les temps capillaires et vemneux permettra
sans doute de micux visualiser certamnes tumeurs Nous presentons les chiches
d une metastase vistble des les premuers temps artenels (Fig 2b) et dun
memnglome ocaipital 1rngue enclusivement par lartere cerebrale postencure,
nvisible sur les angiographies carotidiennes (Fig 3b)
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Conclusions

L etude expennmentale chez | animal d un nouseau produit de contraste (aade
tontalamique) realisee avec des methodes permettant de deceler la momdre 1n
tolerance ssulaire locale provoquee par cette substance au niveau du systeme
nerveux central et une premiere etude clinique apres njection ntra carotidienne
et mtra vertebrale chez [ homme permettent d affiemer que ce produit de con
traste presente des ayantages importants par rapport aux substances actuellement
dispomibles

Ces avantages concernent surtout la tolerance capillare qui se montre infim
meat meilleure malgre une concentration en 1ode elevee (320 a 340 mg/1ode/
ml) Cette tolerance excellente est due en partie a la nature meme de 1 acide et
en partie & L mtroductron dans Ia solution d un sel nousean (monoethanolamine),
remplagant le sel de <odium La solutton de ce sel possede une viscosite egale a
celle du sl de sodium donc tres basse ce qui permet de | associer au sel de
methylglucamine sans devorr recounr a 1 adjonction de sel de calaum pour la
proteger

Le produit de contraste qu: en resulte (AG 58 95) constitue un progres
ndiscutable car 1l reunit des exigences jusqu a present mconcihiables A savorr
une forte teneur en 10de et donc d excellentes qualites de contraste une viscosite
egale a celle du sang permettant de ce fait une ctude non seulement radio-
gl'aphlquc statique mats dy q! et enfin aux conc
absence de toxiate non seulement generale mais tissularre locale

Une expenmentation clinique plus large de cette nouselle substance nous
Parait souhaitable

proposecs une

RESUME

Les auteurs ont etudie chez lanmal la tolerance des capillaires cerebraux pour unc nou
relle substance de contraste AG 5893 L absence de toxictte locale de ce produit s1s avis
des varsseanx cerébraux a efe mu ¢ en evidence par Je test de la bamere hemato-encepha
tique avec 3 P comme indicateur et 1obsenation en ultra mucroscopse des capillaires et de
feurs anpexes Devant cette tolérance excellente malgre une concentration en 1ode elevée
¥ une viscosité basse les auteuss ont pranque chez 1 homme 100 angiographres carottdienaes
€t 50 angioeraphies vertebrales avec 1AC 3895 15 nont obserye aucune 1ntolérance au
Produnt de contra te au cours de ces 150 examens Ils en concluent que cette nouvelle
substance mucux totesce quowque plus radiopaque constitue dans le domame de langio~
BT Phue vertebrale surtout un progres snteressant

SUMMARY

The toleran e of a ne  contrast medium AG 589 was tested 1n ammals o local
! e 10 the cerebral vessels was obserned using ultramicrowcopy and 3 P as wdicator for
sadveng the hemo- neephalic barcier Ta vsew of s good tolerance despite the gh sodme

16904 €4 Rl 00D 2 bol §(139)
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content nd Jow viscosity the contrwst medium was used i 100 crotud angiogriphies nd
30 vertebral angrographies m human subjeets No angle case of mtolerance was observed
the course of these 150 exinunations  1he anthors conclude that the new substance by bemg
better tolurated although more dense represents an important umprovement particularly for
use 1n vertebral anglography

LUSAMNMNLENIASSUNG

Dic Toleranz der cerebralen Kapillare auf e neues hontrastimttel AG 5895 wurde m
Theren untersucht Ber der Untenuchuny der Bluthquorschranke muttels Ultriumkro hopie
und nut * P ls Indikator honnte heine lohale Touritat m den Gelimgelassen obsenirt
werden AMut Iinscht auf dic gute Tolernz trotz des holien Jodgehaltes und der niedrigen
Vishositat wurde das Kontrstianttel ber 100 Rarotisingrographien und 50 \ crtebralisanmo
graphuen an Menschen verwendct Rem emzier 1l von Intolerans wurde um Laufe duser
150 Untersuchungen beobachtct Die Verfasser mewmen deshalb dass das nene Rontrist
nuttel obwohl von hoherer Dichtihaat eme erhcbliche Verbesserung besonders fur die
\ ertebralisanglographic ast
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\ICROVASCULAR EFFECTS OF TOPICAILY
APPLIFD CONTRAST MEDIA

by

P I Branevarn B Jacosssov and $ E SoREnsEn

The toxicology of rocntgen contrast media has recened much attention 1n
recent years and has been the subject of several mnvestigatons Side effects such
as nausea vomiting and urticana are not uncomumon after the mtravenous and
ntraartenal mjection of contrast media the latter often also produce a more
or less severe local burning sensauon

Chinical observations have even indicated more serous effects. Coronary angio-
graphy 1s someumes foflowed by electrocardiographic abnormalities {Ross 1963
Jacomsson & PatLin 1967) Circulatory changes such as alterations m the
minute volume blood pressure hematocnt and plasma volume and osmolalsty
have been reported (Brow~ et coll 1965 Fopa et coll 1905 and Iszri et coll
1963) In the presence of reduced renal function damage to the hidneys as
reflected 1n an mncreased NPN has been demonstrated after nephroangiography

Batpiscn & Bauvmawy 1964) Alburminuna following urography has been de
scribed  RiRatanp & Hastock 1961) Iscvar (1957) and Crerrz & Werss

1959, dunng cercbral ang phy with mod: of contrast medium
registered onlv 2 few changes m the EEG whereas Itnnirvorn & Esceser

1967) uang larger doses of medium frequently observed such changes

This work v as 1 pported by grats from the Swedish Medical Re:
search
for put lication 3 December 1968 reh Gouncal Submuted
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Both gross and mucroscopic lesions 1n the hidneys of dogs and rabbuts following
the use of large amounts of contrast medium have been reported by Bere et coll
(1958), Ar~esen (1962), and Ruza et coll (1963) While Bzra et coll con
sidered Hypaque 90 6 not injunious to the rabbit hidney, Ruea et coll, who
studied dogs, stated that this medium produced various degrees of renal damage,
such as haemorrhagic extravasation 1nd massne arcas of tubular necrosis with
ccllular dissolution In a comparative mvestigation of Urografin and Isopaque,
ARNESEN demonstrated changes, ¢ g shrunken glomerular tufts and albumimnous
transudate 1n Bowman s space, hyahne droplets m the proximal tubules and
hyahne casts m the distal tubulcs of the hidney of the rabbit after the mjection
of contrast medium mto the aorta Mild degeneratne alterations m the proxmmal
tubules and casts i the distal tubules could be demonstrated four weeks after the
mjection of the medium

By anjecting vanous contrast medin, Urohon, Hypaque and Angio-Conray,
mto the aorta of the dog with the spmal cord as the test site, MarcoLs &
YEerasiminEs (1966) demonstrated varying degrees of mjury to the nervous sys
tem, rangng from scattercd microscopic destruction affccting grey and white
matter to extensive damage and disorgamzation

The mechanism of the above mentioned toaic effects on the vanous organs
1s sull obscure It probably mvolves damage to the endothelum and the en
dothehal barrier, as demonstrated by the passage of trypan blue mto the bram
ussue and descnibed ongnally by Broman & Otssox (1948) The techmque of
Broman & OrssoN as modificd by SteinwaLL (1958) 1s still used for evaluation
of the toxicity of modern contrast media (HAMMARGREN et coll 1965, SALvESEN
et coll 1967)

After staming of the endothelium with silver mtrate solution (0 2 ¢ 10025 S¢)
a directly observable effect of contrast media on the vessel wall has been
reported (Zinner & Gorrron 1959, Mersereau & RomerTson 1961, Ausvay
ot coll 1964, and McConnerr & Mersereau 1964) All the media exammed
caused some endothehal damage and 1ts extent appeared to vary with the du
ration of exposure and the concentration and chemucal structure of the agent

Besides the local tonic effect on the vessel wall vital nucroscopy has mdicated
that contrast medsa also produce consderable disturbances i the mucrocircu
lation
ScumoT (1959) was the first to describe circulatory disturbances m the pril
arteries of the rabbit and cat after intracarotid injection of.con/trast medium
The flow after the mjection of Perabrodil M 80 9 Joduron 70 56 or Urogl'jmﬁ‘l‘l
76 Go Was sometuncs so slow as to lead almost to arculatory arrest, ;he lmo:—:cd
sometimes flowed slowly to and fro in the pial artenies ScuwvipT also :cp e
that the stasis occurs first 1n the small vessels and then conunues m a retrogr:
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Fig 1 Brds eye view of eposed cheek pouch of ham
sier

direction into the largee arterioles resulting 1 circulatory arrest of varymg du
ratton No arculatory disturbances were observed after the mjection of lower
concentrations of contrast media e g Perabrodil M 45 G Joduron 30 ¢ Uro-
grafin 405, or Thorotrast In extensne invesugations of the toxic effect of
Urolon (acetnzoate) on the medulla spimalis of the dog Margous et coll
11939) noted pnincipally the same changes the mucrovascular flow patterns
as those descmibed by Scusnpt Besides the slowing down of the flow 1n the pial
vessels they recorded an immediate clumping of red cells nto granular masses
alter the intra artenal mjection of Na acetnzoate 70 ¢ Sumilar changes have
been described by Reap & Mzyer {1959) who studied the microcirculation m
the thigh mesentery and pia of the dog and cat Joussov & Bagsety (1962)
who studied the mesentnc arteries int frogs mice and rats and WiEDEMan (1963}
who used the wing of the bat as the object of study

Tt has thus been demonstrated that contrast media mjected intravascularly have
a toxic effect on the vessel wall as evidenced by the passage of trypan blue
through the wall to tndicate blood brain barrier damage Injury to the en
dothelium has also been disclosed by staming with silver solution  Furthenmore,
wal microscopic studies have revealed considerable disturbances in micro-
vascular physiologic functions. The functional interplay between the micro-
arculation and the ussue and the signifcance of the disturbance 1 the former
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Tig 2 Digramnate representaition of varous expermmental
procedures  The normal eaposed cheek pouch small tissue
defects ind sites of application to the tissue

have not however been myvestipated m the studies so far performed  Nor has the
actual causc of such disturbance become hnown The hypertonicity of the media
has been considered a posable cause of the local toxic effects but this assumption
stll rematns ta be proved The posable role played by the mteraction of the
mast cells and ground substance m the physiologic mechamsms has been almost
completely overlooked The problems are comples and 1t therefore appears un
likely that onc single method can completedy clanfy the causes of the disturbances
i the mucrocirculation and the changes m permeability of the vessel wall

Branruark (1967) Branesmarn & Goipie (1967), Branrwars et coll
(1966) m a serics of mvesugitions of tissue mjury wnduced by different drugs
apphed on mtact or morc or ltss damaged mucrosascular systems, have shown
the check pouch of the hamster to be well suited for screenng purposes as well
This appers also to be satisfactory for the detaled analysis of physiologic
mechantsms related to blood cells, plasma  endothcium, periendothelium 1
wdl as penendothchial and tssue mast ecdls Chauges - the nucrocireulion
m the cheek pouch after the topical apphcation of contrast media were first
described by Jacopsson (1965)

As the further aim of the present study was to eluadate some of the sull
obscure tissue mjury phenomena caused by contrast media, the vital microscopy
of the cheek pouch of the hamster was selected as a switable method for this

myestigation

Method and Matenial Hamsters weighing about 100 g were anacsthetized
with nembutal 30 mg/hg tm [he ammal was unmobihized m a specsal micro
© the body temperature mauntamed The pouch was exposed over

scope stage with
o : that a proper condensor system could be used for transllum

a glass plate so
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naton (Fig 1) The cheeh pouch was continuously imgated with Tyrodes
s'ution at cons‘ant temperature this 15 important as the arculation i the
cheel. pouch 15 extremely sensitive to dehydration and changes n temperature

Two expenmental designs were used (1) production of a defect (excimon
of ussue) and {2) deposit

The pouch 1n 47 expenments was everted and the epithclum and connectne
tisue on one side over an area appr ly 2 mm i d were gently
removed by means of a stereomicroscope and mucrosurgical mstruments (Fig 2)
(Braxevars & Jonsson 1964) This procedure results mn a microwound with
exposure of connective tissue capillanes in the defect The medium was applied
with an eye dropper and removed with Tyrode s solution after about 10 mnutes
For esaluaung mast cell reaction the tissue was staned 1 vnvo with 01,
toludine blue 11 Tyrode s solution before the apphication of the medwm and
restaned after 1t had been washed away

In 89 expenments 005> ml of contrast medium was mjected into the upper
lager in the cheek pouch (Fig 2) the pouch then betng watched for up to 3
hows under <tandard emsironmental condstions mamtained by imgation with
Tyrodes solutton The obser ations were made with transillummation m a mod
tied Lextz intravatal microscope (objectives UO X 23 NA 055 and UO X 55
NA 084) with microphotographie recording of structures and microcinemato-
§aphic registration of flow patterns ( BranEmarn 1962 1964 1966)

Corpuscular flow velority was measured m a selected small venule by 2 com
Paralie opuc electronic method (Bravemark & Joissos 1963) The tissue
changes were followed continuously 1n the defect and deposit areas

The followng contrast media were mvestigated
Penodal

Tsopaque 760 Urografin 30 %%
P 3] 3
erjodal U Isopaque cerebral Urografin 45 %
Suppl Isopaque 320 Uromafin 60 ¢

upplicd by Pharma ia Tsopaque coronar Urografin /6<%

PPS 12 Sweden) Biligrafin forte

(Supplied by “\yegaard
& Co Oslo Norway) {Suppl: d by Schening AB
Stockholm Sweden)
The number of ex

peniments i which the contrast media were applied to
tsue defects or depo: Pe

sited 1n the tissue by injection are given below

Defect Deposit
Perjodal H 13 T
Perjodal L 3 §
Bibgrafin forte 3 6
Lrografin 30 r 3 7

(Co tauedonp 552}
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Lig 2 Dnigrammitic iepiesentation of v arous experimental
procedutes The normal exposed choek pouch sl tssue
defects and sites of applicition to the nssue

hwe not however buen e gated m the studies <o far performed  Nor has the
actual cuse of such disturbanee become hnown Lhe by pertomaty of the medin
s been eonsidered 1 possible cause of the local tosie dfects but this assumption
sull ramuns to be proved The possible role plived by the mteraction of the
mast cells nd ground substance w the physiologie mechamsms has been Almo t
completcly overloohed  The problems are comples and 1t thercfore appears un
Iikely that one single method ¢ completedy clanfy the euses of the disturb mees
m the microarculation and the chages e pormeability of the vewsdd wall

Branesarh (1967) Branemarn & Gorore (1967), Branemarn ct coll
(1966) m 1 series of myvestigtions of tissue mpury mduced by different drugs
applied on mtact or more or kss dimaged micros weular systuns, have shown
the check pouch of the hamster to be well swited for sercunng purposes 1s well
This appears Ao to be <atsfactory for the detuled analyas of physologic
mechansms redated to blood cells plwsma, endothdiim poriendothchum: as
widt s puncadothclil md tssue mast edls Changes me the nuerocireultion
m the cheeh pouch after the topteal appheition of contrast medin were first
deseribed by Jaconsson (1965)

As the further um of the prescot study was to cduadate some of the sll
ob cure tissue myury phenomen caused by contrast medin, the vital miucroscopy
of the chueh pouch of the hamster was scleeted as 1 suitable method for this

i estigtion

Victhod and Material Hamders wughmg about 100 g were anacsthenzed
with nembutal 30 mg/ks 1m The ammal was immobihzed m 4 speaial niero
th the body temperature muntuned The pouch was eaposed over

seope stage wil
! : hat a proper condunsor systum could be used for transillumi

a glhss plue so v
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Fig 3 S quence of events n termunal artenole
exposed n a defect before apphcation (a) ¢
munures (b) and 5 mnutes (¢) afte the ap-
phi aton of U og fin 45 The Now 1 mark
edly reduced 1 (b) and (c) A companson of
th 4 strbution pattern of blood d scloses mark
edly r duced bematoc 1t n two precapillary
branches w (b} and only plasma n (¢}

tig 4 Changes in perendothelial mast
cells alongnide a senule in a tissue defect
after apphcation of Lrografin 45 €

Condensation of the mast celly and dus
tinct outline of the nucleus w (b} A
ussue mast cell 1 a stage of d sruption 15
seen 1 (€}
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Urografin 45 ¢ 7 8
Urografin 60 % 3 7
Urografin 76 ¢4 3 7
Isopaque 260 3 16
Isopaque cercbral 3 6
Isopaque 350 3 9
Isopaque coronar 3 6

Total 7 89

Results

1 Expenimental defect Apphcation of a contrast medm, wrespectave of type,
was mvanably followed by a transient slowing down of the flow After varying
mtervals of 05 to 4 mmutes the flow through the venules, capillaries and the
small artenoles stopped, first 1n the small venules (diameter 10 to 20 #) then
m the capillaries and the larger venules (30 to 80 #) and finally i the artenoles
(20 to 50 #) The entire scquence of wvents was so rapid that discrimunation of
relative differences mn toxiaity between the contrast media studied could not
be achieved by an analysis of the time factors It was obvious nevertheless that
the time mterval vaned with the concentration of the medum used In the
artenioles as i the venules and capillaries the flow usually stopped with paching
of the blood cells i the vessels The corpuscle/plasma ratio in some of the
arterioles with a diameter of about 20 s was however sometimes marhedly
reduced after the apphcauon of Isopaque 260 and Urografin 45 §¢ This de
crease m travascular homatocrit 1s apparent from Fig 3

Stasis, which occurs immediately, 15 the most stnhing phenomenon 1 the
microyascular events occurring after 1pplication of the contrast medium An m
crease was noticed n the transparency of the cheek pouch More or less marhed
microvascular dilatation was obsersed rrespective of the type of medium pphed
Segmental contraction occurred 1n an arteriole n three cases (out of thirteen)
after the apphcation of Perjodal H, and m two cases {of three) after Biligrafin
forte
After the contrast medium had been remosved by washing with Tyrode s solu
tion, blood began to flow through the vessels agawmn, first m the larger venules,
then 1n the smaller venules and capillaries and finally m the arterioles Here agam
recovery occurred sooner after the application of the lower concentration of
medium but always within 5 munutes 1n the defects

An mcreased number of white blood cells were then seen along the wall of
the vessel denoting a local toxic effect An increasing number of white thrombr
h the vessels at almost the same speed as the blood cells After the

d throu
pass s single thrombs, adhering to the walls of the

application of Bibigrafin forte,
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Fg 3 Sequence of events in termunal arterole
©xposed 1n a d fect before appl catian (a)
mnutes (b) and 5 mnutes (c) afier the ap-
Pleaton of Lrogr fn 45  The {low s mask
¢dly reduced 1n (b) and (¢) A companson of
Ve & gnbution pattern of tlood discloses ma k
edly reduced hematocnt i two p ecapillary
branctes n (b) and only plasma i (c)

P R R
4c

Fig 4 Changes in penendothelial mast
cells afong we 2 venule 1 a tissue defect
after applcation of Urografn 43
Cordessauon of the mass cells and dis
unct guthnes of the nucleus m (b} A
tissue mast cell in 2 stage of disruption 15
seen n (¢}



554 P I BRAMNEMARK, B JACOBSSON AND 5 E SORENSEN

<
: i
S
: I
: i
ey
i
- H
eI 2 rais- N
T T AT Tt T w g T
a b
s
Fig 5 Digrammatic presentation of tme |} =
mtenal between apphication of medium in
jected nto the tissue and restitution of micro 5
vascular flow velocities a) Different con
centrations of Urografin b} Different con -
centrwons of Isopaque ¢) Perjodal H Per N
i

jodal U Biligrafin Forte -

venules and obstructing the flow, were observed This also occurred after the
application of Purjodddl H (1n six of thirteen cases), after Urogrifm 76 9¢ (m
two of three cases) and Isopaque 350 (1n onc of three cses) These thromln
presumably consict of fibrm and platelets with occasional adherent granulocyies
that shide along the endothelum  Tolwdine bjue demonstrated that some of the
mnst cells were disrupted, others still retamed mtact boundanes with the granules
abnormally large and dense put suil within the cell (Fig 4)

9 Deposit ‘The changes were essentrally the same as those described above
After the mjection of the medwm the ratc of flow immediately decreased witht
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Fig 6 Sbromalues 1 inteaascular morphology of enthro ytes lustrated by wital micko-
Sotography of a capilary an & tssue defect fter applicavion of Lrotnafn 4 Chatacicnsne

¢ cnation of the red cells 1 exhibited but the basic beonca e cellular topography i1s main
t ned

ubsequent circulatory arrest first 1n the small senules then 1 the capillanes and
the large venules and finally sn the artenoles A stnking difference between the
eifect of high and low concentration of the medium was also evident n these
experiments  The interval between the mjection and the complete cessation of
flow through the venules and capillaries thus ranged from a few seconds to one
munuie for Urografin 60 ¢ Urografin 76 “¢ Biligrafin forte Perjodal H Per
jodal U Lopaque 320 and Isopaque Coronar compared with 30 seconds to 5
munutes for the less concentrated media

The recorery of the arculation first appeared m the perphery of the deposit
area and then pread towards the centre The time required for resutution of
flow to engml arculatory values vaned with the concentratuon of the contrast
medium (Fig 5) After recovery of the arculation the sessels presented signs
of toxic reaction vz an increasing number of granulocytes as well as white
thromby and ngle thrombr adhenng to and shding along the vessel wall The
dherent thromb: were obsrved only after the apphcauon of Biligrafin forte,
Lrografin 76 - and Perjodal H

The appearance of the blood was charactenstic after the application as well
as alter the myecton of the conwrast mediwm  the blood immediately became
coarse and granular n appearance A higher resolution revealed that the red
blcod corpuscles were crenated and deformed (Fig 6) Dunng the circulatory
tand ull the ll)lloozl ‘:;ppc;l\rc(l!‘ lrucl:r:lcss and homog The lhigh it
made 1t possible to identily the cell bound:
pade ccﬁ‘ e e ndanes of only 2 few red bload corpuscles
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Discussion

It 1s obvious from the literature that contrast media of now outdated type
as well as newer media may cause various types of damage to the tissues.

Thssue mjury 15 mamfested by mucroarculatory disturbances The underlying
physiologic mechanism 1s also confined to the nucrosascular area of circulation
Vital microscopy of these phenomena 1s an ¢xtremely sensitne method which
reveals even shght tissue injury It 1s 1dso well swted for the analysis of the sub
scquent course of tisue renction and the possible reveraibility of the lesion
(Baanevars et coll ) 1he results prosented i thus study mdrcate that il the
media tested cused some tissue mjury, as mamfested by a charactensuc reduction
w the flow, begmning m the venules and later affecting the capllnes and the
artentoles 1s well The tissue presents signs of njury after restitution of the flow
viz an mereasmg number of white ccls adherng to and shding 1long the vessel
wall and an mcercasing number of wiite thrombi passmg through the vessels at
almost the samc speed as the blood cudls and, m some cases thromb adhering to
the vessel wall The cause of the Wbove mentioned changes m the microcireulation
are not obvious from these vital mucroscopic studics, the crenation and defor
mation of the erythrocytes can probably not completcly explam the changes No
profound destruction of the ussuc was demonstrable  Probably there s some
change m the plasma compoution and possibly also a change m the mnterphase
between plisma and red blood corpuscles as well 15 i the plasma cndothelial
interphase, but the exact mechamsm and the nature of the process 15 still obscure
Radiologic contrast media arc highly hyperosmotic wid ths hy perosmolality could
probably account for part of the changes obstrved The pH nught also play a
role

It 1s well hnown that the cxtent and mtensity of stammng of mast cells vary
with thetr content of histame and histamine hhe substances and that relase of
tustanune from the mast cells 1s accompanied by altered stamabilits of the cell
W have found that after exposure to contrast media the mast cells change therr
morpho'ogy m a characterisic wy This suggests that a hberation of histamme
and lustammne lihe substances may oceur, the possibility of these substances bung
a factor n producing the changes m nucrocirculation will be the subject of a
future mvestigatton

The rapid reversibility of the mucrocirculatory conditions registered m the
defect mvestigations after washing with Tyrode s solution 15 equnlly charactenstic
as the changes 1 mucrocirculation after application of contrast media Our
observations arc not in agrecment w 1th those of O Connor et coll (1967) that

¢after a normal saline w ash an unbiased observer was unable to dlmm:;mc a

treated from an untreated preparation  In our exammations, diffcrent degrees
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of wall adhesion of granulocytes and platelets developed and different degrees
and numbers of fibnn and platelet thromb: and microembol were formed The
mast cells were affected, with disruption of some cells while condensation of the
granules 35 1dentified by an ncrease in optical density occurred 1n others

The present study has revealed that all contrast media exert a toxic effect on
the mucrovascular system affecting the rheology of the arculation the intra
vascutar blood cells the sessel wall and the penvascular cellular and extra cellular

P Furth e this Investig; disclosed that the hamster cheel
pouch 15 well suited for mvestigating the toxicity of contrast media.

Different mamfestations of tissue injury were demonstrated  Among these the
peniod of tme passing from the apphication of the contrast medium untf the
Testitution of flow seems to be a suitable parameter for discnmmauon between
<ufferent types of agents

SUMMARY

The cffects of raentgen contrast media on mucrovascular structure and function when
lowa¥' s apphied 1o the tissue of the cheek pouch of the hamster were studied Al the drugs
produced some changes 1n the mucrocirculation but certam patterns of the pathology were
related to their composiion The teversibility of the changes 1 as also analysed and classed
with the type of drugs tested

ZUSAMMENFASSUNG
An den Backentaschen von Hamstern wurde der Effeht von Rontgenlontrastmutteln auf
die mikrovaskulare Strubtur und Funhuion des Gewebes studiet Alle Fontrastmuttel ver
ursachten \ erand i der Mk aber es fand sich dass gewisse Ver
d

o Chemshalien abhingen Der Erholungsso
rgang wurde ebeafall
studiert und mut dem Typ des verwandten hontrastmsttels 1n Bezug gehracht o

RESUME
Les auteurs ont étudié les effets des moyens de contraste
radioly
a fencuon d @ foraisseaux quand ils sont appliques Toc aSidue st la structure et
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Book reviews

AN ATLAS OF PATHOLOGIC PNEUMOENCEPHALOGRAPING ANATOMY By Giovanm di Chiro
5355 pages Charles C Thomas, Springfield Hhinoss 1967 Price 49 50 dollags ~

This book 1s a contmuation of the illustrated work presented by the author m 1961 uader
the utle An Atlas of Detailed Normal P phalographic A y Its aize and lay
out are the same 1s 1n the presious work, 1¢ 1t contains a large number of roentgenograms
of approximately normal size each view being provided with a legend and with the path
ologic changes marked with arrons and explanatory drawings These illustrations, also are
of the same high class They demonstrate clearly that air 1s the best medium for studies of
the outer and inner cerebrospinal fluid spaces of the bran The author has auned at obtain
ing as complete a series of examples of different pathologic conditions as posable and has
placed particular importance on the expanding lesions The sections of greatest nterest to more
expenenced ncuroradiologists however ate those dealing with different types of atrophy
malformation and hydrocephalus No previous book has given such a complete survey of
these lesions  [his 1s not surprising scemg that the author 1s one of the pioneers of modem
hydrocephalus research The author himsclf complamns that m order to mahe the work as
exhaustive as posstble he had to mnclude 1 few lustrations that were not entircly saus
factory This defect 1s noticed mainly m the chapter on changes below and at the level of
the foramen magnum especially the films showing changes below the foramen could have
been more illustratne  [he author m s previous work addressed humself mamly to
log 8 and neuroradiol The present book 1s not in the same way
dedicated to workers in particular fields Nevertheless 1t may be unresersedly recommended
to the same categories and particularly to neuroradiologists 1 traiung

G Nestberg

RADIOGRAPHIC PROCESSING IN MEDICINE AND InDUsTRY By D H O John 292 pages 53
figures 8 plates and 18 tables The Focal Press London and New York 1967 Prce
£5 550
The room for procesung 1s usually the Ist to be considered in planning the roentgen

department very often it 1s crowded into the last available bit of space wrote J kungdom

m Radiography 1n 1959 Maybe thus 1s not often so true today as it was i the past
An mtroductory chapter on dark room planning discusses centralization and decentral

jzation This 1s more mmportant than ever as the new small roller machines are so small
and relatively cheap that decentralization s often the 1deal solution A conventional dark
room 15 today defimtely old fashioned and the new umts have led to new methods of plan
ming Large parts of the first chapter refer to manual processing and may be considered less
up to date The principles of wnd the new possibalitics with the new machunes should have
been discussed 1n much more detall The chapters on sensitive matenals screens processing
chemistry, reg and special develof methods are clear and informauve and
contamn good diagrams and graphs Certamn special procedures as for wstance xerography
are mentioned The properties of the developed nmage are discussed on the bas of sensito
metry Problems of fog and faults that might anse during manufacture storing or h:mdhng
re discussed and examples are given Literary references are appended to cach chapter an

: ] bibliographic and hiterature section gives further information about books and

a S‘f‘i’a -l '8 hic and rad phic journals A formulary appendix and tables on

function o‘(’ automatic processing

unts are included
Ore Mattsson
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FORMULAS — PHARMACOLOCIC AND CLINICAL STUDIES Proc Symposia at Copenhagen
\ovember 1964 and Sandcfjord Scptember 1966 1967 Price Sw Ar 40
271 Erna TarRnanes T 1vem chidography — A technical anatotc
and chinical study 1967 Price Su Ar 35
272 Arpan Lunocrouist Arteual segmental supply of the Iver — An angiographic study
1967 Price Sw Ar 35
273 Kar Serata Max Swraty OT1o NaassoneN and ERva TARKIAIENY  Quantitaitne
three dunensional santillography of the stomach with technetum (92Tc) 1907 Prece
Su Ar 30

974 Prr Bercsyo Radiition mduced early chinges m size and vascularity of ecrvical ear
cmoma — A colpophotogriphie and climenl study 1968 Price Su Ar 33

275 Sunc Ericson The parotid gland m subjects with and without rheumatod arthntis
1968 Price S hr 40

976 Rovr Jensen  Antenor teeth 1eltionship and speech — Studies using cneradiography

synchronized with speech 1ecording 1968 Prce Su hr 35 .
977 SvEN AlLLBACK Osteoarthrosis of the hnce — A radiograplic mestigation 1968
Pree Sw Ar 3>
278 Ircac Sjocren, Bl
and children Comparison with cercbral 1
Price Sw Ar 35

1.t Brrostrov and Herman Lobiy - Echoencephalography m infants
wphy in S lar size 1968




