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INFERIOR VENACAVAL OBSTRUCTION IN
HEPATIC CIRRHOSIS

by

InGEMAR BeRGsTRAND Carr AXet Envan and Rorr RonLer

Carshosis of the lier often produces narrowing or obstruction of the intra
hepatic portal rimifications by pressure from scar ussue or regenerating
nodules (McInpor 1928 Kerry et coll 1950) These changes have been demon
strated by percutaneous splemc phlebography (BErRGSTRAND 1957 BERGSTRAND
& Inuay 1957}

The inferior vena cava crosses the liver m a deep fossa(fissura venae cavae)
or occastonally 1s surrounded completely by hepatic tissue The caudate lobe
18 situnted close to and left of the mlerior vira cava Thus durtng its intra
hepate course this vessel 1s fixed ngudly on all sides and 1s easily subjected to
compression from expansive processes ansing outside the liver (enlarged pan
creas lymph nodes; or within 1ts substance (cysts abscesses, gummas primary
ot sccondan, neoplasms o the regenerating nodules sn airthosis of the hver)
Thr effect of such slowly deseloping compression of the inferior vena cava 1s
¢hmieally less dramauc than a siumilar obstruction of the portal vemn and has
therefore recened less attenuon n the medical Inerature After a surgrcally
created portacaval shunt the volume of blood emptving nto the prehepatic
nortion of the mlenor vena c1vasincreased by 1101 5 1/min Any narrowing

| tmm the Roentord 3o tie Department 1D rector Prof Olle Oua) and th_Suryical
P1 mm Directer Ers PhansSandbom Unn oty Ho pral Lund Sweden Subm tred
toptoatn 23 Noy mber 1Y
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of the hepatic or suprahepatic portion of the inferior vena cava would then
theoretically produce chmenlly significant hemodynimice changes

The present communication 1s concerned with this problem  Splenoporto
graphy has been performed after the creation of 2 portacaval shunt i 1 group
of cases of ver cirrhosis advanced enough to have portal hypertension The
degree of narrowing of the mtrahepatic portion of the mfirior vena cava has
been estimated on the basis of this examination The roentgenogriphic findings
have then been corrclated with the macroscopic appearance of the hver, the
decrensc 1n portal pressure after establishment of the shunt, the prescnce or
absence of 1scites before and after surgery, and the occurrence of edemn of the
ankle following operation

Previous reports  PLEasaNTs (1911) described 296 cascs collected from the

Iiterature as well 1s 18 of hus own cases of obstruction of the mfurior vent civa
In 31 of these cases the obstruction, often complicated by thrombesis w s
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cansed by non malignant tner dusease (abscess 8 currhosss 10 sy philis 7
echinococens cysts 6) In§ cases the obstruction was due to hepatic carcinoma

Ferms & BLankesuory (1941) descnbed 5 consecutive cases of soluary
abscess m the nght lobe of the et that caused obstruction by pressure external
1o the 1nferior vena cava An elevated femoral vein pressure (as compared to the
cubital vein pressure) was demonstrated 1o all these cases On the other hand
cases with 2 symmetrically enlarged hver due to currhosis leukerma hepatitis
ot carainomatosts had no such elevation of the femoral vein pressure 1t was
suggzested that pressure measurements could be used tn the differential diagnosss
between liver abscess and other intrahepauc lesions

pos Savtos {1935) tust descnbed the chneal apphication of soentgeno
graphy of the inferior vena cava by direct contrast mjection The most common

i for this 15 the myestig: of pers aortic lymph nodes
metastases m catcinoma of the testis or malignant lyraphoma (HELANDFR &
Lanpnod 1956 1958, Fucus 1961, and others) Only occastonal reports are
found of expansive mtrahepatic lesions having been disclosed by this method
ViaLLer et coll (1957) published cavograms of four cases of hepatosplenomega
ly showing \arying degrees of mtrahepatic mfertor vena taval compression
Botroron & Guntz (1959) described cases with hypertrophy of the caudate
lobe and with hiver tumers 1 which cavography had shown caval narrowing
Intrahepatc collateral connections may 1n such cases develop between hepatic
seins caudal to the compressing intrahepauc lesion and those emptying cramal
to it

Heeanner & Linonow (1959) observed deformation of the vena cava an sts
passage through the fiver 1o only a few cases One of these was caused by hepane
metastases the Tumen of the vessel was stnikingly rregular and somewhat
marroned In another case with a diffusely enlarged hner there was stenosis
of the wfenor vena cava with regular contours of s cransal portion

Prrzrsr et coll (3961} compared the findings on cavography n five normal
subjects with five cases of currhosis Despite large indmvidual varations they
found a decrease 1n the mntrahepatic vessel area i relation to the suprahepatic
vessel area tn cases of currhows as campated (o normal cases These findings
explained the pressure gradient m curhosts between the ntrahepatic and
?“‘\P:\“:\‘g’:“; fuﬂ]:\!l;igﬁltﬁlfmof g;ﬂa Chma presented m a previous paper
i ey ol Jo ) e postibility that the findings mught be functional

Y the often cocustent asates rather than by OrganiC marrgwing

was discussed but was thought less likely

Berostranp (1961) described a case of arrhosis 10 which splenic phlebo
wraphy after portacasal shunt demonstrated a narrowing of the intrahepatic
partof the wferior vena cava assoctated with chmeal signs of wncapacity o?(hxs
:n‘:’;\t:r:”:;; C“}:’}‘cn( 1[316‘31) :r:;c“‘,th.:: a promunent caudate lobe of the Lis er
twelfth thoracic vertebra € © rena eaa at the Jevel of the tenth ta
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Fig 2 Liver airrhosis Splenoportograms a) Considerable shrinkage and condensation of intrahepatic
porthl ramifications portal hypertension with collateral cireulation by After portacaval shunt
normal diameter of intrahepatic part of inferior vena cava

Matenial and methods 'The materinl consists of all cses with verified cirrhosis
of the liver 1n which cvography or splenic phlebography after porticval
shunt was performed during the period 1954 to 1960 After exclusion of ey
mnations with 1 non diignostic concentration m the infirior vena cava there
remamned 41 examnations i 38 cases 1n which the prehepatic as well as the
mtrahepatic dinmeter of the vessel could be estimated (Migs 2—4)

Fhe examinations were performed with 1 vertical beam and wath the pauent
supine The maaimum dinmeter of the ordinanly evenly contoured prehepatic
part of the infurior vena cava was mensured and compared with the mmimum
ditmeter of the mtrihepatic portion of the vessel TTD 90 em No account
was tiken of the differences 1n geometric enlirgement due to differences m
bodyv size and shape The results of the metsurements from all the 41 examina
tions 1re given 1n the dingram of g 1 The prehepauc diameter of the inferior
vena cava s plotted along the X axis and the smallest intrahepatic dinmeter
along the Y axis The examinations have been divided mto three groups
(I) no, or very shght, difference between the prehepauc and mtrahepane
diameters (1 1 to 10 9), (II) moderate difference (10 9 to 2 1), and (III)
considerable difference (greater than 2 1)

The cases 1n these three groups have been compared under the following
categories (1) Size¢, consistency and type of nodulanty of the cirrhotic ltver s
judged at laparotomy or autopsy (38 cses), (2) decrease m portal pressure
after estabhishment of the portacaval shunt (37 cases), (3) presence or 1bsence
of ascites before and after shunt (41 exammnations) and (4) occurrence of edemn
of the ankle after shunt (41 exammntions)

Results

There was no, or very shight, decrease m the intrahepatic caval diameter as
compared to the prcllcpatxc m seven eximinations (group I), 1 moderate
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a

ho s Splenopo tograms ) Distort on of intrabepatic portal ram fcations portal
B e o euftterah ¢ routavion B) Cons derable narrowing of trahpatic portion of feror
vena cava

decrease m 28 examnations (group I1) and a considerable reduction of the
dimeter of the hepatic caval segment in six exanunations (greup IIT) (Fig 1)

Ihe size, consistency and type of cirrhotic nodulanity of the liver did not
differ m the three groups

The decrease in portal vein pressure afier portacaval shunt in group I was
24 to 9 cm H,O {mean 16 cm H,0) 1n group II 25 to 9 em H,O (mean 17 cm
H,0), and 1n group 11I 20 to 7 cm H,O (mean 11 em H.O)

Ascites before portacaval shunt was present m one of theseven group I eases,
1 ten of the twenty eight group 11 cases and in two of the six group I1I cases
The ascites disappeared in all cases after the shunt was established

Ankle edema occurred after portacaval shunt in one case 1n group 1 (the
same case 1n which there had been ascites) wn four group IT cases (all of
which had had ascites) and 1n four group III cases (one of these four had had
ascites preoperatnely)

Discussion

Fieus (1961) using matersal from the roentgendiagnosuc department of
the University of Lund has shown that in normal cavograms the ntrahepatic
segment of the fenior vena cava has the same diameter as the prehepatic
portion  According to HeLasper & Linoeovt (1939} n normal cases the vena
cav1 presented 2 uniform dimeter in the anteropostenior views The
caudate lobe of the lner was often discernible 1n anteropostenior views as a
regular arciform impression 1 the left wall of the inferior vena cava  The
saguttal diameter of the mfenior vena cava at the level of the hver xs larger than
the frontal (HeLanors & 1iosow 199 Fues 1961)

It has been claimed that layening of contrast medium and wmcomplete mxng
with the blood 1s important especially 1n veins with slow circulation and that
the vascular anitomy may be misjudged 1f examinations are performed with
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Fig 4 Splenoportograms 1) One month alter porticnial shunt b) 6 months afier shunt shight in
creasc m the caval diameter m the prehepatic region

vverticnl beam (Kjeuinere 1948, Grerrz 1954) The witers feel that these
arguments mny be disregarded 1n the present material for the foliowing ren
sons prior to entermg the vent cwva through the shunt some miung of contrast
medum and blood occurs 1n the porttl vein Complete misng of this opict
fied blood from the portal vein with the caval blood 1s fuvoured by the Jarge
portacaval pressure gradient which enhances portal drunage and produces
turbulence, and by the fact that the portal vem enters the ventral aspect of the
mferior venn cva 1t right angles to this vessel The contrast column wis
alwys well delineated wind did not change i 1ppearince between different
scrial films Cases with insufficient contrast density n the infertor vent cava
were excluded 1n order to make the results s rehiible 1s possible  The dinmeters
measurcd 1re consequently considered to incicate the true frontal dimension
of the vessel

The grouping of the cases according to theroentgenographically demonstrable
differences 1n diameter was done by two of the ruthors (B and K ) independ
ently of the tibulition of the chimeal data which was performed by the third
nuthor (L), this ensured that the corrclation betwceen ntrahepatic caval ob
struction and the different chimeal data was completely objective

The material examined 1s composed of cascs of portal hypertension i which
crrhotic changes considernbly encroached upon the mtrahepatic portal system
(Figs 22 wnd 3a) Despute this there was marked narrowing of the intrahepatic
portion of the mfertor vena cava 1 only six of the 41 cases (Fig 3b) The
results indicate that a considerable narrowing of the inferior vena cavt 1s not
usual m crrrhosis of the liver regardless of the fact that, due to the techmque
used, only cases with frontal narrowing were recorded

The absence of any corrclition between the degree of c vl obstruction 1nd
the macroscoptc ippearance of the hver 1s difficult to explain The few tutop



INFERIOR VEVACAVAL OBSTRUCTION IN HEPATIC CIRRHOSIS 7

stes performed were not parnenlarh concerned with the present problem
The relatisely small decrease m portal pressure after portacaval shunt n
those cases with conniderable caval abstruction 25 compared with those with
Jess or no obstrucnion sndicates that such narrowing of the infenar vena cava
has some hemodynamic importance 1n felation to the function of the porta
caval shunt

Ascites 1n arrhoss of the Iner 15 caused by the combined effects of portal
hupertension and of the by poproteincmia duc to the reductzon an Iiver funcuon
Asute generally disappears after a portacaval shuny which decompresses the
portal svstem (Evuas 1927) & considerable narrowing of the ntrahepauc
sezment of the mferior vena cava would possibly dummish the effect of a porta
caval shunt and obwiate or dunsnish s {avourable effect on the asates How-
ever 1n this matertal the disappearance of ascites after decompression of the
portal system by portacasal shunt esen 1n those cases with considerable caval
narepwing indicates that anv such mnfluence on the formauon of ascates 1
neghigible

The occurrence of ankle edema after portacay ! shunt may be attnbuted to
hypoprotetneria Other possible causes such as cardiac decompensauon or
thac vewn thrombosis were not found dunng the thorough chneal exammatons
before and after surgery However the eccurrence of edema of the ankle n
four of six cases with considerable narrowmg of the intrahepatic segment of
the infertor vena cava as compared with five of 35 cases without such 2 lesion
indicates the climcal importance of caval obstruction If caves with asates
before portacanal shunt and consequently wathseverely damaged ver function
are excluded the postine correlation 15 even more evident (three of four cases

with obstrucuon ay compared with none of 24 cases with less sigmficant
fernor vena eaval obstruction)

SUMVMARY
An msestization of the degree of wferior vena caval obstru
cion due 1o regencraty
:mrr{uln l::’* l“zukmb;m;:m o0 38 xases of hepate arrhosis assoctated with portal hypc;inl:::r:
eporn arked obsteurt
e arked chcur l::; was present i onls ix of the cases The obstruction of the

uence the disappearance of ascte
favoured th occurrence of edema of the ankle of mones aher portacaal dunt but

ZUSAMMENFASSUNG
. nl’;«l::’ ::1;"1( Uniersuchuns
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Fig 4 Splenoportograms 1) Onc month afier portacaval shunt b) 6 months after shunt shaht 1n
erease in the caval diameter in the prehepatic region

2 vertical bewun (KjeLubere 1943, Grurrz 1954) The wnters feel that these
arguments mny be disregirded in the present matenal for the following re-
sons prior to cntering the vena cva through the shunt some mrang of contrast
medium 1nd blood occurs 1n the portal vemn  Complete mising of this opact
fied blood from the portal vein with the caval blood 1s fwvoured by the large
porticaval pressure gradient which enbances portal drunage and produces
turbulence, 1nd by the fact that the portal ven enters the ventral aspect of the
mferior vena cavi at night angles to this vessel The contrast column was
always well delineated and did not change m appearince between diffcrent
sertal films Cases with nsuflicient contrast density 1n the nferior vent cava
were excluded in order to mhe the results as reliable s possible The dinmeters
measured are consequently considered to wndicate the true frontal dimension
of the vessel

The grouping of the cases according to theroentgenographically demonstrable
differences 1n dinmeter was done by two of the tuthors (B and K ) independ
ently of the tabulation of the clntcal dtr which was performed by the third
author (E ), this cnsured that the corrclition between mtrahepatic caval ob
struction and the different chnical datn was completely objective

The material examined 15 composed of ¢ases of portal hypertension in which
arrhotic changes considerably encroached upon the mtrahepatic portal system
(Tigs 21 1nd 3a) Despite this there was marked narrowing of the intrahepatic
portion of the nfertor vena cava in only six of the 41 cases (INg 3b) The
results indicate that 1 considerable narrowing of the inferior vena c1va 15 not
usual m crrhosis of the hiver regardless of the fact that, due to the technique
used, only cases wath frontal narrowing were recorded

The abscnce of any correlation between the degree of caval obstruction and
the macroscopte appearance of the hver 1s difficult to explun The few 1utop
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sies performed were not particulasly concerned with the present problem
The relatvely small decrease i portal pressure after portacaval shunt in
those cases with considerable caval obstrucuon as compared with those with
Jess or no obstruction indicates that such narrowing of the infenior vena cava
has some hemodynamic smportance 1n relation to the function of the porta
caval shunt

Asaites in arrhosts of the liver 15 caused by the combmed effects of portal
hvpertension and of the hypoproteinermia due to the reduction 1 hver function
Asaites generally disappears after a portacaval shunt which decompresses the
portal system (Exwan 1957) A considerable narrowing of the intrahepatic
segment of the infertor vena cava would possibly dinunish the effect of a porta
caval shunt and obuiate or dimimish 1ts favourable effect on the ascites How
ever 1n thus matenal the disappearance of asaites after decompression of the
portal system by portacaval shunt even 1n those cases with considerable caval
narrowing mdicates that any such influence on the formation of asutes 15
neghgible

The occurrence of ankle edema after portacaval shunt may be attributed to
hypoproternemma  Other posstble causes such as cardiac decompensation or
1hac vemn thrombosss were not found during the thorough clinical exammnations
before and after surgery However the occurrence of edema of the ankle m
four of six cases with considerable narrowing of the intrahepatic segment of
the infenor vena cava as compared with five of 35 cases without such a Jeston
mnducates the climcal importance of caval obstruction If cases with ascites
before portacaval shunt and consequently with severely damaged In er function
are excluded, the positive correlation 1s even more evident (three of four cases

with obstruction as compared with none of 24 cases with less sigmificant 1n
fertor vena caval obstruction)

SUMMARY

o;n investigation of the degree of inferior vena caval obstruction due to regenerating hiver
nodules in 4] examtnations in 38 cases of hepate cirrhoss assonated with portal bypertension
::‘ ‘;rr;‘:arn:d '\hrkcddt’bstrucuon was present m only six of the cases The obstruction of the
ena cava did not influence the disappearance of ascites afeer
t;
fasoured the occurrence of edeta of the ankle portacaalshuntbut

ZUSAMMENFASSUNG
Es wird uber eine U h des Sch
es des des \ der 'V
ferior bedingt durch regenericrendes Lebergewebe anhand von 41 Un(e:!ruc\h::l,g:: ":: l;8
osc kombrnuert mit portalem Uberdruck benichiet
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RLSUML

Les auteur présentent une étude sur le degré d ob truction de la veine c1ve mférieure par
des nodules de régenération hépatique dans 41 examens de 38 cas de cirrhose hépanque
accompagnée d hy pertension portale Il ny 1t une ob truction marquée que dans s de
ces ¢as 1 ob truction de I veme cve mféncure na pas dinfluence sur 11 dispacition de
I 1scite, mais 1prés shunt entre les sy témes cave ct porte dllc fuonse [1ppinton de
1 ocdéme des chevilles
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EVACUATION OF THE NORMAL LARGE INTESTINE
by

Rorr honLer

Although the moter actrvity of the Jarge bowel may usually be determined
by means of 2 banum meal an assessment of pathologic conditions demands
2 detatled knowledge of normal colonic filling and evacuation ILattle on this
subject 15 found 1n the hiterature a fact that prompted the present investiga
tion of the normal vanabihty of colomie function by means of a small con
trast meal It was considered that this specral meal would produce the mmimal
interference with the normal physiclogy of the colon

Earlier wrestigations \Motor actinty of the colon has attracted 2 good deal
of mterest Information on this complex procedure 1s provided eg 1n the
textbook of Scurvz & coll (1952) Evacuation of the intestinal contents
which 15 of special interest in the present work 1s mostly effected by the mass
movements of the calon abserved as early as 1909 by Hovzeneent These
motements occur at mtenals of several hours and transpose the intestinal
contents by stages over long stretches

hantor (1932) observed the emptying of the colon roentgenologically 1n
844 unspeaified cases The standard bartum meal was employed, the quantity
s ot indicated but may be assumed to have been considerable A hard rectal
impaction was encountered 1n over 18 per cent of cases and had to be removed
by artificial means The method was therefore Tughly unphysiologic and for

Submutted for publ cation 9 October 1962
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NUMBER OF GCASES

1

m Males
20 @ Females

EMPTYING TIME DAYS

Fig 1 Cmptyng tme m days for 50 normal colons of each
sex

that reason the results may probably be considered unrehable Iilms were
taken every 24 hours after the ingestion of the meal, until the colon was en
tirely empty, ind the number of spontincous stools was recorded The normnl
rate of emptying of the colon w1s found by KANTOR to be 72 hours

honLer’s well known textbook discusses the normal emptying time of the
large intestine and referred s late as 1939 to the 19111912 work of the
proneer Rieper The latter gave two healthy test subjects 1 contrast meal
contamning bismuth carbonate A survey roentgenogrim covering A field ex
tending from the bases of the lungs to the upper part of the thighs, was taken
roughly every hnif hour for about 24 hours The nuthor regretted that the
total number of cxposures had to be cut down mn cach case to 45 nd 47,
respectively, to avoid erythema of the shin The myvestigation showed that the
contrast medwum reached the sigmoid colon mn 12 hours and that 1ts mun
bulk lay in the sigmoid colon and rectum at 24 hours

Fantus, hopstemn and Scumipr (1940) mvestigated the influence of bran
on intestinal motlity by ging this substance mned with 60 to 70 g barium
sulphate to 126 normal subjects aged between 20 and 30 years, 12 of whom
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2 (The large mntesune Frg 3 (The Jarge imesnne empried i 72 hours ) Left at 24 hours
fx‘v?px td(m 48 hngun) At 24 xh% med‘xum 18 f“al!ly evenly d stributed throughout the large bowel
hours man part of the con  Right at 48 hours except for small traces in the cecum all the medium
w2t medwam hies m the s 168 1n the rectougmod region
mo d colon and rectum

were women The result of the study which was repeated 1n the same series
was not very clearly reported but was roughly as follows of the 126 subjects
the colon emptied 1n 24 hours m one 1n 48 hours 1n 38 1n 72 hours 1n 62
1 96 hoursn 20 and 1n 120 hours in 5 of them The authors observed marked
physiologic vamations n the emptying times 1n about 15 per cent of the test
subjects

According to Feroman (1948), orally ingested bamum 1s normally dis

tributed throughout the colon 1n 24 hours The entire intestinal tract 1s usually
empty 1 48 to 72 hours

Matertal and Methods The present series compnsed 50 males and 50 females
aged between 21 to 30 years, who had never had intestinal symptoms and
regulatly had 1 to 2 formed stools 3 day The snvestigation was 5o arranged
as not to mterfere with normal colon function The test subjects were there
fore mstructed to lead a completely ordinary ife and eat the normal amounts
of food at the usual hours The bartum meal consisted of 15 ml of barium
sulphate emulsion and was ngested 1n the morning after the subject had had
breakfast 2nd the bowels had acted The quantity equalled 15 to 20 g of dry
banum sulphate and rendered the colon sufficiently opaque every effort was
made tg keep the quantity low enough as not to disturb the intestinal transit
The first film was taken the next morning that 1s to say 24 hours after the
ngestion of the barnium The remaimng films were obtamed at 24 hour nter
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a b c

Fig 4 (The large mtesune emptied i 96 hours ) 1) \t 24 hours even di tibution of medium
throughout the large intestne b) At 48 hours  the medium Iies mo th 1n left half of the large intestine
€) At 72 hours the medium lics now only 1n the rectosigmond colon

vals unul the colon was completely clear The number and consistency of
stools pissed during the 24 hours werc to be reported at each exaummation
Liposure factors 100 AV, 6—10 mAs, I'TD I m

Results

The cases are classified i Fig 1 according to the emptving time of the
colon
The contrast medium was completely evacuated in 2 to 6 dvys mn the sub
Jects who had duly motons and were without intestinal symptoms The usual
cmptying time was 3 d1ys The colon was cmpty 1n 2 dws 1n only 7 per cent
of subjects and 1n more than 3 davs i 1bout half the number of subjects The
examination of male subjects gradually decrersed towards the masimal period
of 6 days whereas slow functioning Irge mtestines were more numcrous
among women 1 whom the 4 and 6 d1y groups were 2lmost cqual m size

Careful exuunttion of the films revealed the difference i the emptving
mechanism of large ntestines with different emptying rates Where emptving
occurred 1n 2 days, the contrast medium has Iargely passed through the large
bowel 1n 24 hours or was collected 1n the distal parts (Nig 2} If the emptyne
tme was 3 days the medium was usually evenly distributed by 24 hours along
the entire length of the large mtestne At 48 hours 1t usunlly I between
the splenic flexure and the rectosigmoid junction with small residucs 1n the

ascending nd transerse colon (Fig 3)
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Fg 5 (The large intestnc empt d n 120 ] ours ) @) At2¢ hours contrast medwm tn all parts of the
Jaige o & Aendency 10 fareal atcumalation 3 L & patt ol dhe transverse and descend ng coton
1) At 48 hours Jess medium 1n prox mat parts of bowel c) At 72 hours the prox mat haf of the
1 ge test ne 1s now almost empty d) At YF hours s gificant iraces of med um wn the rectum

With a 4 day emptymng tme the contrast medium was usually evenly dis
tributed at 24 hours throughout the large intestine or was present only as far
as the splemc flexure, the remamnder having been evacuated At 48 hours the
transverse colon still contamed a considerable amount of the medum while
the distat parts of the bowel showed a varying degree of filing At 3 days the
banum usually lay at the rectosigmaid junction (Fig 4)

When emptying occurred n 5 days the medum was seen 1n the first and
last films 1n appreumately the same regions as in the one day shorter emp
tyings The intermediate films showed that the retardation of intestinal transit
occurred during the second to fourth day A certain tendency to accumula
uon of faeces was noted 1n the left part of the transverse colon and the de
scending colon (Fig 5) With emptymng occurring in six days the medm
at 2% hours filled the Jarge mtestine as far as the Tectossigmord region and
evidence of accuraulation was apparent 1n the left parts of the colon The

colonic contents made slow progress dunng the fallowing days and collected
in the rectosigmord region (Fig 6)

Discussion

A roentgen study of the progress of matenal through the large mntestine 1s
of considerable value for the assessment of pathologic intestinal function and
\ls ml:t“an‘) based upon an appreciation of the normal A great deal of work
(‘;:1 hccr:“ c:;:‘ms:_! l:o the study and classification of vanous types of constipa
o Y mea s arum meals of enemns although there appears to be only

methodical study of the emptying tumes of the large testine 1n normal
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VIIth SYMPOSIUM NEURORADIOLOGIGUM

The VIIth Symposim Nevroradilogicum will be held m New York
City at the Waldorf Astorsn Hotel, September 20-—25, 1964

In addition to essays on subjects of dingnostic and therapeutic neuro
radiologic interest, there will be symposium on Radiation and the
Nervous bSystem The latter will include essays on radiobiology, effects
of ridiation encountered in outer space, and the use of ultra sound and
radiotsotopes 1 diagnosis and therapy

The oflicinl Innguages of the Sympostum will be English, Irench, Ger
man and Spamish Appheation forms may be obtamed from the President,
Dr Juan M Tueras, Neurological Insutute, 710 West 168th Street,
New York 32, N Y, U S A

The British Institute of Radiology

25th Annual Congress and Technical Exhulntion
W Vidoond 2820, Ane). 1964

at
CI'NTRAL HALL& GHURGIH HOUSI WESTMINSTELR LONDON
Prowvisional programme

The Blood Supply of Tumours

The origmn of the vascular bed in tumours Speaker to be announced
The angiographic appearance of tumours and their regional

‘blood supply i Ake Lrvovos Stockholm
The blood supply of tumours of the colon and rectum Me J D Grigrrras London
The vascular system and the nutritton of tumour lissue Dr M1 S Lvans Londan
The distribution within tumours of dyes and fluorescent substan

ces by the blood system Dr K A Nowrow London
“The failure of the circulaton in tumours and nis imphicaton for

radiotherapy \ Dr R H Tuowvrivson I endon

vanus Thompson Merorial Lecture on ™ ray analysis

T':rgf-{:::':wm be ylcld by Dr M1 Peruvz

g the Annual Congress should be addressed to the Cencral Scere

concerntn
Corresponderice . Strect London W] England

tary Briush Institute of Radiology 32 Welbeel
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TR PEDIATRIC CLINIC, KAROLINSKA SJURHUSET STOCKHOLM, SWEDEN

ASSESSMENT OF THE PHYSIOLOGIC STATE IN ISOLATED
VENTRICULAR SEPTAL DEFECT

by

Joseen E WuurLey, Harry HERzZENEERG and Urr Rupse

It has previously been suggested that some aspects aof the cardio vascular
phystologic state 1 wsolated ventncular septal defects may be evaluated by
a comentional exarmnation of the heart and lungs (AJELLBERG et coll 1955
& 1939 heats et coll 1907, SiveLETON et coll 1959, DuSiane & harkriv
1960 Vickers ct coll 1960 and Youwe et coll 1960) Various aspects of the
roentgenologic analysis of the routine chest 1on have been dered
to be of particular smportance and include gross heart size, left atrial size,
left ventricular size and the appearances of the pulmonary vascular tree

Fighty cases of isolated ventricular septal defect previously exammed by
Toutine chest phy selectne hography and electrocardio
graphy (ECG) were studied 1n an effort to mvesugate this hypothesis the
resultant information being compared and contrasted with the cardiac catheter

1zation data obtained at the time of anglocardiography Four cases with con
current fi 11 fi or d

P of the thoracic
aorta were included 1n this group

The ability of those ordinanly reporting on conventional films was also
tested regarding their abrhity to assess some of the information presented by
angiocardiography and cardiac cathetenzation

Submutted for publication 13 June 1967
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Fig I The relatonship of gross heart size to the degres of left to night shunt
Ppresent m cases of 1solated ventricular septal defect

Matenial The 80 cases all had signs at cardiac catheterization and/for angio
carcdiographic evidence of an 1solated ventricular septal defect There were 20
cases of 1 year of age or less and 60 cases above this age, the overall mean age
being 4 6 years with a range of 2 months to 16 years The other cases avulable
were ehiminated because of mcomplete left heart filling due to the technique
employed, or for a reason that will be expluned There were 42 males and 38
females n the seres

Methods and Results

The cases were classified 1nto groups by a method shghtly modified from
the one previously described by KJELLBERG et coll (1955, 1959) Briefly the
groupings were made by the following criteria

Group I a Ventricular septal defect with no elevation of the right ventricular
pressure at rest {peak systolic pressure <2 30 mm Hg) and with no shunt dem
onstrated by oumetry (diagnostic level considered 1 volume %)

Group 15 Ventricular septal defect with no elevation of night ventricular
pressure at rest and with a left to nnght shunt demonstrated with oximetry

Group I Ventricular septal defect with elevation of the night ventricular
pressure but without equilibration of the left and right ventricular pressures
(af left ventricular pressure unknown, less than 65 mm Hg in infancy and less
than 80 mm Hg 1n cluldhood) with a left to right shunt demonstrated

Group III a Ventricular septal defect with equihibrated ventricular pressures
(af left unknown, above the limits stated under group II) with a demonstrated
left to nght shunt and no peripheral desaturation at rest (oxygen saturation

> 93 volume %)
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Fg 2 The relationshup of gross hearts cto 1he degree of pulmonary hypertension
present in cases of ssolated ventrscular septal d fect

Group HI'b Ventricular septal defect with equilibrated ventncular pressures
(or as above) with demonstrated left to-nght and nght to-left shunt at rest
(penpheral oxygen saturation < 93 volume %Yy )

Group HI ¢ Vemmncular septal defect with equbb d v p
{or s above) with a demonstrated nght to left shunt and no demonstrable
left to nght shunt at rest

The techruque of cardiac catheterization and selecuve angiocardiography
was described by hjeLLBerG et coll (1959) The contrast injectrons m the
group under consideration were umformly made into the nght ventacle or the
right ventricular out flow tract

The total heart volumes were calculated from teleroentgenograms obtained
1n the recumbent position 1 infants and the erect position in children using the
method described by Jonserr (1939) and Ligyestranp et coll (1939) The
heart volumes plotted agamst the left to-nght shunt size esimated by oxumetry
and agawmst the peak systohic pulmonary astery pressure are presented 1n Figs

land 2

The volumes of the left atna and left ventrcles were estumated according to
2 method descnibed by Anvipsson (1959, 1961) and employed by ArvipSson
et coll (1960} and Buwvetr et coll {1961) Briefly the method consists m the
measurement of the three d of a chamber from 1 by
plane angiocardiograms therr correction for magmfication and thewr substity
ton anto an cllipsod formula Atrzal diameters were measured with an ac
curacy of 1 mm and the volumes were abbreviated to the nearest milliliter
ventricular diameters were measured with an accuracy of 2 mm and the volumes
were rounded off 1o the nearest 5 ml Due 10 the spatial onentation of the true
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Fig 3 The rclationship of left atnal size to the degree of left
llorm:h: shunt present in cases of 1solated sentricular septal
delect

long s of the left ventricle, 1t 1s necessary to caleulate 1its long diumeter by
stercometry The masimum volumes of the two chambers were chosen 1s the
reference points for three reasons (1) to ninimize the ovcrlap of the chambers,
(2) to tahe advantage of their more perfect clhptical shape during Iate distole,
and (3) as logically this state should 1ccurately reflect increased volume loads
An ECG, recorded simultincously with the angiocardiogram wath the moment
of cach cxposure denoted, was employed mn determmning the masimally dis
tended state Some cascs had to be discarded because of the chance qbsence of
2n exposurc mn the proper phasc of the eardine cycle

The ngiocardiogrims of 15 cases of muild pulmonary valvular stenosis of
the same 1ge group, with gradients of no more than 30 mm Hg At rest, were
exumined to obtun normal values for the left atrl and ventricular volumes
measured by this techmque All volumes were related to the pauent s body
surface area as esttmated by height and weight in order to make the numerical
valucs compnrable throughout the age group mvolved, 23 4 7 ml/m?* of body
surfice was the mean and standard deviition obtained for the left 2trium, and
83 &+ 20 ml/m?, for the left ventricle

The left atrinl volumes of the ventricular septal defect series plotted agamst
the crleulated ratio of pulmonary to systemic flow 1nd agunst the peak systohic
pulmonnry rtery pressurc are presented m Iigs 3 and 4 Simular plottings were
obtamed for the left ventriculir volumes and showed the same trends with
somewhnt less defimtion The percentage of cases i the groups, classified s
previously described 1nd demonstrating left atrial enlargement, 1s presented in
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Fig 4 The relatonsh p of lefi atral s z¢ to the degree of pulmonary
hypertension present n cases of solated ventr cular septal defect

Fig 5 A simular presentation of left ventncular volumes, combrmed with the
ECG data ssseeninFig ©

The electrocardiograms uniformly consisted of standard leads umipolar
extremty leads umipolar extremty leads and chest leads from Vig to V. The
method of ECG interpretation 1s not within the scope of this paper but follows
the general critena proposed by Sosorow {1949) A companson by groups of
the size of the left ventricular chamber agamst the ECG evidence of left ven
tiicular hypertrophy s also presented in Fig 6 1t should be noted, howerer,
that despite 50 cases with correlation between the size of the left ventricular
chamber and ELG evidence of left ventricular hy pertrophy, both beng positive
or negative there were 25 cases with posstble or definite evidence of hy pertrophy
with a normal ventricular volume and 5 cases with dilatation of the ventricular
chamber without ECG ewidence of hypertrophy ECG ewdence of myht
ventncular hypertrophy was present in none of the cases 1n group I, 1 40 9, of
the cases in group 11 and uniformly 1n the group IIT cases

Fify of the 8D cases in the senes were selected for convennonal roentgen ex
amunations 1n close connection wih therr angiocardiographic studies The
flms connsung of lateral oblique and routine and penetrated frontal views
of the chest with barium in the esophagus were examned by six observers with
3 1o 10 vears expenence i pediatnic crdiovascular radiology The fact that
this was 2 group of ventnenlar septal delect cases was known The observers on
e1ch of four separate occasions were asked to evaluate the left atrial size, left
sentricular size degree of left 10 nght shunt and degree of pulmonary hyper
tension Fach of the four parameters were graded on a scale of four according
10 the follawing scheme
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Fig 2 Theincudence of left atrial enlargement 1n 80 cases of solated e
ventricular septal defect grouped by catheterization data Left
atrial volume measured from angiocardiogram | between 2 and 3 —_
Ja 16 1 Da mb e

standard deviation above the normal left atrial volume W morc

than 3 standard deviation above the normal left atrial volume KR 3 10 33 108 6

Leflt 1trial size was yudged by the left atrial chamber volume with the wall
thickness assumed to be constant normal = normal mean + 2 standard de
viation (9 to 37 ml/m?), questionably enlarged = 2 to 3 standard deviation
1bove the mean (38 to 44 ml/m?), defimte enlargement = 3 to 4staindard de
viation above the mean (45 to 51 ml/m ), massive enlargement = morce than
4 standard deviation (more then 51 mi/m?)

Lefe ventricular size was assessed by a combintion of left ventricultr volume
and wall thickness as ndicated by the TCG

I CG evidence of

No hypertrophy Questionable Defintte hyper
hvpertrophy trophy

Normal mean Normal sized Questionable Definite en
2 2SD (4310 123 I
ml/m?)
2 to 3 SD above Questionable Questionable Defintte en
(124 to 143 ml/m?) enlargement 1 y
3 to 4 SD above Definte en Defintte en Massive en
(144 to 163 ml/m ) largement largement iargement
More than 45D Massive en Massive en Massive en
{more than 163 ml/m?) largement largement largement

(Standard des ration abbreviated to SD)
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OF CASES
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left ventriele n B0 eases of wolated ventricular septal defect grouped
by catheterization data \ entr cular volume measured frars ang o-
card ogram (] between 2 and 3 standard deviat on above the
normal § more than 3 standard! dev auon above the nopmal
T 1 @ omom Ventnicular_hypertrophy determ ned by ECG cntena ques
30 8 8 tionable = definite

El
3 Fig 6 The meudence of wereased volume and hypertrophy of the

Eeft to nght shunt size was estimated by the rauo of
flow calculated from the oxumetry data

No left to right shunt = a rato of 1 1orless

Questionable shunt = a rano of Il 1wl2 1
Definite shunt =aratoof13 1to2 1
Massive shunt = a ratio of more than 2 |
The degree of pulmona

pulmonary artery pressure

pulmonary to systemic

nto four arbitrary groups

No Pulmonary hypertension

Mild Ppulmonary hypertension
Moderate pulmonary hypertension
Marked pulmonary hypertension

= pulmonary up to 1/4 systemuc
pulmonary 1/4 to 1/2 systemc
== pulmonary 12 to 3/4 systermic

= pulmonary pressure more than 3/4
Systemic

» these largest atra
the comventional films to be questionably enlarged 1n
21 °, and normal 1n size 1n 16 % of the evaluations
distnbution were foun

Nosuch freaks in error

entnicular shunt or Pressure assessments



24 JOSEPH E \WHITLEY, HARRY HERZENBERG AND ULF RUDHE

Table

Accuracy 1 the assessment of left heart size and the degree of left to right shunt and pulmonary hypestension
n 50 cases of 1solated ventricular septal defect (6 obserrers exammng only ordinayy films)

Left Lelt Left to Pulmonary
atral ventrrcular right hyper
size size shunt tension
Mean percentage of correct answers
1 Cases less than one year of age (13) 21 35 50 22
2 Cases I to 16 years of age (37) 52 o+ 43 48
3 All cases (50) +H 41 15 H
Range o percentage of correct answers —
all cases 23—52  32—50  32—56 3252

Mean percentage of answers wathin 4 1

grade of the correct answer — all cases 76 72 82 81
Range of percentage of answers within & 1

grade of the correct answer ~— all cases GuL—80 68—78 7298 70—~94

The assessment of the roentgenologic accuracy in judging pulmonary
vascular resistince, which 1s one of the bisic problems in ventricular septal
defect, 1s hampered both by the lack of 2 good method to measure pulmon iry
vasculir resistance 1n infants and chiidren, and 2 satisfictory means mathe
matically to express pulmonary vascular patterns The cases with hugh put
monary viscular resistance 1ssoctated with pulmonary hypertension, 15 di
agnoscd by clumcal, catheterization nd anglocardiographic daty, were ¢y
ammed Three pulmonary patterns, examples of which are illustrated 1n Tigs
7, 8 and 9, weie encountered

Discussion

The catheteriztion data, which form the basis of the estmntion of the
degrees of shunting and pulmonary hypertension wnd upon which the method of
classification employed depends, are subject to crror Ancsthesin, Inch of 1
stable metibolic state, ind strenmng of columns of ovygenated 2and un
onygenated blood are some of the factors which contribute to this error These
problems are perhaps accentuated i infants, and the relativels lrge number
of infants m group III b (11 out of 18) may 1ccount for the distortion of this
group from the cxpected findings so far as left atrial volume 1nd ECG evidence
of left ventricular hypertrophy are concerned (I'igs 5 and 6) With a more
1deal method of classification the distribution of the findings 1n groups I1I 1 aind
II1 b might well be reversed

Frrors are also present in the method employed to esumate the chamber
volumes of the left atrium and ventricle The more dilated these chimbers, the
more nearly they conform to an ellipse, thus the larger the chamber, the more
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Fig 7 Hgh rowstance high reserve ot fetal
pattern of pulmonary vascular res stap e1n
an ewght yearald frmale with a pulmonary
artery pressure of 1103 aga nst an gornc
pressure of 110 €> mm Hg _and azatoof
pulmonary tn systemic flow of 0.2 1 atrest

accurate the determimation by this method There 15 some overlap of the left
atrtal and ventricular volumes with the mutral valye bulging into the base of
the ventneylar elipsoid and no compensanion was made for this error The
rate of exposures during left heart filing 1n this senies was enther 2 or 6 parred
exposures per second which desprte ECG correlation feaves the bikelihood
of obtarung an exposure in the true masimally distended state open to
some question Lastly the basic shape and the more regular contours of the
left attum make 1ts measurement and solume determunavon by this method
mtnnsically more accurate than these of the left ventnele Azvinssov has
estimated the theoretical accuracs of this method of determination of left
atnal volume 10 be within 5 8 *, DODGE et coll (1960) using human post
mortem specimens concluded that the method results m an over estimatton of
the left sentnicular volum= 1n the region of 15 94
The heart rate at least at the cxtremes of range can probably influence
maumum chamber volumes by altenng the diastolic fillng ume The
wmability to mvesngate fully the magnitude of this nfluence wath the matenal
asadsble and the size of the normal senes feaves the statsstical vahdity of the
1:0;:;_1’:\( ; ;\pur:‘zc;(\‘ :,: sr;m: dmzlbt however these values perhaps may serve
Desprte shose i r(;ano;m:;‘xt', as me;suxtd by this techmque
1 vafancy and chdh ogod ors mherent in the methods used st1s apparent that
gross heart size generally correlates with the degrec
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resistance i an eleven year old male s 1th a pul
monary artery pressure of 99/56 aganst a systemic
pressure of 110/67 mm Hg and a pulmonary to
systemsc flow ratio of 1 2 1 at rest The peripheral
arterial oxygen saturation dropped from 97 °, to
78 24 with exercise

Tiz 8 \ transitional pattern of high vascular l -
t

of left to right shunt as estimated by oximetry This relationship appears less
certamn 1n cases with cqualized left nd night ventricular pressures The Lt
atnal and ventricular volumes also reflect the degree of left to right shunt and
probably with greater over all accuracy than does gross heart size

A correlation may nlso be suggested betwecen gross and left heart size and the
degree of pulmonary hypertension, but as the pressures come mto the ringe of
systemic pressures, this relanonship breaks down The varitnce may be ex
plained, for with peak systolic pulmonary artery pressures 1n the range 60 mm
Hg 1n children - perhaps slightly lower n mfants — further increases in pres
sure arc apparently dependent upon increased pulmonary resistance This level
corresponded to approximately 45 mm Hg mean pulmonary artery pressure
which correlates well with the results of Swan et coll (1954} who found 50 mm
Hg mean pulmonary artcry pressure to be the level above which the calculated
pulmonary vascular resistance 1s significantly increased The mcreased resistance
at a lugh pressure 1s such that there 15 no left to right shunt and therefore the
real problem of the heart 15 one of outflow obstruction to the right ventricle
and not an excess volume load These dynamics result m an hypertrophied
right ventricle with a normal or small sized left heart and relatively smaller
total heart size thin 1s associated with Jarge left to right shunts

Accuracy m judging left heart size from conventional films would appear to
be more likely 1n children than winfants However, an over ail 1bsolute ac
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Fig 9 \teansitional patternof pulmonary vascular

resistance resembhing 2 full blown high restance

fow resene pattern m 2n eleven year-old mate

wth a pulmonary artery pressure of 100/53

ava nst a systemic pressure of 113161 mm Hg The

rate ar et of p lmonary to systermic flow was 2 | butwith exercise the penipheral arienal ovgen
7

%at “ation d opped fom 93 t077  Hem ertcbrar m the upper thoracic spine account for the
scob s

curacy approaching 50 % in assessing left atnial and left ventricular size on a
scale of four, combined with an accuracy within one grade in the range of 75 %
sndicate that the techmque 1s capable of cimcally vseful accuracy 1n cases of
ssolated ventncular septal defect

It 15 probable that the reason for the unexpected errors in judging massuvely
enlarged tna was the tendency of some of the observers to down grade long
smooth csophageal displacements in the presence of a gross heart enlargement
The enlarged left 1tnal appendage evident in the frontal views of these cases
was ewther overlooked or disregarded

‘The degree of lelt to-nght shunt mav be esimated 1n ordinary films with a
shghtly higher accuracy than in the assessment of the sizes of the tndndual left
heart chambers by the same techmque

The custence of roentgenologic appearances beanng a relatonship to the
sanous climeal and pathalogic states found 1n association with pulmonary
hypertension and isolated ventricular septal defect was pownted out by Dan
sass & Ferencz (1936) In the 2 month to 16 year age group mncluded in the
series the roentgenologic vascular patterns encountered m assoctation with
pulmonary hypertension and ncreased pulmonary vascular resistance seem
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to correspond to the pathologic groupings of such lung vessel changes s out-
lined by Lowat ps (1957)

A fetn, or *high resistance lugh reserve’ pattern resembles pathologically
the normal futal vaseulr pattern There 1s marked prommence of the muscular
medinl lnyer and some ncrense i the thickness of the clastic lnminace 1n the
muscultr arteries and artenoles Associnted with n apparent constriction of
these vessels  These pathologic appearances of the pulmonary vascular tree
probably correspond to those depicted roentgenologically m lig 7, i which
there 1s 1 nanowing of the pulmonary rteries, cxcept perhaps the mun pul
monary wrtery There 1s normal ‘tapering’ present 4t the branclungs

A sccondnry or ‘high resistance low reserve’ pattern indic ites obliterntive
changes in the mtmn of the Iwrge musculu arteries and sumiar obhiterative
changes in the dilated thin walled small muscular arteries These obhiteritive
Iestons re eredited with giving origin to the charactenstic blunted or ‘pruncd
configuration 1t the branchings of lirge musculm arteries that may be evident
mn roentgenogrims  Ihis pathologic cntity undoubtedly corresponds to the
roentgenogt1phic appenrances deseribed 1 associition wath congemtal heart
disese by Keats ct coll (1956), Dosrwr et coll (1957), 1 vans & Snoxr (1958)
and STIINTR ¢t coll (1961)

Tig 9 dlustrates 2 late transitional pattern with many of the fuatures de-
scribed with this entity including dilatation of the proxumnl partof the pulmonnry
arternl tree, nn brupt dumnution n caltber 1t the tertiary and quarternary
branchings ( prumng’), wd nartowing of the peripheral branches

A transitionnl pattern has been deseribed 1s combimng 1 varble mintwe
of the findings of the fetal and sccondary types 1igs 8 and 9 probably represent
two fir separited examples Tng 8 demonstrates shght dilatation of the Inrge
pulmon try rteries with sonic merese tiperng 2t the tertry nd quatternary
branchings Tig 9 illustrates 1 case of 1 trinsitional pattern of the lung vessels
resemblimg 7 full blown ligh resistance low rescrve’ pattern

The rocentgenologic appenrinces suggested s representmng, the pathologic
‘high resistance lugh reserve  pattern of ITpwarps are usually found n
cases of marhed pulmonary hypertension durmng infwey, wnd the lugh re
sistance low reserve’ pattern s characterisue of pulmonary hypetension of
long stanching i adult it However I'owar ps his seen 4 cise of pulmon iry
hypertension with the fetal pattern in 1 37 year old subject nd has obscrved 1
trnsitional or  high resistance low reserve pattern m 1 two you old infint
WACLNVOORT ct coll (1961) have reported two cises in which carly transitional
changes were present 1t 11 and 27 days of hfe

Duc to the difficulty n disinguishung by routine roentgenography the fetal
and certun transitiontl patterns of hugh resistaince from vasculituie with
normal resistance the only consistent conventonil film criterin of pulmonus
hypertenston 1 the pediatric age group 15 the discrepaney between left and
right heart sizes The recogmtion of 1 trinsitional or frank Iigh resstinee
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low reserve pattern 1s good evidence of pulmonary hypertension but sts occur
rence 1n infants 1s the exception rather than the rule

The over alt absolute accuracy m judgng the degree of pulmonary hyper
tension on a scale of four was 41 % with an accuracy within one grade of cor
rectness of 81 % The absolute accuracy was 92 9, 1n cases less than 1 year of
age 2gamst 48 % 1n those above this age This difference 1n accuracy plmbablv
reflects the dufficul 1 by the roentgenol 1 dist g th
high resstance high reserve pattern commonfy present 1n pulmonary
hypertensives dunng infancy as well s judging left heart sizesn thisage group

Conclusions

The volume of the left atrium 15 a reliable index of the pulmonary flow
1solated ventncular septal defects Gross heart size and left ventmicular chamber
volume generally correlate but are perhaps less senstitve indicators Conven
tional roentgenographic assessment of left atnal size left ventnicular size and
the degree of left to-nght shunt, 15 capable of chmcally wseful accuracy
Indnidual chamber assessment appears relatively 1naccurate duning the first
year of life

Gross heart size left atnal and left ventricular volumes bear a complex
relationstup to the degree of pulmonary hypertension In mulder cases of hyper
tension the correlation 1s a positive one  but as the pulmonary artery pressure
approaches systemic levels, further increases in pressure are assoctated with a
diminution sn the magnitude of the three parameters The total relationship 1s
more evident with the Ieft heart than wath the total heart yolume

The esumation of the degree of pulmonary hypertension from routine ex

of the pul y vasculature sn children 1s compheated by the
custence of more than one pattern of mcreased pulmonary vascular resistance
and by the difficulty n the differentiation of the fetal 2nd transitional patterns
from vascular trees with normal or increased flows without mereased resist
ance The conventonal film estimation of the degree of pulmonary hyperten
sion by the integration of the appearance of the heart and the pulmonary

vasculature 35 inacewrate dunng the first year of hfe but sn the older subject
may reach chimcally useful accuracy

Acknowledgements
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SUMMARY

‘The conventional film appearances gross heart size, left atral and left ventricular chamber
volumes ECG findings, and cardrac cathetenization data were studied in 80 cases of solated
ventricular septal defect examuned 1n infancy and childhood The correlations between the

roentgen app and the physiol state are outhned and discussed
ZUSAMMENFASSUNG
Achtzig Falle von isoliertem Ventrikel: fefeke des Sauglings und Aindes wurden im
Hinblick auf das Herz Lungenrontgenbild dle Herzgrosse die hnken Vorhofs und Rammer
1 Ehg und Kath ungsbefunde untersucht Beziehungen zwr chen der Ront
und dem physiot Befund werden aufgezeigt und besprochen
RESUME

Quatre vingts cas de communication mtersentriculaire 1solée chez des nournssons et des
enlants on été exanunés en considérant | image radhologique ordinaire le volume totaldu coeur
celut de oreillette et du \cntncul: gauche 1LCG et les résultats du cathétensme cardiague
Les rapports entre 1 logique ct 1 état physiol sont étudiés et déerts
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SUMMARY

The conventional film appearances, gross heart size, left atrial and left ventricular chamber
volumes ECG findings, and cardiac catheterization data were studied i 80 cases of 1solated
ventricular septal defect examined 1n mfaney and childhood The correlations between the
roentgen s and the physiol state are outlined and discussed
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CO\VENTIONAL ROENTGENOGRAPHY IN FNTUSSLSCEPTION [N CHILDREN 3

R -, .

Fg 1 2 year-old boy wich acute abdommnal pain Fig 2 21/ y
fo 6h

car-old boy witb absdommal paw for

ours no vomung Convent onal roent 3 hours Con entional roentgenography Prowumal
g-nography Intussuscept on w th apexint ans Colon almost empty of gas soft tissue mass present
N me colon {group 1) confirmed by banum (group I1} reduced

en ma and reduced

Terms such as cupola, crescent phenomenon bicycle seat bird s beal
comcal stenosis and coil spring are encountered m the hiterature and can
hardly be justified If gas in the colon 1s d d during the
it should be descnibed as such and not as often happens as radiolucency
Descriptions of app mr m terms of shadows may be
misteading It would appear to the wnter that the following may be regarded
as the pnincipal charactensties of intussusception

1 A soft tissue mass at the site of the this 1s best d. d

when outhned by gas the tip of the intussusceptum 15 often demarcated by
€as i the bowel

2 An 1bnormal distnbution of gas the provimal part of the colon contains
unusually little gas while gas contatning widened loops of lleum sometimes
tapering off to a cone before they enter the ntussusceptum may be evident

3 Mechameal tlens winch s usnally due to ntussusception 1n these cases

The rocntgenograms often show more than one of these three signs so that
the diagnosis 15 strengthened

There 15 general a

s ge greement that conventional roentgenography 1s indicated
mall cases of ption A film taken with the beam honzontal
should lso be ncluded

3 AW g
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR PROT OLLE OLSSOV),
UNIVERSITY HOSPITAL OF LUND, SWEDEN

CONVENTIONAL ROENTGENOGRAPHY IN DIAGNOSIS
Or INTUSSUSCEPTION IN CHILDRLN

by

Hjarmar Boun

The purpose of canventional roenigenography in cases of probable mius
susception used to be to exclude or confirm the prescnce of mechameal tleus
It has smce been clumed, however that comventionl reentgenogriphy may
demonstrite charictenstic signs of invagmation (Sorss Conen & LrviNe 1938
Wi Lians 1940, Les v 1941, NorpenTOrT 1961), several fllustrative cxrmples
hve been published by Herruer (1948) Jacksow (1953) described 4cnses of
mtussusception  dingnosed by conventionil roentgenography  \lippLEMISS
(1955) reported 7 scries of 62 cases, 75 % of which bad signs of mcchamend
ileus, 1 fifth of the Iatter also exhibited evidence of intussusception, s did
also the remaimng 25 % The serics thus contuned no noimal cases It should
be mentsoned that the datn thus author gve on the durtion of the symptoms
were mcomplcte, 1t varied between 1 and 5 days 1n the 8 cases iltustrated
According to Frmany Danc (1960), ordinry films often fford ndequate
evidence for an exact diagnosis, though the findings may vary over 1 wide
ringe, from nearly negative findings to fully developed ncute obstruction

Submtted for publication 21 March 1962
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Table 1
Class uation of casts ac ording fo findings 1n co1 entional flms and barwm enema nrestigations

Conventional films Banum cn:r:a .
Positice

Toup 1 7 9

up 11

g:ul}: pul 38 V7o 4 2>

Negatue 53 396
Total 278 421

Vegatice Do signs of mtussusception in comyentional films The negatine
group mcluded those cases that were regarded as roentgenologcally normal
These included many with strkingly little gas in the digestive tract and others
with the intestines filled with gas, but not distended as mwv be seen
meteonsm tn crymg children

The cases are classified 1n Table 1

The duration of symptoms and the number of operations and deaths among
the 228 cases with verified mntussusception are given n Table 2

Of the 228 cases 1in which the banum enema mndicated intussusception
conventional films of the abdomen disclosed uigns of the condinon m 17>
(77 %)

Obstruction of the small intestine was demonstrated 1n groups I and 1T
but only in 38 cases (II) was the condition dominated by ileus This group
differs from the ather two by the obviously longer duranon of symptoms and
much higher frequency of surgical intervention and by the fact that most of the
fatal cases occurred in this group Of the 53 cases n which conventional roent-
genography had not revealed signs of the condition the duration of the svmp
toms had been much shorter than in the 3 positive groups and the intussus-

Table 2

Class fieations of cases ac ord n, to du ation of symptoms and monber of operattons and deaths 1in 228
cases with renfied intussusception
Tosttue (comventional films) Less than

AMore than Number of operations and
6 hour 2% hour deaths out of total number of
history history cases in the groups
Operaniony Deaths
group 1 29 2% 963
group 11 33 32 974 113/53
group 111 0 72 24/38 7/38
\egati~ {conventional films) 38 ©

23 653 1/53
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Tig 3 16 month old male infant with abdonmunal pan for 2 days vomting and bloody stool Con
ventional roentgenography  Mechanical obstruction of small bowel (group 1) mtussusception could
not be reduced Operation revealed a Meckel s diverticulum forming the apex

Material

In an attempt to assess the diagnostic value of this tvpe of examination, the
writer has reviewed 7l eases of probable intussusception eximined by con
ventional roentgenography and barlum enema durmg the years 1934—1961
The mateninl from 649 cases was avaulble aind consisted of 423 boys and 226
girls nged from 3 months to 13 years In 228 of these, of which 155 were boys
and 73 girls, 7 barium enema confirmed the diagnosis of intussusception nd
80 9, of these were reduced by the enema The conventional and contrast
films were re examined independently of one another and the former films
were cinssificd necording to the above mentioned charactenstics

Results

Positue Signs of intussusception m conventiona! films

I Defimte cvidence of intusussception 1n cases m which the mntussusceptum
could be located (1), possibly combimed with (2) and (3) (g 1)

11 Typical roentgenogram of intussusception (2), possibly combined with
@) (g 2)

III Rocntgenogram strongly suggestng intussusception nd dominated by
loops of the smAll intestine distended with gas and flud (3) (g 3)
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Fig € 7 year-old boy with abdoms al pan f £ f
fours and vom t ngConventional rentgenogra
phy Int susceptum 1n caccum cutl ned by gas
(g pup 1} ba sum encma n rmal

The barium enema was normal i 421 cases However, 2 review of the
conventional films of the e cases disclosed conclusive signs of mtussusception
m 25 {69,) It may be concluded from this that the banum enema was
tesponuible for the false negatves The case records of those 421 cases were
also studied for evidence of bloodstatned stools, a palpable mass and edema of
the 1leo cecal valse A note was also made of those cases in which 1t was
fourd impossible to fill the terminal deum with contrast medum (These

Table 3
Number of cates with cther signs of tntussusceplion among the %> cases urth positice conzentianal films
b ¢ negatice barwm find ngs as compared with the 390 double negatice cases

The 23 poutive cases The 39 double
with negative banum  negative cases

enema

Tiood stools 6 Eid

Falpable lump 1 18

Swoll n valhe 12 7

o conteast med uea in eumn 4 7
%

6t
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™

Tig 4 2 year old girl with abdomimal painfor3days  Iig 5 o year old boy with abdomuinal pain for

Comventional roentgenagraphy - Proimal  colon 3 hours Comrntional roentgenography Intus

formed a round maws termmal ileum distended by susceptum in the ascending colon but not m

gas and drawn up with 4 tapered end  reduced solving the caccum  confirmed by barmm
enema reduced

ceptum had, s 1 rule, been situnted in the proximal part of the colon In 50of
the 63 cascs, the intussusceptum position was identical (- 10 cm) n the con
ventional 1nd contrast enemna films In 6 cases, the intussusceptum was proxt
mAl, and m 6 cases distal to the site indicated by barium  In only onc case of 1
very mobile intussusceptum was the position sigmficantly different

Conventionnl 10entgenography will generally not show the spealfic type of
mtussusception There were however exceptions to this rule The shape nd
position of the mvaginating part of the bowel occastonally indicated that the
proamal part of the colon (F1g 4) was also mncluded 1n the mvagination (ileo
colo colic tntussusception) In other mstinces tlie intussusceptum ws situated
distally to 1 normnl caccum (ilco (ilco) cohe intussusception) (Ig 5) No
true mtussusception of the small intestine (ileo ilict mtussusceptum) was
drgnosed roentgenologienlly

As mentioned previously, only films of satisfactory quahty were accepted
for the present imvestigition However, during the 28 years covered by the
matenal considerable advances have been made and the percentage of positive
conventional roentgenograms during the Iatter half of the investigation period
wAs consequently much higher thin during the first half, as shown below
1934—1947 Of 130 cnses of intussusception, 83 were positive (64 %)
1948—1961 OF 98 cnscs of intussusception, 92 were positive (94 %)
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he period of the
disappeared spontaneously or been unrecogmzed during the p

ene:: cannot altogether be excluded This 1s exemplified by the 25 cases 1n
which intussusception had been excluded by a batum enema but in which the
comentional roentgenograms (and other signs) ndicated the diagnosis
Conventional roe phy may thus confirm a <l 1ly prob-
able 1t

on not d able at the banum enema examination

The clinical siges are atypreal in certam cases of sntussusception and exam
mation of the abdomen reveals no signs of the condition These cases may
be referred for conventional aphy, and an by an
expenenced roentgenologist will establish the duagnoss The present study
has shown that of the 649 cases of probable ntussusception two thirds appeared
10 be mormal Consequently 1f the chmcal evidence s doubtful 1 ¢ if there are
no definite signs and conventional roentgenography discloses no indications

of intussusception a banum enema 15 unnecessar provided the child 1s kept
under close observation

SUMMARY
Sit hundred and forty nine cases of probable p d by tional
roentgenography and barium enema were reviewed i order 10 assess the value of the former
method Conventional roentgenography employed with the proper technique would appear

to be accurate ;n 90 of cases The small but important greup of 10 of cases in which the
findinge were negative 1s discussed n detail

ZUSAMMENFASSUNG

Sechshundertacun und wierzig Falle von wahrschembicher Darminvagimation wurden mit
einfachen L un f

ntersucht und die Resultate verglichen
Rerrckt vorgenommene Lecraufnahmen fuhrten 10 90 der Falle zum Ziel Die Keme aber
bedeutende Gruppe von 10

m denen die Leeraufnabime versagte wird mm Einzelnen
analyniert

RESUME
L auteur a éwdi€ six cent quarante neuf cas d 1 agination intestinale probable exammes
par radiographic simple et par lavement bas
premuire de ces méthodes 11 semble que Ia radiographic simple exécutée avec une techmque
appropriée donne un d agnostic exact dans environ 90 des cas L auteur étudie en détail le
Rroupe petit mass important de 10 des cas ou cet examen est reste negatif

ryté dans le dessein de juger 12 valeur de la
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hig 7 5 year old girl with abdomnal pain for 6 hours patpable
mass pres nt Conventional roentgenography Absence of gas in
caecum and proximal transverse colon (group 1I) barum enema
normal

cases were then exammed by banum meal 1 order that 1 smnll unrecognized
intussusception should not be overlooked ) The frequency of these signs 1s
shown in Table 3

Cnses of intussusception n the group mn which the bantum enema had been
negative 1re demonstrated in Figs 6 and 7

The investigation has shown that in cascs of mtussusception conventional
rocntgenography often discloses such charactersstic signs that 4 posttive ding
nosts 1s possible 1 90 %, of the cases 1dequately examined In the remuning
10 9, of cases, this type of exammntion gives no information the films presenting
evidence only of metcorism or normnl conditions It 1s clear then that 1t 1s both
wrong 2nd dangerous to believe that the possibility of ntussusception may be
chimmated by menns of conventional roentgenogriphy 1n spite of the absence
of any or all of the signs The only certun means of excluding intussusception
1s 1n eximnation with 1 bartum enemn with retrograde filling of 1t least 20 em
of the terminal 1leum Tven then the possibility of the intussusception having
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disappeared spontaneously or been unrecogmzed during the period of the
cnema cannot altogether be excluded This 1 exemplified by the 25 cases 1n
which mtussusception had been excluded by a bartum ¢nema but 1n which the
comentiontl roentgenograms (and other signs} mndicated the diagnosis
Conventional -aphy may thus confirm a chneally prob
able intussusception not demonstrable at the barium enema examination

The chimeal signs are atypical 1n certain cases of mtussusception, and exam
mation of the abdomen reveals no signs of the condition These cases may
be referred for conventional T aphy, and an by an
expenienced roentgenologist will establish the diagnosis The present study
has shown that of the 649 cases of probable mtussusception two thirds appeared
to be normal Consequently 1f the climical evidence 1s doubtful, 1 e 1f there are
no defimite signs and conventronal roentgenography discloses no mdications

of intussusception a barium enema 1s unnecessary provided the child 1s kept
under close observation

SUMMARY
Sex hundred and forty nine cases of probable d by tonal
roentgenography and bartum enema were reviewed i order to assess the value of the former
method C yed with the proper technique would appear

fo be accurate 1m 90 _of cases The small but amportant greup of 10.%, of cascs 1 which the
rdings were negative 1s discussed 1n detarl
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COMPARATIVE ANGIOGRAPHIC AND RADIOISOTOPIC
STUDY OF THE VERTEBRO BASILAR CIRCULATION

by

¢ Tiescnt, L GARELLO AND A Saran

The problem of locahization, n cerebral vascular discase constitutes the
‘major Limiting factor 1n cerebral blood flow studies as changes 1 the bload flow
1 spearfic regions may not be reflected 1n values obtaned far the bram as a
whale (Sargtarr 1961} Such changes may be more marked when the aircnla
tion 15 imvestigated n errcumscribed cerebral areas such as those perfused by
cach of the extracrantal afferent artenes

The arculation in the arcas supplied by the carotid vessels has been studied
by the intracarotid mjection of a gamma emstting, non diffusible tracer and by
the continuous external recordig of the radioactivity 1 the cerebral and neck
vessels (Fazro et coll 1963) This method affords data on the arculation times
and an index of blood flow m these vessels (Frescrr & Di PrerranToNy 1961)
The dingnostic tests that have been developed for the vertebro basilar cireula
non are fess syusfactory than those for the carotd esrculation The ondy methods
1t present wailable consist 1 the angiographic demonstration of the sessels
Motz 1933) or the recording of changes in the EFG produced by digtal
cwond compression and forced rotation of the head (Bater et coll 1961)
Two of us (Fizscir & Garziro 1961} have mjected radioalbummin into the
sestebral artery 1 an cffort to obtain hemodynamucal data by means of external

Presenited at the 6th Symp  “eutoradiologicurn Sept. 1961 but submatted wo late for
Tublication n the \May number of Acta radiol 1963
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Table

Mean ralues of the graphic elements of the cunes of radwactttty recorded from teo crantal and ane the
are duided i three groups accordun

Vertebral Number Mean A P Ocapito lateral tracing
angography of eases  age ’“l“/ Injec  Timeof Timeof Inter  Slope  Time of
MM tons  mcre  stass  medite r deere
ment time ment
mean Y4 27 55 047 81
Normnl SD 9 45 13877 12 £06 +£06 +1 £00 +11
Shight mean 14 28 62 039 06
alieraons  SD 7 56 159/9 10 445 103 105 10048 £22
Marked mean 17 8. 7171 0%n 104
alerauons  sp M1 38 MBN06 07 gy 200 20

Values i talies denote difference from group I statistically significant (p < 005)
1 denotes difference from group II staustically significant (p < 000)

recordings The purpose of the present paper 1s to describe the method used
and to present the dat1 obtuned, companng the results with those obtuned
with vertebral wngiography

Method All paucents recetved premedication and were exammed m prone
position wath the forchend resting on 1 pad Tollowing local méiltration with
procame, the vertebral artery was punctured percutancously with an angio
graphy needle by 1 subocaipitnl appronch 1t the levelof the first cervical vertebrn
(Dr Marzro 1956, Ramerra & Rosapint 1960) Three santiliation counters
were placed 1n contact with the patient in the following positions

A Ocaptto Internl, with the myor avis directed laterally and shightly
antenorly,

B Occipito sagiteal, with the myor axis directed toward the externil
occipital protuberance,

C Thoracic, with the myor s directed to the left paravertebral region 1t
the level of the heart

The detectors employed were 1 crystals, recessed 6 cm, with wide angle
collimators with an opeming of 5 cm, each counter was connected with 1
ratemeter The time constant of the mtegrators was 0 2 seconds for the crannl
units and 0 75 scconds for the cardic umt graphs were obtamed by pen
recorders at 1 speed of 1 cm/sec

The dose of ridioactive matenal (radiorodized serum albumm, RISA}
varied between 30 and 50 microcuries, depending on the body weight and was
dissolved 1n about 05 mi phystologic saline, the injection was manually per
formed 15 quickly as possible in under half 2 second

The 1njection of radiotodized scrum albumin w1s repeated twice mn 14 cases
1n order to check the vilues obtuned
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‘Table con!

T
racic detectors after the mection of a sungle dose of radvoalbumim into the vert bral artery The pahents
to the an wgraphic findin,s

Ocaip to-saguttal tracing (1non) Cardiac tracing , . .
Interm  Sope  Timeof Injec  Vert-cardiac T me o
Ice  Tmeof Twect BT dem vom  mmmum  crdac
e ment e nrcment
85
18 15 46 0408 9 1 54
n Los  +06  £05 00 £l P 11 +13
2 24 64 oz 54 77 96
7 L1l 414 k14 z00%8 £2 =18 +35
3
18 v48 709 om1 99 f9 1
n 08 =11 £23  wooy =z29 P =21 +32

Following this procedure vertebral angiography was carned out through
the same needle site About 6 ml of truodate contrast matenal (Hypaque)
were mjected Three roentgenograms were taken with a manual senograph
n each of two successnve exposures postero antertor and lateral

Eraluation of the tsoloprc curies Two almost smultaneous cerebral curves were
recorded m each study (umt A and B) A thoracic curve, begimning some
seconds later was also recorded (umit G}

The cerebral curves consist of a single wave which 15 composed of three
phases (I} increment of radicactivity representing the arrnval of the tracer
(2} a plateau representing the major concentration of the tracer, (during this
phase the blood mixed with tracer 1s redistributed withm the cerebral air

culaton from the arteries to the vems), {3) a decrement of radicactinity
during whch the tracer flows out of the head

The followng time elements are obtained 1ncrement stasis and decrement
The interval between increment and decrement of the curve at the mdpoint

of the maximum vertical aws, was also measured and 1s referred to as nter
mediate tme

The tracings are transcribed on semiloganthmic scale and a stngle exponen
tal decrement 15 scen 1n most cases Its slope 1s expressed by the exponent 7

calculated from the semiloganithmic graphas

1
Tos (Frescut & I PieTrANTON]
1961} This value represents the rate of renewal of the blood in the vascular
area perfused by the tracer 1t 1s therefore a non hinear index of cerebral blood

flow sn the veriebro bastar area {the ratio between blood flow and blood
pool Fazio & Frescir 1960)
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The thorteic curve shows 1 nise of radionctnaty followed by an wrregular
decrease The measures obtaned are (1) interval between the beginning of
the occipito lateral curve and the cardine curve atself (vertebro cardiac mim
mum time), (2) durition of the increment of the cardine curve (time of cardine
ncrement)

Lialuation of the angrograply The dingnostic assessment of the inglogriphic
prcture w1s based on genernlly 1ccepted entern (KRAYENBUNL & Y AsarGIL 1957,
Y AsARGIL 1962, SALAN & AsTENGO 1962) The following wspeets, graded according
to presumed progression, were studied (1) reflus of contrast in the cervienl
trace of the vertebral artery, (2) length, caliber, and regulinty of the lumen
of vertebral and basiar arteries, (3) appearances of the penipheral bianches
and of their wren of distribution (inferior, muddle, superior cerebellr and
posterior cerebral), aind their morphological fortures

On the basis of these clements we hwe ttempted to estimate the presence
and degree of vasculir changes m indiidunl cases This part of the study was
crnied out by the rdiologist of our group (A S ) without any hnowledge of
the chnical dingnosis or of the results of the isotopie study

Results

Twenty seven cases were mvestigited by the method described The results
¢1n be convemently divided mto three groups, nccording to the presence nd
degree of arteriosclerotic changes shown by vertebral angrography  All panents
i group I had 1 completely normal angrogram, Ml n group 1T had shght but
significint alterations, and 1l m group ITT had marked changes m thew
anglogrims

Group I (T1g 1) Nine cises had completely normal anglograms  Their age
ranged from 21 to 54 years, with 1 mean of 45 They hnd no signs of cardio
vascular disese, and had normal blood pressure (werige 138/77) The clinictl
diagnoses included pertpheral nervous system diseise (3 cases) comulsne
disorder (2 cases), ancurysm of the antertor commumenting artery (2 cases),
chronic cercbellar mvolvement of undetermned nature (2 c1ses)

A typical notopic tracing 1s shown in Fig 1 The mean values (sce Table)
are very close to those obtuned in the noimal voung subjects prulousl)
studied (Toscit & Gareiro 1962) Completely normal traungs were obtuned
i 8 cases including the patient sith chrone cerebellar disease in which 1
vascular mvolvement of the posterior circulation could then be almost certunly
cxcluded

In the 9th cse (a femnle of 51 years) the ocapito Interal curve showed 2
serilogarithmic slope of 0 31 and ~ time of decrement of 10 5 Lhe occipito
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Fig 1 Isotop ¢ tracings in a normal subjcet

sagrtcal curve shawed a semilogarithmc stope of 028 1nd 1 tme of decrement
f

of 12 These values are shghthy abnormal when compared to the normal
range {mean 3+ 25 DY

Croup 11 {Figs 2and 3) In seven cases the following anglographic abnormal
sues were noted  panctal fiting defects muted to a portion of the artersal
trunks (G cases) tortyosity or elongation of the vertebral (2 cases) or the baular
artery {4 cases) diatawon [4 mm 1case) or narrowing (1 5 mm 2 cases) of the
basilar trunk tortuosity and irvegularity of the caliber of some perpheral
branch {6 cases) inadequate peripheral regtonal vasculanzatron (3 cases)
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The thorauc curve shows 1 rise of radionctinaty followed by an irregular
decrcase The measures obtuned are (1) interval between the begnmng of
the oceipito lteral curve and the cardine curve atsell (vertebro cardine mm
mum time), (2) durttion of the sncrement of the cardiac curyve (time of cardiac
merement)

Lial of the angrograply 1l dingnostic assessment of the 1ngiographic
prcture w1s based on generaily necepted enterin (Kravennunt & YaSARGIL 1957,
Y ASARGIL 1962, SALAN & AsTENC01962) The followng aspects, grided wccording
to presumed progression, were studied (1) rfluy of contrast m the cervicnl
tract of the vertebral artery, (2) length, caliber, wnd regulanty of the lumen
of vertebral and bastlr arterics, (3) appearances of the perspheral branches
and of ther ren of distrsbution (inferior, middle, supertor cerebellar and
posterior cerebral), and their morphological fuatures

On the basis of these elements we hye attempted to estimate the presence
and degree of vascular changes m indndunl cases Tlis part of the study wus
carried out by the radiologsst of our group (A §) without wny hnowledge of
the climeal dingnosis or of the results of the 1sotopic studs

Results

Iwenty seven cases were myestigated by the method described  1he results
can be conveniently drvided into three groups, according to the presence and
degree of arteriosclerotic changes shown by vertebral aingtogriphy  All pauents
i group I had 1 completely norma! angiogram, ll in group IT hid shght but
sigmficant alterations, and Al in group IIT had marked changes m thar
1nglograms

Group I (Tng 1) Nine cases hid completely normal angiogrims Thar age
ranged from 21 to 54 years, with 2 mean of 45 They had no signs of cardio
vaseular disense, and had normal blood pressure (werage 138/77) The chimcal
dingnoses ncluded pernipheral nervous system disense (3 cases), comvulsive
disorder (2 cases), ancurysm of the wntcrior communteating artery (2 c1ses),
chronic cerebellar involyement of undetermined nature (2 ¢ ses)

A typical 1sotoprc tricing 15 shown in Iig 1 The mean values (sec 1able)
are very close to those obtuncd 1 the normal young subjects previoush
studied 11 escir & Garerro 1962) Completcly normal tracings were obtuncd
m 8 cases including the patient sith chronic cerebellar disense 1 which 1
vascular imvolvement of the posterior circulation could then be almost certunly
excluded

In the Gth case (v female of 51 years) the occipato latera) curve showed 1
semtlogarithmic slope of 0 31 and 1 time of decrement of 10 5 The occipito
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Fig 3 Same case as i fie 2 1sotopt curses Moderate red ction of psilateral slope and increase
of the nme of ca d ac mcrement

The ages ranged from 23 to 72 years with a mean of 53 The aserage blood
pressure was 166/106 Ten patients had chinically diagnosed cerebrovascular
lesions 3 1n the carotid area 2 1n the arca of the posterior circulation and 5
with multsple localizanons In 3 of them the arterial pressure was over 200/120
and elecurocardiographic abnormalises were present 1 6 cases

One patient {a girl of 23 years) had brain stem mnvolvement chrically
diagnosed as multsple sclerosis She was normotensine and was without ap
parent vascular disease

Compared to the mean values of the first group the following time elements
of the 1sotopic cunves showed a sigmificant increase intermediate time and time
aof decrement of the occipito lateral curve time of stasis and ntermediate

time of the occipito-sagittal curve ume of ncrement of the cardiac cune
Both the loganthmic slopes were sigmficantly slower than m the control
group (cf Table)

The 1sotopic tracings in this group showed values which were more abgormal
than 1n the second group but only the mean values of the semiloganthmic
slope of the accipito-lateral curve were sigmficantly different
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Tig 2 Vertebral angiography Shght arteniosclerosis

The 1ges ranged from 49 to 62 years, with 1 mean of 56 [lectrocardiographic
changes 1nd clinical signs of cardiow asculr disense were present in 4 cases One
patient was hypertensive (205/130) The average values of blood pressure for
the group were 159796 The chmeal dingnosts was cerebral vascular disease in
6 patients (in 5 the lesion was locihized to the carotd aren, mn one in the bram
stem) and chronic subtentorial lesion of undetermined nature in one patient
{1 male of 57 years)

The mean vnlues of the isotopic curves (¢f Table) showed ncrease of the
nme clements, mndicating 1 slower circulttion, 1nd 1 decrease of the semilog
rithmie slopes Sigmficant differences from the mean values of the first group
were shown by the sermiloganthmic slope and the time of decrement of the
lateral tracing, by the intermediate time and the sermlogrrithmic slope of the
sagtttal tracing, nd by the vertebro cardiac minimum ttme In no patient
ws a recording obtained that was within normal Iinmts

The agreement betw cen radiologic 1nd 1sotopic tests points to an :mpurment
of the postertor circulation, so 1n the patient with 1n unclear clinieal dingnosts

Group III (Figs 4 and 5) In all patients, marked vertebral angiographic
abnormalitics were found Parnetal filhng defects, tortuosity and clonganion
of vertebral and basilar arteries were present in all The basilar trunk was
dilated m 3 cases (more thain 4 mm) 2nd narrow an 2 cases (1 5 mm or less)
The peripheral branches showed m every case an mereased tortuosity nd
dilatation or narrowing of the lumen A defective filling of 2 penipheral ter
ritory was present in t cascs
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Fg 3 Same casc as 1 fig 2
ofth 1m ofca d ac nerement

wotopic eurves Moderate reduction of 1ps lateral slope and increase
it

The ages ranged from 23 to 72 years with a mean of 53 The average blood
pressure was 166/106 Ten patients had clinically diagnosed cercbrovascular
lesions 3 mn the carotd area 2 in the area of the postenior circulation and 5
with muluple locahzations In 3 of them the arterial pressure was over 200/120
and electrocardiographic abnormalities were present in 6 cases

One patient {(a gl of 23 years) had brain stem involvement chnycally

diagnosed as multiple sclerosis She was normotensne and was without ap
parent vascular disease

Compared to the mean values of the first group,
of the 1 otopic cury es showed a significant increase intermediate time and tme
of decrement of the ocapita lateral curve time of stasis and 1intermediate
time of the occipito sagittal curve time of increment of the cardiac curve
Both the semioganthmic slopes were sigmficantly slower than 1n the control
group (cf Table)

€ 150topic tracin,
than 1n thy
slope of th

the following time elements

8s 10 this group showed values which were more abnormal
© second group but only the mean values of the semilogarthmc
¢ occipito lateral cunve were significantly different
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Iig 4 Vertebral ammography  \Marked selerosis with plaques 1 the vertebral artery  dilatation
donganon and irresulinity of the lamen of the basilr artery

Discussion

The results presented have stressed the relationships between the funcuonnl
abnormnhitics of the posterior circulition shown by the 1sotopic test and the
morphologic  1lteritions  of the vessels shown on angiogriphy  Other
frctors, apart from vascular pathology, cin influence the brun arculon
We huve tried to contral these fictors by excluding patients with the following
conditions cardine decompensition, pulimonary insufficiency, diabetic aaadosts,
my\cdemn, anenun, polycy themrn, mcreased mtracramal pressure, alterinons
m the state of consciousness, 1mpanment of ntellectual funcuons not 2t
tributable to vascular dimage but suggestine of semle demenun In these
conditions modificntions of the cercbral blood flow hive been demonstrated
(Sonoroir 1959, Lassty 1959) Thus 1t 1s lihely that 1n our cases the regulation
of cerebral hemodynamics was Almost exclusively dependent on the cffects of
vasculm pathology on tone and cahiber of the blood vessels ind on ther
capability to respond to the homeostatic chemucal o nemogenic control
mechanisms (Sonororr 1959, kriy 1960)

The use of angiography for evaluating the degree of pathologic v scularnty
15 not entircly satisfactory  The sensitivity of the method 15 hmited to macro
scopic lterntions These 1teritions could be present m the rteries from the
qortn to the site of myection, which are not shiown i the wnglograms [he
alterations are quantitatively and qualitatively different from case to case, nd
differently distributed Thus evaluation of the ‘degree of involvement of the
whole area 1s approvimate and subjective By using only three broad eategories
(normal 1nglogrms, shght alterations, marhed alterations) and an mdependent
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sudgment of the radiologsst, we feel that our evaluation of the angiograms 1s
reasonably vahd
The 1sotopic technique has heen used extensively for stud the circul
in the carotid areas The general discussion of its vahidity reported for those
studies also applies to 1ts use in evaluating the postenor circulation (Fazio
et coll) Some hmitation 15 d mn the of the time
clements of the curves The duraton of the phase of increment may be
mfluenced by the position of the needle 1n the artery, by small differences in the
speed of injection and by possible reflux of the indicator n the cervical part
of the vertebral artery The humts of the static and decrement phases are not
always sharp and sometimes are 1dentified somewhat arbitranly (Fig 3) The
:rdkin: cun e can be nfluenced by the position of the detector with respect to
“; :l:\:ﬁra‘icgom? vessels The duranon of each phase 1s usually drfferent in the
usly recorded cerebral tracmgs The detectors are placed m
640 A f Red g

Diag « V1 201964)
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ifferent positions with respect to the area perfused by the tracer the different
geometry lends to 1 different mfluence of various scctions of the airculation on
the two tracings, wnd cin explun the differences of the curves However the
total duration of the two cerebral curves 1s always very similu

The semilogarithmic slope has comparable yalues 1n both tracings Therefore
it cn be considered 15 1n expression of the functional aspects of the whole
vertebio bastlar eirculition The mean value of 041 m the control group
suggests that n normal conditions the blood m this aren 1s renewed completely
about every 2 2 scconds or 27 times every minute We do not know the normal
values of the rate of blood flow or size of blood pool m tlns area, but this figure
1s probably too lugh The method m1y overestimate 2 fast component of the
circulation, or the mivng of the tracer with blood may be incomplete duc to
Inmmnr flow Judging from the homogenaty i the control group, 1nd from
the evistence of sigmificint yvuiations 1n the pathologic states, the ‘ntermediate
time’ and the senuloganithmice slope 1ppear the most rehinble and sensine
mdices of hemody nmic impurment

Alteruons of the 1sotopic curves were found n cvery single patient with
angrographic "bnormahies In most cses there 1s 4 close correlition between
the results of the two tests The yanatons of the mean v alues from the control
group to the group with shght angiogiapuc changes are greater than the
further varitions encountered 1n the group with more marked angographic
chianges In group III the mean value of the slope 1s reduced to 56 © of the
controls Without considering possible errors and yvanations in the blood pool,
this means that i patients with advanced artenosclerosis i the vertebro
basitar aren the blood flow 1s nearly half of the normnl

Chimical signs of cerebral vascular disense were lways nccompanted by
patholome aspects of angiographic findings and the 1sotopic curves Both
studies generally showed greater alterations an patients with parenchymal
damage mn the aren of the postenor circulition (all but one such patent 1s
mcluded 1n group III) Tven m vascular disease with signs of parenchvmnl
imvolvement hmated to the carotid ared, alterations in the postenor crculation
of the same degree ns those of the previous group may exist These alterttions,
on the wernge, are less mrhed (five patients with this dingnosis are included
1 group 11, three patients in group III)

In two pattents with chronic subtentoral syndromes, the comparable
results obtuned with the two tests helped the chimeal diagnosts In one patent
without 1pprent vascular disease and with normal ngiogiaphy, the 1sotopic
test showed 7 discrete hemodynimicnl dimage the age (51 years) wnd the pres
cnce of bram pathology could account for this finding (Sokovorr) In one
young patient with dingnosis of multiple sclerosts, both tests have shown
4 lugh degree of involvement of the posterior circulation we have no exph
nation of this result, unless an crror of dingnosis can be assumed

In thrce patients with vertebro basilr circulatory msufficiency, vertebral
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angrography performed by direct puncture of the artery at the moment of
the injection of the contrast medium causchdlsturbanccs of consctousness,
respiratory alterations and serious vegetative p These comp!

wete of shart duration and without any apparent after effect They nevertheless
underhne the existence of contra mdications The injection of 05 ml of saline
contmning the nuchde on the other hand has been n all cases completely
innocucus The 1sotopic test by 1tself can also be given with a smaller necdle
(Frescmt & Garetro 1961) The technique described appears therefore a
safe and useful method for the study of dynamical alteravons of the veriebro

basilar cieculation
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SUMMARY

The bro-basilar system was ed by the vertebral injection of gamma-emutting
1satopes and percutaneous recarding i 27 cases 9 of which were normal and 18 had evidence
of artenioscleross The 1sotopic curves demonstrated progressive hemnod) namical alterations

m the lattes The technique mav be a useful dragnostic aid n the climeal study of vertebro-
basilar circulatory disturbances

ZUSAMMENFASSUNG

Das vertebro-basilare Gefz

wurde rateels ler Injektion von !
den Isotopen m 27 Fallen untersucht 8 Falle waren normal und 18 Iitten an Arteriosklerose
Dye erhaltenen Tsotopenkunen zeigien in den letzteren Fallen progressive Storungen Die

Methode erscheint von diagnostischem Nutzen fur dic Erforschung der vertebro-basilaren
Gefassstorungen

RFSUME

Le systéme vertéhro-basilaice a été éudié par ijection dans | artere veriébrale d 150topes
élmeucurs gamma et par enregistrement percutane dans 27 cas dont 9 étaient nosmaux et
hB des ngnes & ) Les courbes ont montré des altérations

émodynamiques progressives dans ces dermiers cas Cette technique peut compléter ntilement
A éude cimque des troubles airculatotres vertébro-basilatres
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PERGCUTANEOUS SPI ENIC VENOGRAPHY UNDER
ROENTGEN TELEVISION CONTROI

by

O Arner and T Ferasyrou

P,

splemc v phy may mvolie 2 danger of senogus and

complications Intra penitoneal haemorrhage 15 said to be the
commonest sequela and 1s thought to be due to the spleen following the re
spiratory movements and bemng mjured by the puncture needle The wrters
replated the conmventional mstrument by a ncedle fitted with a polythene
catheter 1n order to obwviate this complication  After puncture of the spleen
the needle 1s withdrawn and the contrast medum njected through the catheter
(FErnsTROM 1955 SELDINGER 1957)

Percutancous splenic venography has been performed during the last two
years under yoentgen television control with the apparatus described by
Eouotyt Fernstrow Livbsroy & Setomorr (1962) with smprovement of
the procedure A criucal analysis of the results achieved 1n a senes of 200 cases

suggested that the method 1nvolved less danger of intra pentoneal haemorrhage
than the techmique presiously used mn P splemc venography and
prompted 1ts desciption m greater detail

P
sometimes fatal
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“Table 1
Comphicateons occurnin al percutaneous splentc venography in & material of 200 eases

“umber
of cascs

Pyreva up to 38 C for 4 days 6

Pyrewa up to 33 G for 7 days 3

Pyrewa up to 40 for 4 days t

Severe abdomnal pam for 2 days 5

Signs of severe intrapentoncal hacmorthage 1

\inot pneumothorax or pleural effusion 2

Comghcations occurred 1n a total of 51 cases

greater assurance and without undue haste Moreover the catheter could be
Teft 10 the spleen when the position of the patient was changed Percutaneous
splentc venography was carried out i two different positions at one session 1n
15 cases 12 patients being examined supine and prone and the other 3 cases
supme and fateral

Percutancous splemic venography was performed under roentgen television
control 1n 106 cases 1n 85 of these the spleen was not enlarged but 1n 6 of these
85 cases the exammation was unsuccessful owing to the catheter shpping out
of the spleen during the njection of the contrast medium on four occasions
and due to failure of the puncture on two occasions

Thirty mullilitres of Urografin 60 9, were mjected within 3 seconds m 137
cases and i the remaming 63 cases 50 ml within 5 seconds 1njection of the
latter tmount of medium resulted 1n better filing of the splemc and portal
veins and an amprovement n the quabty of the hepatogram No untoward
effects were observed

The contrast medium was injected by hand in 176 cases whereas in 24 cases
an automatic pressure syrnge was used to inject 50 ml of contrast medium
withm about 5 seconds No untoward sequelae resulted from the use of the
latter

Complications referable to the examination per se occurred 1n 51 cases
(23°,) the majonty of these were however muld m character (Table 1)

Thirty six cases were pyrextal for four days and 3 for seven days 4 cases had
a high temperature for 4 days one had severe abdominal pan and 2 cases
presented evidence of pleunsy which regressed spontaneously Climcal signs
uf ntra pentoneal ‘hacmorrhagc'“e‘re observed i only 1 case As these com

d sp y lap y was not required 1n any case
The prunary condrion required laparotomy 1n 108 cases The operation

was performed within one to sir days after the venography m 47 of these cases
(Table 2) and disclosed intra pentoneal haemorrhage 1n 2 of them 1 ane
of these latter cases laparotomy four days after the procedure revealed the
presence of 300 m} of blood 1n the pentoneal cavity It 1s interesting to note
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The instrument Top ne Jle fiddle catheter with nut and screw portion Belou
f“dlng the eatheter which fits into th= adapter (left) wnd the tip of the catheter
right

Matertal The series comprised 200 cases eximined by percutaneous splenic
venography 1n the years 1955 to 1960, 87 bang women nd 113 men The
splecn w1s not enlarged 1 158 cises All the cases were carefully followed up
after the examination with specinl reference to posstble complicntions of the
procedure In 109 cases Inparotomy w1, carried out within 1 to 60 davs of the
procedure, the operitor being ashed to make 1 speanl note of cvidence of
mntra perttoneal haemorrhage

Method The techmgue used mn this mvestigntion has been desenibed earlier
(SELDINGER 1955, Epnorm et coll 1962) It should however be pointed out
that the demonstration of the ventral intrihepatic veins or of the left mun
branch of the portal vein may sometimes be unsatisfictory 1n the position that
was then described An additional exammation should therefore be carred
out without withdrawal of the catheter with the pruient prone or in the lateral
position A further 5 ml Urografin 60 9, re injected under rocntgen television
control, the position of the tup of the catheter being cheched on the monitor
screen The film changer 1s then brought into position wathout the patent
being moved nd the examination repented Percutineous splenic venography
ws never performed more than twice 1t any one session m any of the cases
of the present series

Results

The polythene catheter was left in the spleen for 10 to 60 minutes Puncture
of the spleen was successful aind s1tisfactory positioning of the up of the catheter
was achieved at the first attempt 1in about half the cases m the remuning
cases several punctures were required The spleen was however never punctured
more than six timces at one session 1n Ny one c1se

The position of the catheter was not affccted by respiratory movements or
by 1 change in position of the patient — wath exception of 1 few cases in which
the catheter shipped out of the spleen durmg the injection of contrast medium
or exposure of the films — which cnabled the procedure to be performed with
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cent of the cases 1n this senes an ncidence that 1s prac(:call) the same as that
observed among cases d by the conv method (without a
al T
i ‘t:ll:tdeor)mnal pamn and symptoms and signs of pleurisy have also been observed
following the procedure These sequelae also occurred in the prc|smt senies
AS o previous data on their madence are avatlable, no firm c can
be drawn concerming the value of the techmque described 1n lessenmg these
dangers

The quantity of contrast medum recommended 1n the literature yvares
Dbetween 20 and 80 ml (Gvozpanovic et coll 1935 WaANNAGAT 1956 ANACKRER
et coll 1957 1950 Bourcron PieTmi Dauvmazer, Paativ & Cararane
1957 Panke ct coll 1959 and others) The myection of 50ml contrast medium
had no untoward effects m the present seres, 1t was found that the adminis
tration of this amount of medum smproved the quality of the films

The general opimon appears to be that 10 ml contrast mecum should be
injected by hand within one to two seconds Some authors consider that the
use of an automatic pressure synnge nvolves risks (WANNAGAT 1936 Ananar
et coll 1957, and others) while others fayour its use (BourcEeov et coll 1925
STENER et coll 1957) We are nchined to recommend 1t first because it enables
the rate of myection to be standardized and secondly because the roentgen
dose delivered to the operator 1s greatly reduced

It was found that the use of stereo angiography facibitated the 1dentification
of any collateral veins present

The performance of percutancous splemic venography under roentgen
television control proved to have several advantages (1) blind puncture of the
spleen 15 elmnated because the spleen and the puncture needle are seen on
the momitor, (2) the positon of the catheter within the spleen may be easily
checked on the momtor dunng the iyecuon of the contrast medum and this
facilitates examination of a spleen of normal size

It 15 generally held that puncture of a spleen of normal size presents diffi
culties P splemc v phy was ful 10 only a few such
C‘:\scs of the present sertes and then usuallv because the catheter shipped out of
the spleen during the myection of the contrast medium or exposure of the films
and not because of failure when puncturing

A further advantage of the method of exanination described 1s that st may be

£
P d i a fully ai d room with X 1mpre t m the
Pprecautions to ensure asepsis "

SUMMARY
The use of a s0ft palythene catheter for
) T Injection of .
\l‘nm;l:ap:y was found tolessen the danger ot he coms mmml:r‘-c:::n -
wo
i :r: or‘z:; l(:::: :;: :n“::\l’:i ;x:o“c:l\lg;n ut]:\cvumn control of the procedure facilitated the
€ Proper posiuoning of the catheter

percutancos spleme
" L
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‘Table 2
Findings at laparotomy performed one to s1¢ days afler pevcutancous splemic reno, raphy

Dav after injcction
Ist  2nd 3rd  4th  5th Gth

Absence of intraperttoneal haemorrhage 1n number

of cases 6 8 3 7 12 9
Presence of intraperitoneal haemorrhage 1n number
of cases 1% - - ¢

* Small quantity of blood
** About 300 ml blood

that the haemorrhage caused no chnieal signs Only 1 small quantty of blood
w1s found 1t operation in the second case In the 61 cises 1n which laparotomy
w1s performed within seven to sixty days of the exammation, a small quanuty
of blood was evident 1 the perstonenl cvity 1n 6 cses The mcidence of severe
mntra peritonel hiemorrhage producing chmical signs was 0 5 per cent 1n the
serics

Drscussion

Minor mtra peritoneal haemorrhage s frequently found 2t laparotomy
performed shortly after percutineous splemc venography {Gvozpanovic &
HauptMany 1955, Lvans & O SuLtivan 1957, Bruwer & Harienseck 1957,
T16LEY 1958 nd others) Starin (1959), however, 1n 2 small series comprising
6 cases, m which operition was performed two to five days 1fter the procedure,
encountered this complication only mn one case According to ANACKRER,
Devans & Linnen (1957), Herrzman & RicLEr (1957), BERGSTRAND & Eanan
(1957), STEINER, SHERLOCK & STEINER (1957), FroLry (1958}, PANKE, BRADLEY,
Moreno & Ruzicka (1959), ANACKRER (1959), aind BErGsTRAND (1961) major
ntraperttoneal htemorrhage, endangering the e of the subyeet, occurs
1 to 2 per cent of cascs

Scveral workers have stressed the mmportince of woiding myjor injury to
the spleen at splenic puncture to Iessen the risk of intra peritonenl haemorrhage
Repeated puncture of the splecn, repeated injection of contrast mediym 1t onc
session, and prolonged retention of the puncture needle m the spleen are all
sud to increase the danger of intr1 perntoncal haemorrhage (BERCSIRAND
ct coll 1957, ANAckER 1959) Several splenic punctures were performed nd 1
number of 1njcctions of contrast medium were made At one sesston 1n this
series, morcover, the catheter was Ieft 1n the spleen for quite 1 long time
Nevertheless, intra perttoneal haemorrhage occurred i a remarkably small
aumber of cases This suggests that the use of 2 polythene catheter for myecuon
of contrast medium nvolves less danger than 1 puncture necdle

Pyrex11 may occur following percutancous splenic venography (BERGSTRAND
ct coll 1957, PAnkE ct coll 1959) TIhus obscrvation was confirmed 1n 2 per
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A SIMPLE TECHNIQUF FOR MAKING CASTS
OF THE HEART

by

GUANAR W\ ESTBERG

Access to accurate anatomic casts of the blood vessels and cavities of the
heart 15 often a considerable ad n cardiac g Such casts
may be of assistance both 1n the selection of the most suitable projections for

graphy and 1n the subseq mterpretation of the films  Anatorme
models made of a cold polymenzing plasuc substance by the corrosion method
are often both detailed and exact and vanous techmiques for making them
have been descnbed among others by Toseserr (1956) and Jawes (1961)

The methods previously described are rather complicated however and it
appears that good results may be obtained with 2 simpler and more rapid
procedure One of the most important conditions for success 15 the choice of
a suitable matenal The synthetic resns available on the market vary con
sderably i their properties The matenal to be used for the casting should
be capable of beng quickly prepared and should not be too senstive to
small variations i the mixing process if devesd of these Propertics its Viscosity
will be unsuitable and the setting process {polymertzation) will be unfavour

bly affected 1t should furthermore not be subject to shninkage while harden
g and 1t should be casy to colour

Subm tted for pubhcation 14 Vay 1963
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ZUSAMMENTASSUNG

Die Anwendung emnces weschen Polythenhatheters fur die perhutane hontrastiniehtion n
dic Milz vermindert die Gefahr emer intraperitonealen Blutung Zweihundert Falle wurden
anmalysiert Der EingrifT sst erlechtert ber hlemner Milz oder wo die horrekte Position des
hatheters i Frage steht wenn man Bildverstarker mit Fernschemnchtung zur \ erfugung hat

RISUML

I es auteurs ont constaté que 1 utilisation d un cathéter de poly éthy léne souple pour 1injec
tion du moyen de contraste dins I phlébographie splénique percutanée diminue le nsque
de complication hémorragique mtrapéntonéale Ils en présentent deux cents ¢as La ponction
des rates de volume normal ct 1a myse en place correcte du cathéter sont ficibtees par le
controle en roentgen télévision
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A SIMPLE TECHNIQUE FOR MARING CAST" OF THE HEART

¢ 2 Speaimen teady for corros on The m tal rods hold the two
hal es of the heart 1 their exact anatomic pos tons

before the cast has set If one of the rods 1s made extra long 1t may be used
as a stand when the specimen 1s mounted (Fig 1)

1 Remocal and preparation of the heart

1 The heart 15 removed together with suffimently large portions of the
afferent and efferent vessels to allow for the autachment of short pieces of
plasuc tubing 1t 15 freed from blood clots by nmsing of 1t 15 not to be used
at once 1t may be stored 1n a frozen condition

2 The afferent and efferent vessels {with the exception of the aorta) are
lengthened wath short preces of transparent plastic tubing which are tied on
after hayving first been widened shghtly at one end to prevent slippmng The
free ends of the tubes are provided with corks which fit firmly but can be
removed when necessary (Fig 2)

3 The aorta 15 provided with a prece of ngid plastic tubmng which 15 to
serve as the imjection syrmge (Fig 3) The cork which acts as a piston must
be ightly fitted so that no backward leakage takes place when 1t 1s pushed 1n

15 Preparation of the synthetic material

The amount of plastic matertal required may be readily estimated by filling
the nght and the left sides of the heart with water with thewr plastic tubings
attached and then measuning the volume (weight) of the latter The w eight
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In wn carhier paper (WesTBERG 1963),
2 phstic material of methaerylic resin
type, sutrble for casts of the vessdds and
subarichnoid aisterns of the brun, was
described 1 some detul This substance
possesses most of the propertics mentioned
1bove, 1ndit may lso bewsed to «dvintage
m prepanng cists of cavittes s large ns
those of the heart It s widely used
denustry, and mny thercfore usually be
obtamed irom dental supphers The mn
terl used by us 15 ealled Quick 3 60,
but other brands are also waulble Itis
supplicd 1n the form of 1 powder (poly mer)
and 1 hiquid (monomer), which only need
to be mixed to produce the required
blend The accelerator has already been
added to the monomer and the catalyst to
the polymer

The wiscosity of the maternal, and at
the same time the setting rite, moy I o T oe ol
readily be regulated by varying the pro 08 rods vem e a5 4 stand
portions of powder wnd hquid Tt hns
been found that 1 mixture of equal parts
gves 1 sutable viscostty nd allows the
mass to be ingected over 1 period of about 5 munutes, 1nd to harden after
half an hour The mass should be hept cool 1n 1 water bath winle setung
especially when employed 1n large volumes such s those required to fill the
cavities of the heart IT tlus condition 1s not fulfilled the hent cvobwed s
polymerization proceeds m1y cause the mass to ‘boil |, 1n other words 1t bubbles
and cxpinds Another rdvantige of suspending the specimen m 1 water
bath 1s that the nisk of deformation will be lessened Different colourings may
be obtained by adding finely pulvenized pigment to the polymer (the powder)
before 1t 1s mixed with the monomer (the hiqud) A good colour for the
arteries 15 obtamed with crdmum red while Pars blue may be used for the
vems Concentrated sodium hyvdroade solutton 1s used for the corroston work
This has the 1dvantage over the commonly used concentrated hydrochloric
acid and sulphuric 1cid in not emitting irrtting gases and conscquently not
requiring speetal ventilation, 1t also has no cffect on metal objects in the room
Apnrt from the choice of a swtable material, the fixqtion of the two halves
of the heart i the correct mutul relitionship after the tissue has been dissols et
1way secms 1o present speennl problem This may be solved by passing netl
rods, pomnted 1t onc end, through the two halves to serve 1s remforcements
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of the materral required will be ap
proximately the same, but the amount
should be mcrensed by about 25 9
to 1llow for spdling which can hardtly
beavorded when the specimen 1s beng
filled The heart should then be care-
fully empticd
1 Lqual amounts by weght of
polymer (powder) and monomer (hq-
uid) arc weighed out sepirately for
the night and left halves of the heart Cork
2 The matenal 1s coloured with
the fincly pulvenized pigment, which
1s mixed with the weighed nmount of
plstic powder before the hqud 1s I

Ligatures

Ligature

added Flastic
3 Immedintely before the materinl f e

15 to be fed into the heart the coloured ! Stiek

powder 1s empued mto the hqud and Fig 3 Arrangement for the mjection of the

strred, furly rapidly but nevertheless aorta

thoroughly The mtenal for the night

side of the heart 15 prepared first, the mass for the left side should not be
prepared unul After the former s been completely filled, owing to the fct
that the viscosity gradunlly increases

III Iutroduction of the material wnto the heart

1 Right atrnum and ventricle, and coronary vems The freshly prepared bluc
material 1s poured 1n through the nferior or supertor vent cwa after the
other afferent and effercnt vessels have been carefully closed The whole of
the night hall of the heart 1s filled, and the vent cwva 1s then closed Any
water and aur still remaining 1 the heart should be allowed to escape by shightlv
withdravang and replcing one of the corhs If the heart 1s then squeczed
gently, even the smallest coroniry vemns will fill

The material for the artery side, coloured 1n advance, 1s now prepared

2 Aorta and coronary arteries The freshly prepared red maternl 1s run
through the ‘aort1 tube’, which s filled to the brim The ughtly fitung cork
1s pliced m posiion 1nd pushed down 1nto the plistic tubing with 1 suck
as shown in Fig 3 As healthy aortic cusps close the nortic orifice completely,
the material 1s pressed out mto the coronary arterres when suitable ‘acrtic
pressure has been obtuned, but owing to the rish of rupture the pressurc
should not be too high The corh 15 left m the plistic tubing so that the material

sets with the vorta distended
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» SIPLE TECHNIQUE FOR MAKING CASTS OF THE HEART

Fig 5 €ast of the beart from befow sbowing the sp val arfangement

of the trabeculae 1n the lefk ventricle and a small artery branching into
the lef pap llary musele

3 Left atrum and ventriele and coronary zemns These are hlled with red matenal
As the tbings leading 10 the left atrium are wsuzlly fauly narrow  this part
of the heart generally has to be filled with the ard of a synnge a wound syringe
15 suitable and should always be held 1n readmess

4 Before the matertal has set the right and left sides of the heart are fixed
n thar exact anatomic positions This 15 done by pushing two pomted metal
rods (made of copper brass or other suntable ryatersal) through the heart
(Fig 2) One of the vods may be passed through the aorta and the supenor
sena cara or the pulmonary artery and the other through the two ventricles
mn such a direction that no damage will be caused to the larger coronary
vessels 1T the rod through the ventncles 1s made sufficiently long its bent
portion may be used as a stand for mounting {Figs 1 and 2)

I\ Fhe sething process

The heart 13 suspended hanging frecly 1n a bath of cold water The setting
process witl then take place at a slower rate {(about 1 ta 2 hours)
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the adequacy of the shadow asa visual sumulus However these factors a:ie not the solrcl;ilz!
termnants of the effectiveness of the roentgen shadow as a visual sumulus an: mlore :m;];o_n‘e
the vast majority of the shadows we fal 1o percene are perfectly adequate \isual g:omu i ’r
are overlooked because of other factors which affect the perceptual process — Concern g\c
contrast and unsharpness to the total exclusion of all other factors which affeet pereeption mm
a0t therefore seem reasonable Because it 1s possible to measure contrast and unsharpness wil
case we have become unduly concerned with the control of these factors The real enterion
of the usefulness of a Toentgenogram 1s the lkelihood thata radiologist who views it will armive
at an accurate diagnosis There has never been any evidence 1o suggest that unsharpness ex
pressed 1. an ! | ) and contrast measured between the
hightest white and the blackest black (an equally unphysiologtcal measurement) correlate well
with the likelihood of accurate diagnosis

e mught perhaps ask ourselves 1f quality as we commonly hnow 1t, 15 the
aesthetie beauty of a film rather than its diagnostic usefulness

Developments

No sooner did the first roentgenograms appear than the first radiologic
evalvation of image quality developed It was appreciated that these early
crude images did not accurately depict erther the internal anatomy of the bone
or of the soft tissues Since penetration of the bone was then a tnumph, demon
stration of mnternal cortrcal and medullary — and eventually the trabecular bone
— patterns became the popular measure of 1mage quality Some radiologists
still use these vanable and highly subjective entena with sausfaction

A similar phase of development 1n astronomy and in muicroscopy led to some
what dufferent results The quality of the optical 1mage produced by different
lenses was evaluated by astronomers on the basis of abiity to separate the
bright powts of double stars Microscopsts observed the penodic paraliel
ridges on the shell like skeletons of dratoms and used this pattern as a standard
method for evaluating 1mage quality Similarly, Foucaurt over a century ago
devised an artificial standard test dewice {or phantom) conssing of sets of
parallel block and white hnes of graded width and separation This and
sumilar test objects are stll commonly used The term resolving power was
later devised by astronomer John Strutt, Lord Raylegh as the capability of
an tastrument for recording and disingurshing fine details
D.ﬁ?:;sr;s;]\l:éni );:a;verfdlg not always accurately indicate qualty In 1867
St aouro ufl around stars obsersed by certan pe
tile st S Ppoorer instruments might give a clearer picture A perfect

gl en gave only a single image where the poorer large one accuratel
showed the double star The rings and fluff about the ce: :
described b ntral bright star were

T Y AIREY 1n 1834 and attuibuted to the hght distnb,

lenses This concept of a b, 3 stnbution m tus
Ptola heap of light high n the centre dimmnishing at the
}:n:fc_;:gcs has come to be known as the spread function of a pomnt source of
g] 1s concept has become most important m the development of photo-

rfect
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dugnostic effectivencss, 1d every radiologist faced with the purchase of an
expensie piece of dingnostic cquipment ashs himself what he 1s getting for s
money nd how the quahty of the roentgen 1mage can be evaluated

The perceptibility of the roentgen 1mage and the radiologst s utithzation of
1t are equally important Perceptibility of the detuls of the 1mage can be
numenically evaluated Percepibibity of the mmage ntself wnd its utihization wre
more complex problems wvolving psycho physical methods Lliboration on
these methods will not be attempted At this ime Since the rnys forming the
amage are ordinnly nvisible they must be conyerted or transformed mto hght
r1ys which are visible This Intter 1image might be better termed 1 radiologic
mmnge 1nd the former 1 roentgen pattern

The guabty’ of 1 roentgen 1mage ke the quakity of any other 1mage tradi
tionnlly depends on the futhfulness of ats portrayal of the renl structure radio
graphed Sincc roentgen rys can trverse matter, the apperrance of mternal
structures s sought, and since colour reproduction 1s not fcasible, what we
aectunlly see 15 1 sort of cancature of those real structures This carcature 1
more satisfactory 1 many ways than 1 futhful externnl hkeness would be
Like most cancatures it tends 1o portray salient fuatures and sometimes red
features more clearly than can be seen 1n the onginal structure Laamples are
found 1n tomography and ligh hlovelt techmques The cancaturisation or
sclectivaty factor 1s one of the aspects of ‘imge quality’ in raciology which 18
least linble to objective annlysis

The 1mportant factors contmbuting to 1mage quihity which are more sus
ceptible to measurement are contrst, resolution, grun or noise and ex
posurc  Contrast 1s usually expressed as 1 percentage of total black or white
However there also may be contrast in the imvisible roentgen image nd cither
can be expressed 1 the mean fr ictional change 1n absorption of two 1djacent
arcas (Jaconrson) Resolution 1s the distinctness of detul usually expressed as 2
masmum number of line purs per umt of length, or sometunes for 1 whole
ficld s the total number of hnes distingmishible Grun or noise may be con
sidered as rindom elfects of rindom radition which detract from the quahty
of imnge formation I xposure or exposurc dosc 15 the 'mount of ridintion used
to produce 1n 1mage expressed in units of roentgen (r) or milliroentgen {mr)

Defimtion of image quality
Image quality and its numerical expression 1re the subject of this discussion
1nd should be defined It could be that our present concept of image quahty,
Like Dawes ‘perfect httle glass 1s an amperfect instrument for the job 1t must
do To citc TUDDENHAM
The essential feature of any roentgen shadow 1s 1ts capacity to sumulate the retina of

the observer If the shadow 15 an nadequate visual stimulus 1t wall not be percened and ac
curate diagnosis 1s unlikely It s certamly true that unsharpness and contrast determie 1 part
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Bouwers and other early workers on unsharpness considered 1t the sum of
all the vanous forms of unsharpness These components were not additve,
however 1n that the largest of them contributed relatively more to total un
sharpness than did any other component (Morea~ and hrasens) Even the
radiographic 1mage of an opaque kmfc edge photographically has a graded
black to white border, although 1t may seem abrupt to the eye Scanming this
border with a densitometer gwes an § shaped cunve witha measurable width
and gradient These measurements are reflections of the system s ability to form
mages of Ingh or low quahty They assume 2 sharp flat edge of complete
absorption and neglgible thickness Actually, of course, thicknesses are fimte,
absorption 1s partial edges are iwregular and humanly are nesther flat nor
shary

prunsharpncss 1s ether neglected or stabilised other lugh contrast test
objects may be used, and historically the most sophisticated of these are equiv
alent line and space patterns which may be read 1n Iines per mullimeter We
have etched a copper plate with a television screen focussing pattern for this
purpose WirLiams has illustrated a sumilar apparatus Six such test patterns
were illustrated 1n a recent report CanererL s device a plastic plate with lead
filled converging and diverging grooves appears to be most practical Wire
screens (Ravsey) (Levy & West) siher wire (Berwinoe & Guest) copper
wire (MaTsupa et coll ), tungsten wire (Rose) coiled wire (Morcan), con
serging wires, all have an added edge unsharpness deficiency {Seeman) OfF
these, only Ter Pogosstan s and O Loughlin s test patterns took any cognisance
of object contrasts

FranrzeLL found that wires of small diameter had an added unsharpness due
to their relationship to the larger focal spot His experiments with small drops
of mercury showed marked distortion of 1mage as well as added magmfication
and pseudoscopic unsharpness VAN ALLEVs system of exposing a micro
meter adjusted slot 1n a lead sheet over 2 moveable screen and film probably
holds the fewest errors of these methods The resulung roentgenograms closely
:;T‘bh 'hz line and space diagrams used by photographers It has not been
bctw;ndc‘t(nrr‘\u:ﬁtinssxmulaéxng(!ihosc 1n clincal pracuce, although 1t should not
method o flu: 050 Speed and contrast ratngs have been studied by this

roscopic screens  photographic apparatus and film screen
A;omhmamns by Morean who found for nstance a gamma rating between
4 and 20 for vanous photofluorographic systems Detail resolution between

175 hines per millimeter and 6 I
nes per mll;
detalsenec o pmcter and 6 1 P llimeter was noted for Patterson

oot 10 et e aterson | oroscreen Most intensifymng sereens resolved
Untl Heent s work on
(1942) there was hitle atge:



68 G M ARDRAN, H F CROORSAND I ] O'LOUGHLIN

graphic theory All photogriphs can be considered orgamsed groups of pont
sources of varymg mtensities of hght

Aruficinl stars, bright pinholes, were used 1 testing lenses for microscopy
and photogriphy  Resolving power and contrast could be evaluated m ths
w1y Using densitometers the pont source could be scanned 1nd the spread
function transforred to graph Certun adsantages remain m this ‘pinhole’
system since the 1mount of energy or hght which passes through the hole can
be estimated furly accurutely There 15 evidence that the retina handles all
1mnges 1n the form of circular areas of jllumination

In 1822, TouriFg, m his book on heat trinsfer, proposed a theory of the
composttion of het wves which developed wide «pplication 1n other fields He
proposed tht heat wve forms of identical shapes (crest and trough) can be
represented by 1 series of simple waves hknown s “sines’ Lach wave of a senes
has afrequency that 1 an integrnl muluple of the lowest or fundamental fre
quency 1 the sertes Size ind amphtude depend on the shape of the onginil
wave This principle ssmphificd the study of comples waves, since they could
now be treated on imndiidual terms ns simple components of wives This
theory when applied to the clectromagnetic wves of telegraphy descloped
mnto what we now hnow as ‘communication theory’ Communication theory
was used 1 telephony, radio, telcvision and now 1s popular m photography
and psychophysics

In radiography, tttempts to 1rrive 2t objectn e methods of quakity cvaluation
historically began, 2s we have noted, with the use of dried bone 1s 1 subject,
and progressed through incandescent lnmp filxments 1nd other opaque mis
cellany to wire meshes of various dimensions In general these rmages could wd
in eviluating intensifying screen contact and resolving power, but 1t wis
difficult and often impossible to express this evaluation quantitatively ALBERS
ScrronsErg studied off focus radittion by these methods BRONKHORSTS 1d
ditton of 1 step wedge and Luft s star pattern were somewhat more soplusticated
agtempts at quality standardization, but ngaun, these methods did not hune
good numerical representition

‘Sharpness’ of image w1s obviously important but ‘unsharpness becnme 1S
expresston because 1t was ¢asier to measure and 1ts component parts could be
more casily analysed ‘Unshirpness was defined as the wadth of the 1mage
boundnary (blick to white) in millimeters Acutance, which includes 2 denstty
scale factor, became 1ts photographic expression

Component contributions to unsharpness were

1 Tilm screen unsharpness (film unsharpness was relatively so small s to be
msigmificant) (MoRGAN)

2 Geometric unsharpness — due to finite size of the rocntgen source
(Hobges)

3 Motion unsharpness (WILSEY)

4 Absorption or anatomical unsharpncess (SEcMAN)
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4 detectable structure from 1ts surroundings Bureer (1936) carly appreciated
the relationship of contrast and resolving power Since they are not the same
kind of quality they cannot be summated or compared directly (SEEMAN)
Furthermore, when contrast nears or reaches 100 9, this relationship 1s not
apparent Inadentally hngh contrast technsques are less popular 1n radiology
today because 1t 15 believed that more snformation 1s asailable with high hlo-
\oltage methods (TUDDENHAM) JACOBSOY objects to thus trend He says thatf
one calculates the amount of mformation per dose one finds that therc 1s one
wavelength only where maumal information 15 obtained and that this does not
often he 1n the hugh kilovoltage regions Screens and films are now designed for
high kilovaltage techmques and also with a view to reduction of exposure dose
Indeed, such success has been obrained in exposure dose reduction that quantum
noise granulanty has become 2 consideration 1n radiography as well as
image intensification fluoroscopy

Burcer s use of a low contrast (chest tvpe) test phantom made of varying
thicknesses of umit density 1 confirmed for radiol the close relation
shap of contrast and defimtion It also gave them a tool which could be used m
the contrast ranges where radiological problems arnse Contrast notse and
nosse detail ratios could be appreciated and contrast detail diagrams became
quite easy to construct Nersox devised a similar test phantom CHAMBERLAIN
and VMorcay modified the design by addimg more rows of approprate thick
nesses of waod or plastic and metals to bring the circular areas up to about
100 9, contrast with a background denstty of 1 0 This principle has also been
used by VWeRsTER et colt , HENWEY OoSTERRAMP et coll  and Arprax et coll
The most recent design modificatton 15 a reapplication of this principle to the
problem of quantum efficiency and detectivity 1n photegraphy ZwEre in 1961
used tny holes of 35 to 160 microns covered by a filter which increased
density by 0 3 (transmttance decreased by 2X) in suceessie columns Visibility
of hales 15 also determined by the spread function of the system and even more
umportant to the radiologist 1s directly related to what can be seen by a human
observer Perhaps the simplest contrast emergence quahty test 1s the determ
nation of that amount of radiation which will just bring a 2 or 3 mm hole or dot
out of 1ts hackground or just disappear agan into backg) d (WeBsTER)
A single numencal expression of 1mage quality 15 an adsantage Hevwey ex
pressed quality by the single detail whose depth and diameter are equal and

Just barely discerntble this detail hes on a 45 angle from the abscissa of the
Burger test pattern

Contrast detari diagrams have been very useful n the evaluation of per
formance of image forming systems — particularly since the adsent of the
mage 1ntensification apparatus Tor OosterkaMp & Proper corroborated
STURM & Morca s caleulations experumentally using this technique and also
iluggcsted that the mimmum contrast fluctuation ratio 15 3 rather than 5 as

ctermned by Rose and by STuRM and Morcan They did not agree with




70 G M ARDRAN, H L CROORS AND B | O'LOUGHLIN

mage mtensification systems, predicted 1 ‘santillation’ houe beyond which
mmage 1mplification could not be successful This unassulable hmit has been
called ‘the mnuml permussible dosc of X r1y exposure (Hax) Rost con
structed an artificil test object 1ccording to a grapluc formula for 10 ideal
formation obtumng system Because 1 hole of 1 certun aren hmited optieil
mformation to 1 crlculable rmount, nd beenuse circular holes were etsy to
handlie, he uscd 2 senes of holes of varying depths and ditmeters for lus test
phantom He used Frctors of 2 for ¢ach step both m divmeter 1nd m contrast
Of coutsc, the evaluntion of Yust perceptible’ holes was made by unfugued
men 1 comfortible dirkened environment A contrast detul diagram resulted
for each merement of ight Photons were recorded photogrpheally wnd coun
ted By tins meins Rost confirmed evrher esumites of quantum efficency
(signal noisc ratio) of the ¢ve 15 § 2 1t adaptation levels and 05 95 1t high
icvels, with esumated retinal storage ume of 0 2 scconds Brrorr {1936) hrd
made 1 sumtlr phantom and apprecinted that the relvtionslip of contrst ind
detul was particularly importint at low contrast levels Hyy (1958) used the
sume principles in constructing 1 somew hat different pattern Heenr s concepts
on the probibility of sceing were applied by Niwrrr to chest ridiogriphy
(nlso 1 low contrast problem) Zwiic has recently used this method to relate
the detecting Ability of photographic maternis to that of the human cye

Tlboration on the thesis thit spread function not only 1s the mtrnsic unit
of all photogriphs but thatt refleets the chractenstics of the lens, cimer and
film complex which produce the picture, has led to emphasis on the sme wune
response function m photography  This systent 15 particuiarh appheable to the
convention! optical test pattern of alternaung blwh and white bars of equil
width but with decreasing width from group to group (Sciabe)

Optteal square wve pitterns, when scanned by 1n oscillograph or mrcro
photometer, record v sine wave flus pattern which ean be subject to Tourser
analysts (Scuapt, and COLTMANN)

Varsous terms for this modulus 1re contrast transmussion funcuon, hinc
frequency response, optical transmussion fictor, sine wve response frctor, or
preferably, modulation transfer function

This application of communicition theory to television and indirectly to
photography by Otto Schide wns enthusistically recened Rdiological 1p
plications using 100 °, contrast lead bars were made by Scnotr, BoUwERs,
QostErkAMP, 1nd Scroner T'rom the point of view of minufictuning cng
neers, this 1s 1 most uscful concept for the destgn 1nd construction of dirgnostic
equipment Prcsumably, smce stne wve response functions are ~dditive,
cquipment can be designed to produce 1 given optical result In cpert hands
they m1y also provide 1 good ¢ luation of 1image qualty by mesuring the
area under the curves plnimetrically

As high contrast (bonc detul) structures were mitinlly used to cvaluate
resolution, low contrist (chest phantoms) were used to evaluate emergence of
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of optics seems to have reached 1ts peak The saience of pcrspegmc has passed
This seems to be the day of visual physiology {and psychology?)

Physiologrcal considerations traditionally are based on principles of opllis
Studhes of visual acuity at ligh light levels have bren fatibtated and the results
standardised by these methods However our interest lies 1n the other direction
and happily much present day vision research 1s directed towards threshold
and low contrast problems Visual threshold has been found to vary {around
100 quanta) moderately for healthy young people and to be related to visual
acuty This relationship 1s so regular for each indu1dual that some having a
Ingher visual threshold act as if others had a visual filter of a certain quality
operating throughout the range of visual illumination If the absolute threshold
intensity 1s increased three times the fingers of one s hand become distinguish
able at ten times threshold, the gap m a Landolt ning becomes idenufiable
Thus sllummation 0002 quantum per second per rod 15 comparable with
a very dark might sky, 20 000 tumes threshold (4 quanta per second per rod)
corresponds to a bright moonht sky This 15 only seven times less than 1s needed
for maumal foveal visual acnty Optimal wavelength ranges from 507 milh
merons for rods to 555 mullimicrons for cones at the fovea Parafoveal
cones probably participate 1 moonhight vision

Frequency of seeing at threshold levels 1s 50 %, Shightincrements of luminos
sty rase this percentage dramatically At these levels black andfor white
arcles are equally visible However at higher levels of :llumtnation white
aircles were more casily seen (Piresve) Hecur and MEwELL have shown that
summation of subliminal contrasts contributes to the probability of seeing Size
contrast bnightness and ume are the conventional four variables of visual
threshold

Temporal summation of 1mage when present 1s probably chiefly neural
Rhodopsin deactwvates 1n 05 milliseconds  Although synaptic conduction can
be as fast there 1s evidence that some delay permuts reactnation of visual
pigments and other delay permits modulatson of the smpulse The phystologic
action time 15 0 1 to 0 2 seconds Exposures shorter than this are easier to wmter
pret but do not approuimate reality The longer exposures bring 1n more com
plex neurologic and psychologic factors

Optical considerations of vision 1mply the focussing of rays of hight into the
eye This never occurs 1n nature but may be built into microscopes and certain
mage intensification systems In general we see ambient Iight 1n an unfocussed
state This has a bearing on contour formaton and the detection of movement

two important items This approach to vision called
ecological optics, may be
come important to radiology ® phc, My
Psychological considerations are
almost innumerable Perhaps they begin
}\nh t‘h:\! most penpheral portion of the brain the retna As noted prc)vmusglIV
dmcla ':mon (entirely cone) requrres llummation levels attamnable 1n bngh;
ayhight Parafoveal cone vision and mixed rod vision extends below the
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CoLTMANN’s statement that there wns no correlation between the theoretical
fluctuation limit nd obscrved detul perceptibility (CoLTMANN also proposed
that the sime wave responsc factor completely specified the imaging properties of
n optical system — as had Sciape ) The most recent estimates of the lower
limit for contrast fluctuation ratio 1s 2 (PrREnNE 1961)

Burger type phantoms have permiutted determination of exposure dose both
mside 1nd outside the test phantom holes and the correlation of these doses
with contrast and detail detectabihity (Jacoss, and Moraan 1959) Hax coined
the term ‘mformaton index’ (the reciprocal of contrast X resolution) and noted
1ts relation to exposure dose using this type of phantom In his method, blur
ring nnd scatter were made neghgible The development of Morcan’s rea
exposure doscmeter fieilitates determination of exposure quanta and correlation
with visualised quanta The information index cn also be determmed on cach
side of 1 detector and cn thus express the overnll performance of the detector
or system 1s the information transfer factor’

Predictabihity and frequengy of seeng In nearly All of these cxereses, deter
minttions of the presence or absence of contours or 1mages are made by a
Jury of humnn observers In otder to make their obscryations less prejudicial,
WEBSTER fishioned 1 series of plates with holes of varying sizes in varnous un
predictable positions In this way the observers’ results can be analysed as m
the conventional contrast detul dingram and also in relation to the number of
crrors per observation wnd per observer BURGER’s 1pperception studies arc
thus brought back to our attention The system of perceptible holes seems most
applicable to further psychophysical studies Sraurrer, and Has, and others
have found that for practical purposes two, or 1t the most three, observers e
sufficient To study observer errors, Inrger groups may be needed

In addition to the above uses, the contrast detul diagram method has been
proposed 1s 1 tool for the study of the ability of n imagimg system to record
motion BurGer has arranged his test phantom with 1 pendulum attachment
so that varying excursions can be furly well muntuned In this way blurnng
due to lag, slow recovery ttime, cable discharge and other such factors can be
measured WEBSTFR also has mcorportted motion nto this system

Alteration of various factors changes the shape of the contrast detul diagram
(Oosternamr & Arsrecut) These effects may become more important if
contrast enhancement (Grrsinon Concn) and contrast suppression (Machay,
and JacoBsoN) become more populir Contrast cnhancement may lower the
curve, and contrast suppression may move 1t to the right by making the ex
posure dose morc cffective Both of these adjustments accentuite the noise
segment 1n the centre curve of the contrast detail diagram

Complicating human factors

Ordinary human vision 1s not well understood The 1ntroduction of radio
logical considerations may aid or may hinder that understinding The science
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mum pernussible % ray dose At this time and 1n this contexta mnj}:)r problem
15 the use of the nmmal permussible X ray dose ‘The exstence of Ixs q(;mnn}!‘y
has been discussed by all recent contnibutors While 1t 15 basically r? ated to thc
contrast{detail/noise/exposure problem, 1ts expression 15 4 qua |!y“ — }: c
diagnostic quality of the image as judged by the radiologist Images o css; ;m
dhagnosue quality are wasted and do not contribute to the information of the
radiologist or the welfare of the patent The exposures used to produce in
effective 1mages do however contribute to the radiaton load of the pauent
and his segment of the population Thus, there 152 need for determnition be
wween the matmum and mimmum of exposure doses The optimal exposure
15 that at which the roentgen mage quality 1s just satisfactory Some radiologists
are already working at this level A convement expression for the opumal
combination of factors might increase the number of radiologists using them
Tmage quality could be such an expression

Application of dard tests to di tic

7

To one who has seen a televsion test pattern and has used 1t to adjust his
home television set the desirability of a standard test pattern scems clear
W hat seems less clear 1s the relatonship of picture qualits recenved to the muln
tudinous factors contributing to 1ts formaton transmission and reception
Televiston and information processing 1n general are under intensne develop
mental pressures Informal standardisation of techmques and common nomen
clature contribute to the industry s rapid development Authontative stand
ardisation might sufle research and development {(Moreany

In the case of image quality evaluation 1n radiology, much the same situation
prevails The user wants the engincer and physicst to use techniques and terms
which are sumple and 1atelligible He daes not want to stifle development or
1mpair accuracy of communication Even if the desired goals are accomplished
the tremendous problem of information perception and utthization remans
They remain pertinent because 1mage quabity bears upon perceptibdits and
perceptinity As the optical receptors evaluate contours and edges of contrast 1n
away different from that of the photometer, so we may necd to evaluae mage
qualits 1n a different manner m the hight of new psychophysical snformation
Since contrast detail diagrams and sine wave response functions are consciously
based on test patterns which are not anatomical there 15 room for criuscism of
:Zf;c“:‘czgig;zn‘:hlshba‘s: Edge absorption (SEFwax) and tissue mass ab
o e s l:c)hsm?x Drbc wncluded 1n a more preaise system Ve do not

such a system are Perhaps more preersion 1s un

necessary or would be confus:;

ng or wasted Test patterns can be devised to
clude edge and ussue absorption F o

grcscn( day methods for the evaluation of image quahty as a complex of lin¢
::s pom; spread functions are apparently equnalent Whereas 2 sine cune
ponse function may be more elegant mathematically contrast detail systems
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lununance of moonhight Rod vision operates down to the threshold of visibilits
The process of shifting visual gears from one Hlunnnation level to another 1s
adaptition It 1s both 1 retinnl and 1 neurl response which acts as does 1
condenser 1n 1n clectrical series It heeps the system in worhing range so that
1t cn continue to sense small changes it wide ranges of 1llununation

At 1y of the various thresholds insufficient illurmination cn result in retnal
errors 1n perception In addition to those previously mentioned (frequency of
seeing) positive errors are crused by retinal and personal factors (up to 10 95)
and these are 1ggravated by, among other things, drugs, cxcessine challenge,
dehydration, wnd fitigue Occnsionally the basic neuronal mechimsms con
tribute to crror

Fyvery sensation 1s not transmitted to the brun for judgement Many re
filtered ofT t the vanous synaptic levels Txperience probably deternuncs
which sensations 1re suppressed, inhibited, correlated, 1mplified, or forwarded
Hence truning has 1 great bearing on pereeption As we have sud before, we
do not see s 1 photometer does We tend to vmphify contrasts, define edges,
complete contours, integrite patterns, and 1bstract concepts The more bsic
of these tendencies are neuronal and retinal and are Irgely unaffected by
truning They can be detected  The remunder e lnrgely affected by truming
and experience How we look at our world 1s not entirely haphazard

One sces what one Anows — prepuntion for secing contributes greatly to
the 1mount of mformtion one can percenne  To behold 15 not necessarly to
observe’ — the tremendous amount of useless background mformation 1 mlable
can cither overwhelm the beholder, or 1f he 1s not wary, 1t can Inde the pertt
nent information 1mongst 1ts protective neutrahty Observers must desire to
abstract the particularly important bit of mformton Here too hes 7 tendency
to err, once having observed 1 pertinent bit of information s search may be
premturely sttisfied

Corticnl mtegration of recened information 1s too often positne only

Ambigwmitics are not recogmsed It 15 natural to sk What s 1t that I'see?,
but we should also remember What else could 1t be? Fyentually, mmage
quahity contributcs to these questions and to their answers

Of course, 1bnormlitics of the cye impur nmage perception The effect of
myopra, presbyoprt ind astigmatism need not be considercd further Defects
1 twilight and m dark vision have been very important and sull are Perhaps
the loss of translucency of the eye which increases with age (and radintion?)
upwrd from 50 9 n the young, combined with the 20 °, hght absorption (1n
the young), by rhodopsin may yield an unsuspected decreise m perceptutl
ability with 1dvancing years

Conservation of radiation and of population burden

International and national commussions s well 1s most of the indnadunls
snterested i the problem have unul now been chiefly concerned with mav
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are simpler and appeal more to those with a limited mathematical under
standing The former system 15 more adaptable to photometric and semt auto
matic methods, the latter depends on human obscrvation (which 1soften what
we are mterested m) Sme wave response functions re better used where
contrasts 1re hgh, contrast detrul systems where contrast 1s low

The former 15 of most help to engincers in the construction of equipment, the
Intter to the ridiologist 1n testing renctions, ptitudes and truning, and equip
ment

Both systems reflect image quality, both work Selection of test patterns and
mcthods of cvaluation of image quality can be made more ssmply and more
ntelligently 1f there 1s some prior ngreement or standardisation Agreement 15
preferable to standardisation  Contributions, discusstons and correspondence
are most welcome

SUMMARY

A discussion and review are presented with the wntention of providing provecatne mfor
matton 1mtial background and frame of reference for the IGRU sub commuttee (IV 10)1nsts
preparation of recommendations on methods of measurement of image quality this to enable
companisons to be made of the qualities of the 1mage and speed of the systems

ZUSAMMLENFASSUNG

Es wird en Uberblick uber die verschiedenen Methoden gegeben die die Bildqualitat be
sttmmen und die Grundprinzipien dic dem [ C R U Kommuté als Unterlage dncn{:n
werden diskutiert Eane Grundlage von physikalis hen und hen Emhenst
fur die Beurteilung der Bildqualitit wird vorgeschlagen Dic physihalischen Dinherten honnent
nach fusten Prinzipien bestimmt werden die ¢ werden n der klimischen Praxis durch zabl
reiche subjektive Faktoren modifiziert

RESUMT

Les auteurs étudient et passent en revuc les duverses méthodes dans Lintention de fournie
des données stmulantes unc base ot un cadre de référence pour la préparation des recom
mandations du sous comuté (IV 10) de | ICRU 1u sujet des méthodes de mesure des qualités
de | image rachographique pour permettre de comparer les qualités de 1 image ct 11 rapidite
des divers systémes
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arc simpler and appeal more to those with a hmted mathematical under
stinding The former system 1s more adaptable to photometric nd sem: auto
matic methods, the Itter depends on human obscrvation (which 1soften what
we are nterested 1n) Sine wave response functions are better used where
contrasts arc high, contrast detul systems where contrast 15 low

The former 15 of most help to engincers m the construction of cquipment, the
latter to the radiologist 1n testing reictions, aptitudes and truming, and equip
ment

Both systems reflect image quality, both work Selection of test patterns and
methods of cvluation of 1mage quality can be made more simply and more
intelligently if there 15 some prior agreement or standardisation Agreement 1s
preferable to standardisation Contrbntions, discussions and correspondence
are most welcome

SUMMARY

A discussion and review are presented with the ntention of providing provocatre infor
mation 1mual background and frame of reference for the ICRU sub commtice (IV 10)nits
preparation of recommendations en methods of measurement of 1mage qualty  this to enable
comparisons to be made of the qualitics of the imnge and speed of the systems

ZUSAMMLNIASSUNG

s wird e Uberblick uber die serschicdenen Methoden gegeben die die Bildqualitat be
stmmen und die Grundprinzipten die dem I € R U Kommuté als Unterlage dienen
werden diskutiert Eine Grundlage von physikalis hen und rontyenologischen Linheutsbegniffen
fur die Beurtetlung der Bildqualitat wird v hl Die physikalischen Embhetten konnen
nach festen Prinzipien bestimmt werden dic ¢ werden in der klintschen Praxis durch zahl
reiche subjektive Faktoren modifiziert

RESUML

Les auteurs étudient ct passent en revuc les dnerses méthodes dans ! intention de fourmr
des données sumulantes une base et un cadre de reférence pour la préparation des recom
mandations du sous cormté (IV 10} de ! ICRU au sujet des methodes de mesure des qualités
de | image radrographique pour permettre de comparer les qualités de limage et 11 rapdité
des divers systémes
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URETHROGRAPHIC STUDIES ON THE POSTERIOR
URETHRA

I Motility of the prostatic urethra
by
OratLo Morates STic Nirsson 1nd Racnar Rostasts

An earlier paper (24) gave details of the of roentgen
of the male urethra on mjection of 2 highly viscous wter soluble contrast
medium (Umbradil — Viscous UO) and durng actne contraction of the
pelvic floor with particular reference to motility studies The results 1n 85
cases were compared with those of concurrent examinations with a low 11 cosity
contrast medium  Another paper (25) analysed the anatomy and motihity of
the boundary area between the antenior and posterior urethra

The moulity of the postenor urethra on active contraction of the pelvic
floor may be divided into two, usually sunultaneous phases (1) elevation of
the Jower uninary tract and (2) evacuation of the posterior urethra The changes
m position and the emptying of the postertor urethra brought about by active
contraction may afford information supplementing that of the stanc films
obtamed only after the injection of contrast medium This techmque makes it

From the Department of Surgery (Former Director Prof § Hellstrom) and the TRoenigen
diagnostec Department (Dhrector Prof k. Lindblom) karolinska Sjukhuset Stockholm and
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LRETHROGRAPLIC STURJES ON THE POSTERIOR LRFTHR

Fig 2 The posterio 1 ethra dur ng sy ction {upper Fow) and acine contract on of the
et « floor {lower row) wn 2 healthy st geet

collicular refief and expressed the view that if the sermnal colliculus ss not
demonstrated some disturbance of the normal moulity s probable

The contrast medwim of that period 10dized ol owng to itz hugh surface
tenyion did not adherc to the mucesa When the injection was interrupted
the wodized o1l therefore in 2 Jarge measure drained away spontanedusly, which
greavly d shed s value for studies A highly viscons water
soluble medium (such as Umbrads} Viscous UC) adhening well to the mucosa
offers however the opportumity for clase study of the mucosl relief and of the

posterior urethral motilsty partcularly on voluntary contraction of the pel
vic Tloor
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Tig 1 Prostatic carctnama fixed to the pelvie walls Duning injection {a) the contrast medwm enters
only 2 new posterior urcthra resulting from deep transurcthral rescetion the internal urcthral onifice
ppears as a small plug in front of the opening of this new wrethra On strumng (b) and mictuntion
{€) no alteration occurs 1 the posttron of the orgins mucturttion 1s thus not dependent upon depres
ston of the pehic organs Although the function of the trigonal muscle should hasve been lost owing
to the decp resection a broad muctuntion funnel s forme

possible to study the manner 1n which processes in ind outside the genito urt
nary tract,particularly m the male 1dnexal glinds may influence normal motiltty

The elevation of the lower urinary tract 1s considered 1n detul in the present
sectron while the cvicuttion of the posterior urethrt will be discussed i
part 11

KounsTim & Cave (17) pomnted out that in urcthrograpluc study of the
function of the postertor urcthra was greatly filitated by 2 film cxposed
immediately after the mjection was compicted, 1n addition to the onc obtuned
during the injection, they did not perform mictunition studies In their view,
the posterior urethra i normil circumstinces was emptied by contraction
of the surrounding muscles, while in 1bnormal conditions, such s strictures,
small quantities of contrast mecdium remuned LaNGEr & Witthowsky (18)
and Cruz (3) likewise expressed the opinion thit residual contrast medium
m 1n evacuation film of this ty pe 1s 2 sign of disordered function of the urethril
and prostatic muscles KNUTSSON (16) studied this reflex cvacuttion and ob
served complete emptying of the postersor urethra in normal conditrons 1s well
as 1 the presence of strictures, on the other hand, he noted residual contrist
medmm 1n cascs without demonstrible gemito urinary disorders KNuTssoN
stated that ‘normal motihty 1s the prerequisice for the nppearance of the
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URETHROCRAPHIC STUDIES ON THE POSTERIOR URETHRA i3

OPE

Fg 4 Rang of movement of th pelvic organs snd @ cnt degrees
of fithng (after Garson)

The majority of the cases 1n the seres were examuned by a general rocntgenologist who was
familiar with although not specially tramed in the techmique This affords some msight into
us practcal application In order further to appraise its value for routine usc a senies of 280
cases exammed wath the same technique used as a normal procedure at a roentgen depart

ment {Norrkoping) was also reviewed the motlity studies were found to be satufactory
n 80

Types of motihty

The normal posterior urethra empues rapdly and entrely on completion
of the injection when a low viscosity or non wetting contrast medium 1s em
ployed This might sn part at least be attributed to an increase 1n tone of the
surrounding muscles — a spontaneous ecvacuation which when a highly
viscous water soluble preparation s used 1s comparanvehy slow Fluoroscopy
shows the contrast column to decrease 12 width after indmadually varying
periods until the urethra 1s almost wholly emptied This passne emptyingis
usually neither so complete nor so umform as that brought about by active
contraction of the pelvic floor When the urethra 1s distended or not empty,
the patient must concentrate 2 httle to combat the mvoluntary mmpulse to
contract the muscles of the peltic floor so as not to disturb the evaluation of
this passive emptying

A companson of a film exposed dumng actrve contracuon (contraction
film) with one exposed during mjection of the contrast medium {injection
film) shows that the contraction empties the diaphragmanc urethra almost
entirely of contrast medium the portion corresponding to the external sphinc
ter and the quantity in the prostatic part beng also reduced simultaneously
the bladder floor and prostatic urethra are shightly elevated

If the patient strains down 1nstead of contracung the pelsic floor the pelvic
organs are depressed this also reduces the contrast content of the posterior
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Fig 3 The levator ani muscle (a) from Morcan (b) from CUnNiNGtiast — from behind after rescction
of portions of superfici1l muscles sacrum and rectal ampulla 1 — external anal sphincter 2 — dorsal
surface of the prostate 3 — r1est of sacrum

Techmgue The physical properties of the contrast medinm and the techmque of its use
have been described carlier (24) The highly viscous contrast matenal is injected via external
urethral meatus under fluoroscopic control 1nd 1s watched as 1t passes through the posterior
urcthra into the bladder I hately after pl of the the patient 13
structed to contract the pelvic floor to cut ofl as if to interrupt urination or hold back flatus
drawing the anus upwards When fluoroscopy has shown that the pauent understands the
procedure a film 1s exposed of the posterior urethra during injection followed immediately
by one obtamned during the contraction described (the contraction film) Ixposures are
made 1 at Icast three projections frontal and approximately 40 degrees lateral rotation in
cach direction A mucturition film s also taken when possible 1n the same projectson as one of
the rotated views a truc lateral view may also be of value

Material One hundred and nine tons of the postertor urcthra were performed 10
102 cases (seven were examined twice owing to ensuing chmecal changes) It was found on
reexamination that the pelvic floor had been correctly contracted in only 65 instances (60}
These b5 cases were grouped according to diagnoses  but as 55 of them had also other disorders
the diagnoses mostly consisted of 2 main and one or more secondary diagnoses (cf part 1)
The diagnoses were based on clinical and 1n most verified at follow up
The disorders included chronic non specific prostato vesiculitts (often with acute exacerba
tions) 1uberculous prostate vesiculitis acute or chronic cowpents bemgn prostatic hyper
trophy prostatic carcinoma {new as well as old cases under treatment with hormones)
urethral stricture and conditions outside the posterior urethra but secondanly mvolving
the urethra such as carcinoma or papil of the bladder p ! and sequelae
of rectal amputation The sertes also compnised two wholly asymptomatic healthy subjects
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Fig 6 Changes wn shape and position of the rectal gas permits assessment of
the pel 1c floor contrachion {itvator an muscles) On compar son wih the
wyect on film (a) the contraction film (b) shaws the d_tal plane of the gasin
the receal ampulla to be fattened on pel te floor contract on whle the gas
bubbte 15 at the same time clevated more than the prostatic €ay ty This was
a case of prosiat ¢ cafc noma reated with surgery and hormones An opera
tion ¢31 ty carresponded to the supracoll cular port on of the urethra, w th a

Lt runn ng forwa ds a d 1o the nght Onvol ntary contraction of the pelic
floor the sht  emptied completely and a part of the cas ty 1s cvacuated

robably owing both to pressu € of the levator funned and i oluntary reflex

contraction of the smooth muscles around the pro imal portion of the posterior
urethra

gen examination so that satisfactory mucturition films were obtained This 1s
saxd to apply to less than one third of those with hypertrophy or carcinoma of
the prostate (according to EpLrve only 28 %) Satisfactory films may usually
be obtained 1n mictunition  however, 1f a Irttle patience 1s exercised Since a
patient generally has no difficulty 1n straiming dunng the exposure of a film

such may i some serve to replace the mictuntion

cxamination when the range of displacement of the bladder floor and posterior
vrethra 1 a distal direction 15 to be studied

The movement of the prostatic urethra on active contraction of the pelve
floor does not consist solely 1n vertical elevation mnor does the mavement
brought about by straimng or mictuntion entail only a vertical depression
The prostate rotates around a frontal axis 1 both mstances on contraction
the prostatic apex together with the adjacent portion of the diaphragmauc
urethra are also displaced somewhat ventrally while the base of the prostate
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Tig 5 Sagmtal mudsection of the prostate and surroundmg structures {(after WALKER)
A — Circular bundles of bladder muscle B — longitudinal bundles of bladder muscle
C — arcular layer of bladder neck muscle D — part of the so called internal sphuncter
E — longitudinal layer of the trigonal musele F — urcthra G — semimnal vesicle H— eja
culatory duct J — prostatic gland tissuc K —~ striated muscle an the anterior surface of the
prostate proximal portion of the external urethral sphincter near the sertion of the pu
boprostatic igament I — veins of prostatic plexus M — rectum

urethra ~ithough usually not so fully s the contraction Stramming 1s, howeser,
not a uniform procedurc but may be carned out in different ways, ason
coughing or sncezing, on defaccation, or as 1 prelimmary to mrcturition
Exposures made during stramning are consequently not suitable for routine
motility studies although they m1y occasionally afford information of value

The widemng of the proximal segment of the posterior urcthra accompanying
micturition has been closely studied by several investigators and will not be
discussed 1n 1ny detail 1n the present paper, the concomitant depression of the
pelvic organs has also been previously described, ¢ g by EpLine (5) but
disturbances 1n thrs mechanmism do not appear to have been analysed n de
tail Such an analysis 1s possible 1f the same projection 1s selected for both
jection and mucturition films The depression of the pelvic organs 1s not,
however, a prerequisite to micturition (Fig 1) as has been mamntined by

certamn authors, ¢ g MUELLNER (29)
Half the subjects 1n the present series were able to urinate during the roent
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fiz 8 71 elevation of the organs
1 good and accord ng torule but
the evacuation 13 proport onately
poor m a casc of w despread
prostatic carcinoma Iy ctona d
contract on fifms The contract an
of the sph ncter studae muscle {sec
«€a hier paper {22) and the absente
of contracyon of th ext rnal
sphuncter (nocturmal incont nence}
may be noted

Chese muscles on contraction ele ate the pelwic organs DBut owing fo the origin of the
medial fibres of the levatores am museles from the pubic bone on cach side of the symphyns
and theie dorsal course to the organs and around the rectum [puboerectal maxcles) & con
traction of the pelvic floor will also lead ta ventral traction upon the pelue organs {and a
sphincter like compression of the rectusen fram behind)

The aceolar connective tissuc between the peliic organs accounts for their wide range of
diplacement (Fio 4) Some restrmming acuon s exeried by the pubo-prostauc hgaments
which ans from the pubic boue adjacent ta the distal portion of the symphysit pubis, close
to the ongn of the pubo-rectal muscle and are mnserted on the central and upper pan of the
prostate and at its Juncuon with the bladder The hgaments are mn thiy region i close Tela
ton hup with the detrusor muscle which radsates from the bladder wall to mingle with the
musrle bundles around the proximal portion of the urethra The antenor and proumal portions
of the external sphincter of the urethra also extend to this area (Fig 5) (Cf also Power (31)
Rogerts (33) and kesseoy (15)) Thus sterated muscle ke the whote of the urogemital ia
phragm 15 connected with the prlvic walls by furely areolar connectine nssue and the chief
fixation to the pelyis 1s effected v1a the pubo-prostaic hgaments

Contraction of the muscles of the pehac floar mcluding the external urethral sphincter
not anly elevat s the urogesutal diaphragm and the apex of the prostats crangalwards but also
dray s them somewhat venrally towards the symphysis This 13 due 10 the caurse followed by
the Jevatores am muscles and the fixation of the external sphncter by the pubo-prostanc Liga
ments At the same ume the diaphragmatic ur thra (= the membranous part) wal] be com
pressed by the external sphncter

This mechan st accounts for the relame dorsal tiltmg of the prostatic urethra on actie
coniraction of the pelvic floor The cooperation of the Ievatores ant muscles with the external
sphuncier 11 cl srly exemphiied by some cases m the present series 1n which the ampulla of the
rectum was gas flled The contraction flms perm ¢ comparison of the elevation and altesed
shape of the rectal gas brought abouy by the levator contraction with a corresponding cffect
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Fig 7 The emptyng of contrast
medum 1s relatively better than
the elevation of the organs on con
traction of the pchie floor 1n a
case ol adenomatous hypertrophy
of the prostate Injection and con
traction filmy

and internl urethral onfice are strughtencd upwards On straiming or urination,
the bladder floor and proximal portion of the prostate are depressed to 1 greater
extent than the distal part of the prostate and the diaphragmanc urethra, so
that the postertor urcthra is seen to ‘heel over’ bachwards 1s the depression
occurs Displicement upwards or downwards will then result 1n the prostate
mn 1ts entirety bemng tilted 7s 1f 1ts 1pex were anchored to the pubic symphysis
Such elevation with tilting occurred 1n most cses 1 the present sertes (‘lifting
by rule ) (Ing 2)

As the prostate position 1s shifted the prostatic urcthra 1s emptied of contrast
medium, which may result 1n minor movements being difficult to demonstrate
The displacement of the posterior urethra ws studied 1n relation to the osseous
pelvis The contours of the posterior urethra 1nd osseous pelvis from the injec
tion films were drawn on transparent material and then aligned with those in
corresponding contraction film, this procedure revealed any shght displice
ment 1n the urethral outhne

A brief recaprtulation of certun anatormcal details of the supporting tissucs
of the pelvic floor may aid 1n a better understanding of the motility

The chtel components of the pelvic floor musculature are the levatores ant muscles and the

1 diag A toiny by e g Morcan (27) Uncenuurn (36)

the former are composed of several muscular plates lying both over and behind one another

(Fig 3) The lateral and proximal plates form a contiguous hammock like structure while the

medial and distal plates (the pubo rectal muscles) hie1na more vertical plane thus formtng

a funnel The muscle bundles belonging to the levator plate such as the pubo prostatic and

pubo rectal prerectal and retrorectal fibres are inserted 1n the pelvic organs thus positions of
which m the pelus arc subject to their action (PowerR (31) Rosrrts (33) and others)
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a 1

tatie earcimoma w th invasion of the pelvic wall and perteectal ussues £xaton of the
L‘f :Unoﬁimb:} ot the up 5+ portions of the prostate or bladd v Chang 3 n post on of the duaphrag
Taatic urethra 2 © mpeded whle oth T po tions are shightly tted on straning (b) an t particufarly
on mct g on {c) as compired with the re ting pos uon dur ag mgection {a] extra bends develop
in 3 pant of the ureth @ in & port n cosre poncing fo the fxed Tegon

13 best demonstrated roentgenographucally during micturition when the tone of the Ievatores
muscles and sphincter 13 low and the depression 1s marked but 1t1s less distinet or imper
cephible in the type of stramingn which theintra abdommal pressureis mereased
peinicfloor and hene tap aswell 4 { ghing or sacezing)

These kigaments 1n women are nserted on the proximal and central thirds of the urethra
and as in men are in close contact wih the detrusor muscle and the exterpal sphineter If
the levatores 2m muscles are for some reason datnaged or distended s followsng delivery the
pelvac organs will hie Jow or wall be depressed abnormally far on micturstion or strainmg Thus
will stetch the external sphtncter hetween je attachment to the Fubo-urethral igament and
s course around the depressed diaphragmatic urethra Neverth Jess although at rest the
urethral lumen 13 usually closed 2 sudden fise n atra abdominal pressure on coughing or
sneezing will render the sphincter action inadequate and urimé may escape a conchittion known
as stress nconunence JerrCoase {33) and Jerecoate & RomerTs (14) have expressed the
view that in stresy incontinence the angle rormally present between the almost hotizontal
biadder floor dorsal to the mternal urethral onfice (the trigonal area) and the upper portion
of the postenor urethra 1s almost straightened out The bladder 1n this event will continae
direnily into Whe urethra at vest as i mictuntion: This may be due to ncompetence frupture
or d sterwion) of those Bhrcs of the levatores ans susefes that ¢xtend to these areay In women
bres from these muscles are inserted into the antero lateral and praximal portions of the
vagina tlost 1o the periurcthral tssues and dorsal o the intetnal urethral onfice

In normal circumstances + hen the usual angle between the bladder floor and urethra 1
prosent W 1one of the smooth muscles around the innermost part of the urerhra 15 suficient
ta pr vens the escape of unne from the bladder to the postertor urethra at test A sudden pise

and the entire
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Fig 9 Fnlargement of the right Cowper s gland displaces the diaphragm.. ¢ urethra
n a curve convex to the left this 1s suggested 1n the injection film (upper row) but
distinctly shown 1n the contraction film (lowcr row) Cf fig 4 p 458 of earher
paper (25) The prostatic urethra shows characteristic so called congenital prostatic
atrophy the semunal colliculus being large and of apical focation with the supra
collicular sinus widened owing to a large prostatic utricle

upon the contrast medum m the diaphrigmatic urethra resultmg from contraction of the
external sphincter (Fig 6)

The downward movement of the prostate and urogenital diaphragm on struning and even
more on mictuntion 1s somewhat arrested and modified by the higamentous fixation of the
external sphincter and the prostatic apex to the dorsal surface of the pubic symphysis As a
result the prostate will be tilted backwards also when the pelvic organs are depressed This
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a b 13

he
Fg 10 Prostat ¢ ca cnoma wth i asion of the pelvic walls and perirectal tisues fixation of d
bel c floor but ot the upper portions of the prostat or bladder Changes in pos tion of the & aphrag
Fhatc urethra are smpeded. while other pottians are shghtly ¢ lted on stra n'ng (b) and part cularly
on micturie n {¢} a compar d wth the Tesung poston duri g 1y cton (a) extra bends develop
A & part of the wreth a R a port on corresponding 1o the §i ed reg on

15 best ¢ d \(

dunng when the tone of the levatores
muscles and sphincter 12 low and the depression 1s marked but 1t1s less disunct or 1mper

ceptible in the type of strammgin which thentra abdominal pressure s increased and the enttre
pelvicfloor and hence the external sphincter as well are contracted (ason coughing or sneezing)

These ligaments in women are inserted on the proximal and central thirds of the urethra
and as in men are in close contact wnh the detrusor muscle and the external sphincter If
the levatores am muscles ase for some reason damaged or distended as followtng delmery the
pelvic organs will Lie low or will be depressed abnormally far on micturition or stratnmng This
will stretch the external sphincter between 1its attachment to the pube-urethral igament and
#ts course around the depressed diaphragmatic urethra Nevertheless although at rest the
arethral lumen 13 usually closed a sudden nse in sntra abdominal pressure on coughing or
sacening will srender the sphancter action inadequate and unne may escape a condition known
as stress incontinence  Jerrcoate (13) and Jervcoate & Rosets {14} have expressed the
view that i stress inconunence the angle normally present between the almost horizontal
bladder floor dorsal to the internal urethral onfice (the tngonal area) and the upper portion
of the posterior urethra 1s almost traightened out The bladder 1 this event will continue
directly wnto the urethra at rest as in mictuntson This may be due to incompetence (rupture
or distension) of those fibires of the levatores am muscles that extend to these areas Tn women
fibres from these muscles are inserted mto the antero lateral and proximal pactions of the
vagina close to the penurethral tissues and dorsal to the 1nternal urethral onfice

In normal circumstances when the usual angle between the bladder floor and urcthra 15
present ihe tone of the smooth muscles around the mnermost part of the urethra 1s sufficient
to prevent the escape of urine from the bladder 10 the posterior urethra at rest A sudden rise
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Fig 11 Prostatic carcinoma with fivation to the pelvic walls 1) Injection film b) contraction film

no eleyation occurs despate satisfactory contraction of the pehac floor ¢) Injection film e) contraction

film after one month s mtensne rahauon therapy motility 18 restored indicating that the fixation
to the pehic walls his disappeared

mantra abdominal pressure will result m a reflex contraction of the pelvic floor musculature
including the external sphincter increasing the resistance of the posterior urethra and prevent
ing leakage of urine These mechanisms are impured 1n stress incontmence and protection
agamnst the passage of unine on sudden and uncxpected niscs m intra "bdominal pressure 1
madequate  But 1 slower and even considerable mse i pressure that s forescen may be
countered by a voluntary mncrease in the tone of the striated muscles and incontinence pre
vented (JeFrcoATr & RoperTs 1nd others)

Disorders of this type 1re amenable to surgical correction by restoring the normal relation
of the external sphincter to the diaphragmatic urethra and repamnng its oy erdistenston Section
of the pubo urethral hgaments as performed by Mury any (30) and Incrraran Sunonrre (10)
mterrupts the fixation of the sphincter to the symphysts permitting s antertor part to fall
to the level of its posterior segment 1n the urogenital diaphrigm and thus improving 1S
contraction The improvement 1s however frequently only temporary owing to subsequent
cicatricral shrinkage Operations such as reconstruction of the levatores am muscles (¢ 8
Avtprince (1) INeriman Sunoserc (11) on the other hand raisc the depressed pehic organs
so that the urogenital diaphragm and external spluncter assume 1 normal level 1n relation to
the symphysis pubis this corrects the overstretchtag of the sphncter and restores its function

Llevation of the lower unnary tract n motility studies The craminl displacement
of the posterior urethra i the 65 cases exceeded 1 cm in 4 cases, ranged from
2 to 10 mm m 43, and wAs less thin 2 mm 1n 18 c1ses These 18 cases mcluded
6 1n which, although the contraction of the pelvic floor was regarded as of
ordinnry strength, no displicement of the posterior urcthr was demonstrable,
the cxternal sphincter was contracted (that is the dinphragmatic urethra was
emptied) in these 6 cases so thnt there could be httle doubt that the contraction
was correctly performed

Irrespective of the magmtude of the displicement the motility was clssed
as normn! or “iccording to rule n 41 cases, and 15 tbnormal or deviating
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Fig 12 Armic ] ft p ostatoves ul s duplaces the correspond ng segment of the poste
to ur thea two small calculi i the right prostatic Jobe The displacement 13 shown
more dist netly n the cont acton film  {lower row) than i the iny ct on films (upper
ow)

from rule m 18 cases In the 6 cases mentioned above 1n which no displace
ment was observed this differentiation was not practicable in 5, whle mn 1
case the contrachion film revealed lateral displ (not d ated on
the injection film) 1he motity was therefore, regarded as abnormal
Fluoroscopy shows that the pauent as a rule has difficulty 1n mamtaming
maxuimal contraction of the pelvic floor for more than a short while 1t may
therefore be difficult exactly to synchromize the exposure with the contraction
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Fig 13 Chronieprostato vesiculitis ’
displaces the posterior urethra { f
markedly to the right contraction

of the pelvic floor n some measure Yoo

corrects the displacement and the r [

gradual improvement brought a \ ’

bout by treatment 1s mantfested by AY
the mncrease i thuscorrection 2} fn - &

Jection film b) and ¢} inyection . -

and contracton films prior to ¥
treatment d) and <) myection and : o~
contraction films after treatment

1f the patient h1s not prictized under fluoroscopic control hefore the cxposure
However, i almost two thirds of mstnces the degree of evacuntion, 1ssessed
by the emptymg of the diphragmatic urethra and the magmiude of the
displacement, agreed farrly closely The emptying was, however, often more
extensive than the elevation Slight displacement cunnot therefore be tahen to
suggest a reduction in motihity in cases in which 1 probable decrease in both
the quantity of contrast medium n, nd the lumnal width of, the diaphrigma
tic urcthra indicate that active emptying hns taken plice owing to contraction
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prior to exposure (Fig 7) It would seem that the contraction ol'(hlc ﬂllcrrlli:l
sphincter 15 easter to mamntam than that of the levatores am muscles In the
«x cases mentioned above, 1 which the contraction of the pelvc floor was
effectrve and cvacuation satsfactory, but 1n which no upward dusplacement
was observed the cxplanation may posably be that the exposure commaded
with a late phase of pelwic floor contraction

The underlying cause m1y he 1n a pathologic change when the elevauon
1s distnct but evacuation proportionately poor This is exemplified by the
case dlustrated 1n Fig 8 1n which dimimishing contrast medium corresponding
to the muscular sphincter nudac according to Morates & Rowasts (20),
revealed contraction of the pelvic floor muscles Mouluy of this type was noted
i 10 cases in the present series one case of untreated carcinoma of the prostate
(Fig 8) — also with thrombosis inconuncace and prolonged indwelling cath
eter — one of prostatic carcinoma with metastases treated with hormones 7 of
widespread inflammatory lesions of the urethra prostate and seminal vesicles
and one case of bladder papilloma treated surgcally

Elevation of the gas bubble m the rectum indicated that the subject con
tracted the pelvic floor musculature an one case in which the emptying of the
draphragmatic urethra sas incomplete and displacement fatled to occur The
abnormal motility of the urethra may in this instance be attributed to wide
spread tuberculous changes of the prostate and seminalvesicles and tostrictures

Tt would appear likely to the present writers that vigorous holding back
assessed by the complete emptying of the contrast medwm from the diaphrag
matic urethra resulting from contraction of the external sphincter 1s 2ccom
panted by contraction of the levatores 11 muscles This contracton 1s 1nitsal
and virtually almost momentary while the contraction of the sphincter may
be maintained for 1 longer period The absence of upward displacement did
not consequently indicate that the moulity was abnormal If however, the

emptying of the diaphragmatic urcthra was also mcomplete, the exammauon
was regarded as a failure

Deviatin, motelity or complete fixation of the postertor urethra Disorders of the male
genito unnary tract may lead to 1ts fixation to the pelvic walls as by mfiltra
ton by prostatic carcinoma or as a result of penvesicular or penprostatic
mflammation

Active contraction of the petvic floor may bring about abnormalities 1n
urethral motlity so that the prostate 1s nesther elevated nor tilted 1n the saggital
plane according to rule but 15 straighter or inchined 1 a frontal plane, with

or without some rotation around a yertical axis The latter might be accounted
for by eccentric enlargement of the

prostate owing to its positton between the
almost vertical pubo rectal muscl ¥

es Dewviations from
s o T pec: m thnc normal of lhlj type
of the prostate and adnexal

y of [
glands, and prompt closer 1ny estigation Evaluation
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L1g 13 Chronieprostato vesicnling
displaces  the posterior  urethra
markedly to the nght contraction
of the pchac floor 1n some measure
corrects the o1 placement 1nd the
rradualimprovement brought
bout by trertment 1s mamfested by
the incrense in thiscorrection ) In
Jection film b)) wnd o) ayection

+
T
and contraction films prioc to |

treatment d} and ¢) injectson 1nd
contraction films after treatment

»
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1f the pattent ks not practized under fluoroscopic control before the exposure
However, 1n 1lmost two thirds of mnstances the degree of ¢y wcuition, assessed
by the cmptying of the diphragmatc urethrr nd the magmtude of the
displacement, agreed furly closely The emptying was, however, often more
extenstve than the elevanon Shight displicement cinnot therefore be tihen to
suggest 1 reduction 1in motihty m ¢1ses i which 1 probable decrease in both
the quantity of contrast medium in, 1nd the luminal width of, the diaphragm?
tic urethrn indicte that active emptying has taken plice owing to contracuon
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Case 1 (Fig 10} Male aged 65 This was reported as Case 9 n an carhier paper on shelf
tumours (9) This man had suffered from constipation and colicy pain for years no unnary
symptoms A bartum enema ¢xamination disclosed a stricture ivolung the distal segment of
the bowel and sn addition there were signs of bone metastases rectal cartinoma was consdered
robable

? Urethrography showed shight anterior displacement of the distal portion of the posterior
urethra and marked deviation of 1ts supracollicular part to the left The emptying abihity of
1he postersor urethra was not notably abnormal but the motility aof the pelvic floor as seen on
contraction strammg and mucturition was appreciably smpaired {\o change in the position
of the diaphragmatic urethra was ever observed ) The appearances were suggestise of prostatic
carainoma owing to displacement of the nfracollicular portion of the postertor urethra (coex
1stent bemgn hypertrophy of the prostate displaced the supracotlicular part) and to the fixation
of the pelusc floor as well as the extrarcctal tissues Biopsy revealed widespread prostatic carct
noma infiltrating the pelvic floor and constricting the rectum

Case 7 (Fig 11} Male aged 61 with difficulty 1n micturitson for about twe months Digatal
exammation reveated enlargement of the prostate which was humpy hard and fived to the
peluis bone metastases were present

Usethrography (Fig 11a) revealed elongation and duplacement of the entire posterior
urethra to the right and forwards suggesting carcinoma of the prostate The semunal colliculus
was small and flat the prostatic sule weee shghtly wrregular particulasly near the openings
of two contrast filled prostatic ducts containng calculi Contraction of the pelvic floor Jed to
no perceptible change i positton although the emptying of the diaphragmauc urethra was
good and that of the prostatic urethra usual in amount this suggested malignant nvaston
of the pelvic walls One month s intensn e local radiation therapy led to amehosation of bath
sympioms and signs Further urcthrography a month later (Fig 11b) showed the urethral
displacement to have decreased and the prostate to be normally elevated suggesting that the

f\‘(ah!;‘n 10 the pehic wall was no longer present that )s the malrgnant infikration had di
mimished

Case 3 (Frg 17) Male aged 38 with signs for several years of prostato-y esiculits with recto
penncal pain epididymitis with necrosis and recent stenosis of the left urcter with a stone
clo ¢ to the point at which the ureter traversed the left semmal sesicle. On digital examinaton
the prostate was shghtly enlarged and inclastic the night seminal vesicle was large uneven
and the left was oedematous very tender fixed and ill-defined

Urcthrogeaphy showed the seminal colliculus to be large and somes hat lobulated on the
night side and the prostatic sulcus to be o ghtly wider and more arregular on the night than
(]n; the left side  two small calcult lay 1n the night prostauc lobe By the contraction film (g

b} 1t was demonstrated that the emptying of the prostatic urethra was unusually complete
but that the elevation of the urethra was accompamed by marked displacement of ats supra
sollicular poruen in a curve suggesng an expansive process on the feft side Th "
sumed to be a Jeft acute prostato vesiculitis which agreed with the ol mcal ﬁndmg“xwu e
e s b estccedemy e o<l carcnoma
gnen On digital examnation the prostate was ofr:or)"nfa‘les:::rl" Sarher o radbavon therapy
rant Multple strictures of the antenior urethra precluded end ooy ooty malig
was fo]l;:wed by gradal smposement oscopy The passage of sounds

Tethrography with motiny st
BICE Morgages lacunae i th antcos wetrs. wetre e B ZOTber o contras
numerous flled cavives 1n the prostate (g 13 5 o o com i, 1 PrOSAt suleus and
of contrast medium 1n the postenor uretha 1m the contract.on 1tk T ), APE reduction
ontraction film (Fig 13c) was found to be

TGRS e Rd Ty Doy owh 2050
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1s however difficult because of the frequent deformation of the prostatic urethra
evident 1 1ycction films 1n the presence of disorders, and also by the alteration
1 the shape of the urcthral lumen resulting from the evacuition of the contrast
medium brought 1bout by contraction of the pelvic floor But i oceasional
instances, 15 exemplified by the cases described below, abnormal mothity of
this type m1y be correlated closcly with the clinical findings

Fhe displacement was classed as normal 1o 41 cases Conditions could not be evaluated
with confidence 1n &6 while 1n 18 cases the displacement was abnormal Sixteen of these later
18 cases had conditions m which fixation of the postertor urcthea was likely 6 cases of car
canoma of the prostate 2 of carcinomn of the bladder treated surgeeally and with radiation
7 of chronic prostato vesiculitis (including 2 cases with Iarge cavittes and inflammatory 1n
filtrates and one with tuberculous prostatitis) and one case of perttoneal carcinosis wath metas
tases in and around the pouch of Douglas  Urethral stricture cocxisted with mhitration after
right sided vesiculis in one of the two remaming cases and in the other the prostatic apex
was merely clevated on voluntary contraction of the pelvic floor without 1ts apical portion
stmultancously being drawn ventrally  This was the only mstance i which any correspondence
between the roentgen findings and the vague gemito urmary signs and symptoms could not
be found

Tor the correct appraisal of the correspondence betwcen the roentgenographe and ehead
findings 1n thesc cases of deviating motility 1t should be noted that fully normal motihity was
present 1 several cases with the same diagnoses and similir symptoms  mncluding cases of
prostatic carcinomt and chronie prostato vesicubtis with ciaties

1t will be readized that the moulity exammation described in the present
paper may only 1n exceptional cases 1fford wnformation of cardinat importnee
for the dirgnosis It may, however, s exemplified by the eases described below,
reveal details helpful 1n the choice of treatment or i the evalution of thert
peutic results

Repeat examinations are capable of demonstrating 1 decrease 1n fivation,
or 1bnormal displicement on regresston of inflimmatory lesions, 1nd dimimshing
acatrianl shrinkage or mabgnant nfiltration Changes of tlus type were 1o
the present study frequently seen earliest and best 1 the contraction films,
and not until lnter mn thosc exposed during myection If abnormal or deviatng
drsplicement 1s demonstrable m the iyection film but 1s not perceptible or
15 less distinct 1n the contraction film, this may be tahen to suggest varbility
mdicative of a bemign lesion or of amehoration after treatment

The contraction film 1n some mstances revealed displicement or deforma
tion of the diphragmatic urcthra ol the type ssocited with cowpents
{Morares & Romanus) {25), although the myection film was pracucally not
mnl (Fig 9) The displacement mn these cases miy have been mashed by
urethral dilitaton during the myection but emerged on the contraction film
when the urcthral lumen was less distended Another possible explnation
may have been thatat s only on muscular contraction that the altered glzmd
1s brought mto so close 1 relationship with the urethrn as to ffect sts lumen

The following cases exemplify the value m certain circumstances of motlity

studies of this type
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of the usual magnitude 1 reation to the igection film and the chsplacement to the nght was
scen to be shghtly reduced as the organs were elevated After some 6 months treatment
which led to striking improvement i symptoms and signs urcthrography indicated i the
wnyection film (Fig 13d) that the conditions were largely unchanged while i the contraction
film (I'ig 13¢) the lateral displacement was almost fully corrected

This case exemplifies the close correspondence b the subjective and objecte 1m
provement of severe prostato vesiculttis with stricturcs
SUMMARY

A sertes of 65 cases tn which urethral motility on voluntary contriction of the pelvic floor
was stadied with 1 haghly viscous wAter soluble contrast medmm 1s reported The normal
mouhty of this tract may be altered by fixation of the prostate to surrounding structures by
mmflammatory or malignant snfiltration The examuinition may sometmes be helpful in the
choice of treatment and the 1ssessment of results

ZUSAMMENTIASSUNG

In 65 1allen wurde die Harnrohre mut emnem vishosen wasserloshichen hontrastmuttel ge
fulle Dic Verschieblichkert der hunteren Harnrohre betm volont iren Beckenbodenhontraktion
wird durch entzundhiche oder neoplastische Infiltration der umgebenden Gewcebe been
trichtigt  Diese Iatsache kann dignostisch bedeutsam sein und hann dazu dienen die
Therapie zu beeinflussen oder zu kontrollteren

RLSUML

Les auteurs ont étudié sur 65 suyets grice 4 un moyen de contriste hvdro oluble tres 315
queus |1 motilité de | urétre au cours de 11 contraction volontaire du plancher pluen 13
motilite. normale de ce condut peut ctre modifide quand I prostate est fivée aux organcs
voisins par unc mfilteation nflimmatorre ou mahgne Cet eximen peut dans cestains €35
ctre utile pour chowir le traitement et pour juger ses resultats
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ANGIOGRAPIY I\ THE DIAGNOSIS OF INGLINAL FNDOMETRIOSIS 10

Fig | Deformty of femoral vetn in mguinal endometrioss 2) atth end of mensruation b) between
menstruations <) at the time of mussed menstruation d) at the end of subsequent men truation

The simlanty between the normal endomeinum and the abnormal tissue
present 1 endometriosts 15 not only hustologic  both respond n essentially
the same way to the vanous cyche hormonal sumuli The resultant changes
nclude cyche swelhing of the tssue which 13 apparently responsible for some
of the signs and symptoms occurnng in endometnoss 1n general Inguinal

d 1051518 b d preoperatsvely by the penodic occurrence
or accentuation of pam or tenderness 1n the grown or by the periodic vanation
m size of an inguinal tumour or sweling Any deformuty of the femoral vessels
caused by the condition might be expected to undergo a sumilar vanation 1n
size with the phase of the menstrual cycle The presence of such a penodic
vanaton tught 1 turn be taken as highly suggestne of inguinal endometnoss

No angiographuc obsersations in inguinal endometrioss seem to be on record
and periodic deformation of the fenoral vessels 15 apparently unknown We
have observed a case 1n which this sign was anglographucally demonstrated
and helped to establish the diagnosis preoperatu, ely

The patient aged 43 sought advice for varicose veins and perodic swelling
of the left leg The vancosities were found to be shght and appatently n
sufficient to explatn the oedema which was described as sometumes beng marked
and extensive though more often moderate 1 degree and then confined to the
ankle A transverse scar was observed 1n the suprapubic region on inquiry this
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ANGIOGRAPHY IN THE DIAGNOSIS O INGUINAL
LNDOMETRIOSIS

by

Grorc THEANDER 1nd Knur HAEGER

Ingumnal endometriosts, which was classically described by CuLiex n 1896,
has recenved constderable attention 1n the hiterature (¢ g Juop & Fauros 1923,
Sampson 1925, 1926, PoLster 1926, Apams Ray 1933, Hareitz 1934, MassoN
1945, Moroney 1949, Dormanpy 1956) The main change n this unusunl
conditton consists m the growth of tissue resembling endometrium 1n or close
to the inguinal canal, the site of predilection being the attachment of the round
higament or, if a femoral or ingwinal herm co ewsts, the serosal sac of the hernia
Local fibrosis 1s inherent 1n the condition, and the abundant fibrous tissue
tends to undergo firm contraction with resultant rigidity and puckering The
ingumal endometriosis may nfiltrate the upper part of the thigh and « 1
sometimes felt on palpation 1s a discrete lump 1n the gromn It would scem
reasonable to assume that such changes tend to deform or displace the femoral
vessels at this level A case 15 1n fact on record 1n which operation revenled that
inguinal endometriosis had caused local compression of the femoral vemn
(LAROYENNE et coll 1930) The ncidence of such venous deformities cannot
be deduced from the hiterature, since most of the available reports on igunal
endometrions do not mention the vascular anatomy

Submutted for publication 13 June 1962
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endometniosis was evident 1n the pelvis In and below the mgumnal canal the
femoral vessels were surtounded by a thick and remarkably firm sheath of
fibrous tissue compreseng the ven and  though less markedly the artery The
abnormal fibrous tissue extended below the junction of the femoral and the
saphenous vems the Jatter vessel being displaced cranually and kinked con

iracted tissue also surrounded the obturator vein The left ovary and the uterus,
including the entire left round hgament were exurpated, and after transsection
of the mgunal hgament nearly all the abnormal pernascular tissue was
removed The femoral vein was afterwards seen to widen The saphenous vein
was higated and sinpped below the hgature

Histol of the sp revealed a small uterine adeno-
myoma and intramural endometniosis of the uterus and Teft fallopian tube
but no endometrioss was evident 1n the left ovan The round higaments were
notmal The fibrous tissue removed from the left grom and thigh was
found to contam a number of cell 1slands some of which were glandular m
structure and made up of regular cylindnc epithelium  The histologic ap
pearances of these lesions indicated endometriosss {Bergman)

The swelling of the leg disappeared and the crural ulcer healed wathin a few
days of the operation Angiography performed four months later revealed a2
perststent deformty of the femoral vein but the lateral displacement was less
marked and the outhne of the vessel somewhat different A collateral venous

caircle had desvcloped via the widened obturater vein The course of the femoral
artery had become normal

Discussion
Inguinal end

10818 15 rarely T l preoperatively, most of the cases
on record being diagnosed at biopsy  OFf 20 cases surveyed by Jrvenez & VMiLes
(1960) for exarple a correct preoperative dragnoss was made enly i 7
Thissenesincluded 4 personal cases, 3 of which were mistaken for incarcerated
hermia but the condition 15 mest often preoperatively classed as an unspecified
lump 1n the grom It 15 tempting to assume that angiography could afford
more accurate diagnosis in such cases since this examination as illustrated 1n
:P:;;clll;csem case mght reveal a charactenstic penodic deformity of the femoral

SUMMARY

m which

\cas of nguinal end
sessels and local narrowing of the femoral

y sevealed displ. of the femoral
vewn varying with the menstrual cyele 15 reparted

. ZUSANMMENFASSUNG
F:

' mn:m;lel[ a\:: ::Eu;v\x::x‘m:zmo\s; wird benchtet n dem emne Lateralverschiebung der

vt e S it e w:r;;l:;mwmzyk]ux sarncrende \erengung der Femoral
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was saud to date from five years back 1nd to be duc to
the surgical treatment for some gemtal tumour

The patient underwent angiography of the left leg
including nscending phlebography, retrograde femorat
phlebogriphy and femoral arteriogriphy It became
apparent from these exanunations that parts of the soft
tissucs 1n the Icft grom and upper anterior portion of the
left thigh were nbnormnl in consistence This could not
be demonstrated with certunty on direct palpation but
w1s quite obvious on puncture, since, on approiching the
vessels, the needle was felt to prerce 1 deeply situated and
furly thick lnyer of firm tissue resembling 1 contracted
scar The anglogrums obtuned confirmed the dingnoss
of slight venous nsufficiency, with small vancosities in
the superficiil veins No ‘stramn obstruction svndrome’
Tg 2 Femoral attery  (Gurimo 1956, 1957) could be demonst ited but some
shight lateral displace
ment whAt below the ingumnal hgament the femoral vein wis

displiced Iaternlly and considerably narroved, maunly
by 1 distinct rounded indentation, about 5 cm m length, n 1ts medial wall
(Ig 11) The deformuty wrs constant, beng demonstrated on repeted
myections of contrist medium, and not ffccted by strunmg The femornl artery
w1s displiced shghtly Interally at the same level (Dg 2)

The mformation so far obtuncd was considered suggestive of mgumal
endometriosis, ind further inquiry mto the nstory of the patient g e support
to this dingnosis It could be established that the operation performed five
years previously, which was 2ctually for incomplete abortion, had revenled
the presence of biliteral ovarin endometriosis Rescction of the left oy ry and
right sided salpingo oophorectomy had been carried out Swelling of the lft
leg hnd been first observed 1bout 2 year afier the operation 1t occurred at the
end of the menstruations 1nd lasted for three or four days Stce then 1t hid
gridunlly increased i durxtion and severity nd persisted to some degiee
throughout the cycle

Surgical trentment ws offered but temporanily refused On further observt
non of the prnent, the close reltionship of the swelling to the menstrunt pertods
was confirmed, 1nd n corresponding cyche varation wn the roentgenograpluc
appearance of the femoral vein was demonstrated The narrowing of the vessel
was thus less marked nnd the indentition somewhat shorter between the
periods than at the end of the menstruations Moreover, during 'menorrhoct
which developed while the patient was under obserytion nd persisted for
three months, the monthly increase of the swclling s well s the exaggeration
of the vascular deformity faled to occur (Fig 1) The swelling reappeared
on return of the menstruations, wnd 1 crurnl uleer subsequently developed

At operation 1 ‘chocolnte cyst was found n the left ovary, but no cxtragemtal
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QUANTITATIVE ASSESSMENT OF MITRAL AND AORTIC
INSUFFICIENCY BY ANGIOCARDIOGRAPHY

by
H Arviosson and J KARELL

It 15 possible to detect the presence of regurgitation 1n most cases of mitral
and aoric valve lesions by physical examination and probably few cases of
fh would gounr df the chmcal study was restnicted

to physical & ECG ph and nght heart cathetertza

tion including pressure measurements This approach to the dragnosis however
gives only a qual d of the it Several have

P

been made duning the last decade to quantify the nsuffiency 1n mtral and
aottic valvular disease The problem has practical rmportance m the mndications
for surgery and 1s also of theoretical nterest the altered haemodynamics may
be studied by repeat examimations The possibihity that mitral msuffictency may
have a tendency to merease mn time and that the degree of insufficrency may
decrease dunng the progression of the valve lesion may also be mvestigated
by a quanutative method

ew methods are dabl

hrique s the one most

at present The sndicator dilution

ly used {WoopwarD ¢t coll  Sracrarr et coll

Minor  RORNER & Smitincrorp  LEvmson et coll) and many different

apphications of this techmque have been tried The most important contrnbu

ton 1s probably the one by horner & Smiiivcrorp These authors used
Subm teed for publ cation 27 June 1962
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Les auteurs présentent un cas d endométriose ingumale ou 1angiographie 2 montré un
déplacement des varsscaux femoraux et un rétréerssement local de In veine fémorale, vanant
au cours du cycle menstruel
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Methods and Materzal

The method of volume determination of the left ventricle was detaled earlier
{ArviDsson 1908 1961) It was demonstrated that there was a reasonably good
correlation between angiocardiographic output determmation of the left ven
tncle and the Fick minute volume determmation in cases without mitral or aortic
imsufficiency The study formed the basis of the present analysis and the method
of volume calculation was the same in the two Invesugations For method
descipuon the reader 15 referred to a previous paper {Arvipsson 1961)

The angiocardiograph hods and equrp were the same as 1n the

previous study  The Fick output determination was also performed in a stmilar
A

ay

The climcal matenal consisted of cases of mutral and/or aortic wsufficiency
The lesions were not ssolated 1 several cases mutral andfor aortic stenosis
wese also present (see Table 1) The cases were selected from 1 much larger

chnical matenial The following prerequisites should be fullfilled 1n an exammna
t10n for the cases to be mcluded

1 Sausfactory muinute volume determunauon by the direct Fich method
performed {sately prior to d ph

7 Regular heart beat dunng the hographic ¢ 10n ~— exam
mations with one or two ventricular extra systoles dunng the first part of the
contrast njection were accepted 1f a sufficient number of films dunng the phase
of regular heart beat were obtaned,

3 Sausfactory ECG and exposure recordings during angiocardiography so
that the position of the exposure n the heart cycle could be ascertained

4 Exposures occurnng at maximum systole (at the end of T wave) and at
maximum diastole (at the QRS complex) must be available for measurements

The matenal selected according to these princtples conssted of 20 cases Ten
<ases were exarmned by pulmonary artery contrast mjection four by leftventne
ular contrast njection and five by left ventricular and aortic mjections 1n order
to evaluate the mutral as well as the aortic msufficlency In one case mjections
were petformed 1n the pulmonary artery and the aorta
) I_Thc qualitative diagnosis offered no problems 1 most of the cases When
:b; c\:::in;u\ar Iand aortic mjections were performed  the msuffictency could be
obsemved ¢ x;)ccc(szrugltcgngmcardmgraphy Stenosts of the mitral or aortic valve
bttt b irectly m the films The anatomic observations were
ot pulmon:\ryy;\nc pressure measurements Three of the exammations with
AL msumc‘mrz contrast mjections followed mitral commussurotomy and
In the remamny Caszs x\ars noted by the surgean at the end of the operation
was based o Combt:m;:lulmunal’y artery contrast mjection the diagnosis
Hndings angiocardiographic cathetenization and chmcal
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right side mjection of an indicator with peripheral artenal sampling By anal
ysis of the concentration curves obtimned, they clumed o be 1ble to determmne
the degree of snsufficiency  Levinsow et coli tried to smprove the method of
Korner & Sirrinerorp by ngecting the mdicator mto the left ventrcle with
simultneous sympling from the left vtnum nnd 2 systemic artery  They found
the method unrelitble due to mcomplete mrang 1n the left ventrde of the
blood and indicator, and the symphng from the leit Atrium was not dependable
They stated “Howcver, mformation obtuncd from the atrium, especiily if that
chamber 15 enlarged, 1s subject to profound sympling error It 55 m this respeet
tht anglocrdiography, although only semi quantitative, may have an advan
tage over indictor dilution” Another disadvantage with the indtcator difution
techmique 1s that it gives no informaton 1bout the anatomy of the heart chim
bers and valves It cannot therefore replice angiocardiography n the anlysis
of mitr il nd Aortic valve lesions

\ promising mcthod of haemodynimic nalysis was developed by Porje &
Rubeware They nalyzed the acccleration of the bload m the ascending 1orta
with 1 double lumen citheter and 2 specindly designed differenul manometer
With the ud of the differcntinl pressure curves obtuned 1nd the cross sectional
aren of the aortn deternuned by nortography, they were able to analyze the
moment1ry forsard wnd bichward flow i the rort1 The method ws hitherto
only used occisionally 1n nortic msufficiency but 1t will probably prove veny
valuable 1 the study of ortic valve lestons 1t 1s unswitable m mutral vihe
diserse

A new 1ppronch to the assessment of the end dinstolic ind end systolic volumes
of the left ventricle was recently pubbshed by Forse & Braunwarp They used
2 ‘precordinl dilution techmque which imvolved mjection of radioncin ¢ mate
1l into the Ieft ventricle A detector was pliced over the left ventnicle and the
decrense 1 1ctivaty strohe by stroke was used 1s 1 measure of the fraction of
blood 1n the Iclt ventricle that was giected per beat The output was determmd
by the ordinary dilution techmque nd 1t was possible from the results to
determine both the end diistolic and end systolic volumes of the left ventricle
with constdernble reproductbility

Angrocirdiogrphuc determinition of the left ventricular strohe volume
combined with 1 cardiac output determination ¢ g by the dircet Tich method
15 1 new method for the quanutative determination of the regurgitation
mutral and aoruc insufficiency  This method of eximinatton hns the adsy tige
that the anatomy 1s well s the hremodynimics mny be anlyzed by the same
procedure This approach was used earlier by GRrissE ct coll m the dog s W cll
1s by Bruce & Cuapvan m human subjects and volume determmations were
crried out by BunNeLL ct coli m predritnc matend of coarctation of the
aorta No methodical study of the degree of msuffictency was made, however
An account 1s now given of the method with application to a relnvely smadl

clinical material
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Table 1 (sont )

Heart [L % [Minotel Heart {1V JLeft | Pressures
rate  |mnate| olumelrate jeffct |ventn —~——-—-————"-"—'—’_’_'PA T o Iy .
volume| F ek |du ing [ency | eular Ttan [Nean
ango Jd term)F ek JFick  }rolume

card o determ |ang o |cUrVE

graph ¢ 100

18
3 123 39 60 30 4+ |s0j23 34 20
100 1” 55 68 45 + (847 & 2y
2 13 53 60 40 + |29 47 "4
9 83 48 60 55 — |41 235 i5¢
102 8 19 70 60 — 33175 2t 95
10 & 33 kg 40 — |49/184 30 10
10> 1o 51 76 4 — |73/33 43 33 1n3/0~¢5 | 116/77
18 85 46 60 35 + |28 13 10 145/0-16 | 125/67
s0 | 18 21 [ 57 |10 —~ (335115 | 21 17 12035 14]123/91
o [ 1 47 | s [ 45 - 108 | 103
100 26 66 " 25 + |30/9 17 10 128/6 5-10] 123164
70 133 66 77 50 + 162475 12 75
100 245 38 €0 15 + 2y 20 15 ]9a/5-135 {or/56
48 [ 96| 71| 5¢ |7 + |2378 175 | 115 |1°65/0 @ [123)715
o | 75] 43| — |60 + 11869 23 75
10 77 39 %0 |50 + 2014 105 | 57 |133/0 137168
135 ] 16 474 7 |30 —~ jans i 15
ks 71 47 60 62 + 135 21 165 (121/5-145(126160
to | 8 38 ] o0 )65 + l3rsps |27 175 12615 11[111/56
120 | 12 40} 5o |3 + |a3spies] 233 | 195 J230/0-12 j19y70

age) from 100 A plus sign n the next column 1 the table denotes that 1t was
possible to construct a volume curie for the leftventricle 1 e asufficientnum
ber of exposures with adequate filling of the left ventricle was distrabuted evenly
over the heart cycle The pressure data from the carchac cathetenizauons are
gnenn the last columns They will not be discussed here but give an 1dea of the
sevenity of the vahe disease especaally the degree of mitral and aortic stenosis
The purpose of the present study was to d ate mainly the hicabil.
of the method 1n nsufficiency cases the clinical observations as cort o

rrelated to
the degree of msufficsency will therefore not be discussed A publication on the

chmcal aspects of the matenal 1 planned

Results

A The degree of msufficeensy ‘The degree of msufliciency was recorded as a
percentage quantity 1 all cases as 1s demonstrated 1n Table | The amount of
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Table 1
Chase Age | Sex Diagnosis Heart volume Site ot LN end[L\ endlLy
No P Ry myection dinstolic systolic |strohe

total - ljme solume | yolume |vohme
ml BSA
ml ml ml
LDV [Fs\
_t
1 431 M INIST postop 990 | 540 Py 200 30 | 10
2 H# P |\ist 1290 | 740 r\ 160 40 120
3 B30 T \ST postop 10,0 | 620 1\ 220 40 180
4 42 [ 1 [asy 850 [ 410 LN 190 100 L]
5 39 1 F |MSIY tneusp| 1240 760 ra 135 60 5
incompetence
6 > | P [N\SIpowop +| 770 460 PA 100 30 ©
oS

7 37 | M ISt 1400 | 710 I 135 30 105
8 38 T I\MSI 730 | 410 LV 130 30 too
91 2t [ F M1 12,0 | 820 Ly 370 0 | 300
104 30 | M [\ 1100 | 550 Py 180 ] 1o
1 25 1 F |\r 1480 | 90 n 360 100 | o0
12 26 [ T {Aol 590 | 3,0 Py 240 50 190
13 3B [ M NI+ Aol 1420 1780 | 1V 1A | 330 8s 4y
e 27 s IMS + Aol 1010 1 570 | 1y 4 yo [ o490 40 [ 200
N 43 F  fAoSI 630 | 380 PA 170 45 ]
16 33 1T [NIS 4 o(s)1 870 | 550 I\ % 2 0
171 33 | £ NS+ vor 760 | 490 | P\ tao | 1oy 7 170
18 48 MS 4 Aol M0 1 600 | I\ +Ac | 110 15 9

620 400 LN 4 Ao 80 25 55

I
19 3t I AMS 4 Ao(S)1
20 56 MOIMS § \oSI 1390 700 LV + \o 14 45 100

body surface are11n square meters The maximum (EDV) and minimum (ESV)
volumes of the left ventricle are gnen m milhhiters s well s the difference

volume determmed angocrdiographically  The quotient wns multiplied by
100 to cxpress the eflictency 1n percentage terms If the percentile msufficiency
1s preferred, this figure can be obtuned by subtracting the cficiency (s 2 percent
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Fig 2 Fnd systohic folack dots)
and end-dustolic (circles) vol
) wmes of the fcft ventacle T
Jat~d 10 the degree of tnsufl

aency as a pe conta ¢ The
* symbols at the x axis {thebase
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0
wotmify angsecacdsography

mum systolic pressure 1s reached withm the left ventnele and the blood regurgy
tates to the left atnum where the pressure 1s signtficantly elevated from zero
The pressure drop of the pendulum blood will 1y be higher i aortic
than 1 mutral msufficiency

B Left entrueular maximum (ED3 ) and mummum (ESY ) 1ofumes Thelefesentne
ular maximum and rummum volumes were ncreased in the present matenal
ascampared with the pi Iy presented 1of cases without insufficiency
The relative volumes per m? bady surface area were calculated m order to
compensate for differences m body size The means within the two groups and
the standard desiations are given m Table 2 The dispersion of the values was
considerable 1n all groups but sigmficantly higher an the matenal of msuffi
cency This 1s natural because cases vath different degrees of nsufficiency
were mixed

A Imear relanonship between EDV and ESV appeared to exsst within the
two materials The correlation between the two parameters 15 demonstrated
graphically in Fag 1 The present matepal 1s given with the individual observa
tions and the calcu ated regression equation which 1s

ESV = 042 EDV — 26 (full hme Fag 1)

The cases without msufficrency are not given indivdually but the regression
equation 15

ESV = 02EDV + 67 (broken Ine Fig 1)
There was a reasonable good Linear correlation between EDV and ESV (x=
= 073) within the insufficiency matenal but in the group without msufficiency
Whe correlauon was Yess satisfactory (r = 045) The low degree of correlation
within the latter group may be due to the fact that the end systolic volumes
were smaller and consequently the error of was of greater sgmhf
cance It appears from the regression coefficrents and Fig 1 asf the quotient
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Tig 1 Relation between end
diastolic and end systolic vol 50
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regurgitating blood varied from 25 to 90 per cent to the left ventricular mmnute
volume Twenty five per cent regurgitation seems to be 2 reasonable degree of
msufliciency but 90 per cent appears to be beyond the capaaty of the left
ventricle, with wn tlmost ten fold volume output of the left ventricle This very
Iugh degree of regurgitation 1s evidently compatible with hfe, cven though these
cses were 1 rather severe chmeal condition The higher degree of msuff
ciency, 1 which more than 75 per cent of the left ventricular stroke volume
regurgitited was never encountered among the cases with only orte nsuff
ciency  The small matennl does not allow 1 defimte concluston upon this
matter but 1t scems probable that an extreme degree of insufficiency 15 possible
only 1n conncction with mitral mcompetence The encrgy loss 1 aortic 1
sufficiency 1s higher than 1n mitral msuflictency with the same amount of re
gurgittting blood, 1n nortic nsufficiency the pendulum blood must be pumped
into the 10rta with 1 pressure that 1s usually above the normal svstohc pressure
only to return to the Icft ventricle, where the pressure 1s practically zero In
mutral msufficiency 1 sigmificant 1mount of blood regurgitates before the ma

Table 2

Comparison between relatize 1olumes of the left ventnicle 1n cases without and wath mitral
andfor aortic tnsuffictency

End drastolic Ind systohic Average output (° ) of the

volume volume Ieft ventnicle dnided by

ml/m? BS\ ml/m BSA end-distolic volume
Total Forvard

No msufficiency 16 cascs
(Arvipsso 1961) 572 + 182 M7 . 73 74 74
Insufficiency 20 cases (pres

ent matenal) 1104 % 551 295 1 151 30 10
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fi ventneular volume cune i Case 3 Calcutated
B T el " ploteed agumst ECG tracng Preop-
e study had shown m tral stcnoss an ! stight sneufl
Croney Commusurotomy at the end of operation stenosis
anl rel cved and mulTcrency notceably increas pﬁl e

3 ography. performed with 1ny ction
ey oy natcolume 13 1 _mmnute volume by F ck 5 i
2omerpont ng 10 an smsulf ciency of 60 per cent The volume
e hows relativcly 1ttle sncreas 1n end systolic volume
o bt emd <t astolic volume 18 increased Th te 1aan inden
o @roninth Pwac

190

The total output 15 the forward output plus the regurgitating volume The
percentage of total output was approximately the same 1n the two matenals

and the percentage of forward output wasnaturally decreased m the insufficrency
material

C The cardiac output The cardiac output 1n the present matenal as deter
muned by the direct Fick method generally showed reduced values as com
pared with the previous materal without insufficiency The cardiac index (CI)
was determmed by dwiding the output in htres by the body surface area
m? The average cardiac index n the present matertal was CI,, =288+ 018L
and the corresponding value 1n the p 1 without msufficiency was
CI, = 421 4-025 L The difference between the two matenals was sig
nificant at the 01 per cent level In order to evaluate how the cfliciency of
the left ventricle affected the cardiac ndex the values were plotted as shown
m Fig 3 The degree of lincar correlation was relatively low {r = 046) but
the cardiac index obviously decreased with sncreasing insufficiency The
regression line was extended to 100 per cent efficiency (Fig 3) and the corre
sponding cardiac mndex was found to be approximately 4 litres This tallies well
with the average value obtained 1n the matenal without msuffiaency

D L ftoentneular volume curves 1t was possible 1n 13 of the 20 cases to construct
a volume curve for the left ventricle by plotung volume determinatians from
dirfferent heart cycles of the angwocardsography together This was performed as
described earher (Arvipssov 1958 1961) Figs 4 5 and 6 gve three typical
volume cutves These have the same shape as the ones obtamed in cases without
msufficiency (Arvipssov 1961) and no charactenstic features of the mnsufficiency
curve can be observed The stroke volume 15 however augmented by an n
crease both 1n end systolic and end diastohc volumes, 1 ¢ the curve 1s located
at 1 higher level and 15 of wereased phtud

The curve fr ly had a
plateau at the end of venmeular systole best shown 1 Fig 6 R

BN At RJfe Dg b t2m0
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ct
5
4
Tig 3 Correlation between left
ventricular efliciency asa percent 3
age and the cardiac index (G 1) ]
m mural andfor aortic msuflt
ciency Theobliquelinersthe inear 2

regression cquation G 1 0022

I\ eff 4183 The correlatton
sorelnely low r 06 The 1
ntersection between the regression

line and the 100 per cent efticiency
vertical line 15 marked and at this

pomt the cardire index 12 approx 020 30 40 s0 60 70 g0 90 100
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LDV/ISV 15 lower in the msufficiency group than m the group without n
sufficiency, 1 ¢ the end systolic volume 1s reltively mcreased m msufficiency
Thesmallnumber of ¢ 1ses, how ey er, mahes the obsery 1tions somew bt uncertun
The rehwionstips between the relitive I DV and LSV i mi/m? BSA 1nd the
degree of msufliciency 1s 1 percentage 1s shown m Fig 2 The regression lines
were not caleulited mathematically but drawn approumately to show the
tendency of the relatonshp The base pornts of the curves were obtuned from
the mean vilues 1n the previous matertal of cases without msuffiency, 1 ¢
cnses i whuch the msufficiency 1s zero It will be observed from g 2 that there
1s little 1ncrease 1 the relinve systolic ind diastolic volumes when the msufft
aency 15 less than 50 per cent The regurgutition conscquently 1ppears not to
be fully compensated for by an incrcased stroke volume of the Jeft ventricle
This means the output 1s decresed 1 cses of insuflicrency, cven of 1 moderite
degree This fact 1s also confirmed by the companison of the cardie output
of the two mateninls, sce under heading (C)

In the above analysis the heart rhythm involves 1 certun crror The stroke
volume of the left ventricle must increase to muntun the cardie output 1f, for
mstnce bradycardi s present In the two materinls compared here the werige
heart rate was approximately the sxme, in the insufficiency maternt the averige
heart thythm was 100/min and 1n the maternl without nsufficiency 1t was
103/min The effect of bradyeardi 1s demonstrated by the casc with the specral
symbol m g 2 The reltionstup between the feft ventneular output and th?
end diastolic volume has 1 great theoreticnl mterest for the understanding ©
the performance of the Ielt ventricle under normal and pathologic condumnil
This was analyzed 1n the present material as well as in the previously publishet
material of c1ses without insufficiency The forward 1nd total output of the
left ventricle arc given 1s percentagesof the end drstolic volume m Table 2
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m
£g 6 Left ventewnlar volume curve in Case 8 M tral stenoss
and nsufficiency examined by left ventncular inject on Angiocar
T ograph ¢ munute volume 83 L, and Fick determination 46 L,
orrespond ng 10 an nsuff ciency of 43 per ¢ent The end-systolic

) l‘"
N '
olurme 18 within pormal him 13 and the end-d astohe sotume only

o shghtly increase

IV Area product method Thisis a plammetric approach that was used carlier
by Crapyan et coll It has the advantage of not requinng a regular ellipsord
shape of the Ieft ventricle

V' Sumpson s parabolic formula which was also used earlier by Ciapyax et coll
This methed 15 too time consumng to be used as a routine

Donce et coll found that all methods tested imolved a systemauc error
the calculated volumes were larger than the known ones All methods showed
however a good linear correlation between known and calculated volumes
The over estimation of the volumes was thought to be due to an error mn the
determination of the longest axis 1n the first three methods method 11T involhved
the greatest systematic error DopoE et coll made however the measurement
differently from the method used 1 the present work they used a higher end
pomnt of the cllipsoid and discussed only briefly the importance of the trabec
ulae carnae and the papiliary muscles Of the five methods analyzed by Donge
ctcoll there were only two that were simple enough to be used 1n routine work
viz_methods II and IIf In therr study method IT showed a good correlation
and a small systematic error In order to determine whether method 11 was
supenior to the method used eather by one of us (modified method I11) the
matenal of cases without snsufficiency (Arvipssox 1961) was recalculated ac
cording to method I1 The analysis showed that method 11 gave less good cor
relation with the mmute volumes obtained by the Fick method than the mods
fied method TIT This appeared to be a good reason 1o continue with the same
method in the present materral as 1n the earlier study A shight over esimaton
of the Jeft ventricular volume 15 made with thus method but as discussed earhier
this 1s true for the systolic as well as for the diastolic volume and makes the error

n calculation of the stroke volume smaller than the measurement of the indi
vidual volumes
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Fig 5 Left ventnicular volume curve 1n Case 11 Predomumnant
mtral nsufficiency studied by left ventricular snjection Angiocar 100
diographie minute volume of left ventricle 26 L and Fick deter
mination 471 corresponding to 75 per cent nsufficiency Consid \/\f

erable increas- both in end systolic and end diastolie volumes but
general shape of the curve 1s not different from the one seen 1n
normal cases 0

Discussion
A Method of measurement

A very important paper on the theorctical problems of angiocardiographic
determination of the left ventricular volume was published by Donce et coll
These authors analyzed five different methods of assessing the volume of the
Icft ventricle by b plane angiocirdiography  The volume of the left ventricle
w1s determimned in 1n qutopsy maternl by injecting the ventncle with varymg,
known amounts of barium sulfate paste The known volumes were correlted
to the volumes caleulated by the following methods

I Spatial method Thus 15 1n cliborate but theoretically very attractive ap
proich The method was based on the 1ssumption that the left ventricle ha
the shape of an cllipsoid One of the ndvantages of the method was that it
compensated completely for the geometric magnificition This 1s 1 complicated
problem since the distortion changes continuously nlong the long s of the
ventriculr ellipsord which 1s located in 2 plne different from both theap
and the lateral projections Unfortunately the method 1s very time consuming
and thus mmpossible to use 1n the daily routme Tor detuls about the method
the reader 1s referred to the excellent ongmnal arncle

11 Longest measured length method This 15 1lso based on the assumption that
the left ventricle has the shape of tn ellipsoid  The two short axes of the cllxpsoxd
were measured according to the same principles s 1n the present study, but
the long axis was tahen directly from the A p or lateral projcction whichever
had the longest projection of the 1pico basal ventnicular axis (see Fig 7)

III  Three measured lengths method This 1s 1 modification of the method used 10
the present study, lso based on the assumption that the ventricle had the shape

of an clipsord (sec Fig 7)
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(0 make the complete volame analysis For smstance, the amount of rcsldu?\
Diood 1 the left ventndle and the rapidity of evacuation of the left venincle
may be analyzed n detail When simultaneous pressure and volume curves for the
{eft ventncle are obtained a volume pressure diagram may also be constructed
which tndicates the effiacncy of the myocardium (ARVIDSSON 1961) This
latter observation might be of value i establishing the indicatons for operation,
snce the condion of the teft ventncular myoeardium apperes to be of wital
importance 1 the mortality and end results of surgery

C Companson with lgft ventniculor volumes obtamed by cthey authors

The relationship between end dastohe and end systolic volumes was studied
by several authors and 1t 15 intercsting to comparc carher resuits with those
obtained from the present matenial

Fost & Braunwalp studied the left ventnicular maximum volume by the
cather mentioned 1so10pe techmque and reported 2 volume of 89+ 26 mifm?
BSA n a matenal without nsufficiency The present matenal showed a lower
value of 972 & 182 mlm? BSA Fotse & BravzwALb m therr nsufficiency
matertal recorded 209 4 7o mijm® BSA but our value of 1104 + 55 ! mlfm?
BSA was considerably lower The diff results i the 1n ufliciency group
mught be explained by a difference 1n the degree of insufficiency even though it
does not scem lrkely that these workers were dealing with twice the degree of
msefficiency as compared to ourselves Another posuible explanation of the
dufference 15 that the heart rate may have heen different a factor that was
not discussed by Forse & BraunwaLp the beart rate wis usually snereased
during ang; diography and this My decreased the stroke volume of
the output was constant However not even ths factor 15 enough to explam
the difference and smee our volumes arc rather 0o great than too small it s
tikely that the method of Foise & BravvwaLn gives volume values that are
100 large

Fouse & BraUNwALD teported 2 37 4 8 per cent end diastolic | forward
stroke volume quatent 1n cases without wsufficiency and 16 4 5 per ceat
cases with insufficiency The carresponding values 1n our matenal were 74 per
cent and 40 per tent respectvely This implies that the residual volumes were
fonsxdcmbly higher 1n the materal of Forse & Bratvwalp a differcnce too
:glg;nl:d l;;r d;s ula z{ sgstcmauc error 1n one of the materials The percentages
ot chayngcs aer smd;;x;:w»m npgzar 100 Yow when the left ventncular
very sall wben come y angtocardiography The ressdual volume appears

pared with diastoh, volume and it seems unhikely that Jess

than 50 per cent of the drastalic volume should be expelled d
e pel unng systole Other

phic volume changes also found a much hugher

?:ur::’c‘:\‘ lfm- \;ﬁtancz gxucz & Cuapnan observed a quouent of 76 5 per %cm
al males and Buwers et coll 71 per cent in th

o o ma P thair pacdiatne matenal
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Fig 7 Schematic representation of

different methods for the ~ngiocar \V
diographie determination of the left
ventricular volume Antero posterior
projection (left) and lateral projec

tion (night)

Method 1T (Donge ct coll )
abd r
V=4-n3zzz| a> ¢

and
I ;l|t‘z> a

Method I1I {Donct et coll )
e

Method us d for the pres nt study

b d 1
Vo4 7 7 Flocovfy ata
All measurements are assumed to be corrected for geometnc distortion

B Lrrors and linutations of angiocardiographc determmation of msuffiency

Angiocardiogriphy nvolves several factors that interfere with the normal
physiology, the contrast medium affects the circulation as does the pre medica
tion General anaesthestt, wlich 1lso changes the arculntory conditions, was
used 1n the present study Genernl annesthesin, however, 1s no longer necessary
for angiocardiographic mvestigations, the new contrast medin of the dirtnzoate
type have a very low toxicrty ind may be myected both mnto the left wnd right
sides of the heart without unduc discomfort to the patient General anaesthesia
1s scldom used at the present time in angiocardiographic examinations 1n
our department But even 1f nresthesit 1s not cmployed there 1s 1 constderable
chinge n hnemodynimics from the time of the Tich determination to the
angiocardrographic cxamination, and the ideal solution would be to perform
strohe volume determinition of the ventricle 1nd output 1nlysts stmultancously
This could be achieved by 1n indicator dilution techmque, or possibly by the
method of Porje & RUbDEWALD, alrerdy mentioned The carher study of
the left ventricular volume showed, however, that there was 1 relatively good
correlation between the Tich and angiocardiogrphic determination, nd the
figures for msufficiency given 1 the present paper are without doubt furly
reliable A disadvantage with the method s that 1t 1s very difficult to obtun
cxamnations that fullill 21l the requirements for the analysts, one of the greatest
drawbachs 1s that cases with atrrl fibrillation cannot be analyzed The usual
nformation from angiocardiography 1s obtuned 1n the cases m which complete
volume analysis 1s impossible semi quanutative evaluation of mutral and rortic
nsufficiency may be made by observing the regurgitition of contrast medum
(Bjorx, LopiN & MALERS, KJELLBERG ct coll ), and the anatomy nd mobihity
of the mutral nd aortic valves may be studied directly n the films More dita
are obtamned than by any other method 1n thoese cases 1n which 1t 15 possible
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Conclustons

The end dinstolic s well as the end systohic volumes are mncreased 1 cases of
mutrl and ortic insufliciency compared to those without msufficiency The
increase 1n these volumes 1s munly governed by the degree of insufficency

There ewsts 1 Iimer reltionshup hetween the end diastolic and cnd systolic
volumes of the left ventncle The end distolic/end systolic volume quotient
seems to be smaller in cases of msufficiency than m those without wnsufficiency
A Irger more homogenous matersil must be studied to prove this hypothesss

The regurgitant volume 1n extreme cases of mutral wnsufficiency may be as
large 15 90 per cent of the stroke volume Incompetence of thit degree has not
been observed 1 nortic msufliciency

The cardic dex 1s significintly decresed m cases of msufficiency ns com
pared to those without insufficicncy 1n the matenn! earher presented

The volume curve of the left ventricle 1 the cascs of msufficiency showed no
charactenstic features as compared wath those without incompetence The only
difference was that the insufficiency curve hid 2 higher amplitude

SUMMARY

I'wenty cases of mutral and/or aortic msuffictency were stadied by angiocardiography the
strake and munute valumes of the lft ventricle being determined by direct measurement o
the volume from the films The degree of insufficiency varted within wide himits the highest
degree observed betng, 90 per cent regurgitation Different methods for the assessment of the
teft ventricular volume and the ads antages and himitations of these methods are discussed

ZUSAMMELENTASSUNG

Zwanzig Tlle von Aortemnsuffizienz mut oder ohne glachzeitiger Mitralipsuflizienz hurdc‘n
angiakardiographusch studiers wober das Schlag und Minutenyolumen des hinken v entnkels
durch dirckte Messungen am Rontgenbild besimmt wurden Der Grad der Insuffizsenz
varuerte inncrhalb wester Grenzen der schwerste all zesgte 90 °, Regurgitation Verschiedent
Methoden fur dre B des hinken Rammervolumens und jhre Vortede sowse 1hre
Begrenzung werden besprochen

RLSUME

Vingt cas d insuffisance mitrale £1/ou aortique ont ¢té étuthiés par ngiocardiographue Ie
volume systolique et le débit par munute du ventricule gauche étant déterminés par mcsu;c
directe des volumes sur les films Le degré d msuffisance variaie dans de larges hmites I¢
degré le plus élevé obsesvé étant de 90 pour cent de régurgitation Les auteurs étudient
fTérentes méthodes de mesure du volume ventriculaire gauche et en examinent les avantages

ct les imstes
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e
Fig 1 Cas 1 Aual view of the base of the skull Poo Iv defined dentate boay defect

atzhet pof mght petrous pyramid Porus acusticus internus not widened o calafica
to s n ar¢a of tumour

from 2 to 8 years Chondromas of the pontine angle have been the commonest
of the chondromas of the postenior fossa only one chondroma situated 1n the
clwvus has been reported (hrvgrer 1951)

Case reports

Case I Woman aged 67 wath gradual loss of heartag 1 the night eat over several years
Two months before adrmussion she suddenly developed headache nausea severe vertigo and
nght sided facial paralysis

‘Raentgen examination of the skull disclosed a poorly defined dentate bony defect at theipof
theright petrous pyramud  the parus acusticut wnteraus was not widened N\o calafications
were seen 1 the area of the tumour

Encephalo aphy reyealed evidence of a tumour of the right pontne angle The nght ponto
cerebellar cistern was deformed and displaced cramally and medially while the right o
terna ambiens and aisterna medullansy were dilated deformation of the lateral macgis of the
pons was evident The fourth ventricle and the aqueduct lay n the midline and were not
displaced upwards the lateral ventricles were symmetrically located and shightly widened

o pathologic vessels 1 ere establ shed on ertebral an, tography by which only a lateral
Projection was obtaned

The patent died from pulmonary embolism 9 days after partial extirpation of the tumour
It was established at operation and at autopsy that there was a large smooth surfaced sohd
tumour at the nght ponune angle which bulged towards the tentorial notch close to the
hypophysis 1ts caudal part extending almast ta the foramen magoum The tumour also pene

trated the base of the skull so that a parr of serssors could readily be passed into the pharvnx
at auropsy

Histologic examination disclosed a chandroma (v Ritama)

Case 2 \Man aged 57 whose heaning had deteniorated over + years and who had occa
= omally bad double vimon

Roe tg n examin tran of the skull revraled a poorly defined dentate bony defect a1 the p of

the left petrous pyramid extending Posteriorly to the region of the porus the porus acusticus
internus was not w dened No caleifications were evident m the area of the tamour
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Maurt Rournura

Chondromns of the base of the shull are rare Tour such chondromns were
reported to have occurred (Lrrrnorr 1956) mn 1 series 1n 4 399 bran tumours
from the neurosurgical chinic of Serafimerl1sarcttet, Stockholm Nonc of them,
however, wns 1 chondromn of the pontne angle which the present author,
Ithe hrrinsasstR & Iriomann (1958), considers ta be the only typied
location of infratentorinl chondromns

Parasellar chondromas of the type growing parually into the postenior fosst
were not ncluded 1n this study beeause supratentorinl chondromns are chnt
cally very different from intratentonal chondromas

A total of 7 chondromas of the pontine 1ngle have been deseribed (HIGIER
1922, FaLkenpeErG 1941, Krincier 1951, Scuurzr 1954 and KLEIRSASSER
ct coll ) Six of the tumours lay 1n the left 1nd one at the nght pontine angle,
they were generally Irge, ranging from the size of 1 plum to that of a hen s ¢g8
Four of the patients were women and 2 men, no mention was made of the sc¥
of onc patient The ages ranged from 37 to 69 years, the mean age bang 48
years, no nge given for one patient The duration of the symptoms hefore ad
misston was generilly long ind n the 5 cases m which 1t was given 1t ranged

———

Submitted for publication 3 May 1962
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the roentgen examination 1n two of these was snadequate and no destruction
was demonstrated but the apex of the pyramud was found at autopsy to be
destroyed in one of them It would appear from the operative findings and
autopsy that at least 1n 3 cases descnibed 1 the literature the ongin of the
tumour was m the medual part of the postenior wall of the petrous bone It 1
however difficult to determine the ongin of the tumour 1if the bone destructron
15 extensive (CASTELLANG et coll 1953)

No widening of the porus or meatus acusticus 1nternus was estabhshed 1n 2
cases 1n the literature or 1n the present cases It was not possible to assess the size
of the porus 1 2 cases because of an madeq !

g (4
Shight widening of the porus or meatus acusticus nternus was described m 2
cases (FALKENBERG RLEsnsasseR et coll )

2 Tumour caleificaions Calcafication was demonstrated 1n the tumour 1n 5
out of 6 chondromas of the middle cramal fossa reported by RLERsASSER et
coll R genologically venfiable calafi was observed mn 14 of the 16
prumary 1nteacramal chondromas reported by himeier Calaficatons are
thus fairly common 1n chondramas of the muddle fossa A fine rencular cal
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Iig 2 Cue ! Same case as in fig 1 a) Iateral view of posterior fossa No pathologic changes
b)1 2 view The mght ponto cerebellar cistern is deformed by the tumour and displaced ceanilly and
medually apsilateral eisternt ambiens and aisterna medullans widened  No Iteral displacement of the
third and fourth ventricles

I neephaloeraphy suggested the presence of 2 tumour 1 the left pontine angle The left ponto-
cerebellar cistern was deformed and displiced cramally and medially The air an the cstern
surrounded 1 tumour node of thumb tp size which was rounded 1n contour and sharply
arrcumscnibed  The left cisterna ambiens wnd cisternt medullars were widened and the left
margin of the pons was deformed The aqueduct and fourth ventricle were not markedly
displaced upwards and no laterl displacement was observed The lateral yentricles were
symmetrically positioned and slightly widened

Vertebral phy disclosed no pathol blood vessels 1 the arca of the tumour The
basilar artery near the muddle of the chivus described a posteriorly directed bend

Txploratory cramotomy revealed a sold tumour with adherent small nodes 1 the left posterior
fossa 1 he medial part of the tumour extended to the forymen magnum while s lateral part
ran from the region of the foramen jugulinis down past the acoustic nerve

Tistologic of biopsy sf Chondroma The patient was up and about at the
follow up examuntion half a year later e had no headache but complatned of pan in the

left arm

The roentgenologic appearinces produced by chondromns of the pontine
angle mty be divided as follows

1 Bony destruction A bony defect was established at the apex of the petrous
pyrimd 1n two cases reported n the hiterature and 1n both the present cases
The defect extended 1n the former c1ses to the medil surface of the pyraumd
as far 1s the porus, the defect n the Iatter cases was dentate and 1l defined

Atrophy at the apex of the pyrimid 1s described 1 3 cases in the hterature,
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Fig 5 Same case as in fig 4 Photoms Tograph of chrondroma x 70 o calcifi ations ev dent

Differential diagnosis

Acoustic neuringma Differing from the chondromas of the pontine angle most
acoustic tumours cause widening or destruction of the meatus acusticus mtermnus
(e g Lassiea 1937) Livnores (1954) stated that only an acoustic neurinoma
causes umlateral widening of the porus and this sign may consequently be
regarded as pathognomonic of acoustic tumours MLINGLER considered the
occurrence of calaification 1n a chondroma of the pontine angle to be of sigmf’
icance 1n the differential diagnosis of acoustic neunnoma This however, 15
not 1 conformuty with the fact that st has not been possible to demonstrate
calcifications 1n any chondroma of the pontine angle so far established not
even 1n KLINGLER 5 own case As regards displacement of the aqueduct and

the fourth ventncle the encephalographic findings in the present cases are not
so marked as the corresponding changes d able 1n

with a
large acoustic neurinoma (LitieQuist) Typrcal ellipsord tumour capsule blood

vessels {Yasarom 1962) and pathologic blood vessels in the tumour area

(LinDGREN) may be encountered 1n acoustic neurinoma Such changes were not
observed 1n the present cases

VMemngioma The commonest situation of meningiomas of the posterior fossa
1 the pontine angle {CAsTELLANG €t coll ) Calofication of the tumour, bony
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Fig 4 Case 2 I ateral vertebral angiography The basilar artery describes a bend ncar the muddle of
the clvus no pathologic blood vessels i the arca of the tumour

cficition was evident 1 2 chondrom of the clivus w one of BLINGLER'S
cases No calerfication was however demonstrated, mn the literature or 1n the
present scries, 1n any case of chondromn of the pontine angle This m1y m
part be because 1t 1s more difficult to demonstrate 1 calaification in the poste
rior foss than in the middle fossa It 1s lso possible that no roentgenologically
vertfinble caleifications occur 1n chondromas of the pontine angle

3 Pneumographic changes Typical encephalogriphic changes due to 1 tumour
of the pontine angle (LinpcREN 1950, LiLieguist 1959) were found mn both
the present cases The 1psilateral pontocerchellar cistern was deformed by the
tumour and the apsilateral csternn medullans and cisterna ambiens were
dilnted, deformntion was cvident on the tumour side of the pons The aque
duct 1nd fourth ventricle lay i the midlme hriemsassrr et coll reported
that in one of therr cases examined by ventriculography the aqueduct wnd the
fourth ventricle were displhced posteriorly nd superiorly This change was not
established with certunty 1n the present cise materinl

4 Vertebral angtography findings The vertebral 1ngiography findmngs 1n
connection with chondromn of the pontine angle do not 1ppear to have been
previously described No pathologic blood vessels werc obscrved 1n the present
cases The basilar artery in Case 2 ran mn 1 bend backwards near the centre of
the clivus, but no other displacements of the vessels were established
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Conclustons

The following conclusions appear to be warranted 1n spute of the small
imatersal Chondromas of the pontine angle are generally lacge tamours of slow
giowth Large seale roentgenalogie changes are often associated wath the long
history of the condiwon Bone destrucuon which 18 typrcal of pontine angle
chondromas, 1s located at the apex and postenor surface of the petraus pyramid,
and seems to accur lower down than the bony changes ansing with most of the
other tumoure that may be present n this region e g memngiomas The
boundanes of the bone defect are dentate and poorly defined There 15 no
marked widerung 1n the porus or meatus acusticus internus It has not been
posuble to demonstrate calafications in the cases of chondroma of the pontne
angle reported so far As regards displacement of the aqueduct and the fonrth
ventncle the encephalographtc changes are not as marked as those produced
by other large tumours of the poniine angle No pathologic blood vessels mn the
tumour area are d ble on vertebral hy

P

SUMMARY

The soentgenologee findings n two rases of chondroma of the pentine angle are deseribed
and the differential diagnosis of other tumours in the region of the por tine angle with special
reference 10 the encephatographic and hic app 1 drscussed

ZUSAMMENFASSUNG

Dic Rontgenerschainungen i zwer Fallen von Chondrom des Klembirnbruckenwinkels
werden beschricben Die Differentialdiagnose wird mit Hinsicht auf dic encer halogra
phischen und angiographischen Symptome erortert

RESUME

L auteur décritles signes Ques d
et $tuche Je diagnosuc différentiel des a
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destruction wnd changes i the structure of the petrous bone, especnlly scle
rosis and new bone formaton, were observed 1n some of thar cases Neither
tumour calaificition nor the vbove changes m bone structures have been
demonstrated 1n pontine 1ngle chondromns, 1n which the destructions seem
to be lower down 1n the petrous pyramid than the bony changes caused by
meningiomas, cven in these tumours the encephalographic changes were more
marhked (Licirouist) than in the present cases Profusc vasculanzation may on
vertebral angiography be furly frequently established 1n meningiomas of the
pontine 1ngle (Y AsARGIL)

Cholesteatomas of the pontine angle, unhke chondromas, cause no typical
changes in bones (OLvEcrONA 1949)

Chordomas arsse from the clivus 1nd grow towards the pontine angle, while
the direction of growth of chondromns 1s generally the opposite (RLEMNsASSER
ct coll ) Chordomas usually affect the clivus, selln turcict and apev of the
petrous pyrarmd (LivoGren & Dr Ciyro 1951), while the bone destruction
cused by pontine angle chondromns occurs 1n the posterior wall and apex of
the petrous pyrimd Chordomas often show cvidence of calaificition (Lo
GREN ct coll ), chondromns of the pontine ngle arc never calerfied

Bony destruction ctused by 1 trigeminal neurinom 1s sharply circumsersbed,
and i conformity with the site of origin of the tumour destruction 1s demon
strable espectally at the impressio tngemmt and i the regon of the foramen
ovale and spmosum (LiNpGren 1941) These tumours, when they grow into
the posterior fosst, cuse 1 defect erther at the apex of the petrous py ramid ;J‘r
m 1ts posterosuperior part (LINDGREN) and i 1ddition cuse typical encep! '
alographic  changes 1n the temporal horn (LinDGreN 1948) Trxgcmxr;:
neurinoma may be distingwished from chondroma of the pontine wgle by the
forementioned sharply circumscrtbed destruction and by encephnlographic
findings Pathologic blood vessels my be demonstrated in trigermnal neurinoma
on vertebral angiography (LINDGREN, YASARGIL)

Hjpoglossal neurinomas produce a clearly circumscribed defect it the nferior
aspect of the petrous pyramid (Rauscu 1956) winch, 1n heeping with the site
of arigin of the tumour, 15 located further back than the changes produced by
a chondromn Vascular tumours of the pontine angle, glomus tumours and
angioblastomas may be distngwshed from chondromas by the profuse p-nho\
logic vascularization demonstrable on vertebral angiography (¥ ASARGIL) 11
subarachnoid cyst, unlike chondromas may cause non filling of the 1psilater?
ponto cerebedlar cistern on encephilography but mn the other asterns (LiLe

QuisT) no changes arc observed
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ANGIOGRAPHIC DIAGNOSIS OF INTRACERLBRAL
VASCULAR OCCLUSIONS

by
I O Ianner and b ROSENGREN

Recent progress mn the treatment of cercbral sschemia has increased the
Interest 1n the accurate diagnoss of the causal condittons Stenoses and oc
clusions of cervical vessels are mn many cases accessible to surgical treatment

Txpenments with drogs such as fibnnolysin and streptokinase that can
dwtegrate thrombi, have mn late years promsed a successful approach to
occlustons of mntracerebral vessels These are very potent agents and their use
requires an exact determination of the condutton 10 be treated
= The clinical diagnosss of occlusion of an intracerebral artery 1s often dufficult,
and 1n a great many cases 1t can be stated only that occlusion 1s probable
The difficulty was particularly evident 1n an wmvestigation based on an autepsy
maternal by Yares & Hutcumson (1961) who selected 100 cases with signs
suggesting cercbral ischemra as the cause of death No cases with clhimcally
diagnosed ntracramal hemorrhage were included 1n the matenal, but n
spute of this intracesebral hemorrhage was found at autopsy n 28 cases

According to Decken (1958) a stroke 15 caused five times more often by
tnfarction than by hemorrhage A great many cases in the former group mght
be wtensively treated with 1 1f the d could be defimtel

Submitted for publication 6 June 1962
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Fig 1

a) and b} Stereoscop ¢ pa v Ocelusiot of a branch
(arrow) of the m ddle cercbral artery seen only i
one of the projections (a) In the other (b) the
oeclu on 18 not 3 mble becausc of super imposition
by anether vessel ¢ Reeanahizas on of the occluded
artery (arrow) after t eatment with anticeagulants

i 8 the artery of the angular gyrus yn 7, and the posterior temporal artery in
3 cases More than one occluston was faund m 6 cases

The antertor cerchral artery was thrombosed 1 2 cases, 1 3 casts the
thrombus was sunated 1n the pencallosal artery or one of 15 branches A
thrombus in the postertor cerebral artery was found in 3 cases

Films were obtained of the cervical region mn 16 cases this making 1t possible
specifically to examine the common carotid artery and its bifurcation In 11
of these cases the vessels had shght arterioscleronc changes and in only 5 cases
normal angiographie appearances Marked narrowing was evsdent in 2 cases
One of these had constderable sienosis of the external caroud artery near 1ts
ongm from the common caroud artery 1n the other advanced artenosclerotic
narrowing of the miernal carond artery near the bifurcation, known from a

previous angtography was demonstrated and 1 additton there was total
occlusion of the muddle cerebral artery
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estiblished The eventunl functional restitution of infarcted cerebral tissue 15
of coursc shght, but the correct treatment may lumt and reduce the event
of 1 lesion, 1nd posably prevent further damage

Material and Methods

Twenty siv cases (of which 17 were male and 9 femnle) of intracercbral
occluston have been dingnosed by carotid anglography nt our cline dunng
the years 1960 and 1961 (Cases of thromboss of the extrrcramnl part of the
crotid artery are excluded ) The nge distribution was s follows 5 cases were
under 40 years of nge, 4 between 40—50, 4 between 50—60, 8 between 60—70,
and 5 were over 70 years of age The awverage of the ages, 54 8 years, 1s rather
Iow Only 2 small number of cses with chmeal signs of stroke were exammned,
and there was some sclection on the basis of age, with a preference for younger
subyjects for angrography

Siv cases had hnd previous neurologic signs, probably due to cercbrl
ischenun, two had had headache for many years, and two cases had been
treated for psychic disturbances There was mnsuflicient information regarding
the past ustory m onc c1se and no history of previous ncurologic signs
fificen Ten of the cses had 1 systolic blood pressurc of over 160 on rdmission
Four of the cses were of chronic valvular cardine disease with unicular
fibrilltion and i two cases ertertoscleratic heart disease had been diagnosed
The nterval between the onset of 1cute symptoms and 1ngiography varied
Twelve cases were exummed within 24 hours of the first symptoms, 1 two
cases 4 drys clapsed, and 1n cleven cases more than one wech, before ngo
graphy

The contrast medium was mmected by needle m most cases nd only when
treatment with fibrinolysin had been planned was 1 catheter used It hs
usunlly been possible to exclude thrombosis of the carotd artery by means of 1
low puncture of the common carotid nrtery before exrmnanon of the it
crannnl vessels In cleven cases, the intracramal vessdds were too poorly filled
to be examined fier mjection of continst medium nto the common carott
artery, the mternal carotid artery was then punctured A polythene eatheter
was used m cathetenzation by the Scldinger method, the contrst medium
w1s 5 to 6 ml Urografin 45 9% and an Llemn AOT filmchanger was employed
both for the Interal and 1 p projections

Stereoscopic films were obtuned 1 some cnses, 1lternating exposures beng
made with two tubes, with an angle of 6 between them, after the medinm had
been 1njected Rapad film chinging 1s necessary 1f two films re to be obtuned
1n 1s nearly s possible the same circulatory phase

Results
There was occlusion of the main stem of the middle cerebral artery 1n 6 cnses
The frontal 1scending artery was occluded 1n 3, the posterior parietal artery
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occlusions was apparent 1n 2 cases although m spite of the crrculatory 1m
provement a Teg of the ) $yMpLoms Wwas evndent 1n only one
hem
Or:’):c of the subjects wth total occlusion of the muddie cerebral artery who
was not reexamined died two months after angiography No thrombus was
found at autopsy but there was a large area of cerebral softening corresponding
to the regon fed by the middle cerebral artery This mught perhaps explam
wholly or 1n part Yates & HuTcninsov s finding of infarctron n 16 cases but
no obvious obstruction of the wmtracerebral vessels (only of the extracerchral
arteres)

Certamn cntena may be laid down for the diagnosis of an wtracramal arterzal
occlusion an abrupt halt to the contrast filing of an artery combined with
avascularty of the region andfor filhng of the vessel m a retrograde direction
via anastomoses Such an obstruction was encountered 1 20 of the present
cases Occlusions situated n large arteries some distance distal to a major
bifurcation seldom offer any diagnostic problem and s particularly true of
mddle cerebral artery occlusions A disinct cessation of the filling 15 1n sintable
projections almost always apparent 1n these cases If however, an artery 1s
oceluded close to a bifurcation the diagnosis may be difficult Detection of
thrombosis 1 a thin vessel may present a special problem and demand a
modified techmque and the necessary equipment

The examunation of penpheral branches requires complete filing with
contrast medium It appears to the writers that this 1s best achieved by m
jection of contrast medium directly 1nto the internal caroud artery overpro-
Jection of branches of the external carotid artery 1s then also avorded In angio-
graphy both in lateral and anteroposterior projections branches of the intra
cerebral vessels are projected over each other and this makes 1t difficult or
impossible to d~termine the course of a vessel and separate 1t from other vessels
of the same size Stercoscopy by which as a rule 1t 1s possible to separate the
different branches may be most useful m these cases Occluston of 2 rather
wide artery was 1n one case completely hidden by superrmposed vessels and
could be seen only 1n one of the stereoscoprc projections (hig 1)

Relrogr'adc arterial filing peripheral to an occlusion by way of lepto

s was d 1 all but one case The contrast

e in ths oa had been wnjected 1nto the common caroud artery and

essels were too poorly filled for definite conclusions to be

d}::mn Retrograde filling can be ensured only of the film senes 1s so umed that

:axcn{:glﬁ 122::]; ’g{‘t:ncs can b:dfollo\\ed This may be accomplished by ob

a2 B s per second for about 4 sec and then another 4 to 6 films
cc intervals The late films are obtained because of the slow crculat)

lh{lo.:gh vessels with reversal of flow (Fig 2) o

rombosts 1 the central parts of the anterior and
posterior cerebral
astenes may wot be readily d d Failure to d ate these vessels

medium 1n this case
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T 2 Retrograde contrast fillng of two branches (arrows) of the posteriar parietal artery peripheral
to the occlusion onc of these filling later than the other Stereo copic series a) at | see b) at 2 sec
and d) at 4 scc after ingeetion and all in one projection ) At 2 5 sec 1n the other projection

Three of the 10 cnscs, in which only the internal earotud artery was examined,
were found to hwve small artenoselerotic changes 1n the extracrnl portion
of this 1rtery The vessel was normal 1n appearance 1n the remamng 7 cases

Eight cases with proved occlusions of mtricerebral nrteries were treated
with fibrinolysin injected through a catheter with 1ts tp 1n the internal carotd
artery (This treatment was given only during 1961 ) ive of these cases were
subjected to follow up angiography Recanihization of previously prov ed
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Fig 4 Rap d passage of the contrast medium to the central emns
(arrow) in & case with pochus on of th postenor panetal astery

It would appear evident that1t1s 2 rule m all cases of: 1mtracerebral thrombosus
that the vessel peripheral to the occlusion will be filled n retrograde direction
V12 anastomoses

The writers consider retrograde filling to be so rehable a cnteron that the
fulure m 1ts demonstration demands an explanation this may be found 1n
spasm or the needle pomt having been placed partially tn the vessel wall No
obvious assocration between retrograde filing and the time of the thrombus or
the age of the subject has been noted It 1s quite probable that these pal
(leptomeningeal) anastomoses take part in a collateral arculation as soon as
the occlusion oceurs

A 66-year old woman was examined as early as 6 hours after the onset of
symptoms and was found to have an occlusion of the muddle cerebral artery,
wth filling of the peripheral branches of the occluded vessel from
In another case an 1mal film of the neck resealed that the middie cerebral

artery was filled but a small defect, probably an embolus was present 1n one
of s branches Later m the complete senes of films this vessel fuled to fill 1n
the ordinary way but there was retrograde filling of the peripheral branches

The pial anastomoses probably begin to function when there 1s a pressure
gradient 1n a region supplied by different artertes Tihis 1s shown by a case with
a large artenovenous aneurysm fed by the mddle cerebral artery Some of the
penipheral branches of s vessel were filled tn a retrograde direction from the

posterior cercbral artery There had probably been a lowes thi
penpheral part of the middle ccrebmpl al y the postenor. part 1n

rtery than i the postenior part in
wiuch the retrograde flow was mtiated P P
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Fig 3 Retrograde filing of the posterior cerebral 1
artery from the middle cerebral artery ) at 3 , P
se¢ b) at 5 sec after injection ¢) Occlusion of Jq- - .,
the postertor cerebral artery vertfied atvertebral - s i
c

angrogriphv

may depend on the flow of blood during the exposure pertods comng from the
contralateral hemisphere through the anterior communicating artery, or from
the bastlar artery to the posterior cerebral wrtery Anatomical variations, W Tuch
will render mterpretation difficult, are also not uncommon 1n this region

The demonstration of reversed circulation 1n the peripheral parts of the
anterior or posterior cerebral artenes may thus be the only dependable 1ngio
graphic criterion of an occluston A retrogride flow of contrist medium from
anastomoses has been a decsive factor 1n the diagnosis m ll the cases of
thrombosts tn the posterior and wn the anterior cerebral artery Vertebral
angiography vertfied the diagnosis 1n onc of the cases with thrombosis of the

posterior cerebral artery (Iig 3)
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Very carly passage of contrist medium 1o the central veins was recorded
in 5 of the 20 cases with thrombi in the middle ccrebral artery The vens
these cases were already filled during the arterinl phase, m two cases the vens
filled during the early artenal phase while contrast medum stll remamed 1n
the cirotid siphon The cause of this early passage to the central veins 1s not
clear but would appear to depend 1n seme way on the occluston, 1t may even
be the result of 1 collection of 1c1d metabolites cusing v asodilatation One of
thesc subjects, 1 30 year-old man with no evidence of previous disense, suddenly
developed aphasta and night sided hemiparesis  Anglography showed oc
clusion of the posterior parictal artery and very rapid passage of contrast
medium to the central veins (Dig 4), which were filled early in the wtenal
phise Repeat nngiography two months later, when the patient had almost
completely recovered, revealed that the occluded artery was recanahized The
centril vens then filled it the usual time, that 1s 7 to 8 sec fter the myecuon
of the contrast medm

SUMMARY

1he diagnosis of intracercbral vascular occlusion i a material of 26 cases 18 reported
Retrograde filling of an artery via pial anastomoses was a constant finding 1 all the cases
Rapud passage of contrast medium to the central vens was observed 1n 5 of the cases in which
there were thromlin

ZUSAMMLNTASSUNG

Dic Diagnose von wtracercbralem Verschluss der Hirngefsse m 26 Tallen wird benchtet
Dic retrograde Fullung emer Arterie durch Anastomose mit den Fia Gefissen war cin kon
stanter Befund I rascher Ubertntt des Rontrastmaterials in die zentralen Venen wurde
m 51 dlen beobachiet ber denen Thromben vorlagen

RLSUMI

Les uteurs rapportent 26 cas de diagnostic angiographtque d ohstruction vasculure mx;né
céribrale L opacification rétrograde d une artdre par des anastomoses pic mériennes a él
constatée dans tous les cas Le passage rapide du moyen de contraste vers les vemes centrales
a été observé dans 5 c1s ou 1l y avaut des thrombus

RETLRENCLS

Brery R G andd ALrirs B ] Occlusion of the carotrd circulation Pathologicnl conudera
DF(;::[:: 11\19"6':10‘!““7 (19272' '?lf?\cur d10l hes Problem Disch med Wschr 83 (1958)
- ?l(l')\?] Horzer I  Gefassverschlusse im Carotis und Vertebralis angiogrim Tortschr
Dr:::inl'fnc::\: 1{1)0‘(;1‘234;\12(‘331 J S The cercbral collateral circulation 2 Production of

cercbral infarction by tschemic anaxia and its rev ersibnlity 1 early stages Neurology 7(1957)
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‘uussue had been removed from the same region on one or several ;ccaslm;;
Nine of the patients are represented twice 1n the matenial so that the resul
cover a fotal of 101 examnations m 92 patients The age distnbution 1s gien
below

Age m years Pauents
2079 2
3039 2
40—49 47
>30 19
Totat 9

Poentgenographic evaluation Those reviewng the films for the purpose of the
mveshgation were unaware of the clical or operation findings The roent
genographic evaluations however, were compared with previous descriptions
if available only meigmificant discrepancies were found

The mtetpretation of a myelogram 1s generally sumple i subjects who have
not undergone previous operation, provided an adequate examination has
been performed In those who have previously undergone laminectomy
however the appearances are difficult to interpret the difficulty consising
md hing the sequelae of op or changes 1n the structure of the

hnord b from al caused by prolapse or protrusion

Results

The myelographic and operation iindings are compared i1n Table 1 The
evaluation of the latter rests exclusively on the operation reports The roent
genographic difference between protrusion and prolapse 1s 2 debatable one
The term protrusion has been reserved to describe flattened bulges 1n the
subarachnord space medially and at a level with the disks as shown m a
lateral projecuon while the term prolapse has been reserved for the large
median and anterolateral bulges

It will be seen from Table 1 that a diagnosis of prolapse made on the basis of
the roentgenogram wasenfied by operation 1n 66 % of the pauents 1fno distine
ton 15 drawn operatinely between prolapse and protrusion agreement was
found 1n 799, Symilatly a roentgenclogic finding of protrusion was con
firmed by operation in 47 % of the patients and if no operation distinction
1s made between prolapse and protrusion thus percentage 1s mncreased to 67 %
If no distincuion 1s drawn etther Toentgenographucally or operatively between
prolapse and protrusion the myelographic findings were confirmed 1n 75 ©
of the patients ©

The myelographic findings 1n three patients were such as to prevent them
being grouped 1n Table 1 Myelography wn one of these revealed 2 Targe ex
panded dural sac without recognizable root sheaths operation disclosed root
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A TAUReNRRUG, B Gorrscratck ind Kk Hajeaarp

Myelogriphy by water soluble positive contrast medit, sinee the method
was introduced m 1931, his been mcreasingly emploved m patients with
probable hermated lumbar disk, especially in those considered switible for
aperauon Some patients hive had to undergo operation repeatedly, exther
becnuse of mndications of 1 new herntation or of recurrence of the ongnl
condition An evaluwtion of the myclograms has however produced some
uncertamty 1s to how much weight may be attiched to any deviation®
from the normal appearances It w is therefore considered of mterest to compart
the myclograms 2nd the operation findings 1n 1 numbcer of patients opcr'“Cd
on previously for hermated lumbar disk wnd presenting further symptoms

AMatenial The matenal consists of 92 patients, 38 of whom were women and
54 men, opcratcd on durning the period 1953—1960 for probable hermated
lumbar dish All patients had been subjected to previous operation and dis

Submtted for publication 12 June 1962
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Table 2
Group A 72 pabents wth adherent wntraspinal scar bissue
Mam £ dngs ot my 1 g ephy Corre ponding ope ateen finds g5
38 prolapse 20 prolapse

6 protru ons
12 root adhewons onty
12 protru 1ons 0 prolapse
7 protrus ons
5 root adhesions only
16 root shortenng (no certain uign 6 prolapse
1 pro 1 protrus on
eterere) 9 root adhesions only
6 normal cond tons 0 profapse
3 protru jons
3 root adhesions

Group B 26 patsents uithout adherent ntraspanal scar fussue

19 prolapse 17 prolapse
1 proteu 10n
Ilarg cpidural seneplexus
3 proteusions 3 prolapse
3 ro0t shorten ng (no definite esidence 2 prolapse
 pro
efprotapse) 1 protrus n
1 normal co dition 1 protrus on

gave a clear indication of the side In group B 26 patients without adhestons,
the corresponding a2greement 1s 80 %

If the small group of patients who were operated upon three or even four
tmes 13 considered 1t 15 found that agreement between the myelograms and
the operation findings 15 not so good as 1n the remaining matersal The results
are presented 1n Table 3 If companson 1s made between earlier myelographic
and operation findings 1n these patients, less agreement than in the other
matenal 15 bkewse apparent

If the enure materal 15 dvided 1nto two groups the one contaiming the 60
patients who had undergone previous myelography and the other group
consisting of the patients who had not been so examined operauvely venfied
adhesions were evident in 76 %, of the first group and m 68 9, of the second
group

Discussion
Agreement between the roentgen and operation findings may be evaluated
for all those patients examined except for three pattents i Table I As ann
capated the agreement 15 best when myelography demonstrated a prolapse
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Table 1
Main findings at myelography Corresponding operation findings
14 prolapse — root shortening 5 prolapse 4 with roat adhestons

2 protrusion 2 with root adhesions
7 root adhesion only

43 prolapse + root shortening 32 prolapse 16 with root adhesions
5 protrusion 4 of these with root adhesions
5 root adhesions only
1 targe epidural eneplexus

9 protusion — root shortentng 5 protrusion 1!l with root adhesions
1 prolapse 0 root adlicsions
3 root adhesion only

6 protrusion + root shortening 2 protrusion  both with root adhesions
2 prolapse 0 root adhesions
2 root adhesion only

19 only root shortening (na diagnosis 8 prolapse 6 with root adhesion
of prolapse) 2 protruston 1 with root adhesions
9 root adhesion
7 normal conditions 0 prolapse
4 protrusion 1 with root adhesions
3 root adhesion

adhesion cused by scar ussue The other two patients had lrge coherent
bulges m the column of contrast medium, behind the bodies of the vertebrac,
prolipse of the 3rd vertebral dish was found at eperation 1n both

The matenal 15 divided nto two groups 1 Table 2 Group A consists of
prtients who had dherent scar tissue on operation and group B of patients
1 whom no mention of adhesions was made 1n the operition report

The following agrecment between the roentgen findings and operation report
1s apparent n group A If the roentgen 1ppearances indicated prolapse, there
1s agreement i 63 9, of the patients and 1f no operation distinction 1s driwn
between prolapse wnd protrusion, the ngreement 1s increased to 68 ° If the
10entgen pperrances ndicated the presence of protrusion, theie 1s agreement
in 58 % of the patients There 15 no operition prolapse m this ltter group

The agreement in group B 1s as follows With prolapse mdhcated m the
roentgenogram, there 1s 89 % agreement between the rocntgen and the
operation findings, ind with no operation distinction between prolapse and
protrusion there 1s 95 9%, greement

Groups A nd B of Table 2 have been examined to determne the nfluence
of the presence or absence of 1dhestons on the ngrcement between the findings
s Far as the side of localization of the leston 15 concerned In group A, 72
prtients with verified adhesions, there 18 69 % agrcement s to the side of
localization 1f only those are included 1in whom the myelogriphic exanunation
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of scar tissue When operation had not revealed the presence of such tissue

agreement approached that found 1 patents who had not been operated
upon previousl

PXS Panuclpatyed, poor agreement evsted between the myelographic and

operation findings m patents operated upon three or four times, stmilar poor

at the p p was however evident in these patients

It may be that such patients represent a special group of scar uissue producers

Conclusion

“yelography wath a water soluble contrast med showed good

with the operatton findings 1n 65 % of patients wsth lumbago sciatica who had
presiousty been operated upon for hermated lumbar disk The best agreement
between the myelographic and the operation findings was obtaned where
t had shown prolapse although a megatne myelogram cannot,

of course exclude the presence of a lesion Confirmation was obtained for the
observation that adhesions due to scar tissue give nse 1o uncertamty m the
1 deter of the cond. Side & was established

more correctly 1n the patients it whom definite evadence of prolapse was
avallable An unequivocal diagnosss 15 difficult 1n patients m whom only root
shortening 1s apparent although with the finding of multiple root shortemng,
the presence of scar tissue 1s extremely probable

SUNMMARY

Myelography with a water soluble contrast medium showed good agreement with the
optration findings m 65 , of a materal of 92 patients with lumbago-sciatica who had pret
auly been operated upon for hernsated Jumbar disk \Myelographic evidence of prolapse
improted the agreement and established the side affected smore accurately Adhesions due
to scar tissue produced uncertamty m the roentgenologic diagnosis

ZUSANNENFASSUNG

Die Alyek mit loshichem h
mit den Operationsbelunden m 65

Ao zeigten gute Uberemstimmung
von 92 Pauenten mut Lumbago-Ischias die vorher fue
\S’Tktrxc [Dskuspmlrusmn operiert worden waren Die myelographischen Befunde emes
Diskusprolapses :e:s‘\en besonders gute Uberainstimmung und lokahsicrten die Sexte genauer

urch machten die Duagnose unsicher

RESUME
Lz ey 1
e :i:ﬁhéts:\e?i un moyen de contraste hydrosoluble a concordé avec les constatations
s o B e ulne s¢éne de 97 malades atteints de lombo-sclatique qui avaient été
e o hermue mdlcq :::‘:zdl:fah‘ v.gl'\es moyélographiques de profapsus discal améliorent
o
W o catme o e wndique zgnosug ;g":sn:::::::;;::lénanemt Les adhérences dues a un
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Table 3
Nine patients operated upon three or more funes

Marn finding at myelography Corresponding operation findings
5 prolapse 3 prolpse 2 with root adhesion

2 root adhestons only
1 protrusion 1 root adhesion only
1 root shortening 1 prolipse with root adhberent scar tissue
1 normal myclogram 1 protrusion
1 large expnded dural sac without 1 root adhesion only

recognizable root sheaths

lthough 1t 15 not quite 1s good 1s that found n 1 maternal of patients most
of whom had not undergonc previous operntion Fribere & Hurr (1991)
found agreecment in 95 % of patients 1 such 1 matenal, 2lthough it s true that
1 materinl of 62 patients with neghtive myelographic findings operation
revealed hermited disk in more than half of them A somewhat unuswil
findmg w1s that of Knutssoy (1949) In three patients who had had 1 previous
operation, myclogriphy revealed cvidence of prolapse, although further
operation fuled to venfy the condition, on the other hand 1dhestons due to
scar tissuc were demonstrated n Al three Hirscnr (1958) found an agreement
of 90 % m 2 group of patents not previoush operated upon for hermated
dish Hermtion of the dish was demonstrated m 40 9, of patients with negamne
myclographic findings Jornansson (1950} reported 1 simlar positine corre
Intion

Greater disigreement 1s observed between the roentgenologic nd operation
findings — most marked where no abnormahty was found 1t myclogriphy —
mn the other myclographic findings listed o Trble 1

Operation disclosed pathologic changes in 1)l patents in the gronp mwhich
the only myclographic finding was root shortening, onc halfhad prolpse, the
other hlf scar ndhestons In contrast to CroNguisT (1959) and pEL Buovo &
Fucus (1959), 1t proved impossible to find criterin by means of which could be
distingwished between scar tissue and prolapse i these patents, who hnd pre
viously undergone operation The small group of patients, 12 1n all, with root
shottening t various levels, had nevertheless 1 number of adhesions, scr
ussuc being found 1n 8 of them Even though the evidence of root shortemng
pliyed 1 munor role n the evaluation of the myclograms in these ptients,
1t 15 nevertheless possible to sce from the first group m Table 1 that root short
ening 15 a finding that supports the dingnosis of prolipse or protrusion

As nlready suggested 1n the discussion of Table 1, 1 consideration of Table2
shows that one of the causes of poor agreement betw cen myelographic findings
and operation findings, 1n subjects previously operated upon, 1s the presenct
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LUMBAR MYEI OGRAPHY IN COMPITTE
OBSTRUCTION OI' THT SPINAI CANAI

by

STEN CrongvisT and WaLTeR Fucis

Complete obstructton of the flow of contrast medium in lumbar myetography
with water soluble contrast media poses difficult diagnostic problems (pEL
Buoro 1957 Crongyvist 1959, Leorrrier 1960 WeLLAuEr 1961) Massive
mamly sequestrated disk hermations mtradural and extradural tumours and
peridural and intradural scarning may produce this condition The roentgeno
graphic differentiation of 1ts etiology 13 highly smportant but does not appear

to have been thoroughly investigated We therefore considered that a systematie
study of our available cases mught be of interest

Matenial Only 14 cases 1n a total of around 1 000 myelographtes performed
with a water soluble contrast medium at our department presented evidence

of complete obstruction 15 simular cases referred to us from other hospstals for
operation brought our matenal up to 29 cases

Results
1 Dusd hermations (Fig 1) 17 cases Operation i all cascs of this group

revealed obstruction to the flow of contrast medium to be due to a large, often

sequestrated disk hermiation Reoperation 1n 4 cases showed that shight periph
Subnutted for pubhcat en 17 May 1962
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a B

Fg 2 Pooperat ¢ scarnng a) Trregula ty of whole d al part of
TS st cofumn with obhique well-defined marg o B Laterat lrreg

wlar distal margn d format an mawly f fosterior aspect ofcont st
columa

2 Uhrome inflammatory chanoes These may be situated extradurally, ntra-
duralfy or a1 both sies simultancously

Extradural chrome mflammatory scarrmg (Fig 2) mamly follows a surgical
procedure our series included ¥ cases with complete spinal obstruction due to
s condstion  Relamunectomy 1 one case revealed extensive but masmly
darsally located peridural scar formation that obstructed the spal canal at
the sue of the previous operatwon Mo recurrent disk bernauon was present
Refamunecinmy had not been performed in the second case but the roentgene-
logic changes were highly suggestive of postoperatne peridural scarring al
though additional intradur 1f chronic arachnerditis may also have been present
Changes charactenstic of postoperatinve scarrung could he demonstrated at
tumbar myelogrphy Llongated irregular but sharply outlined fillng defects
were thus noted at the level of a vertebral body n the regron of the previous
famincctomy (Fig 2 aand b)

Intradural chronic arachnoiditic changes (Fig 3) were observed w4 ca s
and verified at operation i 3 cases In one of these marked osteochondrosts
was an addisonal operative finding  The distal part of the duril sac in all 4
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Pig 1 Dufferent cases of complete obstruction by hermiated disk a) Lateral Contrast column dis
placed backwards obstruction at the level of 1n mtenvertebral disk b) Concave distal border of con
trast column ¢} Horizontal distal border of contrast column with lower margin scrrated d) Oblique
distal border with regular margin €) Oblique distal border with regular margim and with serrated
margn widemng of distal part of compressed nerve roots

eral scarning due to the previous lnminectomy did not affect the dural sx¢
Myeclography with iodized o1l had been performed earhier 1n one of these cses
and residues were scen lying in the nerve root sheaths, the dural s1ic was not
opened at operition 1nd arachnoiditic scarrng 2t 1 lower level could conse
quently not be excluded

Typieal features could be demonstrated 2t myclography in 2l 17 cnses with
complete spinal obstruction due to dish hernritions The level of the obstruction
was situnted at the height of an intervertebral space, or 1f the disk hernirtiont
was sequestrated, at the level of 1 vertebral body, i 8 cases with scques
trated dish hermintion complete obstruction of the spinal canal was evident 1t
A level proximal to the intervertebral disk affected The dural sac was further
filled 1n 1 caudnl direction dorsally or opposite to the stde of the disk hernation
This w1s best demonstrated n the lateral projection m which the dural sac
was often pushed backwards, sometimes with an anterior indentation (Fig 1)
The distl outhine of the s1c then appeared sharply demarcated and formed 10
arch with the convexity directed upwards and backwards The distal outhne
m the frontal and oblique projections was sometimes shghtly curved with the
convexity upwards (Fig 1b) but occasionally homzontal (Fig 1c) or obhique
(Tig 1, d and e} The outlinc gencrally appeared serrited on account of filling
defects caused by the nerve roots and the lower part of the nerve roots w1s
sometimes nlso shightly thicker thannormal (Fig 1, cand ¢} In addition they
appeared scprated from cach other and spread out within the dorsal s1c
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a

Lar and well
Fg 4 Intradu al tum o5 a) and b) Neur nomas ¢) metastases Symmetec regul

Gehned toncase borde  Margin aceentuated by thn area with wicreased density 1 (b)
%' rung of diat part of eontrast column 1n {c) Tortuous vesel (acrowsl runming w & craniat
direct on from lower cnd of cont ast columa (a and ¢)

gave nisc to typical roentgenologic signs The dural sac was shghtly distended
immedhately proximal to the obstruction and a charactenstic indentation in the
dustal part of the dural sac which gave 1ts termination a regular sharp sym
metric outhne with a downward concavity was noted The border towards
the tumor was accentuated by a dense thin zone of contrast medium 1n 4 of the
6 cases (Fig 4 b and c) and around the circumference the medium was seen
to reach a lower level than the upper part of the sndentation A filling defect in
the contrast column due to a tortuous enlarged vessel that ran in a proximal
directron (rom the supenior aspect of the tumor was evident 1n two cases onea
neunnoma and onc a metastatic renal carcinoma (Fig 4 a and <)

The two extradural tumors angio endotheloma and reticulosarcoma pre
sented no tvpical roentgenographic pattern A honizontal sharply defined but
slightly serrated indentated margin was present at the site of the spmal ob
struction 1 the case of the angio endothelioma (Fig 5a) no wideming of the
xic proumal to the obstruction was noted The renculosarcoma {Fig 5b) was

3 1zed by an el d obltque mp agamst the dural sac and a
considerable spread of the nerve root sheaths above the tumor
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b c
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Fig 3 Arachnouhits a) Irregular sac with eccentric defects and consex distal border by Sac
constricted distally with regular clongated defcct 1 lateral margin comvex distal border
©) Ircegularly deformed distal end  nerve roots bunched together forming elongated some
what srregular filing defeets

cases was narrowed 1nd shortened and the distal margin was convex down
wards The outhne of the sac was irregular with cccentric defeets (Ing 31), 10
onc casc, howes cr, the outlme was sharp and regular for 2 considerable distance
with no filhing of the nerve root sheaths (g 3b) Some of the nerve roots
proximnl to the complete obstruction were in 2 eases clustered together to form
fusiform 1rregular filling defects 1 the contrast column (g 3c)

=3 Tumors The present materal ncludes 6 intradural and 2 extridural

tumors I venfied 1t operation
Intradural tumors (4 neurinoma, 1 ¢pendym: and 1 metastasts) (Nig 4)
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scbed by CrowguisT n 1959 Shrinkage and shortening of the dural sac, 3;
well as rregular eccentnic contours or cl:ar cut regular margms w src n'Dit
1n myelograms of cases with ntradural or chronic arac
The nerve roots within the sac were seen to be bunched together peL Brono &
Fucus (1959) stated that intradural and extradural changes are difficult or
impossible to differentiate As pendural changes marnly occur after laminec
tomy a previous operation Is 1 favour of postoperatne scarnng A differentt
ation of obstruction due to an expansive process 18 casily made by reason of the
typical changes
The distal margn of the dural sac was oblique, horizontal or arched witha
comvewity upwards in obstruction caused by a herniated disk Serration of the
margmm of the sac was often evident Filling of part of the dural sac opposite
the side of the hermanon for a considerable distance downwards was of
special differential sigmificance These changes differed from those noted 1n
cases of mtradural tumors 1n which the medum lay around the arcumference
of the sac at about the same level beneath the superior aspect of the tumor A
more or less marked upwardly convex regularly outlmed indentation 1n the
distal part of the dural sac was also evident 1n cases of tumor the sharp out
Ime of the fillng defect was accentuated by a thin area of increased density
never met with 1n cases of hernsated disks
Another sign charactenstic of tumors was a wideming of the dural sac
proximal to the obstruction An enlarged tortuous vessel lay proximal to the
obstruction 1n 2 cases of mtradural tumor, this was never observed mn obstruc
tion caused by any other lesion and may therefore be considered a charactenstic
diagnostic sign
A hermated disk and a well localized extradural tumor present identical
appearances as might be expected since both push the dural sac aside and
compress 1t from the outside If the compression 13 confined to the antenor
a pectof the sac a herniation 15 probably present and this may be evidenced by
skeletal changes such as narrowed mnvertebral space or Jocahized spondylitic
changes An accurate diagnosss 1s however ot possible
The changes m the one case of extradural tumor extending over several
vertebral bodies bore no resemblance o those noted 1n the case of 2 well defined
localized extradural tumor or to those evident m intradural tumors or herntated
disks The elongated tegular ympression 1n one aspect of the dural sac rather
f\ugg::::‘i lanﬂ(;\r:a}:nauon Contrast filling of the nerve root sheaths was howeyer
"}:tprc N n“ ci_cl appeared to be stretched and displaced by the tumor
usually no filling of these sheaths or, if filled 1n mflammatory conditions
thv’l)‘ ::plpc;r srregularly deformed
otal obstruction of t
JnOmﬂ‘lllﬁ or b) lCChnlr:l]';rlnl:Snr sp‘nal cord may b: ymutated b) anatomic
m'l:\l;f\‘it:"a} :;:;m‘!ls‘:t the level of L5 1n about five per cent of cases according
) This must not be nustaken for obstruction Contrast filling
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a

Fig 5 Ixtradural tumors a) Angoretculoma  Fig 6 Techmeat fulure a) A p Decrea ed con
Sharp horizontal and well defined lower border  trast density dustally simulating complete ob
b) Reticulosarcomn Atypical elongated deformation  struction b) I ateral Contrast medmm localized
ol Jateral aspect of dural sac subdurally

Discussion

Scveral authors (ARNCLI 1948, Linpcren 1951, Remmarpr & PAnTER
1955, et 2ln) have described the roentgen appearances in single cases of complete
spml obstruction, evident m myclogriphy with water soluble contrast medit,
although no large series appears to have been reported However, 1 detuled
evaluation of the findings should be possible, 1s the anatomic structures m?y
be clearly brought forward with water soluble contrast medin This may 110
explun why we noted totnl occlusion only 1 about 1 4 9, of cases while CANP
who used 1n o1l contrast medum reported totl blockage m 25 9 of c1ses
An 1nalysis of the present cases revealed that the pathologic conditions manly
responsible for complete obstruction  herniation, nflimmatory lesion and
tumor, can generally be differentinted

Inflammatory lesions, which may be of two types — penidural following
operiton and mtridural — present the most charictensuc changes The
mtradurnl lesions have been deseribed following Inminectomy, my clography
with oily contrast 1gents, lumbar puncture, spinal anaesthesta, osteochondross

and triumn
The roentgenologic changes m the dural sac following operation were de-
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POSTGASTRECTOMY ROENTGENOGRAPHY WITH A
PHYSIOLOGIC CONTRAST MEDIUM

by

Pove VMapsen and Trorwiip Raswiussen

An agueous susp of bartum sulpt prod litle physielogic 1n
fluence upon the gastromntestmal tract and 1s consequently unsuitable for
assessing function following gastrectomy

Expenments of adding vanious foods to a suspension of banum sulphate have
been going on for many years PENDERGRASs et coll (1936) and Ravory et coll
{1936} included, among other nutnents hypertonc glucose and proten
solutions 1n the bartum meal They found gastric emptymg to be delayed
while the transit ume through the small intestine was accelerated and the
mucosal pattern became obliterated and blurred this was mterpreted as a
result of diffusion of flurd to the mtestme VMeorine (1953) added milk and
soups to the meal Patients who developed symptoms duning the unvestigation
proved to have the most rapid transit through the small intesune HjorT et
coll (1928) mixed banum sulphate wath 150 ml glucose 50 ¢, Of a total of
15 panents with parnal gastrectomy 3 comptained of symptoms of the smail
stomach type (pan and vomiting) 5 had typical dumping and one had
postaibal diarrhoea symptoms that werc reproduced dunng the my estigation
The glucose meal was delayed 1n a distended gastric remnant in the patients
with small stomach symptoms while the gastric remnant emptied rapidly

Subrm sted for publication 15 \ay 1967
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of the distal part of the dural stc 15 sometimes not obtuned with the patient
prone owing to the curvature of the sncral canal Such 1 mechamcal condition
must 1150 be recognized Subdural 1nd epidural deposition of contrast medum
may simulite complete spinal obstruction, the Iateral view will usually afford
the correct explination (Tyg, 6, 1 1nd b)

Total obstruction to the flow of contrast mediwm was observed mn films
obtuned 1t the beginning of the cximuination of certun cases not included in
this series, as the examinntion proceeded, however, the flow continued m a
cnudnl direction The obstruction was thus not complete  Additionnl films,
with n increase 1n the tilt of the tible, should therefore Always be obtuned i
cases of apparent obstruction

It must be stressed that the aniesthetic and contrast medium njected 1
cases of totnl obstruction may reach 1 higher level than would be expected
under ordinary circumstances and cwuse collapse  Complicntions may Also
occur 1n cases of partinl obstruction, in which the medium mny slowly reach
distal regions that have not been 1naesthetized, and Iead to imitation of nerve
roots, with severe pun

SUMMARY

Tourteen cases with complete obstruction of the spinal canal in 1 material of about 1 000
myeclographics performed with 4 water soluble contrast medim  together with 15 simular
cases referred from clsewhere are considered and discussed An exact diagnosts was possible
m most of the cases

ZUSAMMENTASSUNG

Aus emem Gesamtmatertal von 1000 Fallen von Myelographien mat \»asscrlbshd;tm
hontrastmuttel werden 14 alle nit Totalstopp des Wirbelhanals zusimmen nut 15 vhnlichen
uberwicsenen Tallen besprochen Fine genaue Diagnosenstellung war messtens moglch

RLSUMT

I cs auteurs étudient 14 cas personnels d obstruction compléte du canal rachichien provenint
d environ un mullier de my dlographucs fates wee un moyen de contraste hydro soluble et 15
autres cas semblables provenant d autres serviees Le diagnostic esact = ¢té possible dans s
plupart des cas
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1n the contrast meal and following experiments of addimng carbohydrate a
muxture was evohved that appeared to fulfill the demands fanly well The
ruxture consisted of 55 ¢ Redukal Leo or Suncomn Wallco 20 g sucrose
40 g Neobar and 200 ml water Redukal Leo contams 31 1 9 protein 50 4 %
carbohydrate 89 % bpd 56 % mneral and 4 9, water The components
were blended 1n an electnic mixer the mixture was well emulsified and had
a consistency of thin gruel and a calorie value of about 300

An mvestigation of stabihity and flocculation was performed by fillmg two
alumigium cuvettes measuring 16 > 16 > 200 mm with a 20 % aqueous sus
pension of Neobar {2) and an aqueous suspension contammng 20 % Neobar
and 20 %, Redukal (b) The cuvettes were placed where they would be un
disturbed 2 film and 2 shect of lead were put behind them and exposures
made at 2 1 2 3 and 4 hours alter they had been filled exposure factors
40 kV 900 mA FFD 4 m The expeniment was repeated with the same con
centration of Neobar (¢} and Neobar + Redukal (d) suspended 1n gastnie
Juice The addiuon of Redukal increased the sedimentation shghtly (Fig 1)
and the flocculation tendency increased especially in the uppermost layer
where the hipids collect There was a derable mcrease of sed
m the cuvetic without Redukal after the addinon of gastnc yuice (Fig 2)
but no increase 1n the flocculation tendency was observed when Redukal 4+ Ne
obar were suspended mn gastre juice as d with thewr susp mn
water The somewhat greater flocculation caused by the addition of Redukal
did not however prevent a 1 1

y morpholog of the
gastromntestinal tract

The normal senes consisted of 25 males and females of ages ranging from
27 to 78 years None of them had had dyspepsia Films of the abdomen erect
sere obtained 1 20 45 and 90 minutes after the ntake of the special meal,
<€xposures were made a1 one hour ntervals untl the meal had reached the
caccum The panient sat on a chair or walked about between the exposures
The stomach was considered crapty when 2 fuid level could no longer be
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IM ’b ZM ”n' ‘Mi
a b a b

a b a b a b

Fig 1 a) 20 °, Neobar suspension at 12 1 2 3 and 4 hours alter filling cusette b) 20 Neobar +
20 Redukal suspension at 12 1 2 3 and 4 hours aier filfing cuvette

fibr the Zhrs ”"U H
¢ d ¢ d

< d < d ¢ d

e
Fig 2 ¢} 0° Neobar suspended 1n gastrc juce 4t 1/2 1 2 3 and 4 hours afier filhng enc
d) 20° Ncobar + Redukal suspended in gastric pee at 1/2 1 2 3 nd 4 houts after filling cuvet®

and duluse clouding of the abdomen occurred 1n the ‘dumpers , the meal
ripidly passed mto the colon i the patient with postcibal dirrhoca The
method was not tried m 1 normnal series MaTrssoN et coll (1960) used 1
physiologic contrist mel contumng [, proten, wnd carbohydraie The
gastric cmptying was not accelerited but the meal had reiched the c1ecu;1
by 15 to 30 mnutes mn 12 panents with dumping symptoms ABBOTT €l €O
(1960) employed 1 contrast meal that contuned mulk, sugar, 1ce cream, 'md
protenum The gastnic remnant had no reseryoir capacity nd accelerie
transit through the mtestine occurred i dumpers Considerable chmenl im
provement was obtuned after reoperation {narrowing the stoms, tnnsfo\'ml
ing Billroth IT mto Billroth I) and the gastric remnant was then found to ¢
18 1 reservoir

A contrast menl contuning food must be 1 homogencous nd stable sus
penston wath hitle flocculation tendency, 1t should preforably also be eash
to prepare 1nd relatively palatable It must not induce false stumult :md,]“:
particulir, must hot over sttmulite the intestinal functon but be s sxmz!1
s possible to 1 normal mecal After the introduction of reducing dicts 1n poy ;f
form 1t occurred to the writers that these prepirauons mugth be used s foods
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Results
n Fags 3, 4, and 5 present the gastnic emptying
tme  the transit time through the small sntestine,
N and the degreeofflrd diffusion The panentswere
follow ed for 90 mnutes It may besadingencral
] that pattents without dumping symptoms had
i I e emptymng and small bowel transit times

3
g E E E within the normal range and they seldom showed
¢

(LIl e = S

signs of flud diffusion The gastric emptying as
well as the transit through the small mntestine

' were accelerated and there were signs of consid
Fg 5 Group Il Mamfest  erable duffusion of flwd mto the bowel mn the
dumping ymptoms pauents of group T About half the patients of
group 11 had accelerated gastric emptying and signs of flud drffusion 1nto the
intestine while the transit through the small bowel was on the whole normal
Symptoms of dumping occurred 1n 6 patients (one of group It and 5 of group
111} dunng the mnvesugation

Five patients were examined twice Two had no dumping symptoms at the
tme of the first study but at follow up 6 months later both mentioned latent
dumping ssmptoms and the roentgenologic appearances were altered ~— (a) in
groups I and I (b} in groups I and 11 The third patient complained of latent
dumpmg symptams on both and the genol appearances
were identical — (c) in group 1I The fourth pauent a 63 year old man who
had undergone operation for gastrie carcinoma {gastnc resection with gastro
oesophagostomy), presented evidence of a definte divergence between the
chaical and roentgenologic findings — (d) :n group I

Theze was no chmecal suggestion of dumping and a provocation test with
150 ml of 50 °, glucose faled to ehait any symptoms The gastric remnant
emptied verv rapidly and the transit through the small intestine was greatly
accelerated ‘The mucosal pattern 1 the termmal leum was blurred and the
caccum was distended with flusd The tranait through the small bowel may
possibly have been so greatly accelerated that only a small amount of flud
could be absorbed Fiwid 15 rapidly absorbed 1n the caccum and ascending
colon so that there was probably only moderate and short lasting exchanges
of fluid between the intra and extracellular water phase on the one hand and
the intesnal water phase on the other Auorup (1960) has pomnted out that
pauents who have undergone partial gastrectomy and have postabal diarrhoea
need not necessanly have dumping symptoms of any degree The cause he
states 13 » rapid small intestinal transit so that only a small amount of flud
can diffuse 1nto the small bowel there will consequently be only a shght fall
1 the plasma volume

The 6ifth patient was 2 man of 38 with advanced and typical dumping
symptoms His general condition was satisfactory and he was not anaemic
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!

discerned  The emptying nd the small intestinal transit tmes - normal
subjects were s follows

Tig 4 Croup II Latent dumjing symptom

\Mean Range
Gastric emptying time 140 min 90 (5 pts) —240 {1 pt ) nun
Small intestinal transit time 180 mun 90 (2 pts)—240 (8 pts) min

One patient had A gasttic cmptying and small ntestinal transit tme of
90 minutes, with signs of difTusion of flurd 1nto the bowel shown by 1 blurred
mucosal pattern 1nd small flud levels, none of the other normal subjects
presented evidence of flnd diffusion

The pathologic series comprises 55 patients m whom 60 examminations were
performed  Torty five of these had been operated upon for bemgn and 10
for malignant gastric conditions, the surgical notes recording 1 Billroth T or
Billroth II procedurc m 50 patients, total gastrectomy with interposition of
the jejunum 1n 2, subtotal grstrectomy with interposition of the jgunum in 1,
and gnstric resection with gastro ocsophagostomy 1n 2 patients

The patients were first encournged to describe their conditton 1nd 1t W8
found that Although they first sud to have had no symptoms, 2 history of
symptoms w1s often ehicited by crutious questromng 1s to their diet The pa
tients on the basis of thus dietary history were divided into three groups

group I those with no symptoms rcfernble to meals — a total of 21 mvest
gntions,

group IT those with latent dumping symptoms, these could 1wvord symptoms
by attention to their dict — 1 tot1l of 28 1nvestigations,

group HI those with mamfest dumping, these were unable to word fre-
quent or constant dumping symptoms in spite of 1 ngid diet — 1 total of 11
myestigitions
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g 7 Paticnt with man fest dump ng symptoms at 1 {2} 20 (b}
43°(c) and 90 mn (d) p e respectively

It 1s well hnown that the most severe dumping symptoms are encountered 1
pattents in whom an or histol has farled to demon
strate a defimte uleer According to Amprur (1960) these patients may be
suffering from the conditton described by Porces (1947) and believed to
affect the small intestine dumping like symptoms and a raptd transit through
the small bowel are part of the syndrome The wnters are at present trying to
ascertain whether with a physiol contrast
medium can disclose an abnormal small intestine pattern 1n patients who
develop severe dumping symptoms following operaton

P
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d
Iig 6 Pauent without dumping symptoms At 1 (1) 20 (b) 44 (c)
and 90 min (d) p ¢ re pectively

The gstric emptying ind smll mtestine transit tmes were normal but there
was moderate diffusion of fluid His symptoms were unchanged six months
later, and he had lost weight, the gastric emptying was shghtly aceclerated,
but the trinsit time through the small bowel was unchanged and there w1s
only httle diffusion of fluid imto the gut — (f) in group III

Marked diffusion of fld but 1 normal gastric emptying 1nd 1 normal small
intestine transit time were observed n 1 56 year old man without dumping
symptoms Lxploratory laparotomy reveiled carcinoma of the pancrels —

(c) 1n group I
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LYMPHOGRAPHY IN THE DIAGNOSIS OF METASTASES
WITH SPECIAL REFERENCE TO THE CARCINOMA
OF THE UTERINE CERVIX

by

W A Fucus and G Boos HEDERsTROM

The principal value of lymphography hes in the ability to demonstrate early
metastases 1n the pelvic and retroperstoneal lymph nodes Lymph node m
volvement 1n cases of advanced carcinoma may be apparent chmcally and
may be venfied by indirect methods such as urography aortography pelvic
phlebography and cavography, although early and rmummal metastauc
spread to pelvic and lumbar Iymph nodes cannot be detected by these methods
The diag; of & mal lymphy 1 these areas 1s valuable but not of
utmost smportance because this 13 2 pnmarny mahgnant tumor of the lymphate
system

Bixty cases of carcinoma of the utenne cervix were examined with a view to
judging the value of lymphography 1n demonstrating early metastane spread
to lymph nodes This group represents the major part of aur seres of 101 cases
of mahg; disease hymphography The report 15 rmted to
findsngs 1n cases of carcinoma of the utenne cervix

A preliminary seport on the Tesults were given 1n an earhier paper {Fucus
& Boon HeperstROM 1961) and techmcal problems as well as the normal
Subrtted for pubkcation 16 Apni 1962
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SUMMARY

A method of assessing the function of the gastrowntestinal tract with a special contrast meal
15 described  1he average gastric emptying and small bowel transit times m patients who had
had partnl gastrectomy but who were without dumping symptoms were wi hin the pormal
range Both were marhedly accelerated and there was evidence of considerable flud diffusion
nto the small bowel in pavents with manfest dumping

ZUSAMMLNIASSUNG

Tme Methode zur Funktonsprufung des Magen Darmkanals  mut  emer besonderen
Kontristmahlzeit wird angegeben I's zeigte sich dass Pattenten die ene partielle Gastreh
tonte ohne dumpeng Frscheinungen hatten  eme durschschnnttich normale Durchgangs
zest des Darmes aufiviesen Patienten mit dumping Symptomen zeigten anfallige Beschleunt
gungszeiten und erhohte lussighertsanretcherung im Dunndarm

RYSUML

Les auteurs déertvent une méthode d étude de la fonction gastrique ct intestinale aw moyen
d un repas opaque spécinl L durée moyenne de 1 évacuition gastnique et du transit de
1Lntestin gréle des malades qur ant subt unc gstrcctomie particile mas nont prs de dumpn”
syndrome cst dans Jes imites normales Maus chez Jes malades qur ont un dumping syndrome
net les deus sont notablement aceélérés ct J grle contient une quantité considérable de
hquide

RITIRENCTIS
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fbrot ¢
Fg 1 No mal pel s¢ lymph nod s of d ferent shapes with small rounded fll_ g defects duc to

2, (patholog & verficat on) a) and <) Early flling stages b) and d) late filling stages (c) and (d)
are of the same ymph ande { Iy cont ast med um)

number and posttion as well as of the normal appearances of the nodes m
these areas 1s encountered The same observation applies to nodes 1n the lumbar
region

%\ormal pelvic and lumbar lymph nodes are round oval or bean shaped
with a shight indentation tn the mlum (Fig 1) The nodes vary m size, and
measure up to 2 emin dizmeter single lumbar lymph nodes may be up to 4 cm
i length but their breadth never exceeds 1 5 cm (Figs 3 and 4) Contrast med)
um enters the nodes through numerous afferent lymphaties that join the lymph
sunus at the perrphery of the lymph nodes flows through the medullary lymph
sinuses 1n streaks and leaves the lymph nodes by efferent lymphaties at the
hilum (Fig 1 aandc) Contrast filling of Iymph nodes s thus achieved centrip
ctally from the peripheral sinus towards the hilum The penpheral sinus of
the nodes 1s often homogenously filled (Fig 2a) but small rounded filing
defects may be observed under normal conditions (Fig 1 2 and b) Rounded
filling defects of vartous sizes are also often encountered 1n the central parts of
normal lymph nodes and therr distnbution may or may not be uniform (Figs

Fg 7 Normal prl ic lymph nodes a) Ho
mogeneou ly filled periph  al sinus cent al
fll ag def cts due to fibrot ¢ area (patho-
log cver ficaton) h) Lag lymph nodes
with large round d filling d f ts due to
fib at c a ca {patholog ¢ v ifcat on) (wa
tersoluble contrastm d um)
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Table
Vaterial of carcinora of the uterne cerre
Correct diagnosis ~ Overdingnoss Correctdingross
proven by proven by mis ed but
proved by
Number Number Miero Climeal  \hero  Chmical  Patho  Climeal
ofcises oflym  scopic  course scopic  course logy  course
pho exm exam
graphies nation nation
Stage 1 19 28 12 15 1 - — -
Stage 11 29 48 22 20 2 1 1 2
Stage 11T 11 16 3 6 — — - t
Stage IV 1 2 — 2 —_ — — -
Total 60 9t 37 43 3 1 ! 9
84 14

topographic rocntgen anatomy of the Iy mphatic systemn theinguinal and peluc
region were described  The mvestigation technique wnd anatomy will therefore
not be described agun 1n detul

Aatertal Lymphography was performed bilaterally i 34 of 60 cases of
carcinomn of the uterine eervix, 26 cses were examined only on the side on
which maligrant involvement was probable climeally The total number of
lymphographics purformed was therefore 94, all of which were techntenlly
adequate for dingnosis (scc Tnble)

Cases of carcnoma of the uterne cervix were chosen beeause the pelvic nd
lower lumbar lymph nodes, where metastatic spread of this type of carcinomt
cn be expected, re well demonstrated by the present techmque of 1y mpho
graphy TFurthermore, extrapentoneal lymph node exciston (GorTov 1953,
1957) ensured histologic control of the roentgenographic findings The roent
genologic dingnosis mn 41 lymphographies was controlled by Iymph node ¢
cision nd 1n the remuning 53 mvestigations the findings were compared
evluated with the chimeal course of the condition (see Table) As the purpos
of the mvestigation was to detect carly lymph node involsement most of the
cases belonged to stages I and II Cases of advanced carcinomn were also €%
ammed 1 order to obtun 1 clear picture of the typical pathologic changes

Seventy seven lymphographies were performed with water soluble contrst
medtn, and 1n 17 lymphographies oily contrast medin (5 mi to 10 ml), 1n c8¢s
only 1n which the former fatled to furnish conclusive results

Normal bmph node anatomy The basic topographic wnatomy of lymph vesscls
and lymph nodes 1n the mguinal nd pelvic regron accessible by the present
techmque of lymphography 1s constant, although constderable varntion 1n the
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¥ 4 “ormal pebae hymphographv m a case of ca anoma of
the uterne cenix tage IT befo ¢ radiation treatment (patholog ¢
venfication) Left Ea Jy stage of the m est g tion The ally con
tast med un passes directly from the affe ent to the efferent rad ation treatment (pathologic
lymphat s w thout demonsirat ng the Iymph node R ght 2+bours ver ficaton) (oily contrast me
!

t The nodes w th th 1 phys olog ¢ fill ng defects are demon dim)
st ated

Fg 5 “ormal peh ¢lymphogram
1n'a case of stage 1 darcinoma of
the utet ne cernix, 6 months after

The roentgenographic structure of the lymphatic svstem before dunng and
2 to 3 months after radiation therapy of circmnoma of the uterine cervix pre
sented no marked vanatton Irradated Iymph nodes seemed to be somewhat
smatler 1n some cases although the lymphattcs show ed no abnormal changesor
were finer than normal (Fig 5}

Water soluble and oily contrast media often pass mn the first stage of the
nvestigation dircctly from the afferent lymphaties through a few medullary
lymph sinuscs to the efferent Iymph vessels of a Iymph node withcut demon
strating the parenchyma of the Iymph node as 2 whole (Fig 4) Water soluble
contrast media diffuse through the parenchyma durmng the further course of
the investigation and 1n late stages may obscure small filling defects Serial
roentgenograms must therefore be taken dunng the whole course of the contrast
wmgecton Mo such diffusion 15 encountered with oily contrast media and filing
defects 1 lymph nodes stand out clearly 1n roentgenograms obtamned 1m
medratels after the mjection {Fig 1,aandc)

There 1s however the possibility that filling defects may be obscured by an
excessine amount of contrast medsum or by contrast filled lymph vessels
situated close to the lymph nodes (Fig 3a) Tw enty four hours after mjection
the contrast medium has passed largely from the lymph vessels into he lymph
nodes and the phyvsiologic filling defects are then more marked particularly
n the region of the hilum and 1n the penipheral lymph sinus (Figs 1b, 3b, 4b)
This phenomenon s due to the fact that the continuous lymph flow cames
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Iig 3 Normal pehic lymphogram in a case of carcinoma of the uterine (ervix stage 1 hefore
radiation treatment 1) Nodes obscured by filled mph vessels in roentgenogram takenimme
diately after injection of aily contrast medium b) 24 hours later only the nodes with their
physiologic filling defects are demonstrated

1 nd 2) These Iatter filling defects are due to areas of fibrotic degencration
that do not t1he up contrast mecdium, such changes were confirmed Tustologie!
ly 1n all inguimal and pelvic lymph nodes without malignant involvement and
may therefore be considercd 2s 4 normal physiologie iy olution of the lvmphatic
system The central parts of these lymph nodes may be totally repliced by
fibross so that lymphatic tissue 15 left only in the periphery of the nodes (Fucns
et coll 1960)

No considerable variation in the lymphographic pattern in different 25¢
groups was observed The lymphatic system ws somewhat better developed
and the lymphatics were broader 1n the younger groups but the nodes were
more numerous than 1n the older groups (Tigs 3 a1nd 4) In addition, ‘physio
logic filling defects duc to fibrotic ivolution were thought to be more marhed
1n the latter The youngest subject investigatcd was of age 28 the oldest 68

years
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Y5 4 “ormal pel ¢ b by w 2 caw of cacanoma of Fg 5 Normalpel _clymphogram
B e B T bt Eradhatio reatment (pathelog ¢ In 3 cas af 125 11 eareinoma of
«erfeatan) Left Early stage of the investication Th "o ly con  the uterme cervix 6 months after
trast mediom passes d recily from the aflerent to the efferent radution treatment (patholog ¢
fymphatics wathout demonstrat ng the lymph node R ght 24 hours venficaton) (oly contrast me
i

ter The nodes with the  physolog ¢ fill g d feces are @ mon & um)
srd

The rocntgenographic structure of the lymphatic system before dunng and
2 to 3 months after radiation therapy of carcinoma of the utenne cervix pre
sented no marked vanaton Irradiated lymph nodes scemed 10 be somewhat
smaller in some cases although the lymphatics showed no abnormal changes or
were finer than normal (Fig 5)

Water soluble and oily contrast media often pass in the first stage of the
imvestigation directly from the afferent Iymphatcs through a few medullary
Ivmph sinuses to the efferent lymph vessels of a lymph node withcut demon
stratng the parenchyma of the lymph node as a whole (Fig 4) Water soluble
ontrast media diffuse through the parenchyma durtng the further course of
the wnestigation and i late stages may obscure small filling defects Semal
roentgenograms must therefore be taken during the whole course of the contrast
jecuion No such diffusion 1s encountered with aily contrast media and filling
defects 1n lvmph nodes stand out clearly m roentgenograms obtained 1m
medately after the injection {Fig 1 aandc

There 1s howerer the possibality that filling defects mav be obscured by an
excessive amount of contrast medium or by contrast filled lymph vessels
sttuated close to the lymph nodes (Fig 3a) Twenty four hours after 1njection,
the contrast medwum has passed largely from the lymph vessels into he lymph
fodes and the physiologic filing defects are then more marked particularly
Ell“h‘hc region of the hilum and 1n the penipheral lymph smus (Figs 1b 3b 4b)

s phenomenon 1s due to the fact that the continuous lymph flow carrtes
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Fig 6 Inlwged metastatic pelsic lymph nodes Fig 7 Inlarged metastatic pehae lymph nodes
with regular contours and rounded central filling with peripheral and central filting defects (water
defects (water solublecontrast medium) a) Casc of  soluble contrast medium) a) Case of carcinomaof
carcinoma of the uterine ceraix stage 11 (patho  the uterine cervx stage IS (indicated by therapid
logic verification) b) Another case ofcarcinoma of  and fatal coursc) b) Case of carcimoma of the
the uterine cervix stage 11 (indicated by the ripad  uterine cenvax stage I1 {pathologic venification)
and fatal course)

1w1y the contrast medium whichis not phagocytized by macrophages of the
lymph nodes or retuned witlun the meshwork of the lymph siuses

Diagnosis of malhignant pathologic changes

A correct dirgnosts of tumor myvols ement was made m 14 of our scrics of 94
lymphographies performed 1n 60 cases of carcinomn of the uterme cervix Sixof
these findings were venfied by extraperitonenl lymph node cxcision, and 8
were proved by the subsequent fatal termmation One lymphography wis
dirgnosed 1s normal, whereas malignant changes were found 2t opcration On
the other hand, mahgnant mvolvement of lymph nodes was diignosed 1 3
cases 1n which only chronic inflimmatory changes were cvident 1t operation
Nme lymphographies 1n chnically rdvanced cases of malignant mvolvemeat
showed no pathologic changes On five occasions, metastatic malignancy
lymph nodes was diagnosed by lymphography, in the absence of positive
chimical findings, 1nd operition revealed the lymphographic dingnoss to be
correct

To summarize 1n a total of 94 lymphographics the roentgenologic dignosis
was correct in 80 ind was miusleading or wrong mn 14 The Iatter included ¢1ses
of carly malignant mvolvement, 1s well s cases with chnieally advanced
mahignant discase but without pathologic changes on lymphogriphy A survey
of these figures 15 given 1 the Table, p 162

The following lymphogriphic chinges were found i the presence of mt
lignant metastatic sprend

1 Cnlarged lymph nodes with regular peripheral contours 1nd rounded
central filling defects (present in 3 lymphograms) (Tig 6)
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Fig 8 Normal s zed metastatic pelvic
Iymph nodes with irregular co itours
due to umor infiltrat on In the pe

wpheral lymph sinu a) Case of car

cinoma of the uterme cervix stage
111 {pathologic venficat on) (water

soluble contrast medim) bj Another
case of carcinoma of the uterine
corvix stage D11 (pathologic verifica

tion) {oily cotrast medium)

2 Enlarged nodes with filing defects m the penpheral lymph sinus and 1n
the central parts of the nodes (found m 3 lymphograms) (Fig 7)

3 Normal sized nodes with irregular contours caused by filling defects
the peripheral Iy mph sinus due to tumor infiltration (seen n two 1y estigations)
(Fig 8)

4 Total mfiltranon of nodes by malignant 1vasions obstruction of theiwr
afferent Iymphaties and the formation of collateral circulation to neighbourning
groups of lymphatics and even to the contralateral side (Fig 9)

Considerable narrowing of the afferent lymphatics close to the pathologic
area was often present this change was ed 1n six M and
was manly evident m cases of advanced malignant disease

Discussion

Certain simportant questions on the actual value of lymphography in the
diagnosis of metastases based on observations made 1n this sertes of mvestiga
tions will be considered

Lxpenimental lymphographic studies by TyjerNERG (1936 1929) revealed
metastatic lymph nodes as enlarged structures with rounded and irregular
filhng defects corresponding to the malignant growth FiscER & ZIMUERMANA
(1929} 1n ammal experiments stmulated metastases 1n lymph nodes by embed
ding polythene balls surgically these were demonstrated as small negauve
filling defects at lymphography These authors as well as Mace et coll (1929)
also showed however that filling defects were not pathognomonic of malignant
discase as they could also be caused by expenmentally produced small ab
scesses in hymph nodes

Several authors (WaLtace et coll 1961, \Movroncuer Do e
RurTivasy et coll 1961 Mareiar c; coll 1961 I\er:'::lset ‘cf)l;}l Ilgg;)’
considered normal and chronic nflammatory lymph nodes to have 2 homo
%:::: reucular pattern Furthermore they have mdicated that che nodes are
b m;r:z::;alcd by oily contrast media 1n roentgen films obtamed 24 hours
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Fig 9 Total obstruction of the supcrficial lateral external
thac group of 1y with coll 1 ¢ throuch
the medial external iliac lymphatics to the contralateral side
Case of carcinoma of the uterine cervix stage 1T (vertfied at
operation) (oily contrast medium}

Our present study revenaled vanously sized filling defects in the centrl 1§
well s 1n the peripheral parts of pelvic 1nd lumbar lymph nodes not ffected
by malignant disease, the defects cannot thercfore be ccepted 18 absolute
evidence of malignant metastatic mvolsement, an opimon that 1s shared by
SueeHAN ct coll (1961) nd FiscHER ct coll (1962) Becnusc the defects re
most prominent 1n roentgen films obtamed 24 hours after mjcction cvaluation
of thesc films together with those obtuined immediately after the mjcction 18 O
importance, the lymph vesscls are demonstrable only in the latter and the
presence of 1 collateral crrculation and of pathologic changes in lymphatics
afferent to the tumor area will be recogmzed only at this stage of the mnvest

gation
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Enlargement of 2 lymph node does not necessanty sigmfy the presence of
rmetasta ¢s stnce normal and chromeally wmflammed nodes may vary in siz¢
and those imaded by a neoplasm nted not necessanly be enlarged Con
siderable lymph node enlargement, with the presence of extensive iregular
filing defects will indicate metastatic involvement  Such appearances are,
however encountered mainly when chmeal signs of malignancy are eudent

\linute filhing defects duc to malignant infiltration cannot be shown by
Ivmphography Gorsrint et coll (1961), n therr roentgen mcrographic
studies 1n which they compared lymphagraphic findings with the corresponding
histologic 1nvesugations, found that small neoplasuc mnfiltrations cannot be
1denufied even by microangiography Since the resohang power of the ordinary
fymphographic techmque s sigmificantly Jower than microangiography neo
plastic mvolvement 1 Iymph nodes cannot be recogmzed until 1t has signif
wcantly progressed

Although the basic anatormeal pattern of inguinal and pelvic lymph nodes
may be constant the number of such nodes that are filled with contragt medium
may vary considerably Failure to d ate one lymph node or a whole
group of nodes cannot be taken as evidence of malignant mfiltration The
differentation of an anomaly from complete obstruction of a lymphatic cham
due to mvolvement with a consequent collateral airculation may be made
from the absence of pathologic lymph vessels and by noting the presence of any

[ varation Displ of lymph nodes and lymph vessels 15 of
Timited value as a dragnostic sign of mahignant mvolvement of the neighbouring
area due fo the anatomical vanation of the lymphatic system In none of the
cases was the dragnosis of infiltration based upon these grounds

The more medsally situated pelvic lymph nodes are not demonstrated by the
present techimque of lymphography 1s mentioned 1n our preliminary report
Thest medial nodes are usually mvolved earhier than the lateral nodes 1
metastate spread from carcinoma of the utenne cervix, and normal pelvic
}y:p:ogrgph\\dlo?s not thercfore cxclude metastases 1n more medially situated
l:t dr:a n: "d’b alignint imvolvement of these nodes may on the other hand

gnosed better chincally than in the more laterally localized nodes Distant
metastases may occut before nodes m close proxumity to the primary tumor are
;y‘\::l;cd gnd this increased the possbiliy of detecting early malignancy 1
ph nodes by lymphography This fact applies not only to carcinoma of the
:lcrlncd&f\ 1< but 10 malignant tumors of other pelvic organs as well Exact
nowledge of the topographic anatomy of the regional [ymph nodes of organs

m which metastaue spread ma
v be expected 15 t
portance P herefore of the utmost 1m

Conclusions
The investigation Teads to the conclusion

method 15 imyged espetially when the early pat the diagnostc value of the

detecuon of metastaue spread to
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lymph nodcs has to be mide The ngh expectations expressed by severtl authors
(Courrrre 1958, 1959, Wavrrace et coll 1961, MouroNGueT DOLERIS ef coll
1961, Rutrvany et coll 1961, RriTTER et coll 1962) scem to be fulfilled
only to 1 himited extent In our series, the rite of crror was approuimately
15 %, "nd the danger of an erroncous dingnosss was particularly real when
clmical signs of lymph node mnvolvement were absent

It would 1pper to the writers that 4 diagnosis of metastases i Iy mph nodes
m be mide with certunty m the presence of complete obstruction of 1
lymphatic chun with 1 collateral circulition, and when cnlwged nodes with
cxtensive peripheral filling deficts tre demonstrted

Lrly metastatic involvement of lymph nodes 15, however, difficult to detect
The rehitively low resolving pow er of the mncroscopic method of b mphographs,
the great varmnion m lymph nodes with thar physiotogic filling defects, wd
the fulure to demonstrate medilly localized pelvie Iymph nodes, which are
often first involved, leds to 1 constderable dingnostic initation of the present
techmque of lymphography The danger of arrmving too readily at positie
conclusions 15 well s of overloohing small pathologic changes 1s appirent dn
weurate Iymphographuc dingnosis of malignant metastases can often only be
mtde when the chmeal findings are already obvious and sndircct roentgen
methods have demonstrated the condition In some cases, however, malignnt
spread to pelvic lymph nodes 1s shown by lymphography when chinical signs
e (bseat or only probable

Although Iymphography 1s more tume consumimng than more conventtonl
methods, such s urography, pelvic phicbogriphy, and cavography, the m
portant fact remauns thit direct dingnostic approaches arce undoubtedly
superor to indirect ones

Turther experience will certunly Iewd to 1 more exact hnowledge of thcY
Iy mphographtic pattern mn early malignant metastitic spread The dingnoss ©
minute Jesions may perhaps become posstble m the future although 1t 1s nong
be expected thrt microscopic changes m lymph nodes will ever be demonstre
by the macroscopsc method of ly mphography

SUMMARY

The diagnostic posstbiliies 1nd limitaugns of lymph phy 1n the d
malipnant metastatic spread in fymph nodes are discussed  Metastases in fvmph nod
cannot be detected chimeally and by conventional roentgen may bed
by lymphography in certain cases

of
es which
ted

ZUSAMMENTASSUNG
Die diagnostischen Moglichkerten und Grenzen der Lymphographie zur Darstellung von
IN wn Lympt werden sk t Lymphk n dic klinisch
und mit den konventionellen R h hoden nicht erfasst werden honnenitt
cewnssen Fallen durch die Lymphographic diagnostiziert werden
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RESUME
Ies imtes de 1a lymphographte pourt le
Les auln:[r! élu:ilcnl les pcssl}):lxl& dlag::‘.‘;)f e':a S Jim 1 ypcmﬂ aphie pour le
es

ey denee des métastases ganghonnares dans des cas ou la chmugque et les examens radiologiques
habutuels 3 avcrent mpuissants

Addition 1n proofs

Synce the arncle was submitted the sesults presented have been confirmed
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HERNIATION OI' A STONE-FILLED GALLBLADDER
THROUGH THE DIAPHRAGM

by

R L Fisene and E M JoeL

It 15 well known that nearly 1l the abdomimal organs may hermate through
the dinphragm Hernintion of the stomnch, colon, omentum or small intestimes
1s furly common but hernition of the splecn, pancreas or hidneys1s rare wd no
case of hermation of the gallbldder through the diaphrigm would appear o
have been reported

Case report

Woman aged 58 with 6 months history of severe colicky pawn m the right hypochondrium
The attacks lasted a few days and recurred several imes usually following fried or fatty fi
they were not accompanied by jaundice or fever Routine roentgen examination of the chesta
year previsously had revealed no abnormality

At roentgen exammation of the stomach and colon the findings were normal At chole
cystography no evidence of gallbladder function

Cholegraphy The gallbladder was again not filled and the hepatic ducts were not demon
strated Films of the chest disclosed a rounded apple sized soft tissue mass 1n the nght anferior
basal zone This changed in character from one examation to another at times appering
demarcated and apparenty encapsulated (Fig 1) The mass was in fact the gallbladder (Fig 1b)
Furthermore 1t was filled with stones (Fig 22) The common bile duct was not obviously
abnormal but the cystic duct was stretched Contraction of the gallbladder after a fatty meal

proceeded normally

Subnmtted for publication 10 September 1962
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Fet a7 unded wellad fined snft ssur mass adjacent 1o the medastin_ m wath the crescent of a
(e pute beyond 1t by Lateral view The rounded ma s in the right ca dicphrentc sngle

Fig 2 Intra cnous ch leg q)

meperneun GasTiled sat (artows; an antenor part of thorax and belaw it the Slled galloladder

phy Malt (1 ealeulin an abnormally nitwated gallbladder by Preu
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Fig 3 Rught lteral decabitus and prone positions The stone filled gallbladder (after cholegraphy and
pneumop ritoncum) within the ditphragmaue hernial sac

A pneumoperitoncum was performed in order to decide whether the gallbladder lay 1 2
bulge of 1 normnl diaphragm or passed through an aperture 1 ¢ 1w a hermal sac Tollowing
the simultancaus tajection of 1000 ml CO, 1nto the peritoneal ety duning cholegraphy the
spleen and liver as well as both cupolas of the diaphragm were well scen A gap about 3 em
wide through which the gas passed into a sac of the shape and size of the gallbladder was
cvdent 1n the anterior portion of the diaphragm belund the sternum to the night of the md
hine (Fig 2b) By changing the position of the patient 1t was possible to move the gallbladder
from the herntal sac in the left lateral decubitus and erect postures and return it to the hermal
sac in the nght lateral decubitus Trendelenburg and prone positions (Fig 3)

Operation. The 1bdomen was explored through a night subcostal incision The gallbladdcr
was rotated on its axis with 1ts fundus located m an aperture about 5 cm long and I em wid¢
between the cartilages of the 6th and 7th ribs and the diaphragm on the nght side The gall
bladder w1s delivered from this opening into the abd 1 cavity a mesentery 2 cm wide
and 4 cm long that was attached to its neck and provimal part leaving the distal part frec
and mobile The ety 1n the chest was covered by subperitoneal fat continuous on the medial
aspect with the fat of the hgamentum teres and was Jined by a serous membrane This $3¢
extended mnto the anterior medhastinum and could be eastly returned to the abdommnal cavity
The sac was excised At 1ts nech and the gap was closed  The left lobe of the Iiver was unusualty
small and mobile The cystic artery and duct were rdentificd ligatured and cut and the gall
bladder was then removed

The recovery of the patient was uneventful

Duscusston
According to TELDMANN (1958) the ncidence of protruston of an 1bdominl

viscus 1nto the thoracie cavity through 1 congenital diphragmtic defect 18
007 per cent In the majority of these cises the hernin is situnted 1n the pos
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terior portion of the left draphragm the hver rendenny, the night side Tess able
(o hermation These case are generally fatal i infancy unless aperated upon
w tume They mav however, remain veeasionally symptomless until tater mn
Uife Barkiasb {1959) found that m the penod between 1823 and 1959 only 34
cases of adult posterolateral congenital diaphragmatic herma were published

On the other hand, wm retrosternal or anterior diaphragmanc or subcosto
sternal diaphragmatic hermas, so-called hermaven through the foramen of
Morgagm % would appear that symptoms of any kind even munor ones,
scldom occur during mfancy or childhood Many cases probably remam
svmptoriess throughout hfe The man reason for this seems to be the faet that
wn posterolateral defeets free communication between the pleural and pento
neal cavities exsts whereas 1 retrosternal herniation the pentoneal cavity
becomes sealed from the pleural casity be a perstoneal sac Frve cases all on the
right stde and m women, 4 of them over 60 years of age were reported in
Hunter s excelent seview (1959) of herntas through the foramen of Morgagm
The herma in the present case was on the nght side and the patent first
compiuned of symptoms 1n her 59th year It should be noted however, that the
herma was apparently symptomless and was an mnadental finding 2s the
symptams were referable to a normally placed gallbladder

MeCrea (1951) reported a case of hermation of the gallbladder through the
forvmen of Winddow o the lesser omental sac A few cases are recorded of a
subcutancous galibladder contatming stones and presenting a pawnless mass in
the i, ht upper abdomunaf quadrant A galibladder has also been found 1 an
mgumal hermal sac The present case appears to be the only one encountered
of hernaugn of the gallbladder through the foramen of Morg igny
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Fig 3 Right hteral dec abitus and prone powtions The stone filled gallbladd r (after cholegraphy and
pncumop ritoncum) within the diaphrigmatie hernial sac

A pneumoperitoncum was performed 1n order to decide whether the gallbladder I na
bulge of a normal diaphragm or passed through an aperture 1 ¢ 1na hernial sac Tollowing
the simultancous myection of 1 000 m! CO, 1nto the penitoneal eavity during cholegraphy the
spleen and liver as well as both cupolas of the diaphragm were well scen A gap about 3 em
wide through which the g2s passed mto a sac of the shape and size of the gallbladder was
cvident 1n the antertor portion of the iaphragm behind the sternum to the nght of the mid
lme (Iig 2b) By changing the position of the prtient 1t was possible to mose the gallbladder
from the hernial sac in the left lateral decubitus and erect postures and return st to the hernal
sac m the nght lateral decubitus Trendelenburg 1nd prone postions (g 3)

Gperation 1 he abdomen was explored through - right subcostal inesion The gallbladder
was rotated on 1ts axis with 1ts fundus located 1n 1n aperturc 1bout 5 cm long and 1 cm wide
between the cartilages of the Gth and 7th ribs and the draphragm on the night side The gall
bldder was delivered from this opening into the abdemmal cwity a mesentery 2 em wide
and 4 cm long that was attached to 1ts neck and proximal part leaving the distal part free
and mobile [he cavity n the chest was covered by subperitonenl fat continuous on the medual
aspect with the fat of the igamentum teres and was hned by a serous membrane [us sac
extended into the anterior mediastinum and coukd be casily returned to the 1bdominal cavity
The sac was cxcised at 1ts neck and the gap was closed The left lobe of the liver was unusually
small and mobile The cysuc artery and duct were idennfied hgatured and cut and the gall
bladder was then removed

The rccovery of the pauent was uncventful

Discussion

According to 'eLDMANN (1958) the incidence of protrusion of an abdomimal
viscus mnto the thorcic cavity through 1 congenital dinphragmatic defect 1s
007 per cent In the myority of these cases the herm s situated 1n the pos
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MUSCULAR SUBVALVULAR AORTIC STENOSIS
Abnormal anterior mitral leaflet possibly the primary factor
by
P Fr< A Mosere, H Sopereerc and | KARNELL

Subvalvular aorue stenosis may be of two types The first which has long

been recognized 15 charactenzed by a fibrous ning situated about 1 cm below
the aortic cusps (Gourp) and 1n the majonty of cases, 15 1n the nature of a
<ongenital malformation This type of subsalvular stenosis should be hemo
dynamieally identical with vahular aortic stenosts The second type first
described by Brock (1957), Teare (1958), Bercu et coll {1958) Morrow
et coll (i959) BracurieLp et coll (1959) has frequently been referred to
dvning the last four y cars The cond Beh 1zed by a localized muscufar
bulk i the ventricular septum protruding 1ato the outflaw tract which 15

thought 10 cause the subvahular stenosis Various names have been used for
the condition such as functional aortic stenosis {Mozrron & BRAU'N’WALD)
asymmeine hypertrophy of the heart (Houtwmax et coll ) obstructive cardio
myopathy (Goobwry et coll } and pseudoaor

G stenosts (Beraw et coll )
Museular subvaleular aortic stenosis 1s o

[ great nterest because {1} the
pathalogy up to recently has hardly been r gnized and the path
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LAVR g oy, Be ow)izam



176 R E TIISCHEL AND E M JOEL

RTTLRLENCLS

Brvanan J A W Hernsuon through congental diaphragmate defects Bt J Surg 4
(1959), 1

Carrry Jons Pediatric \ ray diagnosis 3rd edion p 221 Ycar Book Publ Chicago 1926

I'eipyav Maurier Chimic Roentgenology of the digestive tract 4th editron p 513 Wilhams
and Wilkins Baltmore 1958

Guongere C T Anomalies of the night dome of the driphragm — report of two unusunal
cases Acta radiol 37 (1902) 253

Gupjoss T Bewtrag zur Hernin diaphragmatica parasternahs Eortschr Roentgenstr 7
(1952) 330

Huntir W R Hermation through the foramen of Morgagm Bt J Surg 47 (1959) 2

Kira1anp Jamcs A Congenital diaphragmatic herntn i the adult Brt J Surg 47 (1959
6

Mc Crra Asprcw N Hermiation of the gall bladder through the foramen of Wanslow
Brit J Surg 38 (1941) 386

RiTvo and Pryersr~ Parasternal diaphragmatic hernin Amer J Roentgenol 52 (194) 599

Stasks S C Iextbook of \ ray dingnosis Vol 3 3rd ediion H K Lewss Tondon 198



MUSCULAR SUBVALVULAR AORTIC STENOSIS 179

Table 2

Number Case numbers

of cases
D ca  at rest 3 a10 12
g on exertion 8 123567811
Precord al pain (on exert on} 5 23578
Facgu on exert on 5 12378
Arrhythmia 6 37891012
Syncope 3 389
o symptoms 1 +

side by the Jonssow Bropew & RARVELL method Only one catheter was
used mn the examination of the left side of the heart The pressure was first
measured 1n the ascending zorta and then after a short interval m the left
ventricle there was no sumultaneous pressure registration from the aorta and
the left ventricle by means of an extra aoruc catheter The authors are anare
that even shght vanations 1n cardiac output may change a pressure gradient
between the aorta and the left ventricle but despite this believe that 1t was
possible to assess the pressure gradient durng these mvestigations It 1s also
worth studymng the aorttc pulse curve 1n relation to the pressure curve from the
left ventncle, stmultancous registration would have been valuable for such
anamvestigation ‘The curves from the rorta and the left ventnicle were however

inscnibed upon each other 1n corresponding periods of time, the ECG registered
1 all the curves being used as the base

Table 3
Case M rmur Blood pressure Electrocardiography
hythm QRST

1 Systol ¢ 13070 Regular Small LBEB

2 Systol ¢ 123,80 Regular LV straim

3 Systohe 120 80 Regular L\ stram
ES

4 Systohie 130/70 Regular LV st am

5 Sysol ¢ 135,80 Regular Part RBSB

[ Sy tohe 17080 Regular Small L\ stram

1 Syl e 13280 Regula “ormal
Parox fibr

E Sywle 132,90 Regular L\ stran
Parox, fbr

9 Systolie 130 80 AV block 111 L\ stram

© ot Total A\ block

ystohic 108> Parox. tachycardia RV stran
" Sy tohic 160 90 R gular 1\ stram
IS Sywal ¢ 200 103 Fitmll L\ strain
LOPB ROPD 11t nghe
fhrn morn L ght bundl branch block L\ R\ siran

= left nght vemtricutar stran
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Table 1
Case  Sex Age at ex Sympt since Heart side Site of Ageat  Remarks
ammation  age of catheterized  contrastan death
I = left Jection
R~ rght
1 m 28 cheldh I +R PA 30
Asc Ao
2 m 43 36 I +R Py 43 Died post
In operatively
3 T 32 29 I +R n
4 m 36 asympt I +R n
5 r 18 14 L+R I
n
6 m 24 childh I +R LR
I
7 m 51 25 I +R P
I
8 m 43 40 I +R 1\
9 r 42 30 ncompl 1
10 m 67 50 67 Died from
noncardiac
disease
1 m 43 25 incompl 43
2 m 6 50-60 7 Died from
noncardac
disease

remans obscure, (2) 1t 15 difficult to dingnose, (3) sudden death 1t an early
1ge may occur, 1nd (4) efforts to correct the condition surgically hive hitherto

not been very successful
The present nuthors hve examined 12 cases of musculr subvaly ular aortic

stenosts 1nd arrived 1t conclusions that may pomt to the pathogenests and
consequently be of v ilue mn the surgical treatment of the condition

Material

The material of 12 cises was investigated between 1953—1961 The se%
age 1t the first symptoms, and 1t eximunaton, 15 well s the myestgrtions
performed, 1re shown n Table 1

Symptoms Since the symptoms re well recogmzed they are given m tabular
form only (Tnble 2)

Stgns The murmurs and blood pressure 1s well 2s the I'CG changes are shown
1n Table 3

Catheterization Heart catheterization and angrocardiography were pcrformed
on the left ssde according to Hansson, Jonsson & RArNFLL and on the night
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Table 2
Number Case numbers
of cases
10 17
Dyspnoea  at rest 3 9
on exertion 8 123567811

Precordiat pain {ontxertion) 5 23579
Fat gue on exert on > 12378
Arthythmia 6 37891012
Syncope 3 389
o symptoms 1 4

side by the Jonssov Bropev & harNerL method Only one catheter was
used 1n the examination of the left side of the heart The pressure was first
measured 1n the ascending aorta and then after a short interval 1n the left
ventacle there was no smultaneous pressure regstration from the aorta and
the left ventricle by means of an extra aortic catheter The authors are aware
that even slight varzations 1n cardiac output may change a pressure gradient
between the aorta and the left ventricle but despste this believe that it was
possible to assess the pressure gradient duning these myvestigations It 1s also
worth studying the aortic pulse cur ¢ 1n relation to the pressure curve from the
left ventricle simultaneous registration would have been valuable for such
anunestigation The curves from the aorta and the left ventricle were however

wsenbed upon each other in corresponding penods of ime  the ECG registered.
1n all the curves being used as the base

Table 3
Case Murmur Blood pressure Electrocardu graphy
Rhythm QRST
1 Systol ¢ 130/70 Regular Small LBBR
2 Systolic 12580 Regular LV strain
3 Systolic 120 80 Regular L\ stran
ES
4 Systohie 130170 Regula LV stram
5 Systol ¢ 135,80 Regula Part RBBB
€ Systel ¢ 120 80 Regular Sman IV strain
7 Systol ¢ 135,80 Regula Normal
Parox fibr
8 Systol ¢ 13590 Regular LV siran
Parox fibr
9 Sptlc 130 80 A\ block I 1T LV stran
" Total AV block
Systol & FALE 2N Parox tachycard a RV stram
n Systolic 160,90 Regular LV stras
12 Systol ¢ 2001103 F omlt Ly ;u::
LGB REPR

1 ft nght by
ES exra ysols gl undie b anch block LA R\ stram = Teft nght ventr cular stran
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"JL“\W ECG

\ . Aoclic
pressure

Left ventr
pressure

Subclav art

volume
Fig 1 DPreswure curves from the aorta and the left ventricle and
a subclavian volume pulse cunve in a c1se of muscular subralvular
aortic stenosis {left) Corresponding curves from a ease of val
sular aortic stenosis are given for companson {night) The 1CC

15 taken with a speaial lead duning the catheterization to show
only the beginning of systole

Results

Chtheterizauon and anmiocardiography were cirned out 1 Cases 1 te 8,
1n Cases 9 1nd 11, cathetenizanon was begun but was discontinued on account
of scrious arrhythmia that arose when the catheter passed the right ventricle
Onec of these subjects died (Case 11) and the other, who survived, developed
2n Adam Stokes syncope following total heart block

The anatomicnl conditions 1n Cases 2, 5, 6, and 7 made it difficult to manip
ulate the catheter tip to the base of the left ventricle without nisk, n 1ngo
cardiographic demonstration of the changes was, however, made even though
4 pressure gradient was not recorded A systolic pressurc gradient of 40 to
117 mm Hg was registered 1n the other four cases

The following obscrvations were made on the basis of the pressure curves
from the aorta and the left ventricle mn Cases [, 3, 1, and 8 i which the catheter
passed the stenosts and a gradient was recorded The curves were of identic?
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Table 4
heterezation pressures
Case Cad ot Catl
alcBSAm LY sptienddiast  Asctosps/ RV Pa PCU
m Hg dstmmHg ss s mea

1 910 640 186/32 115{71 34 18 ::
2 1020 640 131520 13188 - -

3 9801520 M4t 100,60 47 12 2] 12
4 gl0ie30  130/16 90/50 10 30
H 76030  126)> 126170 N 1 14
6 780360 10713 103/53 74 1 -
7 1100,50 131> 128/53 28 25 1,‘2
8 1080 19013 870 30 33 4
9 680 410

10 1 0904700

i 131067

1 el ged

shape n all the cases (Fig 1) Anncisurawasnotedin the maddle of the steeply
ascending limb in the ventncular curve alter which the cunve contmued to
nse though less steeply The aortic cunve ceased to ascend at the incisura and,
the aortic pressure then fell continuously down to the dicrotic mcisura which
marhs the closure of the aortic cusps Maximum pressure was thus constderably
earher in the aortic than 1 the Ventncolar curve

A small pressure gradient was observed between the night ventricle and the
pulmonary artery in at least three of the cases (Cases 1 5 and 7} 1n two of
these {Cases 3 and 7) the curve registered was symlar to the one descnbed
above although less promment The gradient was small and probabls without
magor hemody namic sigmficance

The PCV was on the upper normal hmit 1n 3 cases and m 3 cases obviously
abnormal 1t was normal in 1 case and 1n 1 case 1t was not registered An
creased end diastohic pressure was regstered 1n the left ventnicle 1n the cases
sn which the PO\ was wnereased The aortic pressure was normal 1n all cases
{Table 4)

Volume pulse recording was performed i four cases Plethysmographic
secordings from the fingers and toes 1n 2 cases (Cases 3 6) revealed no patho
fogic changes Subclavian pulse curves were recorded m 2 cases {Cases 3 8)

in Case B the curve was techmically unsuccessful and m Case 3 1t was of an
unusual type that was re

produced several ttmes during an obsenation period
of four vears (Fig 1)

Poentgenalagy Connvenuional roentgenograms of the heart revealed enlarge

ment of the left ventncle and left atnum m all cases No calcifications in the
aortic valve area were visible

not was there any evidence of post stenotic
dilatation of the ascending aorta ’ P °
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T'ig 2 Angiocasdiographic and schematic appearances of muscular subvahvular aortic tenosts (lateral
view) mud systole MB — muscular bulk  AML stands 1mmediatch to the rght of the lme ndi
cating the antepior matral Ieaflet

The 1natomy of the left ventricle was studied by angiocardiography The
ventricular wall was generally thichened and the lateral wall yared between
13 and 20 mm Both the papillary muscles and the trabeculae carnete were
hypertrophic The nortic cusps were normil and the coroniry Arterics were
widened 1 all cases

A varying stenosis was observed below the nortic cusps n the outflow tract
which hd  the ippearance of 1 cone, the base of which faced the rortic cusps
This stenosis was most marhed 195 to 31 mm below the nortic ostium The
anterior part of the stenosis was formed by 1 thick bulk 1n the ntenor septal
put of the ventricular wall This bulk protruded 1into the left ventricle
and wn1s thickest 1 Inte systole The postertor part of the stenosis w1s
formed by the anterior (aortic) mtral leaflet which protruded morc than
normnlly, 1 part of the leaflet produced 1 bulge 1nto the outflow tract in ventric
ular systole The apical part of the leaflet was less mobile than usual m most
of the cases The stenosis was most marked 1n late systole, but remuncd untl

the end of the dinstohc phase (Figs 2 and 3)
The anterior mtenl leaflet seemed to be fixed more medially and anteriorly
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[ | |9 k

e b i
Fig 3 \ngiocard ographi_and

sch matic appearances of muscula_subvalvular aortic stenons (lateral
B e D = mu.cula bulk ASIL stands immediately 1o the night of the hine indicating
h anterio mut al leaflet

than normal i Cases 4 and 6 Regurgitation of contrast medium to an enlarged
left atrium was noted i Cases 3 4, 6 and 8

The posterior part of the stenosts, s ¢ the antenior mutral leaflet, was measured
1n the roentgenograms 1n all the cases These measurements were made from
the lower edge of the onfice of the left coronary artery to the edge of the
mutral leaflet reference pomnts selected in order to obtamn fixed measuring
pomts Corrections for the bulging shape of the leaflet were not made This
means that the measurements taken for the length of the antenior mutral leaflet
were mmumal The maumum and mummum widths of the stenoses and the
tength of the tntenor mtral Jeaflet are grven in Table 5 Simular measure
ments 1 a number of cases inyestigated for conditions not 1avoluang the matral
or aortic ostia (control cases) are gnen for companson

Fathole v Six subjects died A post mortem examination was not permtted
w Case 2 bot autopnies were carried out on Cases 3, 9 10 11 and 12 The
heart presented similar changes with only minor detailed varsations 1 all
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Table 5
Cases Width of stenosis in mm T ength of anterior
Min Max mutral leaflet in mm
1 9> 230 47
2 1o 155 43
3 35 155 33
+ 62 195 31
5 a5 172 3
G 220 310 47
7 155 270 35
8 10 220 13
Mean values 108 213 39
Mean value of control cases 24

All values are corrected for geometrical distortion caused by dinergence of the roenigen rays

cases Marked hypertrophy of the left ventricle and dilatation of the left atrum
were observed but the right ventricle was not mvolved 1n any of the cses The
nortic cusps were normal or only shightly atheromatous A large muscular bulk
protruded 1into the left ventricle some 15 to 2 cm below the nortic cusps
At ats thickest part thus bulk was about 3 cm, while the myocardm of
the left ventricle was generally less than 2 cm 1n thichness The bulk was
locahized to the ventricular septum, and 1n the transverse section was Almost
tringular in shape Gases 1, 9, 10, and 11 had changes 1n the ntertor mmtral
leafiet, the leaflet was thickened 1n Cases 1, 9, and 11, and 1 Cases 1 and 9
the chordne tendincre were also shghtly thickened (Ing 4) The postenor
mutral leaflet was shightly thickened 1n Case 1 but unchanged 1 the other
c1ses There was no rdhesion between the Ie lets, and the mitral ostium was
of normal width The medinl part of the anterior mitral leaflet had fused with
the ventricular septum n Cnse 10 ind as 1 result of this the leaflet was displiced
medinlly The mensurements and weights of the hearts i the mdidual cases
are given in Table 6

The length of the anterior mutral Ieaflet was measured i two of the cases
by takmg the distaince between the root of the leaflet 1t the annulus fibrosus
and 1ts edge (leaflet length) The length of the chorda tendinac from the edee
of the leaflet to the anterior papilary muscle was nlso measured (chordt
length) Smece no mformaton on the length of the normal mutral leaflet was
found 1n the avaulable iterature control measurements were caried out on
a series of thirty subjects who had died from other causes (control cases)
These latter measurements were taken at the post mortem examination while
the hearts of the two subv ilvular cases were fived 1n formalin Maternal fined
1n formalin has 1 tendency to shrink and 1t 1s thus possible that the measure
ments in the subvalvular cases were less than they would have been 1fmc1sure¢}
during the post mortem examination The weight of the heart in the control
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Fg 4 Muscular subval ular aoruc
stenosis The myoea dium 1s cons 4
erably theker 1 the sepal area
than at the apes Th ckencd anteros
s wwal le fetand chordac tenduncac
Th thickened endocardwum over the
muscle bufk 15 probably caused by
increacd p essurc from the blood
stream

cases varied between 210 and 785 grams with an average werght of about
460 grams The results of these measurements are shown 1n Table 7

The coronary arteries mn all cases were only shghily artenosclerotie The
myocardium was firm with accasional whitish spots of about the size of nce
grains There was a peculiar malformation on ene of the pulmonary cusps 1n
Case | the postenior cusp having a short but thick papillary muscle (Fig 5)
the other pulmonary cusps were normal No changes were observed mn the
remarming cases on the right side 1n the cusps or leaflets and there was no evi~
dence of any other malformation of the heart

Congesuon in the other organs was noted in all cases Case 1 had cirrhosis
of the lner and Case 10 emphysema an old carond thrombus and minor
cerebral softenings (status lacunarss) Case 12 had recent extensive softening
of the brain

Histologie examination of the myocardivm revealed a number of small
thffusely spread connective wssue scars The muscle bundles particolarly 1n
the muscular bulk were thicker than normal and appeared to pursue an 1r
regular course but no tumour structures were observed Sections from the an
tenor mitral leaflet showed newly formed connective tssue but no traces of
wihmmation No Aschoff bodics were evident in the leaflet or myocardiem
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Table 6
Cases Heart weight ¢ Septal bulk thickness em  \Myocardial thickness cm

1 510 4 2

9 425 135 1
] 425 - -
n 815 3 15
12 815 37 17

Discussion

It would appear to the authors that the dingnosis of this condition can only
be established through heart catheterization and angrocrdiography The nishs
miolved n cathicterizitron, however, should be borne m mnd There have
been several reports of serious arrhy thmin, 2 compheation that 1s most common
durtng the intraventricular passage of the catheter on the left side There were
some c1scs of serous arrhy thmi in our material and we have hid one fatality
during the passige of the catheter through the night ventricle but wehne
only noted extra systoles during the catheterization of the left ventricle

An exact diignosis 1s necessry 1n these cases n order ta noid thatsurgery
1s performed 1n the belief that valhular stenosis 1s present The creased rish in
curred 1n catheterization would therefore wppenr to bejustified Ifthe catheter
does not p1ss the stenosis rexdily, no undue force should be 1pplied 1nd nglo
cardiography with the catheter tip 1bove the stenosis should be performed
We arc uncertun whether another type of cathetenization rmght be of greater
advantage, eg transseptal or the percutaneous left ventricular puncture
we have no personal experience of these methods

Roentgenology  The positive findings 1n angiocirdiogriply  that mdicate
muscular subaortic stenosis are characterized by

1 Varying stenosis i the left ventricle 20 to 31 mm below the ortic ostum,

2 Ring Iike hypertrophy of the musculiture corresponding to the septal
and antertor part of the left ventricular wall,

3 The postertor pirt of the stenosts consists of the anterior mutral leaflet
which m1y be (1) clongated, (b) thickened, (c) less mobule, (d) more bulgmg
nto the outflow tract

Table 7
Leaflet length Chorda length ~ Total length
mm mm mm

Case 1 30 28 58

Casc 11 25 24 49

Mean values of control cases 23 1o s
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Fig 5 Cas 1 Papillary muscle 0 one of the pulmonary cusps

Further diagnostic evidence might consist in
Regurgitation to the left atrum which 1s enlarged
Hapertrophy of the left ventnicular wall
Hypertrophy of the papillary muscles

Widened coronary vessels

Absence of calaifications 1 the aortic cusps

o post stenotic dilatation of the ascending aorta

@ o N QL

Catheterr.alion No systohc pressure gradient between the aorta and the
ventricle could be recorded 1n four of the eight cases A second pressure re
cording was made 1 one of the cases before operation this revealed a large
sustolic gradient and 1t 1s probable that the first result was obtamned from a
catheter posttion above the stenosis The absence of a gradient 1n the other
three cases might thus have been due to a techmical mustake 1¢ the catheter
might not have passed the stenosis Another explanation may have been that
one of the side holes in the catheter was located above the stenosis A false
dingnosts may thus be made sf angiocardiography 1s not performed

Studies of mfundibular pulmonary stenosis (RopBARD & StaFFEr 1926
Jownson 1953) have revealed pressure curves of the same type as in the present
cases These authors obsersed that the contraction of the infundibulum, which
occurred later than did the rest of the nght ventncle appeared at the same
time as the pressure fallin the cunve from the pul y artery The
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Table 6
Cases Heart weight g Septat bulk thickness em  \yocardial thickness em

1 510 4 ’
92 42, 15 1

10 425 - -

1t 815 3 15

12 8lo 37 17

Discussion

It would 1ppear to the thors that the diagnoss of this condution can onb
be establishied through heart catheterization and angiocardiography The mshs
mvolved 1 cathetenization, however, should be borne m mind There hase
been several reports of serious trrhy thmra, 1 complication tht s most common
during the intraventricular passige of the catheter on the left side There were
some cases of serions 1rrhythmin m our material and we have had one fatahity
during the passage of the catheter through the rght ventricle but we hne
only noted estra systoles during the catheterization of the left ventricle

An ovaet dingnosis 1s necessary 1n these cases 1 order to 1void thatsurgery
1s performed 1n the belsef that valyular stenosis 1s present The mereased rish in
curred m catheterization would therefore appenr to bejustified Ifthe catheter
does not pass the stenosis readily, no undue force should be apphied nd angio
cardiography with the catheter tip tbove the stenosis should be performed
We are uncertun whether nother type of catheterization nught be of greater
advantage, ¢g transscptal or the percutincous left ventncular puncture 3
we have no personal expertence of these methods

Roentgenology The positne findings 1 angiocardiography that mdice
muscular subiortic stenosis wre chircterized by

1 Varying stenosis m the left ventricle 20 to 31 mm below the agrtic oshum,

2 Ring like hypertrophy of the muscuiature corresponding to the sept)
and anterior part of the left ventricular wall

3 The postertor part of the stcnosis conssts of the ntertor mitril Jeaflet
which may be (1) elongated, (b) thickcned, (c) less mobile, (d) more bulging
to the outflow tract

Table 7
Lenflet length  Chorda length  Total length
mm mm mm

Case 1 30 28 58

Case 11 25 24 49

Mean values of control cases 23 19 42
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that was synchronous with early systohc gection The \O\umel agam mcrea:leld
slightly towards the end of systole a continuous INCrease 1n vo! un;e ISA m&n;n 31
followed by a decrease i the latter part of systole and 1n diastole elay e
cunve 15 seen in anatonucally mgid stenosis of the valvular or fibrous
subvalvular type (Fig 1) and 15 the result of the continuous resistance to
\entricular output from the very begimmng of the sy stole and the mode of actton
of the left ventricle dunngsystole The curve described m muscular subvalvular
aortic stenosts 1s difficult to explain but agrees with the assumption thata con
traction with stenosis of the outflow tract commences . mud systole

Both pressure and volume pulse curves thus differ 1n muscular subvalvular
aortic stenosts from those found 1n anatomcally ngid stenosis and constitute
an important differential diagnostic sign

BROCKENBROUGH et coll observed the artenal pulses following extra systoles
Decreased pulse amplitude 1n the systole following an extra systole was noted
1n cases of muscular subsalvular aortic stenosis but 1n normal cases and 1n
cases of anatormically nigid valvular or subvalvular stenosis the pulse amplitude
mcreased The condition 15 explamned by Starling s law  After an extra systole
with a compensatory pause the left ventucle mereases 1 volume on account of
the prolonged diastole The next strokes begin with greater diastolic volume and
the contraction 1s thus more powerful Since the stenoss 1s of 2 muscular type,
obstruction to the output mncreases even further and subsequently the pulse

hitude d This ph may also be an explanation of the

d 1n cathetenization of muscular subaortic stenosis The
authors did not succeed 1n registening the pressure in connection with extra

systales 1n any of their cases but the phenomenon may be of importance 1 the
differential diagnosis

mcreased nsk involve

Pathology  All the cases p d the typical pic appearances of a
thiek muscular bulk situated in the ventnicular septum Tt must be remembered,
howeser that the identification of subvalvular aortic stenosis of the muscular

type 1s difficult and 1t 15 probable that a certain number of cases with this
condition can never be d; 4

P ton Of major 1n
portance 15 whether the heart stops 1n diastole or systole and the degree of

ngor mortis \Morraw & BrauvwALp deseribed cases that on well founded
tndications had been operated upon for presumed aortic stenosis  cardiac
arrest was enforced n diastole dunng the operation and no changes were
found cither 1n the aortic cusps or m the outflow tract

The macroscopic appearances 1n this form of subsalvular aoruc stenosts

are renviniscent of the changes 1n alarge heart mn cases of systemic hypertension
m which a muscular bulk the charactenstic positton s also observed Brocxk
has described three cases which developed subualvular stenosis dunng pro
tracted treatment for hvpertension and we also believe that subvalvular stenosis
may anse from systemic hypertension

It s hardly possible 1o distinguish these
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between the pulmonary artery and the night ventriele 1t the end of systole was
constricted, 1 other words, the stenosis successively ncreased dunng the
contriction of the heart muscle The ruthors cited re wched the concluston that
the nctive contraction of the hypertrophic infundibulum was the cause of
the stenosis and the pressure gradient

Ihe curves wd the angiocardiographte observations scem to ndicate that
the s1me conditions prevml in muscular subs alyular ~ortic stenosis The course
of eyents m1y be described as follows

A ventricular contraction tahes place 2t the beginming of systole m the
usunf way This brings «bout the opening of the rortic cusps, and ejecuon of
blood 1into the 1ortn commences normally No stenosis scems to cust in culy
systofe \nd the course of the pressure curycs from the 10rt1 nd the left ventrcle
wre idenuicd The pressure cunve from the ventricle rises nd the cune from
the nort Nills 1t the tme when the constriction of the outflow tract becomes
maamai In the rountgenograms from midsystole the outflow tract s seen 10
contrict and, At the same time s the septnl part bulges nto the mtenor patt
of the conus, the anterior nutral leaflet bulges m from behmd A successne
constriction thus tahes plice stmultancously with the cardine contraction
although 1n this phase the contraction 1t the apey 1s not yet entirchy completed
These obstrvations hnve been made m + number of rocmgenogrims nd MYy
explun the tvpical pressure curscs obtuned Pressure curyves in cases of valular
aortic stenosts are different, as the pressure maxaamum appenrs synchromecally
1bove 1nd below the stenosts, this masimum s delayed 1 relation to the be
ginmng of systole 1in both curves (see g 1)

The wrters consider that the mode of contraction 1 musculn subvahular
1ortic stenosss, with 1 successively Appenring constriction of the outflow tret
by musculir contraction, 1s charactenistic of the hemodynanics of this condy
ton

A septal hypertrophy of thus typc my also be expected to affect the ¢:Ol‘r(’—s
sponding part of the nght ventricle, 1 ¢ the mfundibulum The septam fU]”"
the wall hetween the night 1nd left outflow tracts and, when hypertrophics
mAy protrude on both sides BRAUNWALD et coll found severnl cases of bilaterd
stenosis m thar material of muscular subtortc stenosis The present 1uthords
were ble to show munor pressure gradients between the night ventnicle a;xc
the pulmonary artery in three of therr cases, i two of these the course oflll
curve wis similar to those on the left side of the heart, indicating sumitit
dynamics A post mortem eximmation wis performed s one of the c“cz
(Case 1) but 1t 15 doubtiul whether the findings evpluned the curves that wert

rved
Obj{: prthologic mode of contriction of the left ventricle me s that 2 ch‘m?C
1n the volume pulse curve may be expected This was confirmed 1 the on{
ease 1n which 1 techmeally satsfictory subclivitn curve was rcglstcrdmfc
rapd fall i volume the middic of systole was recorded after an mtnd W
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descrbed two cases m which this leaflet was abnormally placed, bemg‘ xr;lscned
antensorly and medially STaPBACH & SEwN suggested lh:;lt the rmtral ¢ a}r:ag‘es
may be the outcome of healed endocardiis Certan authors 1t 1s true hc
not mentioned any changes mn the mitral leaflets but 1t emerges from the
Mlustrations 1n their publications that at the least the antenor mutral leaflet
d

" a(s)sll"nl:%‘;sngauon has shown that the antenor mitral leaflet 15 elongated in
this condition and that 1 md systole the leaflet bulges snto the outflow tract
Esen if there were no muscular hypertrophy 1n the ventnicular septum the
feaflet Mself would cause a certain obstruction to the outflow tract which 1n
turn would be followed by compensatory cardiac hypertrophy The outflow
tract at ths pownt m mud systole has started to contract the region of the
apex on the other hand 15 1 a later contraction phase, and on account hereof
hypertrophy 1n the apex region can only be shght The outflow tract1s m an
earher phase of contraction and hypertrophy can therefore occur to a greater
degree the more hypertrophic it becomes the greater the stenosis and a vicious
arcles produced

We thus consider the primary factor in muscular subaortic stenosis to be a
change in the antenior mtral leaflet This may either take the form of an
abnormal msertion or an elongation of the leaflet healed endocarditts might
account for an abnormal inseruon but hardly for an elongatuon A congenital
malformation may be the reason for an clongauon of the leaflet There 1s
an embryologic connection between the mfundibular part of the nght ventncle
the upper part of the ventnicular septum and the anterior mitral leaflet These
parts are thought to be formed of the bulbus cordis (herrn) Malformation
m one of these regions may thus be present together wath a malformation 1n
one of the other regions In thus respect Case 1 — with the indsdual ‘papillary
muscle to one of the pulmenary cusps 1 Wllustrative  Further support for the
malformauon theory are those cases described 1n the literature m which the
condition was hereditary (HoLtman et coll  Brexr et coll )

Treatment The conservati ¢ treatment of this conchtion 1s unhikely to achieve
satisfactory results Many authors consider that any surgical procedure will
fa} although reports of successful operations have recently appeared (Bravy

WwALD ¢t coll RiRRLN et colt) Different methods have been employed m
attempts 10 reduce the hypertrophic muscle 1n the septal region, either through
an inaston 1 the muscular bulk or by removal of part of the muscle These
operations have resulted 1n shght improvement but a manifest systolic pressure
gradient has persisted From what has been stated concermng the pathogenesis
of the condition 1t would appear worthwhile to consider the possibility of
a plasuc operation on the anteror mutral leaflet \fitral valve prosthests
might constitute an alternative procedure

Prognosts This 15 obviously difficult since the condition has been known of



190 P TIX, A MOBEPG, H SODERBERG AND J KARNELL

cises post mortem from true subsalvular stenosis by the appearances of the
muscular bulk Gase 12 scems to belong to this group

The medial part of the anterior mitral Ieaflet had fused with the ventncular
septum tn Case 10, and as a result the leaflet was situated medlly Suniar
cases of abnormnl msertion of this leaflet have been described by Bjorx et coll

Histologic exvmnation of the muscular bulk revealed thick muscular bundles
with 1 apparently wrregular course Tindings such s these are g en pathogeme
significance 1 cases deseribed in the hiterature It does not, howeser, appear
remarheble that muscular bundles are thichened 1 4 heart which 1s con
siderably hypertrophic, or that these bundles have 2 somewhat irregular
course since obviously their orientation 1n the septal regron differs from that,
1 the apen region, for example

Considerable thichening of the anterior mitral leaflet was observed m four
of the five post mortem cases but in nonc of these had the antenor
leaflet fused with the posterior leaflet The reason for this thickening 1s difficult
to explun, though 1t may of course be the outcome of 1 healed, mild endo
cwditis The measurements of the Anterior mutral leaflet clearly ndicated,
however, that this leaflet was longer 1n cases of subvalvular 1ortic stenosis
than in control cases, this was proved both anatomically 1nd roentgeno
logically It was further evident from the rocntgenograms that the antenor
matral leaflet bulged more than 1s normal The leaflet 1s thus subJec!cd to
greater strun in the blood strexm than under normnl conditions and 1t scems
reasonable to assume that this increased strun on the leaflet causes the thichen
g This hypothesis 1s further supported by the observation that in only one
of the four cascs did the posterior mitral leaflet show 2 sumilar, though less
marked, thichening

Mitral insufficiency was observed n half the number of cases subjected t0
angiocardiography 1nd 1n a large number of cases described 1n the hterature
It scems very probable that the changes m the anterior mitral leaflet constituie
the anatormical foundation for the mnsufliciency

Pathogenesis The pathogenesis of this condition 1s not clear As the present
writers have already stated, they agree with Brock that subvalvular stenosts
may result from protracted hypertension but believe that this 1s probably the
cause only 1n 1 munority of the total number of cases of musculr subvabular
stenosis

Two main pathogenetic aspects have been discussed 1n the literature O;:C
group of nuthors has devoted special attention to the muscular bulk m tl €
ventricular septum (Goopwin et coll, TEARE) The rrregular muscle bund c;
that hve been observed histologically have been regarded ns 2 congemita
malformation In view of what has been stated previously the present authors
cannot support this argument The other group of nuthors has devoted p'u‘t;c
ular attention to the anterior mutral leaflet Bjorw et coll, for extmple,
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described two cases in which this leaflet was abnormally placed bemng mserted
antenorly and medually StaMpBaci & SENY suggested that the mtral changes
may be the outcome of healed endocardits Certain authors 1t 15 true have
not mentioned any changes mn the mtral leaflets but 1t emerges from the
Mlustrations 10 their publications that at the least the anterior mtral leaflet
was changed

Our mvesugation has shown that the antenor mtral leaflet 1s clongated in
this condition and that in md systole the leaflet bulges mto the outflow tract
Exen if there were no muscular hypertrophy 1 the ventricular septum the
Jeaflet 1tself would cause a certain obstruction to the outflow tract which mn
turn would be followed by compensatory cardiac hypertrophy The outflow
tract at this pont 1 mud systole has started to contract the region of the
apes on the other hand 15 1 a later tontracuon phase, and on account hereof
hypertrophy 1 the apex region can only be shght The outflow tract 1s 1n an
earher phase of contraction and hypertrophv can therefore occur to a greater
degree the more hypertrophic 1t becomes the greater the stenosis and a vicious
arcle1s produced

We thus consider the pnimary factor 1n muscular subaortic stenosts to be 2
change 1n the anterior mutral leafiet This may either take the form of an
abnormal msertion or an elongation of the leaflet healed endocarditis might
account for an abnormal 1nsertion but hardly for an elongation A congenital
malformation may be the reason for an elongation of the leaflet There 1s
an embryologic connection between the infundibular part of the right ventncle,
the upper part of the ventricular septum and the anterior mitral leaflet These
parts are thought to be formed of the bulbus cordis {(Ketrs) Malformation
1n one of these regions may thus be present together with a malformation m
one of the other regaons In this respect Case I — with the mndividual papillary
muscle to one of the pulmonary cusps 1s illustrattve  Further support for the
malformauon theory are those cases descnbed n the hterature in which the
condition was hereditary (HoLimaN et coll » BRENT et coll )

Treatment The consersative treatment of this condition 1s unlikely to achieve
sra:!ul'ac(ory results: Many authors consider that any surgical procedure will
:Msll::ougl}; rc}]z;ms of successful operations have recently appeared (Brauvn
atempe tC:M Rl;,u; et coll ) Different methods have been employed in
o mpto e ‘I;lcc the hypertrophic muscle in the septal region exther through
peon i c mluscular bulk or by removal of part of the muscle These
it ec:l::l :iedFm shight improvement but a mamfest systolic pressure
) condx\?on “c ;gm what has been stated concerning the pathogenesis
2 Plaste opoemmon ‘:;un d appear worthwhile to consider the possibility of
mught comstan o ahcm;cu\aen:::z:dumr’:ml leaflet Mutral valve prosthesis

Prognosts This 15 obviously difficult since the condition has been known of
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for only 1 relatively short time Sudden death i enrly years 15 descrbed as
common, Adthough there are subjects who hnave reached an old age No con
clusions can be drawn from the cases deseribed in this communication, e\en
though 1n some of them the condition has been present from an early age
The dctermunng factor 15 the width of the stenosis and 1ts possible increase
A carcful follow up with control pressure recordmgs and 1ngiocardtogriphy
would apper to be necessary to evaluate the natural course of the condition

Addendum 1n the proofs

Since the article was written a post mortem exammation has been pe formed of a 15 year
old boy suffering from the condition described The roentgenograms which were obtamed
another hospital did not allow the anterior mitral feaflet to be measured The leaflet at post
mortem was found to be elongated (leaflct length 25 mm chorda length 28 mm) We regard
this case to constitute further evidence 1n support of our suggestion that changes m the ante
ror mutral leaflet 1s the causative factor

SUMMARY

Twelve cases of subvalvular nortic stenosts of the muscular type 8 of which weremd estigated
by heart catheterization and cardioangiography  are described  Autopsy was performed 1n
5 of the cases The immvestigations revealed characterisuc anatomical and roentgenologit
changes the anterior mitral leaflet was longer i cases with this condition than in the control
cases The authors consider the musculr bulk n the ventricular septum to be a secondars
cffect while changes 1n the anterior mitral leaflet are of decisive importance

ZUSAMMENFASSUNG

Es werden 12 Falle von muskular bedingter Aortenstenose beschricben von den
Herz Rhathetenismus und Angiokardiographie untersucht wurden Line Autopsic wu
cieser Falle durchgefuhrt Dic Untersuct ergaben charakteristische anatomusc A
rontgenologische Veranderungen Die anteriore Mitralklappe war langer als m Verglxhs
fallen Die Verfasser nehmen an dass der muskulire Waulst des Septum \entriculorum en
sekundarer I flekt 1st wahrend den Veranderungen m der anterioren Mitralklappe emc wt

herdende Red 1

en 8 durch
rde ber 3
he und

RLSUME

Les autcurs décrivent douze cas de sténose aortique sous valvulaire de type muicul:u:{l‘
dont 8 ont ¢té examinés par cathéténsme cardiaque ¢t par angiocird phie €anq de
ces cas ont été autopstés Ces examens ont montré des 1spects anaromiques et I‘adlologm‘u:s
caractérisuques  La valve mitrale antérieure est plus longue dans cette affection que €|!rl
les supets témoms normaux  Les auteurs pensent que la sailbe muscuture de la dotson l: ':C
yentriculaire est un | alors que 1 lie de la valve mmtrale aniérs

ure a un wnportance primordiale
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INTRACRANIAL INVOLVEMENT IN EPIDFRAMOID
AND DERMOID TUMORS OI' THE SKUIL

by

STEN CrONQVIST 1nd Mark H WioLEy

Fpidermoid tumors and dermord cysts may hie within the bones of the shull
or be siturted mtracranmlly or mtracerebrally Both rc of congemtl ongin
and emanate from displaced embryological cell rests, the dermoid cyst contans
structures from the entire dermis while the cpidermord anses only from ccto
dermnlrests Therr growth s non infiltriung 1nd extremely slow, but when they
are confined within the bone the diploic space 15 eventually widened and the
tables of the shull are eroded Roentgenogrims of the shull most often demon
strate 1 polycystic defect with smooth sclerotic margns of bone condensation
The grow ths occasionlly appear s clustered irregular smalier defects separated
from exch other by dense irregular trabeculations and, since they alwiys
contun cellular debrss, 1t 15 not uncommon to find nssociated d)stropth
caleification lying either centrally or i the capsule Tecth and bone formation
may also be observed in dermoid cysts Enceplnlogmphy will demonstrite
characteristic, strenked 1nd irregular collections of g1s within 1nd around the
process when the growths are localized mtraventricularly or mn the basl
cisterns (Kreie 1936, Dyae & Daviporr 1937)

The defect 1in the calvarium produced by an mtradiploic cpxdcrmoxd 18,
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Fig
w th well defined sclerotc marg ns E oded
upper part and a small sequestrum cent ally

1 C el Slghty uregular manfy oceip 1al bone defect
borie emnants

however not an accurate wndex of the true tumor size for ntracransal ex
tension of the tumor may be considerably greater than the bone defect would
suggest The actual tumor size will be apparent in conyentional films only 1
those cases 1n which calafications of the capsule are psesent A determination
of the degree of extension will 1n other cases however not be possible before
operation without angiography or encephalography The value of these methods

of imesuigation of intradiplotc epidermords and dermords cysts 1s shown by the
two characteristic cses that are now reported

Case reports

Cael(Figyvlto$) Woman aged 49 with four years history of attacks afrertige vomuting

and tnnitus in the | i ear and duning the last presious few months ataxia On adeyssion

she l}l‘.\dl zrn u‘;mr:ld) g3t a positive Romberg sign and loss of heaniog of the neurogensc type
fthe l ft side

Roc 1g n examinaton \ large well demarcated defect with aclevosed margine was presentn

the night oc amtal and lower part of the nght panetal bone ne calofications were ¢y dent
Lumbar en ephal graphy The fourth ventricle as well as the vallecula were dupla ed towards

% 30t no displacement of the cisterny within the tentonal notch or acound the bran stem
Yert b al a g ogrophy (by direct puncture f the right certe al a fery) The penipheral part of the
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Epidermod tumors and dermond cysts may he wathin the bones of the sk:l‘r:
or be situated ntracrmally or ntracerebrally Both are of congc.m(al Ol'lbm
and emanate from displaced embryologieal eell rests, the dermord cyst COH\G:D
structures from the entire dermus while the eprdermord 1rses only from ‘;
dermal rests Ther growth 1s non anfiltrating 1nd extremely slow, but whent ;}c
are confined within the bone the diploic space 1s eventully widencd 1nd ¥
tables of the skull 1rc croded Roentgenograms of the shull most often demon
strate 1 polycystic defict with smooth sclerotic margins of bone condensatio?
The grow ths occasionally appenr as clustered trregular smaller defects separit X
from cach other by dense wrregular trabeculrtions and, since they Alwas
contain celiulr debris, 1t 15 not uncommon to find associnted d)slroph1°
caletfication lying erther centrally or m the capsule Tecth and bone formanorcl
may also be observed m dermoid cysts Lncephalography will clemonslm‘:c
characterstic, strerhed and wrregular collections of gts within and around 1
process when the growths are localized intraventricularly or n the bt
cisterns (KREIG 1936, Dyae & Daviporr 1937)

The defect 1 the calvarium produced by an intradiploic cpxdermoxd »
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2 1 Cael Shghtly rregular manly occipial bone defect

r
w th well defn d sclerot ¢ marga s Erod d bone semnants
pber part and a small sequestrum centrally

however not ap accurate index of the true tumor size for intracrantal ex
tenston of the tumor mny be considerably greater than the bone defeet would
suggest The actual tumor size will be apparent 1n conventonal films only w
those ¢1ses 1 whuch crleifications of the capsule are present A determination
of the degree of extension will n ather cases however, not be possible before
operiton without angiography or encephalography The value of these methods
of imvestigation of nerdiplore eprdermords and dermonds cysts 15 shown by the
two charictenstic cases that are now reported

Case reports

Coe (bt 4 Woman aged 49 wth four years Rustory of astacks of ertigo +omsting
and Yamtus 10 the 1 0t car and dunng the last previous few months ataxia On admrsston
s had an uneady gait a poun e Romberg sign and loss of heaniog of the neurogeme type
oy th fefy mde

Roe 1gm 23 mnatn A targe well demaecated defeet with sclecosed MRKHNS was present

e rnight occrpital an { lower part of the night panctal bone no calcifications were evident
2umds  n ethal graphy The fourth ventncle as well as the salleculs were displaced towards

th 16 oo duptacement of the cxsterns wihin the tentorral notch or around the brain stem
Rerteh 1a gog aphy (by d ect punceu ¢ of the rght gertebral artery) The peripheral pact of the
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Dig 2 Case | Incephalography 1) P a wvicw Laterally displaced fourth ventricle b) Dateral miew
No displacement of fourth ventricle or aqueduct

right superior cerebellar artery was displiced medially  the inferior posteror ecrebellar arter
being shifted to the Icft of the midiine the ccrebellar veins in the lateropasterior parts of the
posterior fossa were displaced medially the smaller veins bemng deformed into an arch by the
CXPINSIVE process

Dragnosis I'pidermord or dermord with intracramial mvolvement

Oferation Fpidermaid

Case 2 (Tigs 5 and 6) Woman aged 50 with six months history of 4 rapdly growing mass
1 the Jeft parietal region ccompanied by headache No other symptoms or signs on Admission

Roentgen examnations Skull A large cystic bone defect with sharphy sclerosed margins was
evident 1n the left parctal bone small rrregular bony 1slands extended across the mddie of the
defect and a large soft ussuc mass bulged outside 1t the pineal body was caleified and dis
placed to the rght h

Lumbar encephalography The upper and postertor parts of the septum pellucidum and lcj
tiurd ventricle were displaced to the right of the midline  the left lateral ventricle being shufl
medially and the roof of the trigone d ards the left 1 horn was d and the
posterior part displaced medially the left ambient cistern was straightened

Diagnosis 1 prdermord or dermord of the skull with extra and wtracramal nvolvement

Operatron Dermord cyst

Discussion
Epidermoid tumors arc sometimes reltrred to mn the hiterature 1§ cholestc
atomas due to the fact that they may contam cholesterin This has unfortunatefy
produced some confusion since the term cholestertomn genernlly refers to the
true gﬂnulom\ of the temporal bone assocrited with chronic suppurative
otitis media  Furthermore the straufied squamous epithehum s the ptho
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£ 3 Case | Vertebral ang ography &) Smaller b anches £ om supcrior cerebellar artery d splaced

Toed Ty B3 \ enous pha ¢ Superfieial yeins that are displaced med ally define the medial border ofan
€ pan c process

gnomonic feature of the epidermoid and not the cholesterin The mterchange
able usc of these terms 15 consequently not 1o be recommended 1f the true
meamng 1s to be mamtaimed

The differenuat diagnosis between an epidermord and a dermoud 18 not
possible when the primary site 1s the diploic space Pathologic studies have
shown that different sections from the wall of the same tumor may be dermoid
m one scetion and epidermord 1n another (Mortcouery & FinLayson 1934)

One charactenisuic of eprdermoids and dermoids ansing 1n the diploie space
and extending toward the cramal cavity 1s that they rematn extradural Diploie
eprdermoids and dermoids are however because of the characterisic appear
ances rarely confused with other cranial defects Excepuonally when these
growths lie wn the frontal sinus reglon less margnal bone condensation may
occur and the appearances may suggest a mucocele A menmgocele and a
menmgoencephalocele in children give rise (o well demarcated rounded defects
with 3 sclerotic margin They are however situated close to the midlime in the
regions of the ocaipital and frontal aceessory fontanelles A stmlar change may
be caused by a leptomeningeal cyst that may follow a fracture of the skull m
cluldren but evidence of a solution of continuity wall indicate the correct
dignous Defects caused by cosnophilic granuloma occasionally present
marginil slerosis these are however small and are rounded ar oval m shape
“emngeomas may sometimes produce a bone defect but then the border 15
uneven and irregular The differential diagnosss tn these cases may be facilitated
W the presence and form of eventual calesficattons lthough these seldom occur
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Tig 1 Case 1 Carotrd angiography Displicement of externatvessel by proc
ess within hone  no pathologic vessels

in memngeomns they will appear as closely pached small nodules or granules
Cnletfications 1n eprdermoids and dermouds, on the other hand, re 1 frequent
finding, they are large, wregularly shaped, and are distributed throughout the
tumor or the cipsule wall

A Imgcintricrimal extenston may be found at operatton for radictl remoyat
of these growths (PexTon & BARER 1942, Mac CArTs ct coll 1959) Ther
complete extirpition may prove difficult and recurrences under such cireum
stances 1re not unlikely (Sciwartz 1941) Angiography and cncephalogrphy
should therefore tways be employed 1 these conditions when changes n the
calvarium re associited with symptoms o1 signs to suggest mtracranl 1m
volvement A determination of the extent of the tumor s shown by the dis
plicement of cerebral structure will prove of essentinl value m the 1ssessment
of the ndication for operation
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Fg 5 Case 2 Lateral view Lage welldefin d defect w th
sct rot ¢marg nsan panietal bon ¢ oded irregular bone remnants
10 lower part

F 6 Case 2 Encephal meeay

shy D placed and 1 fed mosd
ractyres o rorp stofl izt ral it cleds Placed m d ally
Phdmmesds und b T[] temporal born factened and
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SUMMARY

The i estigation of intradiploic epidermord tumors and dermord cysts by angiography and
encephalography 1s discussed and two charactensuc cases are described

ZUSAMMENTASSUNG

Dic Diagnose der intradiploischen Epidermorde und Dermoideysten muttels Angiographie
und Encephalographie wird besprochen und zwes emnschlagige Talle werden beschrieben

RESUMEL

Les auteurs ¢étudicnt 1 examen pt et hal pt des tumeurs epider
maoides mtradiplotques et des kystes dermoides et en décrnvent deux cas caractéristiques
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REMNAL HAEMANGIONVA DIAGNOSED
PREOPERATIVELY BY SELECTIVE RENAL ANGIOGRAPHY

Report of a case
by

J Bowe Axperse and Ti Raswussen

Haemangioma of the idney 1s extremelv rare RiLey & Swans (1941) found
no case 1 13 219 autopstes and BerL (1938) 1n 30 000 autopsies obsers ed only
one WALLER et coll collected 78 cases from the world hterature up to 1925

These growths which are bemgn may affect the cortex medulla or a sub
cpithehial avea of the pelvis They are generally venous but may be artenal or
muxed veno-arterial they may be capillary but are generally cavernous Bier
RING (1923) reported that the largest renal haemangtoma on record measured
12 5 Scm — although the formations seldom exceeded 1to 2 cmin diam-
eter — and that a number of those which had given nise to haematuna had
been so small 15 to be difficult to demonstrate macroscoprcally

The mam nign 1s haematuna ranging from a mild condition, with occasional
ved cells present in the unne to alarming haemorrhage It 15 the pelvic hae-
mangioma and parucularly the papillary haemingioma that followng erosion
of the urmary tract epsthelium produces the hacmatuna Haematuna may be
the only 1gn but 1t may also frequently be associated with more or less severe
low back pain due to the formanon of clots 1n the renal pelvis and uvreter

Stbmtted for publ cation 15 Norember 1967
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I | Operat spreimen bendothelial
discolorations 1n central and superior part of
the renal pelvis indicate the angioma

The dingnosis has usually been made postoperatively after nephrectomy for
probable mihgnancy The ordinary clinieal exammnation is of little ud, and
there re no charactenstic rocntgenologic signs Pyclography mny show 1m
dentations, or deformuty of a calyx or the pelvis However, only mjor hacman
giomas mamifest themselves 1n this wy, as 1 rule, thesc ippearances mercly
represent clots

The introduction of sclective renal ngrography ought to afford ~ possibihty
of estabhshing the dingnosis without resort to nephrectomy, 1t least mn some
cases

Case report

The patient was a woman aged 53 with no past history of urinary symptoms In May 1967
she was admuitted with haematuria and creasing pain in the night lom Hb 114 g/l serum
creatimne 9 8 mg/l On cystoscopy almost pure blood was coming from the right ureteric
orifice no other abnormality noted

Urography No excretion on the right side normal appearances on the left Pyclography on
the right side was performed and showed a defect 1n the contrast filled pelvis considered to
represent a clot or possibly a mural pelvis tumour

Right selectice renal angrography A plum sized defect 1 the lower renal pole and recuryation

1

1 arterics d the presence of an avascular cyvst An arca
ret

of the cor

of densely placed vesscls considerably coiled and tortuous was evident 1n the central 2
Radiol 1

g renal with a cyst 1n the lower pole of the kidney Riwht nephrec
tomy was performed The postoperative course was uncventful and the patient we

m good health
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RENAL HAEMANGIOMA DIAGNOSED PREQPERATIVELY

a b

Fg 2 2l Eal artenal phase The contrast med um fils the ughly tortuous vessels of the ang oma n
" censral pa tofthe k dney massve den_ty of medyum represents the capillanies and partially o er
festh rgon

B) E 1ly capdl 1y phase The ang oma sull stands out 1 sharp contrast to the rormal
fen 1 pa enchyma

had shown sub 1 reddish d

at the stte
1) The histologic examiration established an angioma of
the renal pehis renal eyse and chromic pyclonephnitis The angroma consisted predominantly
of large vessel lumina but without cavernous architecture the vessels were buile up partly as
arterics and partly a3 vems (v Eskelund)

The p
shown to be highly vascular (Fig

Discussion

phic technique d of the f mitrod: of
a catheter 1nto the femoral artery the renal artery being catheterized under
fluoroscopic control with a television 1mage intensifier 8 ml Urografin 60 ¢,
were mnjected under a pressure of 28 1bjin® by an automatic pressure synnge
\ manually operated cassette tunnel was employed

The renal arten of average calibre with normal ¢entral branches was well
filled in the rtentl phase There was also rapid fithing of a corl of blood vessels
in the central part of the kidney which occupred an arca of 3 ¥ 4 cm and was
parlly supenmposed over the pelvis and middie calyces this stood out as a
well demarcated process and consnted of numerous densely placed highly

The
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Fig 1 Operatne specimen  Subendothelial
duscolorations . central and superior part of
the renal pelsis indicate the angioma

The dingnosts has usually been made postoperatively after nephrectomy for
probable maligniney The ordinry chinical examation 1s of little ud, 1nd
there are no charactersstic roentgenologic signs Pyclography mny show 1n
dentations, or deformuty of 1 cnlyx or the pelvis However, only major haeman
giomas manifest themselves n this w1y, as 1 rule, these 1ppearances mercly
represent clots

The introduction of selective renal angrography ought to 2 fford 1 possibtlity
of establishing the diagnosis without resort to nephrectomy, nt least in some

cases
Case report

‘The patient was a woman aged 59 with no past history of urinary symptoms In May 1962
she was admtted with haematuria and increasing pain n the night loan Hb 114 g/l serum
creatinmne 9 8 mg/fl On cystoscopy almost pure blood was coming from the right ureteric
orifice no other abnormahty noted

Urography No excretion on the right side normal appearances on the left Pyclography on
the night side was performed and showed a defect 1in the contrast filled pelvis constdered ta
represent a clot or possibly a mural pelyvis tumour

Right selectice renal angiography A plum sized defect in the lower renal pole and recurvation

d I arteries d the presence of an avascular ¢yst An arca

of the corr
of densely placed vessels considerably coiled and tortuous was evident in the central arca
Radiol ! renal with a cyst 1n the lower pole of the kidney Right nephrec

tomy was performed The postoperative course was uneventful and the patient was discharged

1n good health
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a

Fog 7 2) Ea Iva tersal phase The contrast med um flls the b ghly tortuous vesscls of the ang oma in
th central p tofthe kidney masst ¢ dens ty of meduum represents the capillanies and partially over
lesthsr gon b)

Early cap lary pha ¢ Th  angioma st Il stands out i sharp contrast to the normal
¥ nal parenchyma

The macroscopic

had shown subendothelial reddish at the site
shown 10 be hughly vascular (Fig 1) The histologic cxamiration established an angioma of
the renal pelis renal eyst and chronic pyelonephritis The angioma consisted predomnantly
of large vessel lumuna but without cavernous architecture the vessels were built up partly as
arteries and partly as veins (v Fskelund)

Discussion

The angiographic technique consisted of the percutaneous ntroduction of
a catheter nto the femoral artery the renal artery being cathcterized under
fueroscopte control with 1 television 1mage intensifier 8 ml Urografin 60 %
were injected under a pressure of 28 Ib/in® by an automatic pressure syringe
\ manually operated cassctte tunnel was cmployed

The tenal artenn of average calibre with normal central branches was well
filled in the trtenal phase There was also rapid filling of a coil of blood v essels
s the centrat part of the kidney which occupied an area of 3 X 4 cm and was
partinlly supenimposed over the pelvis and middle calyces, ths stood out as a
well demarcated process and consisted of numerous densely placed ighly
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tortuous vesscls of uniform calibre and 1bout I mm wide A smaller triangular
aren, the density of which was much more marked than that of the renal paren
chyma, was apparent supero Interally (Nig 21)

Both structures were unchanged 1n the early capillary phase and stood out
i strong contrst to the surrounding parenchymal filling The mdivtdunl vas
cular fumina were stll discermble 1t this stage, when the medium n other
renal vessels of this cahibre bad disappenred (g 2b) The process had dis
appeared 1t 1 Iater stage of the parenchymal phase s well 25 1n the venous
phase

The considerable accumulation of contrast medim and the delayed emp
tying must be interpreted s being the result of 1 relative reduction in the rate
of flow 1n the process produced by 1 difatation of the volume of the vascular
bed in this arer The parenchymn Itke density of medium 1n the smaller, lateral
aren at 1n carly stage of the 1rternl phase must be t1hen to mdicate thit n ths
region the process consisted predominantly of capiliaries

The possibility of 1 mahignant, lghly vascular tumour was considered in the
differentinl diagnosts The sharp demarcation, densely arranged vessels of unt
form calibre, regular outlines, 1nd the marked mtensity of the medum in the
capillary part of the growth, were however recogmsed 1s bemng fevtures that
do not occur 1in malignancy

SUMNMARY

A case of haemangtoma of the renal pelvis 1in which the diagnosis was made preoperatively
by selectiv e renal angiography 1s reported

ZUSAMMENTASSUNG

T's wird uber emnen Fall von Hacmangiom des Nierenbechens berichtet die Diagnose konnte
vor der Operation muttels selektner Angiographie gestellt werden

RESUME
Pr. duncasdb du bassinet du rein dont le diagnostic a été fait avant

1 opération par angiographie rénale sélective
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UNIVERSITA
ROV ISTITUTO DI RABIOLOGIA (DIRECTOR PROF O BLSINCO) DELL
DI CAGLIARI, ITALY

VEMOLYMPHATIC COMMUNICATION OBSERVED
DURING LYMPHOGRAPHY WITH AN OII'Y
CONTRAST MEDIUM

A case report
by
F Marrocy and F Cossu

The existence of disect venolymphatc communications has always remamed
a matter of doubt despite a great deal of research, and since the beginmng of
the present century 1t has been discussed among others by Ruszvvak Fount
& Szar6 and Maree hore ZAx & FiscrEr

The phenomena 1n the case now reporied were observed dunng the perform
anee of lymphography with an oily contrast medum and provide ewidence
that such communications exist at least under pathologic conditions

Case report

Aman aged 63 was treated with yadiotherapy for an endoth homa (hustoloxically con
frmedinth nghtinguinal region Mier amprovement lasting nine months 2 hard frxed mass
was eudent 1n the right lower abd, 1 quadrant L h phy w: e by i
secnonof wira Bud Lupiadal into a lymphatc vessel on the medial aspectof the dorsal surface
of the night foot by the Rinmonth techmgue

The lymphatic vessels comprisng the medial group in the leg thus 1yected (Fig la) wete
#ighily enlarged 3n diameter they were numerous but followed a regular course After the

Submitied for publication 30 August 1962
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Fig 1 1) Numerous and shghtly enlarged Iymphatc vessels on the
medial aspect of the kg b) After injection of + ml UF Iipadol a
ymph node of semilunar shape in the marginal sinus 1s contrast filled
Ihdc contrast medium has not reached farther than the inguinal lymph
nodes

Jectionof 4 ml U 1 Lapiodol the vesscls in the marginal stnus of an gwinal lymph node prob
ably the site of a neoplastic process began to fill and as the myeetion proceeded other lymph
nodes were also outhned (T1g 1b) the lymphatic vessels at the upper part of the imb were thin
ind very numerous

After 1jection of 10 ml contrast medium: a fine lymphatic network appered over the m
tumal regton Soon after thus 1 vern 8 em long 1nd 8 0 9 mm wide 1 the muddle third of the
thigh near the medial aspect of and pirallel to the femur was filled s fower end terminited
abruptly (Itg 2 2and b)

Ihe lymphatic network remamed unchanged after the igection of 12 ml contrast medium
while the vein was only faintly visible An ovoid shaped collection of contrast medium appeared
wn the mgumal region and this was interpreted s representing the termnal part and y1hes of
the same venous vessel (Mg 2¢) These appearances persisted for about an hour The contrast
medium tended to colfect 1n the supertor part of the leg and disappear from the lower part

Lhe pauent refused phlebography

Discussion

This was 1 casc of obstruction of the lymphatic flow, with secondary con
gestion of the lymphaties and moderite enlargement of the collector vessels of
the leg, stmular vesscls in the thigh were ncreased in number, nd 1 fine net
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Fiz 2 a) After njecu:n of
ofth thigharesr 1
G0l 1 creacd llimg of th vein W ch now appears with valves Disally 2 lymphatic vessel describing
2 run seems to counect wath the ve n €) Alier mpection of 12 ) Tipiodol the venous vessel 1s almost
empt ed of contr ¢ med v

10 mt Lapiodot mume ows ar d th  ymphate vesscls on the medial 2 pect
lymphnod anda onare also co trast flled by Afiermy ction of 11 ml Lipio-

work which normally 15 not seen was outhned The jection of thys fine net
work together with that of a venous vessel, took place following efforts to 1n
crease the mjection pressure of the contrast medwm 1n order to force the ob
struction at the inguinal regron and reach the other lymphauc regions via a
possible anastomotic system

Ifa water soluble medium had been used and as sometmes happens extra
31swuon into the nssue had 1alen place such 2 medwm unlike one with an
by bise might have been readily reabsorbed through the veins, and a phlebo
gram could have been produced (MarLEY & VMorone)

Tt would thus appear that a direct communication existed between the lym
phiuc and venous svstems 1ts demonstration by the injection of contrast
medium being uded by the congestion created by the obstrucuion n the mgut
mil region A mirhed slowing down of the circulation velocity 1n the vein that
wasnjected was also probable the oily contrast medium would otherwise not

hwe accumulated 1n the vein but would have flowed away fast enough to
prevent the phlcbographic effect from taking place
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SUMMARY

A cse s deseribed in which a v enelymphatie commumcation was demonstrated by lympho-
graphy with an oily contrast medium

ZUSANMNTINTASSUNG

Em Fall wird beschrieben m dem die Lymphographie mut emner dhgen Rontrastsubstanz
cme Verbindung emes Lymphgefisses mit emer Vene zeigte

RISUME

Description d un ¢35 ou la lymphographic 2vec un moyen de contraste hwleus 2 mus en
&adence une ¢ ation veno ly
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CENTRAL HOSPITAL BORAS SWEDEN

1 EO ILEAL INVAGINATION IN ADULTS DUE TO
MECKEL’S DIVERTICULUM

Report of two cases

by

AnDERS HEMDMINGSSON

Invagination of the small intestine 1n adolts 15 usvally chrome although
someumes recurrently acute and consequently does not give nise to total oh
structton 1 so called acute tleus (13) The symptoms and signs are uncharac
tersue and consist of recurrent abdominal pain constspation and diarrhea, as
well as loss of weight and melena often of several months duraton (27) The
climeal dingnosis 15 therefore difficult to estabhish

The mechanism of the genesis of imagznation was described 1n the basic
work camned out by Taureir {1932) and by NorbevTOFT & HELLMER (see
Hecser 1948) A tumour often bemign and pedunculated 13 usually thecausal
fictor of the intussusceptum n approximately a third of cases (8) ‘Meckel s
diverculum 1s sud to be the next most frequent cause (13 14) Laurerr in
1929 published 1932} was the first 10 d leo-leal 1y produced
by Mechel s diverticulam by means of a baritm enema  He suggested that the

camnation should be carned owt while the patient was suffering from an
Atack of pain hecause the apex of the mtussusceptum may then have pene
SUrm et Dr put! cat on 76 September 1962

OGYRY R lolr Diar wbel 214y
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a b

Dig ta) Case 1 Prestenonc steal cotl with longutudinal mucosal falds symmetrical and conical con
strictton of cnal of intussuscep um b) Case 2 Charactenistic appearance of an tleo sleal nvagi
nition

trated through the 1leocneel valve and produced signs of an mpression, 18
happened 1in hus case (20)

Meckel s diverticulum occurs with a frequency of 2 9, to 4 °; and 1ts
dence in men s three times that 1n women (30, 32) It produces signs thatlead
to operation 1 20 °, to 25 °, of cases (4 34}, 17 ¢, of which 1re duc to 11§
maton (14, 32) The frequency of ileo ilenl mnvagmntion represents 9% to
14 9, of All mtesunal myvagintions Between 2,5 0, to 5 °, are cused by
Meckel s diverticulum nd occur primanly i children (12, 14), at least 80
cases fter puberty were reported, however, i 1949 (11)

Invagintion of Mechel s diverticulum into the lumen of ileum may occur
Thus cts 1s 1ny polypord mass 1nd may crusc mntussusception s 1n the follow
ng two cses

Case reports

Case I A man aged 30 with intermuttent colicky pain 1n the lower part of the abdomen
vormiting constipation alternating with diarrhea anorexia and loss of weight for six months
He had earlier had similar intermuttent symptoms and 2 years before operation had had melena
The chnical exarmnation displayed diffuse tenderness in the lower part of the abdomen
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¢ of the tract suggested ob 1n the distal part of the
:lefzmThmc prestenotic ileal coil was dilated and rassed n the shape of an m\] leneddU the
folds of the mucous membrane being smoothed out. thiy col tapered symmetrical ez] :nd ft;:i:]
cally to a width of only a few millimeters ‘The mucous membrane was presers :n ol
Tongutudnally 10 canal that was flled approxumately 4 cm aborally The diagnoss o anmag
naton was made The small ;ntesune distal to the obstruction was of ordinary width an
Hlied wth contrast medvsm the mawn mass of which aftee 8 hours lay m the colon (Fig 1a)
Operation Chronic mvagination with an inverted Meckel s duerticulum  Hutology Chronic
y changes ma d tum with an ulcer scar and at the apex posuibly an active
uleer The patient recosered completely

Case 2 A+ oman aged 20 with melena and epigastnical pamn radiating to the back for 10
weeks The pam had lasted for about 6 to 7 hours and had been accompanied by tomuting
diarrhea anorexia and loss of weight On admussion there was tenderness to the night of the
umbibicus

Roentgen examnation \o changes in the large bowel or msufficiency of the ileocaccal valve
were found  cholecystography was negative A barium meal examination showed the stomach
and duodenum to be normal but there was some delay in the passage of the contrast medium
through the small intestine Obstruction was evident in the distal part of the ileum The
prestenotie cotl was dilated and 1ts mucosal folds were smoothed out penstalus was in
creased and the coil v as raised 1n the shape of an tmerted U On compression 1t was
constricted symmetrically and conically 1n an aboral direction so that it became a narrow
streak about 10 cm in length with presenvation of the mucous membrane and longrtudinal
mucosal folds It showed no penstalas contrast filled concentne rings centred on the narrow
contrast streak, were observed around it — typscal appearance of an imvaginavon The con
trast medium distal to the obstruction proceeded into the normal parts of the small intestine
and after 7 hours most of it had entered the colon (Fig 1b)

Operation Chronic tvagination 20 to 30 em long 1n the distal part of the sleum v ith an
8 cm inverted Meckel s diverticulum

Ihstology  Meckel s diverticulum with ectopic ventncular mucous membrane and peptic

ulceration as well as ectopic pancreatic tissue 1n the wall of the diserticulum Complete re
covery

Discussion

Smce nvagination of the small intestine 1n adults 15 usually chronic a con
ventional roentgenographic survey of the abdomen may not disclose an 1leus
Frotans Dane however considers that it 1s highly probable that a negative
survey picture excludes mvagination (9) The same opion s held by \iopie
suss 162 cases of imvaginations 1n children he obtamed 1n every case signs of
tleus or 1RvagZinanon i sury ey films (22)

In additon to evidence of obstruction signs of 1ts cause may somctimes be
pparent m survey roentgenograms These may consist of invagination proper
(29 33) gasina coil that 15 stenosed concally (15 33) and gas in the canal of
the mtussusceptum (22 29) I the mvagination 1s situated 1n the colon or the
ileocaecal valve 1s mnsufficient gas may also surround the apex of the mvagmna
uoi or penetrate nto the sheath of the stussuscpiens (15 28 29 33)

. dx"oc ;uar::?cmms were obtaned 1n the cases described as they were not con
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a

Lig 17) CGasc 1 Prestenone tleal conl with longitedimal mucosal folds symmetrical and contcal con
striction of cnal of intussuscep um b Case 2 Gharactensic appearance of an o el magt
nton

trated through the 1lcocreenl valve nd produced signs of 1n impression, 1
happened in Ius case (20)

Mechel s diverticulum occurs with n frequency of 2 94 to 4 °, nd its nct
dence 1 men s three times that 1n women (30, 32) 1t produces signs thatlead
to operntion 1 20 %, to 25 9, of cases (4, 31), 17 2 of which are duc to inv1g
mation (14, 32) The frequency of 1lco 1leal mvagination represents 9 % 1©
14 9% of all intestinal invaginations Between 2,5 0, to 5 94 arc cused by
Meckel s diverticulum and occur primanly m children (12, 14), at least 80
cases after puberty were reported, however, in 1949 (11)

Invagination of Mechel’s diverticulum 1nto the lumen of ilcum may occur
Thas ncts 15 iy polypord mass 1nd may cruse intussusception 15 1n the follow
ng two cses

Case reports

Case I A man aged 30 with intermittent colicky pain in the lower part of the abdomen
vomiting constipation alternating with diarrhea anorexta and loss of weight for six months
Hec had carlier had similar intermittent symptoms and 2 years before operation had had melena
‘The clinical examination displayed diffuse tenderness in the lower part of the abdomen
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eckel s diverticulum probable As the transit ume may not be altered, nd
the affected part of the mntestine filled only for a short ume, the lnngm’luog
may be missed Observations should therefore be made =t short mtervals an
the examnation 1f necessary, be repeated

SUMMARY

Two cases of invagiation of the small ntestine produced by Meckel s dnerticutum were
diagoored in adulis by roentgen examination of the small sntestine

ZUSAMMENFASSUNG
Zwer Falle von Dinndarminvagimation der Irwachsenen wurden auf Baus des Meckelichen
Diertikels bar 1 hung des D d 4 §
RLSUMI

Deus cas d smvagmation de | mtestin grele duc 3 un dnerticule de Meckel ont été diagnos-
tqués chez des adultes par un examen radiologique de | mtestin gréle
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Roentgen examination of the small intestine with contrast medm will pro
vide the dingnosis The prestenotic coil 1s dilated and the mucosal folds are
smoothed out on nccount of the distention of the ntestinal wAlls (18, 25} This
coil lso displays incrensed penstalsis and 1s rused up to form an mverted ‘U’
(17) Under compresston 1t 1s reduced comeally and sy mmetrically to 1 width
of 2 few mulliucters 1s 1t forms the canal of the ntussusceptum (15, 20, 31)
Without compression, the mesentery, which 1s drawn 1 between the mtussus
apiens and the tussusceptum, may produce an impression 1n the constricting
prestenotic cotl, one side of which may be convex and the other concve (5)
The contrast medium subscquently proceeds 1long the canal of the intussus
ceptum which, on 1ccount of the edemn in the ntestinal walls, 1s often only 1
few mullimeters wade (18, 10) This canal has the same width throughout the
centire ntussusceptum (7, 20,24, 31), and the mucous membranc 1s preserved
with longitudinal mucosal folds owing to distension n the nnermost intes
tinal wall of the mtussusceptum (10, 16, 26, 29) No peristalsis occurs in the
crnnl of the intussusceptum (13), which is curved and has ats centre in the direc
tion of the mesenteric root, this 1s on tccount of the distension of the mesentery
that has been driwn mto the mmvagiation (15, 20, 26) After passing through
the canal of the intussusceptum the contrast medium proceeds 1n 2 retrograde
dircction between the two outer mtestinal walls and 15 deposited between the
folds of the mucous membrane The charictensuc concentric rings, with ther
centres on the contrast streah 1n the canalof thentussusceptum, are thus formed
(5, 6, 7, 23, 26, 31) Thc contrast medium then passes on distlly to theimng
mation

A birum enemn yields no positisce findings, provided the tleocrecalvahens
sufficient, 1n cnses of pure ileo 1lenl mvagination If the contiast medim psses
mto the small intesting, 1ts passtge 1s arrested 1t the site of the mvaginauon The
charactensuc appearances of the contrist medium coatng the apes of them
vagination are then observed, these were first described by Lapp n 1913 If
the contrast medium penetrates {rther into the sheath of the mtussuscipiens
proumnlly, then a thin Iy er becomes apparent between the mucosal folds, wnd
the 1bove mentioned mucosl folds are seen (5, 7, 19, 23, 26, 31) This s
charctenistic of mvagination but has also been deseribed in connection with 1
Inrge coprohith (2) The canal of the intussusceptum may Also sometimes be
filled during 1 barum enemn examination (16 24 29)

Charcteristic of both these present cases was the prolonged course the
colicky pamn 1t mtervals, vomiting, constipation Alternating with dirrhen,
anorexin, loss of weight, and abdommnl tenderness, melena occurred 1n both
crses Such symptoms and signs should constitute an mdication for examimauon
of the small intestine

The roentgen findings were typicalin both ¢cases and established the dingnosis
of 1lco thnc imvagimation with obstruction The cause of the invagination cannot
be determined At roentgen exmination, but 1ts location distal to the feummahes
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SOME TOMOGRAPHIC CRITERIA FOR AN
EVAI UATION OF [HE PULMONARY CIRCULATION

by

Jerzy Wojrowtcz

A raentgenologic evaluatson of the pulmonary crculation 1s often tmportant
1n establishing the diagnosis The mamn pulmonary artery branches and vemns
may be esily examuned by tomography which 1s used as a routine procedure
sm most roentgen departments An exact knowledge of the anatomy of the
pulmonary vessels and ability to identfy and to distingwsh artertes from
vemns are however necessary The mvestigations of AppLETON (1944) BoypEv
(1953) HornvmiewyTscnt & Stewper (1953 1954 1905) have provided
constderable information on the topography and detatls of the pulmonary
vessels based on the segmental division of the lungs and have much facihitated
the roentgenologic exammation and brought it into line with clnical needs

There s sull inadeguate entena for 2n evaluaton of the width of the branches
of the pulmonary attery The vascular patiern 1 frequently described m con
venuonal terms and clasufied 10 routine work as decreased normal or

creased and dilatation of the mamn branches of the pulmonary artery 1s some
times evaluated by the degree of

promunence of the hilar regions These arby
trary critena are often responsibl

for cy 1n d and incorrect
classtfication of the mvestigated material Many authors have on the other

hand used numenical data obtamed from measurements of the llar branches
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SLAW GLADYSZ), POZNAN POLAMND

SOME TOMOGRAPHIC CRITERIA FOR AN
EVAI UATION OF FHE PULMOMNARY CIRCULATION

by

Jerzy WojTowicz

A roentgenologic evaluation of the pulmonary arculation 1s often important
wn establishing the dragnosis The main pulmionary artery branches and veis
may be easly examuned by tomography which 15 used as a routmne procedure
1 most roentgen departments An exact knowledge of the anatomy of the
pulmonary vessels and ability to identfy and to distinguish artenes from
veins are however necessary  The mvestigatons of AppLeTON (1944}, BoypEy
{1953) HornywiewyTsct & Stenper (1953 1954 1955) have provided
considerable information on the topography and details of the pulmonary
vessels based on the segmental division of the lungs and have much facilitated
the roentgenologic examnation and brought 1t wto line with chnical needs

‘There s stll inadeguate critersa for an evaluation of the width of the branches
of the pulmonary artery The vascular pattern 1s frequently described 1n con
ventional terms and classthed 1n routine work as decreased normal or
creased and dilatavion of the main branches of the pulmonary artery 15 some
times evaluated by the degree of prommence of the hilar regions These arbi
wary cntena are often responsible for y n ¢ and mcorrect
clasafication of the wnvestigated matenal Many authors have, on the other
hand used numencal data obtained from measurements of the hilar branches
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of the pulmonry artery These data are for several reasons isufficient for an
evact evaluation, s (1) only the width of the descendmg part of the nght
pulmonary artery 1s guven, (2) varmbihity of the width of the pulmonary artery
with 1ge and sex 1s not tahen into ccount, and (3) varations i the geometrie
enlargement of the vessel, produced by the rocntgenogripluc technique, are
sometimes distcgarded

The present author has Attempted to define the morphologie conditions
m the pulmonary circulation by means of 1 comparison of the width of the
artery with the lumen of the assocrated bronchus This relationship (diimeter
of the artery /diameter of the bronchus lumen), as determined i tomogrms,
1s called the artery bronchus index or, 1n short, the 1/b index  The 1der of
comparing the nrtery to the bronchus was suggested by Rowmsar (1952) who
observed that the lumima of the wrtery and bronchus were equal, this concep
tion h1s howeser not been widely developed or introduced in practice

The purpose of the present communication 1s to present 1 new method of
cvaluation of the width of branches of the pulmonary artery by mews of a/b
mdices obtuned in different regions of the pulmonary crculation, that 1s 10
51y, 1 those of the hilar, segmentil ind subsegmental regrons of the pulmonan
artery

Mhaterial and Methods

Roentgenogr ims of over 250 normal male and femnle patients, aged fiom
6 to 70 vears, were studied The roentgenologic examinition consisted of
conventional chest films and tomograms 1 frontal and sagittal plnes tihen
m full inspiration Tomograms m full espirition m oblique projections 18 well
1s hymogrims were also somenimes obtuned Thurty morbid specumens of
normnl! lungs 1nd tomograms of the chest of 50 Iinving subjects were studied 1
order to determine the charactersstic appearances of the pulmonary branches
at thewr pomts of division The specimens were mflated to vital capacty after
the myection of the pulmonary artery with contrast medinm, and tomogiims
were obtuned i different projections

A verner scile with an 1ccurncy of up to 0 1 mm wns used for the measure
ments The outhnes of the vessels 1nd bronchy, 1s scen in tomograms, 1epresent
the largest cross sections nd should be regarded s the truc dimeters, dis
regarding shght geometric enlirgement  As arterics and bronchi may be
easily measured 1 tomogrims up to their sccond and third pownts of diision,
1t was posstble to determune the a/b mdices of arteries m the subsegmentl
arcas The cxternal outlines of an artery nd the dinmeter of 1 lumen of 1
bronchus were always measured perpendiculr to ther long ases The mewn
values of the 1/b mdices grven in this paper 1re calculated to an accu ey of up
to 4- 001, for pracucal use however an 1ccuracy of bout 4 0118 sufficient

A general rule hns been thnt measurements of arteries and bronchi be per
formed exclusively on the corresponding parts of both svstems 1f possible 1t
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the same distance from the nearest division of the hugher order The a/b m(inccs
are determined after the segment to which the bronchus and artery bel onlg
has heen defined and confirmed The 1dentification of bronch and yessel (51
was based on the papers of HornvriEwyTscn & STENDER, which have prove!
m?ls‘:\:i\i“‘hundred tomograms were obtamed mn the 250 subjects examined
and about 5000 measurements were made The matenal was dinided nto
four groups according to age 1¢€ 6—13 years 14—20 years 21—40 years
and over 40 years as well as according to sex The values of each afb index
m these groups are gwven and for each group 2 wean arthmetic value and a
standard deviauon value as well The sigrificance of the difference between
(he mean values for the age and sex groups was checked by stavsucal methods
by means of the t test and the F test to the sigmificance level of 0 05

A mean anthmetnic ‘alue (X) plus or minus a standard deviauon value
(s} talen twice are grven mn the tables and figures of this paper It means tn
effect that over 93 % of normal values should be found 1n the range from — 2s
10 + 2s around the mean value of the gnen index

Deterpunation of the ajbindices

The width of the nght pulmonary artery may be determined 1n frontal and
sagittal tomograms by means of three a/b indices

{ Upper mdex of the pars intermedha of the nght pulmonary artery The
right hyparterial bronchus should be measured a few mullimeters below the
ongin of the epartenal bronchus the pars intermedia of the nght pulmonary
artery being measured just below the level of the origin of the apical branches
It 15 often dufficult to measure the pulmonary artery at this leve! because the
mam stem often divides deep in the medsasunum  furthermore artentes A2b
A3a and vein V2a and 1ts branches often mask the outhne of the pars inter
media

2 Lower index of the pars mtermedia of the nght pulmonary artery The
artery should be measured just above the onigm of the middle lobe arteries
Both the artery and bronchus are clearly defined 1n tomograms and this mdex
15 the only one that can eastly be measured ordinary roentgenograms

peatally 1f 2 agh kalovoltage and a y dary gnid are used

3 Basal index of the nght pulmonary artery The bronchus and artery
should be measured 05 to 10 cm above ther division

o nto branches to the
asal segments of the lower lobe Since there 15 a wide vanety of types of
division at this level careful attention to the anatomical conditions 1s necessary

The width of the left pulmona
ry artery 1n frontal saggital and oblb
ptu]cc[(‘mns may be expressed by two afb l?dlCCS goal anc obbue
ower ndex of the left pulmonary artery T
1y The artery 15 measured just
below the ongm of the hngular artenies which 1s usually ;{thc same l::‘.cjl as
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Table 1
Diameter (1n mm) of the pulmonary artery sn different ages

Years ol age Right pulmonary artery (pars inter 1 eft pulmonary artery {pars mter

media) medi)

Males Females Males Females
6-13 §7+12 84422 89+24 90+20
14-20 109426 105 +32 14+30 Hox36
2140 127 326 15422 H1+32 1332
over 40 139 - 42 120434 129 +32 118 £ 40

the ongin of the rtery to the apicnl segment of the lower lobe The bronchus
1s measured 1t the corresponding level of the bronchinl tree

2 Basal inden of the left pulmonary artery The artery and broachus should
be measured 1bout 05 to 1 0 em 1bove thar diiston nto basal segmental
branches as in the right lung

There are several sites whete segmental and subsegmental vessels may be
measured It should be emphasized that if significant values of /b indices are
to be obtuncd, mersurement of the corresponding artery nd bronchus 1
requied Stvernl segmental and subsegmental 1/b indiees re hsted below
accordmng to therr lobar associition The nomenclature used 15 based on the
papers of Hornyaiewytscir & STENDER

I Upper lobe Ala/Bla, A2b/B2b, A3+/B31, A3b/B3b and somctimes
Al/BI, A3/B3

11 Middle lobe Ada/Bda, A4/B4, A51/B51, A5/B5 and sometimes Tm/Bm,
A5b/B5b, Adb/Btb

IIT Iowerlobe depending on the type of division, 1¢ A7 + A8/B7 + B8,
A9 4+ A10/BY9 + BIO o1 other combmations of the scgmental and subscgmentt!
vessels

The same 1/b indices m1y be obtaned from measurement of the broncht
and vessels i aither lung, the shght differences between the nght and the
left lung are msignificint About 20 /b mdices of the segmental nd subseg
mentl vessels of the lungs were determined, and these were analysed m
groups according to the lobar division of the lungs

Influence of certan plyswologic factors on the values of afb wndices Tomograms
full ispirtion re necessary for the determination of the /b mdices Nurow
g of the bronchus 1nd shght enlargement of the vessel in full expiration m'\{)}
change the value of the 1/b index by 01 to 0 2 at the lnlum nd by 03100
at the periphery of the lung If the lower index of the pars intermedin of !hcl
nght pulmonary artery 1s defined 1n an ordinary roentgenogram, the usut
cxposure time of which 15 0 01 to 0 1 sec, pulsations of the vessel my change
the value of the index by 01 In tomogrims, in which the exposurc time 1
about 1 sec, pulsations of the vessel do not nfluence the 4/b wndes, becuse
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Table 2
Values of alb sndices
Sample Lower index of nght Lower index of left
pulmonary artery pulmonary artery
4
Aales 124 £048 141203
¥ males 1242028 140 2028
613913 128 £048 142 £ 034
1420 y11 12 £040 147 2028
2140 y1s 1272032 139 3042
Over 40 y13 1222098 138 1044

the largest diameter of the vessel 1s always seen The lower mdex of the nght
pulmonary artery may be drrermmned 1 Tost taes wn ordinacy flms althaugh
the measurements are less accurate The outlines of the bronchus and vessel
are often unsharp pulsations may change the width of the latter and there
15 always consderable difficulty properly to 1dennfy both stuctures These
factors may all cause 1naccurate measurements

1t should always be remembered that there are two parameters forming an
afb index the diameter of the artery and the diameter of the lumen of the
bronchus Certain constant conditions m the bronchial tree arc required if
morphologic equivalents of the hemodynamic changes are to be properly
expressed n a/b ndices The tomograms should be taken 1n full inspiration
The a/b indices should not be determined if pathologic changes such as
bronchieetases of narrowing of the broncht are found Qedema of the wall
of the bronchus which often occurs 1 mutral disease, may also change the

value of the afb index An approximate value may be obtained 1n these cases
1f allowance 1s made for the thickening of the wall

Dependency of the afb tndices on age and sex Dhameters of the nght and left
pulmonary artery for the age and sex groups are given i Table 1 The nght
pulmonary artery was measured just above the ongin of the middle lobe
artenies the left pulmonary artery bemng measured at the level of the ongin
of the artery 10 the apical segment of the left lower lobe Corrections have
been made for geometnc enlargements of the vessels n all the data Ttis evident
that the dirmeters of both arterses wncrease with age particularly in the fiest
two decades of fe and are larger 1 males within the given age group From
the pracucal pomnt of view the numencal data obtamed from measurements
of these artenies are of hmited value since they were obtamed only for two
segments Moreover there 15 a sigmficant vanabihty with age sex and body
build The necessity of mtroduction of corrections for geometric enlargement
or’»rcsscls may be regarded as another disadvantage
o a::be l::ﬁ:ls :f the nght and left pulmonary artery expressed n the values

e given in Table 2 Statistical analysis of these data revealed
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Table 3
Values of afb indices and mean anthmetic 1alues

AMean anthmette value & stand
ard deviation value taken twice
Rught pulmonary artery

Upper index 103 £ 034

Lower index 124 £ 044

Basal andex 131 £ 042
Left fulmonary artery

L ower index 140 £ 028

Basal index 137 £ 034

Segmental and subsegmental arterses of

Right upper lohe 118 + 040
Right middle lobe 116 +010
Rught lower lobe 119£020
Ieft upper lobe 118 03
Lingula 120 4 034
Ieft lower lobe 122 + 044

that the values of the 1/b dices are independent of age nd sex Some shght
dufferences between the mean values 1n the age nd sex groups for the gien
1/b index are statstically insignificint As far as the other /b indices are
concerned, 1t has been proved statisucally that they are mdependent of 1ge
and sex

Normal mean values of 4/b indices arc given in Table 3 and g ! All the
data were calculated from measurements in tomograms taken in full inspiration
with the subject 1n the supine position

Duvisions of the pulmonary artery branches and some relationships between the main
stem and branch diameters Over twelve hundred divisions were analysed 1n tomo
grams of morbid specimens, and 1n tomograms of normal subjects, 1M order
to evalute the types of dnision of the branches of the pulmonary artery The
dinmeter of the main artery was mensured just above s division nto secondnry
branches, the diameters of the branches being obtuned just below the level
of the divisson The ngle of division was measured between the long 1\ of
the stem 1nd the long 1as of the branch In this way branches of both the pars
mtermedta of the pulmonary artery and the segmental and subicgmcmﬂl
artertes and somettmes therr branches were measured

It has been found that there are two morphologic types of division of the
pulmonary artery bifurcition and collteral branching (Dig 2) 1 1ch of
these types has certain characteristic features

Bifurcation Thus form 1s characterized by the division of the mun artery into
two branches of almost cqual size, m most cases (72 °,) the angle of division



221
TOMOGRAPHIC CRITERIA FOR EVALUATION OF PULMONARY CIRGULATION

118 040 t8-032

118040 110 034

Fg 1 Norral mea t values of the a/b ind ces

of each branch being between 10 and 30 (Fig 3) and the sum of the angles
of both branches 1n most cases (64 %) lymg 1n the range of 30 t0 60 The
diameter of one of the branches 1s larger than half the main stem diameter

n 912, of cases and the sum of the diameters of both branches s generally
greater than the stem diameter

Collateral bronching The mam stem i this type of division divides mto a
branck that 1s almost a

s farge as the stem and runs in the same direction and a
smaller branch (Fig 2) The angle of dision m 77 9, of cases 1s from 30” to
80 g 3 The relationship between the mamn stem and branch diameter

1s charactenstic 1 ¢ 1 79 “o of cases the dimeter of the branch is smaller
than half the stem diameter
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Table 3
Values of afb indices and mean anthmetsc vatues

Mean anthmetic value 4 stand
ard devition value taken twice
Right fumonary artery

Upper index 103 4+ 03¢
Lower index 124 £ 044
Basal index 13txo0p
Left {udmanary artery
Tower ndex 140 £ 028
Bl index 132 + 034
Segmental and subsegmental artertes of
Right upper lobe 11g =010
Right muddle lobe 116 4 010
Right lower lobe 119+ 020
I eft upper lobe 118 t 032
Iingula 120 + 03¢
I ft lower lohe 122 + 04

that the values of the /b indices re independent of age nd sex Some shght
differences between the mean yalues 1n the age ind sex groups for the gnen
1/b index nre statistically msigmficant As far s the other a/b mdices e
concerned, 1t has been proved staustically that they are independent of 1ge
and sex

Normal mean values of /b indices re given in Table 3 and Lig | All the
data were caleulated from measurements 1n tomograms then in full mspiration

with the subject m the supine positton

Dunsions of the pulmonary artery branches and some relationships between the main
stem and branch diameters Over twelve hundred divistons were analysed m tomo
grams of morbid specimens, 1nd 1n tomograms of normal subjects, m order
to evaluate the types of division of the branches of the pulmonary arters The
dimeter of the mun artery was measured just 1bove 1ts diviston inte sccondry
branches, the diameters of the branches bemg obtauned just below the level
of the division The angle of division was measured between the long s of
the stem 1nd the long 2xus of the branch In this way branches of both the pars
sntermedin of the pulmonary artery 1nd the segmental and subscgmenta
arterics and sometimes their branches were mensured

It has been found that there are two morphologic types of divsion of the
pulmonnry artery bifurcation and collateral branching (Iig 2) 1 wh of
these types has certun charactenstic features

Bifurcation This form 1s characterized by the division of the mun artery mnto
two branches of Almost equal size, 1n most cases (72 ©,) the 1ngle of division
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It 15 known that an evaluation of the pulmonary airculation based on ordinary
films and expressed 1n conventional terms may often be misleading and cardio-
angtography 1s not always possible or indtcated The present wniter has reported
elsewhere (WéjTowicz (1963) that disturbances in the pressure and flow 1n the
pulmonary arculanon within the range in which they change the morphologic
conditions 1n the pulmonary artery may easily be expressed by means of a/b
indices These indices seem to be more accurate and more convenient than
other methods of evaluation of the pulmonary vascular pattern in cases of
chronic cor pulmonale mtral disease and congenital malformations of the
heart and vessels

Conclasions

1 The artery/bronchus indices determined 1 tomograms may express
morphologic conditions 1n the pulmonary artery

2 The range of evaluation 1s somewhat increased 1¢  the width of the
both pulmonary arteries at the hila and some segmental and subsegmental
vessels may be evaluated

3 The values of the aj/b indices are independent of age sex and type of
body build

4 Since an a/b index 15 a relative value geometrnic enlargements under
dufferent technical cond may be disregarded

5 Two types of drvision of the pulmonary artery branches were found, 1e
bifurcatton and collateral branching Each has certan characteristic morpho-

logic features that may be of value 1n the diagnosts of pulmonary artery pathosis

SUMMARY

bm\“g‘:l:'?:dnf evaluation of the branches of the pulmonary artery by means of an artery/
subscgmtmzl« ;s propesed The mean values of the indices for the main segmental and
Thegemal l;u monary arteries based on 1 200 tomograms of 250 normal subjects are gnen

th indices arc mdependent of age sex body build and geometnical condition

ZUSAMMENFASSUNG
Eine Methode zur

Bronchus Qe Aoshatzung der Adte der Pulmonalartene muttels cines Arterien
h Die Mattel o

stamme und fur die leses fur Haupt

grammen son 250 no::ngmal entaren und subsegmentaren Artenien wurden an 1200 Tomo-
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Fig 2 Types of duvsion of the pulmonary artery branches O st denotes stem ditm
cter O br denotes branch dimeter a) Bifureation type b) Collateral branching type
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Fig 3 Distribution mn per cent of the angles of diision 1n the bifurcation type (upper part of din
gram) and m the collaterat branching type (fower part of diageym)

vilue in the wvaluation of the caliber of the pulmonary artery At the dision
site This 1s the constant relitionslup of the mun stem dinmeter to the dimeters
of the branches, 1 ¢ the sum of the diameters of the branches 1s alw ws greater
than the dinmeter of the stem

Independency of 1ge and sex 1s an important 1dvantage 1 the evalution
of the utility of 1/b indices in the definition of morphologic conditions the
branches of the pulmonary artery While an 1/b mndex docs not change with
age nd sey, the dinmeter of the equivalent artery 1s lrgely dependent on 8¢,
sex, 1nd body build Morcover, /b tndices mny be determined not only of
the mun artery but 1lso of the segmental nd subsegmental vesstls, which
somewhat mncreases the range within which an «valurtion may be obtaned
The fact thnt the 1/b index does not depend upon the geometrical conditions
under which the tomograims 1re tihen may be considered 1nother advntrge

of this method
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Trasknown that an evaluation of the pulmonary arcalation bised on ordinary
films 1nd expressed 1n cony entpnal terms may often be misleading and c:mhol
angography s ot always possible ot indicated The present writer has rcpnni‘(
clsewhere (WoyTowicz (1963) that disturbances 1n the pressure and flow mthe
pulmonary arculation, swathin the range 1 which they change the morphologic
conditions s the pulmenany artery may casily be expressed by means of afb
tadices These mdsces stemt to be more aceurate and more conventent than
other methods of evaluation of the pulmonary vascular patfern in casts of
chromic cor pulmonale, mutral discase and congemtal malformanons of the
tieart and vessels

Conclusions

1 The artery/bronchus mdices determined jn {6mMORTaMS ™Ay €Xpress
morphologie conditions in the pulmonary artery

2 The range of evaluation 15 somewhat ancreased, 1 ¢ the width of the
both pulmonary artenes 4t the Inla and some scgmental and subsegmental
sessels may be evaluased

3 The values of the ajb wndices are independent of age sex and type of
body bwild

4 Smce an afb mdex s a relatne value, geomernie enfargements under
dafferent technical conditions may be disregarded

5 Two tvpes of dusion of the pulmonary artery branches were found 1 ¢
bifurcanton and collateral branching I ach has certain characteristic morpho
loguc features that seay be of value m the diagnosss of pulmonary artesy pathosts

SUMMARY

1 method of evaluation of the branches of the pulmonary artery by means of an artery/
bronchus index 15 propased The mran vajuct of the indices for the man segmental and
subsegmental pulmonary arteries based 6n 1 00 tomog,rams of 250 pormal subjects are given
The value of the mduces are independent of a8 sex bady budd and geom trical conditions

ZUSANMMENIASSUNG
T Method,
lm;:;m ghz' c':ur ‘f‘,\s:hva‘:zung der m[; tdc‘r' Pu'lmonalarltnc muttels eines Arterien

1 dieses O fur Haupt
stamme und fur die segmentaren und sub segmentaren Arterien wurden an 1 ;

200 Tomo-
grammen von 250 siormalen Indniduen ermuctelt D .
es Vert des Quoni nten 15t unabh.
von Mter Ceschlecht Korperbau oder geometnschen Finflussen @ ™ unabhangls

RUSUME
nul '::;::r dpruﬂml;l une méthode pour apprécier 1 état des branches de | arttre pulmonaire
trer P“ma"“‘t/bmnthe 1 donne les valeurs moyenncs dey indices pour les
rincipaley ous d aprés 1 200 tomographres

de 250 sujers normaux Les 1l ¥
Jeurs d
e compy oot Len géumem;ul:: mndices sont indépendantes de 14ge du sexe du
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ROENTGENOLOGIC AND MORPHOI OGIC STUDIES
OF THE MUCOUS MEMBRANE MOVEMENTS IN
THE STOMACH OF THE CAT

A preliminary report
by

Toreny GRETZ

The mechamsm of the: folds of the gastromtestinal tract 1s sull not completely
vnderstood 1n spite of the great number of publications on the subject Forssere.
11913} was the first to pownt out the sigmficance of the smooth muscles in the
mucons membrane and presumed that the lamina musculans mucosae was of
far greater importance than the outer muscle wall the tumica musculanss In
his later works he considered that vanations in the degree of filling of the ves
sels and 1 the distribution of fluid m the submucosa also played a certaun role
Such changes were however tmpossible to demonstrate with the fixauon meth
ods that he had at his disposal SjosTrand (1942), 1n ammal expeniments
using freeze drying fixation following freezing 1n hquid air was able to confirm
Forsstir s assumptions and showed that the blood and the lymphatic vessels of
the submucosa were collected tn the folds of the mucous membrane and that

the lymphate vessels were dilated within the folds but collapsed 1n between
them 1n addition the connective tissue n

the folds was infiltrated with find
Several authors have teported \!

on the fi \
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vanatons of the mucous membrane 11 animals and man, before and afier ad
mimstration of drugs influcncing the rutonemous nervous system Only one or
1 fes cases were usually examuned and no umform, reproducible changes after
speaific stimuli of the gastric mucosa were demonstrated Vi Log (1934) clumed,
however, 10 hue found ‘gewisse Gesitzm wsigheiten 1m Verhalten  der
AMagenschleimbut’ following admmustration of drugs The mucosa! folds 1p
pered to be broader «nd more stnuous after the mycction of adrenline or his
timine but bro wder, more numcrous and more tortuous after the myection of
prlocarpine According to TescuFaDORF, cphedrine resulted in broader folds
which sometimes became strughter ind sometimes more tortuous than before
the iygection Otvos (1952) found that the mucostl relief, after an il perod
of decreased or merensed folding, became smoother wath smaller folds following
the injection of atropine Tetracthylnmmonium bromide 1s 1 ganglion blocking
agent which, 1ccording to Porener (1952), causes the normal rugae to stand
out more clearly GRETTVE (1936) examined the exposed mucous membrine of
the cat’s stomach and demonstrated certun reproducible changes after the ap
pheation of drugs Adrenaline crused reduced tonus and st the same time
crensed folding of the mucous membr ine with thin, Ingh folds, pilocarpine caws
«d mcrensed tonus and 2 flattening of the rugae GRETTVE 1lso found that husta
mune produced 1 thichenmng of the mucosnl folds Sexcral 1uthors, ¢ g ALBoT
(1952), JuLiant & Sannazzart (1956) and Prerrrer (1957) have been mter
¢sted 1n what they eall ‘pharmacorndiography’ These authors studicd mamly
the motility of the stomich nd mtestine or the use of drugs for roentgending
nostic purposes but were not specifically interested 1n the pattern of the mucous
membrane

It 1s apparent that many problems associnted with the physiology and pitho
logy of the mechmsm of folding remun unsolved The mmportance of the dif
ferent components of the gastric wall for the formation of rugae are to 1 1ge
extent sull unknown, and no defintte knowledge hs been obtuncd tbout the
autonomic mechansms that gosern thys process An attempt has therefor been
made to examune the vanations of the gastric mucosal rehef wnd then morpho
logze basts by 1 combined roentgenologic 1nd histologic study n which themu
cous membrane of the cit his been wnfluenced by autonomotropic drugs and
then fixed by the frecze drying method

Matenal and Methods The cxperiments were performed i 23 cats waghing
1 910 3 3 hg anesthictized with 40 to 70 mg per Ag body wesghit dtal injectedintrd
venously The esophigus was hgated to 1vord volume changes mn the stomach
due ta swallowed 1ur, and 3 to 7 ml of 1 thick suspension of barnum sulphate m
water were admmstered thiough an esophagenl catheter Drugs werc ndmimnis
tered intravenously and ther cffect was checked radiologically with up to 20
exposures 1t 1 to 10 mm mtery als with the 1mumal on 1ats back and the projee

tion unchanged
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npect on of 0.5 mefkg bodywesght adrenaline a) Tmmediately before ingection b) 5 min
B e o o SIAE vod wvecal mew marrow folds bave arwen especially within the
[

The abdommnal cawity was opened 1 11 expenments when maximum effect
on the mucous membrane was reached The esophagus and the ducdenum
were dnided between clamps and the stomach was quickly usualhy within 2
mimute removed 10 one prece and 1mmedsately fixed m hqud air or hquid
ttrogen The appearances of the specamen were checked roentgenologically,
and portons of the stomach wall were then removed with 2 chisel and dred 1n
\acwo 1n an ordinary freeze dryer Afier fixauon the specimen was transferred
1n cellowdm via pure alcohol cut 1 senal secttons and stained with haema
toxylineosin

The mucous membrane relief was varied experimentally after myection of
autonomotropic drugs Expenments were made with a sympathicommeticum
fadrenaline 01 10 0 5 mg/kg) with 2 sympathicoly nicum (gynergen 0 2 mg/kg)
with two different parasympathicomimetica (pilocarpine and tikaryl or carba
mylmethylcholine chloride 09 mgfkg) with a parasympathicolyticum {atro
pie 005 to [ mgflg) with a ganghion blocking agent {etamon or tetractinl
ammonium bromde 25 mgfhg) and with histamine (0 1 to 1 0 mgjkg) Seyeral
of the above menuoned drugs were tried one after the other dunng 12 prelim
nary experiments that were not followed by fixation

Results
A Roentgenologic observations
Spontaneous vamnations of the shape and size of the stomach and of the

appearance of the mucous membrane occurred during dial anesthesia These
changes were howeter only small The volume of the stomach was esimated
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Fig 2 \drenahine cffeet following ganglion block
with etamon a) Before injection bY 8 mun after
myeeton of 25 mafhg of etamon  Somewhat
ditated stomach and more tortuous folds ¢) 15
min after mecuon of 0 mekg adrenaline The
volime of the stomach has continucd to increase
and an 1bundance ol naerow folds has 1ppered
over th mucasa -

only n the frontal projection mn these prehnunany expenments It was noted
that the mucous membrane relief could change and then recover its carlier
appearanecs, which suggested 1 certun prcformntion The changes desenbed
below were either very marked or, when that was not the case, m repented
expeniments always appearcd m connection with the injcction

1 Sympathicomuneticum  Adrenilime had ather no eflcet on the shape or siz¢
of the stomach or crused 1 shght dilatwuon In spite of this the folding i the
mucous membrane of the stomach mereised The surface of the mucous niem
brane therefore increased more than the remander of the stomach w all, the
folds became higher and thinner and also more numerous (g 1) This cffect
renched 1ts masimum s early 1s 3 to 5 minutes Adrenaline was mjected m once
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Fig 3 4) Befor injection b) a d ¢} Ing ction of
05 mgkg plocarpne Mntrum has contracted
and f ndy dlaed Fold gt alo slghtly n
creased

expenment after a ganghon blocking agent (etamon) had been used The same
changes as were observed following adrenaline njection alone were obtained
but they were apparently increased (Fig 2) The etamon mnjection per se caused
a moderate dilatation of the stomach 1ncreased consolution of the folds and a
certain formation of new folds 0 the mucous membrane

2 Paragmpathicomimeticum  Pilocarpine (and tikary]) caused a charactenstic
change in the shape of the stomach 1dentical with that described after simula
uon of the vagus nerve (RLee 1914) 1 e the antrum became contracted, the
fundus drlated and the stomach assumed a more rounded shape (Fig 3) At
the sa;nc time the mucous membrane folds became more numerous and more
irregular
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Fig 4 1) Before injection b) 10 min After myection of 0 ? mg/he histanune  Mucosal folds hayve become
broader and are longitudmally rranged

3 Sympathicolyticum The effect of gynergen on the shape of the stomach nd
on the mucosal relicf scemed to be stmilar to the parnsy mpathomimetie effect,
but the influence on the outer shape was less marked than that following the

mjecuon of pilocarpine

4 Parasympathicolyticum It 1s genernlly considered that atropine myected mto
1 human being reduces the tonus of the stomach 1nd decreases the folding of the
mucous membrane The wniter has not been 1ble to observe such an effect on
the appearances of the relief in 11 different c\periments 1n c1ts, in 8 of these no
apprent change was observed (Mg 5) and in 3 experiments the ttropme 1n
Jection resulted 1n 1 shght widening of the stomach and 1 certam thichening of

the mucosal folds (Ng 6)

5 Histamune injections provoked thick broad folds, which stood close to exch
other 1nd had 1 charactenstic longitudinnl arrangement, especilly marhed 1n
the corpus part, which was dilnted (Fig 4) The isttmine cffect was obviously
accentuated if atropine was previously administered (Figs 51nd6) When hista
mine wAs mjected nto humnn subjects 1 stmilar change 1n the appearances of
the mucous membrane, with broad folds running m the longitudnal direction
of the stomach, was obtamned These changes scemed, 1n accordance with the
ammAl experiments, to be more marhed after 1 preceding atropme nyection
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Fg 5 Effectof h 1am ne f Tlow ng attop ne injection a) Befo ¢ myection b) 60 m n afrer 1n
J ¢tonof0? mg kg atrop ne No obv ous change in the mucosal rel f ¢) Immafte (b) and after
) jection £02 mg kg hu tamine d) ¢) and [) At3 15 and 25 min afier ingection of histam ne
“Typ cal but acce tuated tha ges due to hustams ¢ act on
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Fig 6 Atropinc and histamine effects 1) Before
yection by 30 min after mjection of 1 mgikg
atropine Increased folding and shight dilata

von of stomach ¢) 20 mun after mjection of 1 ﬂ t

1 mgyke, fustamine

B Morphologic observations

In the 11 cases in which freeze drying fixation was used the specimen con
taning barium was cheched roentgenographically immediately alter freczing
Changes 1n the shape and size of the stom1ch 1s well s of the mucos i pattern
were observed 1n every case following the fixation procedure These changes
made 1dentification of individunl folds impossible However, the mucous mem
br e hept its general characteristic ippeirances brond folds mn the rehief could
be observed after fixation 1f such folds were to be found before
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Fg 7 Effect of ht tamine on mucosal reliel in
woman aged 7 a) B fore myeet m b) 30 min
aft 7 subcutancovs amyretion of 05 mg huta
mun  The tucosal fald have brcame sl ghely
broader ¢} Same dos of b1 tamme guen 40 min
afier myece on of G5 mg at op ne

So far only the effcct of atropine and histamne per se and of histamme
afier a preceding injection of atropine has been studied The general hrstologie
appearince of the folds i the specimens examined to date corresponded to the
description given by Sjostranp There was consequently a concentration of
blood vessels 1nd dilated hymphatc vessels sn the submucosa within the folds
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Fig 8 A mucosal fold from stomach of a eat grven 0 3 mg/hg atropime
tn abundance of dilated Tymplatic vessels present in the submucosa
within the fold Freeze dry fixation haematoxylia cosn

The hmphatic vessels were collpsed between the folds, and there was w
filtr1tion of flurd 1n the connective tissue, especinlly 1t the bases s well s 2t the
edges of the folds

An abundance of diated lymphatic vessels was cvident m the submucos?,
cspecnlly 1n the folds of the stomach wall of an animnl that reacted after atropt
ne mjection with 1n mncrense 1n the width of the mucousal folds (Fig 8) Many
dilated thin walled blood vessels were found 1 the mucosal folds of thosc cats
given histumine (Tig 9)

D and Concl

The eaperuments carried out up to now show that the appetrances of the
gastric mucous membrane of the cat may be varied experimentaily by myecting
drugs that influence the wtonomic neryous system The changes m the width
of the mucosal folds, which wre observed roentgenologically 2fter mjections of
drentline and histamine, agree with GRETTVE’s obseryations followmng direct
application of the drugs on the exposed gastric mucosa of the cat

The present findings of the effect of the myjection of prlocarpine 1re however
not 1n agreement with GRETTVE’s observations 1s he found this drug to cusc 2
flattenung nnd a smoothing of the folds These discrep wnctes in the observations
of the effects of pilocwrpine my be expluned by GrerTvF s working with fixed
tumeca muscularis, which prevents its influence on the mucous membrine rehel
As the mucosal changes arc recorded At the same time as 1n obvious Hteration
1n the outer shape of the stomach, 1t 15 probable that the folding observ ed after
the 1njection of parasy mpathicommetica depends partly on contrictions of
the tunicr musculans
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Appea ance of mucosal fold follow ng njection

Fg ¢

of 07 mghg hstamie Several thnwalled d lated
blood vess | a ¢ evident manly With n the broad fold,
suggesti g hyperemia hyperem ¢ changes aie also present
1n the serosa

The ncreased mucosal folding noted after the mjection of adrenaline cannot
be due to the action of the tunica musculans as the volume of the stomach re-
mains unchanged or becomes slightly larger The change in appearance of the
folds may be explamed as a result of the adaptation of the enlarged mucous
membrane in the unchanged or relatively unchanged space, which is surrounded
by the remainder of the stomach wall The mucous membrane ncreases 1ts
surface and pushes 1tself towards the base of the folds which thereby become
thunner and 1nto the folds which therefore also become higher n addition
new folds are formed between the old ones

The broademng of the mucosal folds observed as a result of the injection of
histamine and 1 certain cases of atropinc 1s cifficult to explam on a simlar
simple mechanical basts The morphologic observations made 1n such casessup
port the assumption that alterations 1n the blood and lymphatic vessels consti-
tute an additional factor m the formation of mucosal folds

The doses used are very large and partly toxic The roentgenologically ob
served changes ase however qual 1y different By p these changes
with morphologic data from a greater matenal a further step may be taken
towards an mcreased understanding of the folding mechanism of the gastnc
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mucos1 1nd the fictors that control 1t Duc to the fact that changes i the
mucos1l rehef ¢an be provoked, experimental possibilities of studving the crea
tion of new folds re afforded The greatest chance of recording changes n the
muscles of 1 newly formed fold ought to be found exactly m the carly phase of
folding One pre requisite for determimng the age of « fold 15, howcver, thatat
cn be mdentified after fixation Tixation 1n situ 1s therefore necessiy This
however, offers great difficulties duc to the Iarge size of the expenmental
mnls, but should be done m futurc investigations It should not be impossible,
Judging by preliminary experiments, to reproduce the changes observed
human beings
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SUMMARY

A prel y bined r 1 and hustologic study of the movements of the gastric
mucosa 1n cats 1s reported Qualitatuely different changes could be prosoked by the myection
of 1utonomotropic drugs These alterations were checked by seral roentgenographs and in
some cases histologicilly afier fixation by the freeze dryving method

ZUSAMMENFASSUNG
Die Arbeit 15t emn vorlwfiger Bericht uber kombinerte rontgenologische und lustologisthe
der B Tichk der M: hleimt der Kkatze Durch Injekuon on
Sut dic das Nervensystem beemil konnten quahtatf verschied ne

n
Wirkungen hervorgerufen werden Die Veranderungen wurden an Sertenrontgenaufnahme
festgestellt und hustologisch mttels Gefriertrocknung uberpruft

RESUMT

L auteur présente une étude prél e radiologique et |

la muqueuse gastrique du chat Il a pu provoquer des modifications qualitats ement dhifferentes
par linjection d agents autonomotropes Ces 1ltérations ont ¢té controlées par la rnd:;?
graphic en séries ot dans certains cas histologiquement aprés fixation par la methode de
dessication par congélation
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BRONCHOGRAPHY WITH AN ODMAN CATHETER
by

PERKA VIRTAMA

Bronchogriphy may be performed by several methods Ouly contrast medn
my be mstilled through 1 catheter mto the epiglottic space and actscly
mspired by the pauent, or pereutancous cricothyroid puncture with mjection
of contrast medin mny be performed (Humrey ct coll 1961 Zuchl RMAN &
Jacomson 1962, Sturz & Virtex [955) An active inspiration method often
results 1n furly good outlining of the bronchial tree, but m1y otherwise lease
much to be desired It 1s probable that the mtroduction of 2 eatheter mito the
trachen, or 1nto onc of 1ts maun branches, sull gives the most sausfrctory filling
of the bronchinl tree although to the rocntgenologist of hmited experience 1t
Iryngoscopy the passng of 2 citheter mnto the tracheis genernlly ifficult and
time consuming

The well known prinaiples of selective arterial catheterization may casthy be
adapted to bronchography The specinl advantage of this method 1s the €8}
introduction of the small ctheter 1nto the trichen without Jaryngoscopy The
techmque 1s s follows

After premedication and local wnesthesia of the Iwrvnx with 3 to 5 ml xvlo-
cune 5 % spriy, 2 spectal throat spatult, to which an Odman cwheter with
Seldinger wire 1s attached, 1s placed on the supertor surfce of the tongue Tigs

————
Subnutted for publication 13 July 1962
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Fg 1 Fig 2

Fy 1 The throat spatula made of p-rspex w th an Odman catheter inserted I mensions
ofthespatulaa 09 x 20 x 210 cm and 1ts dustal end 1s rounded

Fg 2 The proumal end of the spatula w that flon catheter of nner diameter of 3 mm
embedded 1n 1ts upper part and with an Odman catheter inserted

Fg 3 Theleft b onchial tree .
e tod S0 s oS B Ly O 3R Ockman
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and 2) with the patient sitting or 1n the lateral decubrtus position The pswige
of the tip of the catheter 1s controlled by fluoroscops, the field size beng
restricted to 5 X 5 em The use of 1n 1mage amplifier and television screen 1
naturlly an advantage The catheter 1s introduced into the trachen by shightly
moving the proximal cnd of the sputulh, wlich then 1s removed, and 2 ml
xylocime are mjected through the former The Seldinger wire 1s then re m
serted and the tip of the catheter 1s introduced 1nto the bronchial branch to
be examined The shape of the catheter tip may be selected to smt the angle
of the particulr bronchus, 1 strught catheter 15 satisfictory for the trachet
and 1ts mun branches Side holes my also be used so s to ficihtate the
flow of the contrist medium (Dionosil \quacous — Glwo Laboratories I td),
which 1s myected 1nto the catheter with n ordmary 2 ml syringe fitted with
ancedle Turly good filling of the cntire bronchial tree may be obtuned with
5 ml of the contrist medium with the catheter lying in the mun bronchus
(g 3)

The method of introducing the catheter nto the trachen 1s similar to that
earlier described by Cestery (1961) The small diameter of the catheter m the
present method makes the procedure more pleasant for the patient and also
ficilitates the intioduction of the catheter mnto the destred position

SUMMARY

A method of bronchography by means of 1n Odman catheter introduced mto the trichea
with the ad of 2 speaitl throat spatula s described

ZUSAMMENFASSUNG

Dic Verwendung des Odman Katheters der mut Hilfe e besonders honstruierten Spatel
1 dic Tracher cingefuhrt wird wird als eme neue bronchographische Methode beschrieben

RLSUML

Deseniption d une méthode de bronchographie au moyen d un cithéter d Odman mtrodumt
dans In teachée grace 4 une spatule laryngée spéeinle
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An expermental study 1n dogs
by

N P G Epurvg and € O Osevrors

EpLine et coll {1928 1959) 1n previous expersmental studies in dogs dem
onstrated the nisks of myury to the kidneys 1n renal aortography as weil as
1n selective renal cathetenzation and arteriography The examinations were
pesformed by cathetenzation of the femoral artenes and dr and three jothne
compounds were used as contrast media The veswlis of the previous expen
ments suggested that acrtography 1n human subjects with normal kidness
should rot cause renal damage while selective arterography mught do so
As selectve renal artertography would appear to be diagnostically superior
to renal aortography  the nisks assoctated wath the cathetenzation and arteno-
graphy of the renal arteries will be considered once agam n the present ex-
perimental study n dogs

he dogs were kept under superficial general anesthesia, 05 to 07 mlfkg
bodyweight pentothal sodum Abbor (thiomebumal sodrum} 5

o
to 012 mijkg bodywesght pemt Abbot (pentob

o/, plus 0 10
butone sodwm) 6 9,
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were given for mduction and I to 2 ml pentothal sodwum for muntentnce
when necessary The medin were yected mtr cnously 1 a hindleg

The catheterizations were performed percutancously 1n both femoral
arteries by the Scldimger method Red or yellow Odman catheters were ntro
duced 1nto the renal arteries vin the north during fluoroscopy with n mage
mtensifier The catheters were repeatedly flushed with normal saline wth
3 drops of added hepann solution 5 000 TU/100 ml 1n order 1o obviate clot
formation

One milhilitre/hg bodyweight Urogrifin (sodium  methylglucimme dia
trizoate) 5 % was mjected 1n the nortn 2t the level of the second lumbar
vertebr for il focalizaton of the origins and courses of the renal arteries
and films were obtuncd  Renal nortography was then performed after a
further mjection of 1 mifhg bodyweight Urografin 309, or 45 % for wnimtrl
study of the condition of the kidneys The proumal parts of the renal arteries
were catheterized at that stige The subscquent experiments were diyded
nto three separite groups

Tirst group The nps of the catheters were hept 1n the prosimal parts of the
arteries wnd 15 mifkg bodyweight Urografin 4 6 9 njected on onc sndoc,
sumultincously wath 1n equal dose of plism: sosmotic sodum 10dide 23%
on the other side The selectiv e imjections were repeated in ench dog with the
sides changed The artennl blood pressurc of the dogs was lowered to 1bout
30 mm Hg when the injections started, this was 2ccomplished by mneresing
the ntrabronchunl pressure by means of 1n oxygen injector (NORDENSTROYM
1960) connected to the mtubated dog As soon 15 the contrast medum md
jections were completed the blood pressure was restored to a normal level W
2 finnl renal nortogriphy was performed

Second group The catheters were pliced distally m the renal arteries fgr
periods ranging from 5 to 9 mnutes but no contrast medium was jecte
The catheters were then withdrawn nto the vorta, ind renal aortography was
performed for the study of the conditton of the hidneys after the obstruction
The cfficiency of the obstruction of the renal artertes by the catheters was
checked 1 a few dogs by means of 2 third catheter through which rennl 10rto
graphy was carned out (Tig 1)

Thard group The position of the catheters i the renal arteries was the same
s 1 the sccond group and was mamtuned for perods ranging from 3 100/
ramutes, 01 to 025 (in onc hidney 042) ml/kg bodyweight Urogrfin 30 %
was then mjected before the catheters were withdriwn nto the o1t Renn

rtography w1s then 1n some amimals carried out
r\oTh% cg’m);ast medium 1njections, m the renal aortographies, were pcrformdcd
with the Gidlund njection syringe and the mjection time w1s 2bout ‘lsc(:o;‘sc
The sclective myections were carned out manunlly 1t moderte speed Th
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stecalselect ¢ renal casheterazat on (rght yellow Odman cathese Jefe red 9dman catheter)
Esgfalr g ?;?;‘unpzislblr and aonography by means of a tird catheter Good fll ng of the branches
of the renal arteries \exy small 10fa c1pns in the right and a la ge 1farct on in the left kidney with
suneral salt depes t5 were e d nt histologically

uming of the 2ortograms, 1n which a Gidlund automatuc film changer (Elema)
with roll film was used was one every second for two seconds one every two
secontls for ten seconds and one every ten seconds for fifty seconds Most of
the selecuve renal artenograms were also recorded on roll fitm for which the
uming of the exposures was one every two seconds for twelve seconds and one
every ten seconds for sisty seconds A few examinations were performed with a
senes of cut films Single films an additton 1o the above were also obtaned
at2 3 and 4 minutes after the start of the myection

A study of the angonephrographic effect was used as the only test of renal
function 1n the present sertes of the expenments

The dogs were kept alive after the expersments for peniads rangng from
3 days to 8 weeks dunng which time they behaved m a normal way Further
Tenal aortographies were performed n some dogs The dogs were killed by
desangumauen and the kidneys removed mumediately, these were then

divided 1nto two fixed 1n 10 *, formakn ¢oluton and prepared for microscopic
oxammaton
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Material

The extminations were performed 1 18 healthy dogs about o to three
yeurs of age, and of weights ranging from 19 to 25 hg Thurty three of the 36
hidnevs were catheterized, 1n two dogs i which two nght renal arteres
custed, the upper were cathetenized

The first group wath sclective catheterization of the proumal parts of the
renal 1rteres ind contrist medium 1mjections during reduced arterial bood
pressure consisted of 5 dogs and 10 kdneys

The second group with catheterizauon of the rennl artertes 1s far distally 1
possible consisted of 8 dogs and 14 hidneys Selectve cathetenization of the
artery fuled mn the two remuning hidneys The degree of obstruction of the
renal artertes by the indwelling catheters was tested 1n four dogs and seven
hdneys (by means of renal vortography vin A thied catheter) One dog of this
group had also been subjected to the experiment of the first group

The third group, with cathetenization of the renal arteries s far distally 1
possible combned with contrast medium njections, consisted of 5 dogs and
8 hidneys Obstruction by the catheter mn the mnth hidney was not followed
by contrast medium myection, wnd the remuning hidney was not exammned

Results

The anglonephrographic effect ran 1 normal course 1 both hidneys i 1t
the mitnl renal vortographies and contrast filling of the pelves and ureters
occurred normally

In the first group with sclective catheterization and simultaneous 1njections
of diatrizote 1n one and sodium 10dide 1 the other renal rtery during reduced
artennl blood pressure, the angtonephrographic cffect appeared normal n
All kidneys The degree of denstty of both hidneys w1s equal during the coutse
of the plicnomenon (LoLiNg & OveNeors 1962) and the angonephrographic
cffect also 1ppeared normal n the final renal aortographies 1

The dogs were killed After intervals ringing from 3 dys to 6 weehks, 10
histologic examinntion of the 10 hidneys was performed Shght pycloncphrlllc(
changes of 1 type frequently seen 1n dogs were evident 1 2 hdneys nd are ©
no significince 1n the present study Six of the hidneys had areas of nephron
destruction with defimite chinges in the tubules and shght changes m the
glomeruhi I'ibrotic changes were cvident 1n kidneys that were removed rela
tvely late following the experiments, 5 of them 1lso had mineral salt depostts,
which both 1n the tubules and mtersutially dyed s lime, tnd were present 18
early as L to 3 weeks after the experiment The changes had the character odf
wedge shaped infirctions extending from the medulln nto the cortex a;l
were marked i 3 hidneys and moderate or shght sn the remammng 3 Tll;_
mineral salt deposits were considerable m 4 of them The infarctions 1 4 ©
the kidneys were cvident macroscopically s pale areas
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ccond group with selectne catheterization of the renal arteries as far
d\sIt[;:“lyh ca: possikP renal aortography with the catheters within the rcnal[
artenes and after their withdrawal revealed good artenal filing and a normal
angionephrographic effect This finding ndicates that the obstruction caused
by the catheters selectively mtroduced was incomplete (cf Fig 1)

The dogs were hilled after intervals ranging from 4 t0 8 weeks The histo-
logic exarinations of the 16 kidneys revealed that 6 had shight pyelonephntic
changes of the common type and 7 had infarctions of the latter hidneys all
but one had muneral salt deposits The morphol changes attributable to
the experiment were m 2 kidneys found in fairly large arcas of the parenchyma
affecting both glomeruls and tubuli, m the remaining 5 the tubult alone were
affected to 2 shght or moderate degree One of the 2 kidneys m which the
selective cathetenzatton failed was included 1n the latter The mmeral salt
deposits were fairly extensive 1n one kidney and moderate i the remaimnder
The macroscoptc appearances indrcated infarction in 2 of the kudneys

In the #hrd group with selecuse cathetenzauon of the renal artenes as far
distally as possible and mjection of contrast medium the angionephrographic
effect was normal 1n 4 and abnormal 1n 3 of the 8 kidneys No films were
obtatned 1n one kidney owng to a technical fault One of the 3 kidneys with
an abnormal angionephrographic effect was studied only for 20 seconds
duning this ime the accumulauon of the contrast medium in the upper part
of the kidney remamed unchanged and 1n addion the interlobar artenes
mn the area failed to empty The accumulation of contrast medium was still
evident 4 10 9 minutes respectively after the injection 1n the upper and lower
parts of the 2 remaining kidneys (Fig 2) In one of these cases regional mter
lobar arteries also remained filled longer than normal Renal aortographies
in two dogs including 1o of these kudneys revealed however a normal angio-
nephrographic effect

The dogs were killed after intervals ranging from 4 1/2 to 5 1/2 weeks
Histologic examination disclosed shght pyelonephritic changes 1n 7 hidneys
Two kidneys had infarctions with affection of the tubuli and considerable
r:::;:’:ll sag depostts the wnfarctions occurred 1m one of the kidneys with a
o mo:nh lm onchtha( had shown an abnormal angionephrographic effect

phologic changes in the former were evident 1n one smali area and 1n

the latter were scattered and moderate 1n degree The infarctions were not
obvious macroseopieally

Discussion

The nisks of selectne cathetenzation and arteriography have been discussed
1: recent papers on expenmental studies EpLine et coll (1959) found that
lmcumjcgu(onhol' large doses of contrast medwm 15 usually followed by renal
Jdn, ut there was no constant relationship between the dose of the contrast
medium and 1ts concentration on the one hand and the degree of renal damage
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Fig 2 Sclectine eathetenization of the upper night - Fig 3 Bilateral selective renal catheterization as
renal artery 20 scc after injection of 01 mlfkg  far distally as possble and aortography by means
bodyweight Urografin 30 Abnormal angio of a third catheter (only lefi hdney reproduced
nc{vhrnzraphlc cileet 1 the upper part of the Tilling defects mont probably representing thromb
kudney sull evident after 5 mun Only small i at up of catheter  branches of the artery well
farctions with muncral salt deposits were evident  Glled No infarctions histologreally
tustologienlly

on the other Tt was suggested that the renal damage was crused not only by
the contrast medium but also by 1schnemin, which increases its nephrotovic
effect When present, an abnormal angionephrographic effect mndicates 2
disturbance of the renal arculiion Othier authors hwe reported 1 more
constant relitionship between the type nnd concentration of the medium and
renl dumage Linperen (1961) and Morrr Lasstr et coll (1961) found
mjury to be related to the exposure of the hidney vesscls to the contrast medium
The latter authors presumed however that umdenufied factors may pliy ?
role 1n the production of ncphropthy Stokes & Branarp (1961) suggested
that pecuhrities of molecular structure nught be the more Ithely reason for
the enigmatic nephrotovie behaviour of one medium relative to another
There 15 1 sigmficant difference between the experiments of Forine ct coll
and others The former vsed 1 techmque comparable with that manO\cd n
clinical examinations in human subjects I INDGREN exposed the renal artenes
through a retropetitonen] route and dirccted the blood flow i1 an extr?
corporal blood carrying tube into which the contrast medium was mjected
Morris, LassEr ct coll explored the hidneys after abdomnnl tncision but
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made the imjections by the Seldinger method SToKES & Bervarp explored
the renal artenies and performed direct ijections

The present experiments were also performed with a techmque used as a
rounine 1n clmical exammations 11 order to study the risks of the method The
selective catheternizations were performed both proumally and as far distally
as possible 1n the renal arteres Diatnizoate m different concentrations was
the only organic 1odine compound used, sodwum 10dide 1n a plasma 1sosmotic
concentration was injected 1nto one arters at the same time as 1n part of the
senies the diatrizoate was mjected 1nto the other for a comparati e study of the
angronephrographic effect (EpLive & Ovenrors 1962)

There was as the results mdicate no rel. hip between the
yanations m the techmque and the histologic findings n the kidneys The
selective cathetenzation without and with contrast medium of varying con
centrations and amounts caused renal damage 1n some dogs or, 1n some cases
only m one ladney The snadence of injury was highest i the graup with
careful cathetenization In the group m which it was the mtention to occlude
the arteries by the catheterization and addronal contrast medum yection
no signs of injury were evident in the majorty of kidnevs As in the previous
exammations of EpLing et coll some factor other than the cathetenzation
1tself or the contrast medium agam seemed to contribute to the mjury

Every selectnve cathetenization naturally causes 2 reduction 1n the renal
blood flow and an impairment 1n renal function The degree of disturbance
may vary It 1s difficult to produce complete obstruction of the renal artery
when a normal branching pattern 1s present even when the tips of the catheters
be distally On the other hand, occlusion may result 1f the catheter enters a
narrow or a branch of early ongin (Botjsex 1959)

The inconstant relationship between the present experimental technique
and the renal damage indicates that this 1s due to a factor that can operate
dunng any experiment It ss well known that blood closting 1n the catheters may
quickly occur if they are not repeatedly flushed with normal saline Intra
artersal filing defects most probably representing blood clots were demonstra
ted 1n one case 1n the present senes (Fig 3) The possibility of clot formation
i_ccmsda\wa\s to be present trrespective of whether the cathetenzation s per
‘;mnc carefully or not The present lustologic examinations revealed that the

maged areas of the hidneys were consistent with infarction mo tubular
:{:g:"’;'z‘s“‘n‘:ﬂ::“gc_}:tlng found as would be expected if the damage were
Tormation T th y 15 33 10 full accordance with the concept of ewbalus

hon In the first group with a high inadence of renal njury the catheters

were not withdrawn between the different bilateral imjections and th
remamed n the artenies for more than on h J v
the sk of blood-clottuny Ferd n one hour a period that must increase
cathetenzation farled m%! ca‘:“ h:mmrc the renal infarctions 1n a dog 1n which
this condhtion An abno‘ ;l at attempted cathetenzation may also produce
rmal angonephrographic effect when present most
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probably represents 1 temporary disturbance of renal crrculation s this i
not nssocinted with corresponding morphologic changes mn the hidnevs No
changes attributable to the diatrizoate compound or the sodium 1odide solution
were demonstrable

The presence of massive mineral salt deposits 1n the mfircted aress 7 earh
s 1 to 3 weehs after the mjury m1y appear strange This, however, 1s m ac
cordance with the experiences of pathologists 1n human subjects Boyp (1943)
noted that even short temporary obstruction of the renal artery in the ribbit
mny be followed by extensive enlafication of the hdney It may be mentioned
that infarctions of the hidnevs were also reported by Epring et coll (1929)
nithough they were not then discussed 1n the present contet

It would thus 1ppear that the renil dimage tesulting from the present
cxperiments was duc to 1ttempted or successful selective catheterization of the
renal artery with mfarction due to thrombus formation and embolt This
complication 1s of 1 different character from that cansed by osmolanty when
too large doses of hy pertonic contrist media are used We behey e that the same
complication may arise in clineal selectiv e catheterization, although by reason
of the larger caliber of the vessels and the more rapid examunitions the nsh
of 1n embolus 1s much reduced, when 1t has occurred 1ts presence m1y not
have been evident chnieally

SUMMARY

Unpredictable myury occurred with varnations of techmque mn experimental suxdms(:if
sclectne renal cathetenization and arteriography n 18 dogs It 1s suggested that the affecte
hidneys were damaged by emboli due to clot formation during the cathetenization

ZUSAMMENTASSUNG

Unvoraussiechbare Verletzungen erfolgten nach verschiedenartigen techmschen Ausfuh
rungen der selektnven renalen Katl sierung und ber 18 Hunden m Fx
persment Fs wird dass die N haden durch Embole crfolgten dic
durch die Kathetenisierung bedingt waren

RESUME
Des variations de la technique u cours d une étude expérimentale sur 18 chiens du cathété
risme et de 1 arténographie rénale sélective ont entrainé des léstons imprévisibles Les auteurs
pensent que ces Iésions rénales sont dues & des embolies causées par la formation de catllots
pendant le cathétérisme
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RENAL CIRCULATION TIME IN RABBITS STUDIED
WITH CINCANGIOGRAPHY

by

Rorr Koterr and Wicnrr MoRTI NSSON

Rennl angiography has munly been used mn the mvestigation of morpho
logic problems The method 15 however also useful for studying certun physto
logic phenomenn of theorctical and clinical mnterest ¢ g the intrarenal circula
tion time The present expertmental 1nvestigation was therefore undertaken
to obtun a conception of the renal crrculation trme with a climcally applicable
method viz renal cneanglography

Roentgen methods 1 the studies of the ntrarenal circulation tme hase
often been reported in the Iterature Fasre (1955) found that the renal
venous phase 1n lumbar aortography lnsts from about 6 to 15 scc after the
beginning of the mjection I inperen (1953) using the catheter method for
aortic renl anglography with the systolic blood pressure reduced to 85 mm,
reported that the vems are usually not filled with contrast medm until
about 15 sec after the end of the mjection Lpsuan (1957) observed 1 filling
of the larger renal vens . the hilum and the main renal ven 4 to 15 sc¢
after the injection of medium TRUETA ct coll (1947) studied the renal cir
culatton time 1n the rabbit experimentally by direct cineradiogeaphy after
thorium dioxide had been njected mto the jugular vein and reported that
the optimum time to demonstrate the renal ven was from 3 to 4 scc alter the

Submutted for publication 19 Octot er 1962
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renal artery was best seen HELANDER (1958) ‘mcasurcg tht.;‘_ rmal()mm?i'(l\i:
tme 11 expenmental g: of the nep aphic ¢ CUI ]:1 sel 830 v
renal anglography of 7 dogs with 5 ml sodwm diprotnzoate (Miokon) !
509, and an imyection time of 1 to 2 sec the renal vein could be rewgmﬁc
after 2 to 3 sec One dog was examined bilaterally A dose of 8 ml Mol cr:"
509}, was mjected 1nto one of the renal arteres and a sumlar amount of
thorum dioade suspension {Thoretrast) mnto the other The injection time was
65 sec The renal ven was demonstrable after 7 sec 1 the former experiment
but as carly as 3 5 sec when the Thorotrast was mjected

The circulation times for the rabbit and the dog were thus 3 to 4 sec it the
experiments with thorum dioxide The corresponding times were 2 to 3 and
7 sec 1 dogs studied with sodwum diprotnizoate 1n doses of 5 ml and 8 m!
respectively The values vary stll more namely between 4 and 15 sec 1n
chmeal investigations This demonstrates the necessity of a systematic mvestt
gation of the normal renal arculation time as a point of departure 1 the eval
uation of the tume under pathelogie conditions

Matenal arnd Methods Thirty one injections of Thorotrast and 30 of Urografin
were made 1n 19 rabbits weighing about 3 kg to determine the renal ctrculation
time at renal angiography with the aid of aineradiography The ammals
were h d with met 1 p lly and then d on
therr backs The anaesthesta was kept as superficial as posstble, and supple
mented with local anaesthesta of the nght groin A plastic catheter (PE 160)
was inserted 1nto the nght femoral artery through an masion 1 1ts wall the
up of the catheter being passed up to the level of the sccond lumbar vertebra
The contrast medium was myected via the catheter and the catheter was
connected 10 a manometer for registration of the blood pressure Switching
over of the catheter to the manometer and registration of the blood pressure
required only a few seconds

It 15 easier to study the left kidney because the extrarenal vessels are longer
and therefore easicr to recogmze by carefully turning the ammal to the nght
side the main part of the otherwise disturbing mesenteric vessels may however
be projected outade the examinanon field

?lmmzome sodiim - methylelucamine diatnzoate {Urografin) 769, as
::m as thertum dioxide suspension (Thorotrast) 25 9, were employed The

rast medwsn was snjected by hand and double mjections of the same

preparation were often given The injection time was about 0 33 sec for 2 ml
and somewhat shorter for one milliliter of the medium The mterval between
w0 myections was at least 2 to 3 min in order to prevent the venous phase of
the first anjection interfering with that of the second ?

The dose of the contrast medium was 2 ml per amjectton with but a few
exceptions This dose was large enough to demonstrate the vemns when Thoro
trastwas used but the imual filling of the renal vemn could not always be umed
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with accuricy when Urogrfin was mjected The arculation time did not
vary with the size of the dose but 1t was easier to distinguish the various phases
of the examinttion when 2 ml were 1dmimistered It would perhaps have been
stll easier to time the phases 1f the dose had been increased further but this
would h1ve meant an unnecessary mcrense of the already heavy stress on the
hidneys

The eneradiographic recording with 1n enlargement of 2 1 was performed
with 2 35 mm Arnflex cimera and 1 Philips 9 1image mtensifier centred
above the lulum of the lcft hidney The ngiographic course of the myection
w1s followed 1 @ TV monttor connected to the mtensifier The mjections
were given fter the camern had been started and films were obtamed until
the renal ven could be distinctly recognized, or when the vein could not be
discerned — generally after 5 to 6 sec The speed of the film was cheched
at the beginming nd the end of 1 roll and was found to be 46 framesisec
The focus was 03 x 03 mm and the esposure yalues about 3 mA and 60 to
70V

The films were studied with the «ud of 1 projector prouded with 1 film
counter The intrirenal arculation ttme was calculated from the number of
exposures, counted from the moment the contrast medium nyected 1nto the
renal artery cntered the hidney until the renal vem could be recogntzed 1m
the renal mlum When the anaesthesta was too superficial the rabbit reacted
to the myections of Urografin 76 9%, 1nd moved, malang 1t difficult or 1mpossible
to see when the contrast medium began to fill the renal vein If this could not
be fixed with 1n 1ccurncy of 5 exposures, 1 ¢ 01 sec, the exarmnation was not
included Tor thus renson 13 of the 30 mjections of Urografin 76 % were &
cluded

Results

1 The central value for the intrarenal circulation time determined by the

method described nbove was 152 sec (rnge 113 to 191 sec) when Thoro-
trast was used wnd 1 78 sec (147 to 20 scc) when Urografin 76 ¢, was cm-
ployed

2 The arculation tumes determined with the same amount and kind of
contrast medium 1 one and the same tmmal differed but bttle from one
esamination to another — on the wverage 0 13 sec

3 The circulation time was not mfluenced by small differences i the amou
of medium myjected at a standardized rate or by a varation of 10to 15mm Hg
1n the blood pressure

4 Thorotrast 12 % produced no change 1n the circulation time but when
Urografin 50 % wns used the crculation times were longer nd reached

about 3 sec

mt
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Discussion

The imtcarenal circulation time noted n the present mvestigation ap
proached the lower limat of the ranges reported 1n the literature .

The vatues grven by previous workers s this field, even those by TRUETA
etcoll (27 to 40 sec) m rabbuts are however, not stnetly comparable with
those 1n the present nsestigation s the amount 1njected was 2 ml Thorotrast
direct ameradiography with a recording rate of 33 framesfsec was used and
the contrast medium was injected 1nto the Jugular vemn They gave no defimte
figures as to the rate of imjection but simply stated that the contrast mediam
was wmjected rapidty

Heranper s values for dogs 2 to 7 sec, were obtamned by a very different
method designed for purposes other than the determnation of the sntrarenal
arculation tme In the hight of the present findings 1t appears remarkable
that bilateral selective renal angrography 1n a dog with equal doses of Miokon
and Thorotrast gave values of 7 and 3 5 sec respectively as measured with a
recording rate of 2 framesfsec while the present values for a water soluble
1odne contrast medium and corpuscular thonum dioade respectivels, differed
from one another on the average by only 025 sec

1t would appear to the wnters that the higher values found for the renal
carculation ime by HELANDER may be due to the fact that he used a much
lower 1mjection rate with consequent increased admixture of blood which
makes 1t difficult to time the mitial filling of the verm with medium As to the
10dtne contrast medium, the lower the rate of mjection, the greater the amount
excreted by the tubules A given decrease m the rate of mjection thus pro-
duces A greater mctease mn the observed circulation tume of the water soluble
medium than that recorded with Thorotrast This may help to explamn why
Heranorr found such a difference between the arculation times noted
his experiments with Thorotrast and Miokon, accentuated by the fact that
he wed Miokon 50 % as against Urografin 76 9, employed 1n the present
studies The effect of the concentration of the water soluble contrast medinm
on the recordings of the renal circulation time has been stressed abos e
T}:’:;f:;img toHELANDER the explanation of the ume lag between Miokon and

injections may be that i the imtial Miokon phase therenal parenchyma

;;‘:);l:? :::21 ran i:\crgtc ‘amount of medum that the quantity remaiung i the
o render the renal vein demonstrable the vern becomes

:;!Ibl; when the tubular epithelium 15 saturated with the medium Thortum
c“;::m; “‘::n‘ch‘c“l:;h%rhani‘ nnc: passes outstde the blood vessels The cir
Yonger tha that ol'Thgf;a in 76 9% n the present expenments was 025 sec
mentioned ; rast This difference might be ascribed to the above

property of the tubular epithehum in association with the glomerul;

filtration Water soluble contrast medium must however al : b
site direction 1 e from the renal ussue to the blood 2 passn the oppo-
wjection of Urografin the r ° o the stream beeause after an
enal vemn was not vord of medium until 6 to 8 sec
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Inter, 1s agunst 3 to 4 sec for the sume amount of Thorotrast mjected at the
sime spued

A third factor that can have 1n eflect on the difference 1 the arculation
tme between Urogrfin ind [horotrast 1s the osmotic pressure of the contrast
medium Water 1s nearly instantancously drawn from the tissue when a contrast
medium with 1 strong osmotic action 15 mnjected mnto an artery (Hov) The
osmotic 1ction 15 much higher for water soluble 1odinated contrast media
than for Thorotrist The 1odinated medin will thus be considerably mor
diluted by tissue fluid than Thorotrast

Another factor that may mfluence the renal circulation time recorded 1s the
cffect of the contrast medium on the blood pressure Amunpsen et coll (1926)
found th1t when Nycotrast was used for anglocarchography 1nd aortography
the blood pressure sometimes fell by 1s much as 40 mm 10 to 29 scc after the
mjection Mutit (1962) observed at most 1 shght fall 1n the blood pressure ot
myection of 10 ml Urografin 60 9 into dogs In the present nvestigation an
injection of Urografin was often followed by 2 fall i blood pressure of 5 to
10 mm with 1n equally Inrge increase above the onginal value This vanation
1n the blood pressure, however, had no cffect on the renal circulation ume The
myection of Thorotrast was not followed by any change 1n the blood pressure,
an obscrvation that agrees with the one made by TrUETA ct coll

The rtte of flow of the medium through the blood vessels 15 presumably
also dependent on its viscosity GRrErTz m his cerebral angiographic Smdol/b
found Triurol 25 % to give - shorter arculation tme than Tnurol 50 %
No change 1n the circulation time with varous dilutions of Thorotrast was
observed 1n the present experiments but no other studics of the possible effect
of the viscosity on the circulition time were undertahen

Any visoconstrictive or vasodilative effect of 1 contrast medium may also
mfluence the arculition time Thorotrast 1s said to have no cfect on the width
of vesscls when given an doses of less than 5 ml/kg bodyweight (IRwIN) ScHMIDT
(1955) reported no dilatation of the pral vessels on myection of Thorotrast or
Urografin 40 % mto the carotid artery, but he found 1n inection of Urod
grafin 76 % to cause vasodilntion LiNDGREN & TORNELL (1958) obscncl
shight dilatation of the wrternies of the intestine and imbs after the xmrnartcn}?
njection of sodium diatrizoate LinpGren (1961) noted no change n lo/c
renal blood flow after repeated myections of 0 8 ml of sodium dratrizowte 50 /3
sclectively mto the renal artery of experimental amimals, and MuTi coul
record no ncrease 1n the pressure mn the intrarenal verns to suggest duatation
of renal artertoles during renal angtography in dogs The width of the rcn:;l
artery and of the visible mtrarcnal arterial branches remaned unchanged,
arrespective of the medium used, 1n the present experiments 15

Anacsthesia may mfluence renal function Craig, Visscner & Houck (19d )
reported that during decp anaesthesia the renal blood flow sometimes c

creased, in superficial anacsthesia, on the other hand, httle or no changes
s
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were evsdent TRUETA et coll noted that prolonged anaesthesia the cx}:cu}:
lation umes tended to be shghtly longer The present experiments  whicl
lasted for 1 to 1 5 hours were carned out under as superficial anaesthesia as
possible It 15 therefore felt that the anacsthesia had no appreciable effect on
the arrculation time

SUMMARY

The )| i time was d 1n rablnts by durect omeradiography with
injection of contrast medium nto the aorta and was found to be about 15 seconds The
tme as measured with Urografin 76 ©  was 025 second longer than that noted for Thoro-
trast Factors capable of influencing the ume recorded are discussed

ZUSAMMENFASSUNG

“ach Injcktion von hontrastsubstanzen in die Aorta von hamnchen wurde dic Verwesls-
ze1t 1 der \terc mittels direkter Cineradiographie gemessen und als 1 5 sec ermuttelt Die
Verwedszeit fur Urografin 76 war etwa 0 25 scc langer als fur Thorotrast Die Umstande
dic die \ erwcilszest beeinflussen konnen werden diskutiert

RESUME

Le temps de arculation intrarcnal a été mesuré sur des lapins par cinéradiographie directe
par mjection du moyen de contraste dans laorte 1l est d environ 15 seconde Ce temps
mesuré avec 1Urografin & 76 est de 025 scconde plus long que celu constaté pour le
‘Thorotrast Les auteurs examunent les facteurs qui peuvent mfluer sur le temps enregy tré
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ALBERTA CANADA

CALCIFIED APPENDICES EPIPLOICAE
by
G B Euorrand b A Ewuorr

Infarction of the bulbous oval appendices epipl with sapontfication
and calarfication occurs commonly and 1s often asymptomatic (Murpte 1953
Euutorr & Freteasc 1962) Idential aseptic necrosis in the tersinal fiinges
of greater omentum a clocely related structure, also produces confusing

calcihcations with the same characterssucs and which may alse lie mn the
true pelis

Ther radtologic charactenstics do not appear 1o have been resiewed They
form the clincal counterpart of expertmental knowledge lrgely radiologic

1 dernation concerming the nature of mugration of the greater omentum
(RaTuesserc & Roseveratr 1942 Avtew 1934)

Case reports
Case 1\ 69 vear-old hypertensice woman with generalized osteoarthntis complaining of
tecursent haematuna with urinans frequency  Ske was found to have cystins and dunng

arestiganon an oval calaf ed bodv (Fig 1) was detected na svrnptoms 1 het hutory were
referable 10 an intestinal compla £

Case 2\ 72 year-old man with a three year history of diminuuon of urnarv stream and
frequency was faund 10 have <mooth prostatic entargement During pyelography a calafied
arvor { was scen ta fall withh % 1w B g movement into the Jeft pelyis (Fig 2) “o sbdominal
d scomfort was exp nenced at the time and no dyspeptic complaints were recalled

% sbmtted for publication 8 July 1967
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Lig | Case 1 Oval calesfication with 1 charctenistic dense shell which i successise films shifted
slightly at the level of the pehi rectal pouch

Case 3 A 70 year old silicotrc ex miner complained of paun of pleunitic tvpe Tower left
chest and epigastium During a gastro ntestinal series 2 cluster of four ovoid calafication
deposits were noted ncidentally medil to the descending colon On re examnation > 17
years later they had moved to the opposite bdonunal quadrant en bloc (Tig 3)

Case 4 A 44 vear old nurse with 2 three year hustory of hypermenorrhoca and anacmi2
but without amy history of dyspepsin or abdomunal pun Durmg vaginal hysterectoms 2
smooth hard tan colored peritoneal loose body was found lying free i the pelu rectal pouch
(lig B “The pont of onigin was not determined On section 1t showed a fine calaafic hell
enclostng grumous fatty debris Microscopieally 1t showed the features of an old infarcted and
caleified appendix epiplotca

Discussion

Ross (1950) has described ‘the appendices eprploicae are situated Iike flags
mArhing the course of the vasa recta longa on the colon w A1’ Sufficient slach
1s present n these encircling vessels to accommodate normnl distensions of the
intestine One function of nppendices eprploicac 1s to 1t 1s recesses 1nto » hich
these vessels prolapse when the colon 1s empty (Pings et coll 1941) They are
among the last f1t depots to be used during weight loss and are 1 constnt
slow fluttering motion during colonic movement (HARRIGAN 1917) Locahzed
terminal infarctions duc to 1septic necrosis re very common 1n them Tlus
appenrs duc to slmplc alterntions 1n colomc posture producmg cre1sc like
folds 1n these bulbous adiposc structures Although a recogmzable chnienl
syndrome has been described 1n the acute eases, consisting of continuous muld
abdominal pam, il within 1n area corresponding with the contour of colon,
lasting without evacerbation for days, 1nd without pun shift, ngdity or 10:5
of appetite, the myorty of instances 1pper to be asymptomatic (LLLIOTT

TrEIGANG 1962)
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Fg ? Casc? Calcfied mass oval in shape
w th per pheral stell Iy g mn the I ne of colon
at the nlerior level of the left sacro- 1 ac 3 it

In success ¢ films_ obtamed at 5— 10 min inter

yals the mass made a tumbling descent finally
to rest on the pel 3 rectal floor

The termunal infarcted bulb of such appendices epiploicae may calafy and
finally detach silently from 1ts moorings to preduce a loose body which gravi
tates into the pouch of Douglas Discovered at laparotomy they sometimes
very closely resemble fecoliths They are occasionally covered with a thin
fibninous exudate but are usually smooth and hard

Radiolomeally the termunal calaficaton 15 charactenstically ovoid or
almond shaped with a cnisp shell like nm enclosing 2 homogeneous less dense
core (BarpEN 1939) The size usually ranges from 05 to 1 5 cm 1n maximum
diameter and deposits may occasionally be multiple 1 a small row 1n hne
with the colon When loose they are freely mobile and change 1n position 1n
the recto vesical pouch during different body postures (Baroey 1939 MorarLes
1944) Insupine posttion they have been seen to move prowmally 1n the pelvis
and he typically just below the sacro-thac joint on ather side Dunng uro-
grapiny and gastro-intesunal examinations thev can be shown to lie outside
all adjacent organs An apparently dentical process occurs 1n the free margim
of the greater omentum also with aseptic infarction subsequent saponification
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hg 3 Case 3 1) A cluster of 4 ealetfied ovends Iying outside the descending colon conteasting with
o denser enlatfied mesenteric lymph nodes b) Tilm obtaned 2 1/2 years after (1) The cluster of
multangulr ealafied osord has mosed anto the right 1hae fossa while presersing their mtcerselation ap

and identic] ovord shell ke caletfication (Hurten 1927) but scldom with
separtion As the mferior margin of the greater omentum commonly hangs
15 low a5 the floor of the true pelvis, such clerfications lead to 1 considerable
degree of confusion with the other causes of cnlaification m this zone When
closely contiguous they my be of 1 somew bt Nicetted (ppenrance and mnuttte
semt opaque biliary caleul if located in the night upper quadrant (Hout &
MacInTyrF 1918) These lesions are often present in 2 smill cluster, which
mosves from quadrant to quadrint with the muked degree of mobihity of the
greater omentum, but charactenistically preserve their interrelations

It 1s noteworthy that epiploie calafications do not meretse progressiely
in density but persist unchinged m appeuance over long pertods One con
firmed tnstince scen by Hott & MacINTirl was followed for cight yeors

The differential dragnosts Multuiple incompletely annular calaficaitions scattered
2t random, 1nd fised 1n the peritoncum, with steads 1ncrense m density, have
been deseribed 1 unusual solitary cases of peritoneal  pseudo myzom?
(Pucit 1942) (Wrie et coll 1941) This condition 1s not typfied by such
chinges Marginal calaficition forming mcomplete tings 15 also recorded
around pelvic paraflinomas (Crutcksnank 1931, Pucn 1912), which follow
mjection of mmeral otl mto the peritoncum in the misguided hope of preventing
adhesions

The earlicr descriptions of sterile intraperitoneal loose bodies referred to
central core of crystalline caleum phosphate (HARRICAN 1917) 1 1 fibrimoad
capsule (Ross & MecQuren 1918) As detached appendices epiploicte are the
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commonest source of such loose bodies this non specific appearance came to
be accepted by repetition in text books It has been associated with loose
intrapentoneal bodies of a much Jarger size than appendices epiplotcae, for
example one of hens egg sze which mpacted, causing reteatton of unine
(Sngpnerp 1951) It 1s hikely that such masses were of quite other origins

A very common form of calasfication 1s usually accepted to be calafied phle
boliths 1n pelvic vemns or occasionally in the spleen They are typically more
homogeneous muluple round small and clear cut Urnary tract caleul are
usually very dense and n the bladder may be mobile well defined and
rounded Calaficationin mesentenic lymph nodes commonly post tuberculous
15 much more coarse and granular n character and often with a lobulated
cdge They are not casily confused despite some mobality from their mesen
teric position As with all these other causes of rounded pelwic calaifications they
do not appear as a dense penipheral shell sur-ounding a more homogeneous
and less dense centre

ALLEN 1n an expenimental radiologie study showed that the position of the
greater omentum in dogs was almost entirely determined by gravity producing
2 senes of passve curtamn raising and lowering effects In children the
omentum 1s small and thus ineflectual 1n sealing off perstonitis

Greater omental calaifications tend to remam antached, forming the chimeal
counterpart of experimental ndteators 1n dogs Using calaified clusters of fatty
appendages 1 the lower margin of the greater omentum as markers 1t 1
cudent from Case 2 of Hotr & MacIsTyre {1948}, and our Case 3 that
marhed migrational shifts of omental edge also occur frequently 1n man It
moves to widely varying quadrants of the abdomen Inferior to 1ts bace of
tachment and changes may be rapid Hocr & MacINTyRE s case showed
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shufts to three different abdominal quadrants dunng onc day The conunual
protection 2fforded by passive gravittional sweeping of ths vascular homograft
15 immense We feel that this 1s the true phylogenetic function of greater
omentum, onc of the Inrgest, yet lenst studied, bods structures

SUMMARY

Report of three cases of mobile oval calaifications 1n appendices epiploicac and the
greater omental fringe showing a charactenstie shell ke nm enclosing a homogencous but
less dense core

ZUSAMMUENTASSUNG

Drer Talle von mngformiger Verkalkung m den Appendices epiplorcac und im unteren
Rande des Omentum werden beschrieben mit threr typischen schalenartigen Umrandung und
mut thren mehr strahlendurchl und beweglichen Zentren

RESUME

Présentation de trois cas de calafications annulaires dans des appendtees épiploiques et
dans la frange du grand épiploon formées d une coque caracténsique entourant un noyaw
homogence et mobile maus moins dense
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FROM THE ROFATCEN DEPARTMENT (DIREGTOR PROF ERIR LINDCREN), SERA
FI\IEY‘LASAR}’I'TLT, STOCRKIIOI M, AND THF CEA ROFNTCEN FILM FACTORY,
STRANCNAS, SWEDF\

THL SUBTRACTION MLTHOD
by
R Horenstring A Luspir and S 1 Sjocren

Zirpses prs PLANTEs (1934) published the first description of the subtraction
techmque 1pplied to roentgen dingnosuc work and stated that a difference
between two rocntgenogrims of the same part of the body mny be made
apparent by covenng one of them with 1 dinpositive of the other For evample,
when the subtriction techmque 1s applied to ingiography all bony structures
are removed and only the vessels remun A further advantage of the sub
traction method 1s that the differences m density of the onginal films are
cqunlized and the mterpretation made esier This nd other applications of
the method have been described in several wdditional papers by ZIEDSES DFS
Prantrs between 1934 and 1961 The method appears however to huve
remuned widely unknown or neglected becruse of presumed difficultics,
especlly in making satisfactory positis e copies or msks by = routme method

Growing interest mn the method has recently been reflected tn papets by
HANAFFL & STouT, LEvien & Mirciert, and VEzina & McRar, Al pubbshed
m 1962 These clearly indicnte the dingnostic valuc of the procedure, which
however sull nppers to be Ible to errors and somctimes 1s comphetted
i spite of 1ttempts to ssmphfy 1t

Two different techmques to produce 1 positive copy hawe been described
Onc utilizes the hght produced by onc of the mtensify mg screens in 1 roenigen

Gubmutted for publication 9 April 1963
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Fg 1 Mal
of (a) Dy placement of art ries d) Subtraction of (a) and (b)_ Ea Iv arte 1al phase (wh te) comb ned
with p thelogie vewel n the tumour Rl d at fater tag  (biack)

ant new inoma of the orb ¢ 2) Artertal phase b) Early venous phase ¢} Subtract on

casente (LEsten & \hremeis and VEzna & MeRae) The other 15 purely
photographic the direct posiuve copy being made by means of ordinany
light Zrepses Des PravTes onginally employed the former method but later
Abandoned 1t i favour of the latter Attempts hase been made to develop
2 technique for ohtaining positive copres 1 a simple and practical manner
by either method but although different films developers and exposures
have been tried 4 standard technique has not yet been evolved Amoeng the
disadvantages quoted are the peed for specially tramed pessonnel and the
£Xcessive ume romumplmn
The subtraction method has been emploved for several years at Serafimer

tsarettet 1t would 1ppear to the wnters that the photographic method of
producing the postune copy 1s the ssmplest and easiest During the past two
vears 1t has become the routne procedure We consider 1t possible to apply
the method n all cases ndependently of individual variations and therefore
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Tig 2 Angioreticuloma a) Late venous phase b) Tumour and dranage veins clearly visible aft ¢
subtraction

present the step by step detuls of 1 procedure that has been found to provide
constint nd uniform results The method hs proved to be of grewt
vilue, and, n fet, frequently mdispensable, i angtography, although s
application m1y well be extended to other aspects of the dingnostic work

Material In order to produce 1 positive copy of 7 roentgenogrim it 15
necessary to use 1 single conted film possessing 1 long strught density curve
of 45° gradient, 1 ¢ 3 = 1, nd = short toe The developer should also be
capnble of giving 1 contrast 3 = 1 without difficulty These conditions must
prevail 1f the photographic contrast 15 to be as near to the onginnl 1s possble

Most manuficturers of photographic film produce graphic films and de
velopers of such charactenstics We have tried ‘Agh Phototechnischer 1w,
type B, with Agh Varitol normal, Gevacrt Graphic Non Ortho, N 33 with
Mcund U, hodwh Commercial film, or 38 posttnve film with DR 50 2
with thar particular developers Some of the developers re hquid concen
trates and some re stock solutions to be diluted, these may be stored for
considerable persod  All these film developer combinations have been tried,
and no essentinl differences have been found between them All the films now
mentioned are blue sensitive, an essentinl feature to enable processing to be
carried out 1n the ordinary darkroom of 1 roentgen department The de
veloping time 15 the most cratical part of the whole procedure

Techmque
1 Preparanon The developer, 1n the case of Agf1 Vantol, 15 diluted with
double 1ts volume of water, or, 1f it 1s Metinal U, sith the same yolume
An additional try contaimng 2 9% acetic naid 1s prepared
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fill ng of the intercas ernous
fistwla a) Ong nal b) Subtraction Contrast
B 3 e oun s mun an the opposme nde. and scveral dra nage vetms

'
Fg 4 Contrast fill ng of the ophthalm ¢ veim n 4 case
©of ca 01 d ca ernous fistula_Bony structu c3 p act cally

€l m nated by subt action filling of the chorord plexus
A the eye with the retna

2 Exposure of the diapositize Tt 15 practically impossible 1n the safelight to
deicct the conted side an idenufying notch 1s therefore cut out during manu

facture 1n one of the short ends of the film The film 15 placed with the emulsion
side up on a flat back d the selected

g gen film being placed on top
of it and both covered with a sheet of glass The film 1s exposed by switching
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wible after

Fig 2 Angioreticuloma a) Late venous phase b) Tumour and drainage semns cleady v
subtraction

present the step by step detals of 1 procedure that hns been found to provide
constant nd uniform results The method has proved to be of greit
value, and, m fact, frequently indispensable, 1n angrography, although 1ts
apphcation may well be extended to other aspects of the dingnostic work

Matenial In order to produce 1 positive copy of 1 rocntgenogram it s
necessary to use 1 single conted film possessing 1 long strught density cunve
of 45° gridient, 1 ¢ ¥ = 1, and n short toc The developer should o be
capable of giving 1 contrast y = 1 without difficulty These conditions must
preval of the photographic contrast s to be as near to the ongmal 1s possible

Most manuficturers of photographic film produce graphic films 1nd de
vclopers of such charactenstics We have tricd ‘Agfr Phototcchnischer Frim,
type B, with Agh Vantol normal, Gevaert Graphic Non Ortho, N 33 with
Metinal U, hodak Commercinl film, or 33 posiive film with Dk 50, Il
with ther partcular developers Some of the developers are hiquid concen
trates and some are stock solutions to be diluted, these may be stored for t
considerable period All these film developer combinations have been tried,
and no essentinl differences have been found between them Al the films now
mentioned are blue sensitive, an essentinl feature to enable processing to be
carried out 1n the ordinary drhroom of 2 roentgen department The de
veloping time 15 the most cnitreal part of the whole procedurc

Technique

1 Preparation The developer, in the case of Agh \antol 1s diluted with
double 1ts volume of water, or, 1l 1t 15 Mectnal U with the same volume

An additonal tray contuming 2 % acetic aad 1s prepared
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Fo b Fill ng of arteries of the neck after contrast mjection mto the right ate um a) Oniginal b) Subs
tra ton

fully nspected so that corresponding structuses are exactly superimposed This
eatictl part of the operanion should be performed on a shclded brightly
WMumtnated box 1n an otherwise darkened room I dafficulties are encountered,
the »ork shonld be concentrated on matchmg the area under mvestigition
The supenimp 15 factlitated 1f metal ind are set on the grid before
exposure of the roentgenograms  The mask and the film are taped together
when they hve been perfectly matched

6 Subtrsetion A copy of the combined mask and film, depending on the
purpare 1s made cither on paper or film If paper 15 used 1t should be hard
bromude 1f film it should be 1 single coated graphic film The simplest way
15 to use the syme type of film as has been used for obtaining the mask The
same exposure procedure 2s under (2) 1s used but Jonger exposure times are
uwalls requiced Finally afier exposure, the subtraction film s developed,

fixed nd dried 15 an ordwnary roentgen film preferably i an automatic
processing unit

Discussion

The prerequisites for using the subtraction method are that two roent
genogrums hnve been obtained with the relevant part of the subject m the
sunc position but with certam dufferences between the two roentgenograms
ts for instance the presence of contrast medium m one of them Both the
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Fig 5 Ostcochondroma a} Trabeculac  differentiation between bony structuses and
vessels not posible i oniginal b) Subtraction No vessels evident mside tumour

on the hight source, situated perpendicularly 1bove the film centre (See 1lso
Inter )

3 Detelopment The processing of the film 15 1 critical procedure nd must
be timed with 1 chronomcter The developer must be freshly diluted nd
have 1 tumperature of 20 4 05°C The film 1s gently 2gitated n the de
veloper for the necessary tme (Agfr film 4 Vantol 45 sec) Development
of the film 1s arrested by it transfer to the 2 °, 1cetic 1cid bath

4 Tation and drying The same fisaing bath s for an ordinary roentgen
film 1s uscd rninsing and drying e also identrcal  Should an automuc
processing unit be available 1n which access m1y be ganed to the fixing bath,
this will naturally be employed for the fixing, washing and drying The positive
copy, or the msk, 15 then rendy

5 Superimposttion. The mask 1s superimposed on the rocntgen film from
which the detuls are to be subtricted The mnsh and the film must be ere
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It 15 possible 1n sefecung films for subtraction maskmg to adopt 2 “‘"}}‘10‘;
used in mibtary circles A certain sector under surveillance 15 phc;togl(';\p e
every day under identical aircumstances The photographs are place :l“ba
stereoviewer, and any changes that may have taken place can be detected by
the almost three dimensional effcet of the additon The stereoviewer may be
wsed 1 a smdlar manner for selecting films for subtraction We have tested
this method and found 1t useful

Lather an ordinary photographic enlarger, or 2 frosted ncandescent bulb
at a distance of onc to two meters may be used as 2 source of hight 1n the
exposure of the diapositive The exposure time must be determined 1n relation
10 the intensity of the hight source because of the straight density cunve of
the film st 15 not cntical An exposure time in the range of half or double
that of the optimum will y1eld acceptable results If the direct positive copy
1s somewhat darker or lighter than the onginal roentgen film this will only
alter the density of the combined films while the masking effect will remam
pracucally unchanged Tests must be carned out to establish the optimal
exposure tumes both for producing the mask and the final film or paper copy
before subtraction can become a routmne procedure

The development of the fitm 15 cnical of correct contrast 1s to be obtained
The rccommendation made by Levick & MircneLL of visual inspection of
the film duning 1ts development cannot therefore be accepted Such nspection
15 1 any case not easy and would hinder the establishment of a standard
routine The correct developing ume should be established through tests with
filtms or film strips belore setthng on a routine Three or four stups of the
diapositne film are usually sufficient These are exposed together with the
angmal film for the same peniod but developed for different lengths of ume
eg lmn 1 mn l5sec and so on up to 2 mmnutes for Agfa film The
developing process 1s then stopped and the sirps are fixed, ninsed and dried
and superimposed on the ongmal film the one producing the best obliteratron
of the structures represenuing the tdeal developing ime with y == 1 All other
sensitometnc methods are superfluous

Once the procedure has been established st 1s quite feasible to adopt sub-
triction as a part of the routine work in the roentgen department Apart
from the selection of cases to be exammed the chorce of films to be compared
and preferably also the supernimp of the diap mask on the roent
[{;(‘nogram all of which must be handled by the radiologist, the operation can

c handled by the ordinary datkroom personnel Actual working time per case
would appear to amount to about four or five mnutes plus the time required
w the automaue processing umt
nf!:::\;i[‘sh& Stour (1962) stated that photography Iike medicine, 15 more

a0 2 science and that 100 many vanables eust to allow 2 1d
onc two-three-step techmque This statement has fortunatel g
out by the facts ¥ not heen borne
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Fig 7 Nephro hy of hypernepl the night hidney Subtrac

ton from two films av different stages of Lreathing The left kedney moves normally
The method may thus also be used for studying the mobility of organs

roentgenograms must have been developed and an all respects processed m
an identical way It 1s self evident that the use of 1n 2utomatc rapid film
changer simplifics the gathering of primary material An 2utomatic processing
umit also guarantees that the roentgenograms arc simlarly processed  \ny
need for specinl fination of the part examined, s suggested ¢ g by ZIEDSES
DES PLANTES, has not been found necessary m cerebral and periphernl an
grography

Sclection of two suitable roentgenograms 1n which subtraction myy vield
valuable results 1s naturally of great importance It 1s generally adyantgeous
1f onc of the pur 1s without contrast filling of the vesscls, although 1t 1s possible
to combine films from different phases, 1s long as 1t 1s borne in mund thit
all corresponding detuls will be ¢hmmated  valuable information 1s some
times thus obtuned (Fig 2) The chuef thing 1s that the cxamner knows what
he 1s aiming 1t detecting by the elmination of bony structures that obscure
other detauls

We consider the subtraction method of particular value 1 angiography
becnuse the vessels are sometimes obscured by bony structures The results
obtuned with the method are comparable with those obtunable with the
complicated method known 1s angiotomography Care must be taken, 1n the
cxamination of organs that move during the respiritory cycle, to ensure that
the two filras are from the same respiratory phase, and 1n the examnaton
of the heart they must furthermore be from the s1me cardine cycle
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The current vanations in methods of pelumetry would appear i some

measure 10 reflect the difference 1n opmion 25 1o which pelvic diameter or
combination of diameters affor

ds_nformation of dagnoste and Pprogrostic
value particularly f the capaaity of the distal part of the pelvis 1s to be assessed
Boreww & Ferastrow (1957 1960) correlated the width of different pehic

vz the sagital diameter aof the pelvic outlet
(the distance between the lower bogder of the symphysis and the sacral up}

the interspinous dameter and the postenor mtertuberous chameter These
authors descnbed a techmque pernutting roentgenologic measurement of these
durensians with a high degree of accuracy The sagutal diameter of the pelvic
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SUMMARY

The subtriction method has been developed into a routine roenigendignostic procedure
and found to be extremels valuable and occasionally indispensable i angiogeaphy A standard
method 15 described

7USAMMLNIEASSUNG

Dic Subtraktionsmethode st heute eme etablicrte rontgendiagnostinche Standardunter
suchungsmethode  ste 15t wertvoll und bisweden uncrlaselich fur die Angioraphie Die
Routineanwcndung der Methode wird erl wutert

RESUMYI
Les auteurs ont adapeé 11 méthode de on 1 une util courante et Jont
trous ée tres nule et parfors indispensable pour 1 wngiographic Iy décrnvent une méthode
stindlard
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ORTHODIAGRAPHIC PELVIMETRY WI1H SPECIAT
REFERENCE TO CAPACITY OF DISTAL PART OF
PELVIS AND PELVIC OUTLET

by

U Borer and C Rapeerc

The cutrent varations m methods of peluimetry would appear 1n some
measure to reflect the difference 1n opinion as to which pelvic diameter or
combination of diameters affords formaton of diagnostic and prognostic
value particularly if the capacity of the distal part of the pelvis 15 to be assessed
BorewL & Ferastrow (1957 1960) correlated the width of different pehac
diameters with the course of labour They established a relationship between
the capacity of the dsstal part of the pelvis and the combination of one sagrttal
and two transverse diameters viz the sagittal diameter of the pelic ontlet
the distance between the lower border of the ssmphysis and the sacral tip)
the mterspinous diameter and the posterior mtertuberous diameter These
authors described a technique permitting roentgenologic measurement of these
dimensions with a tgh degree of accuracy The sagittal diameter of the pelvic

s 25 ¢cm a disproportiol

n can be excluded If the sum 1s 25 cm
nterspinous drameter

and the width of the sagutal diameter
From the Department of Obatetncs and Gynaecolo
Roentgen Department I (Duccctor Docen 3 Wickbom)
weden Submutted for putheation 13 ugust 1967

or less both the
_

gy (Director Prof U Borcll) and
Sahlgrenska Sjukhuset Gothenburg

MU 4 R dl g pup 120150

273



274 U BORELL AND ¢ RADBERC

of the pehic outlet, 1t masimum movement At the siero thac Joints, are
measured To accomplish this, an additional 2 P ‘iew, and a lateral roent
genogrim with the patient supine and hanging by the knces, are nece sary

Borerr & TEernstROM also measured the posterior intertuberous diameter
from 1 view of the pubic arch obtamed by 2 modification of the method of
Chnssard Tapine (Ing 1) Ihe essentinl features of this techmque were as
follows The patient sat on the edge of the roentgen table, Iewning well forward,
with legs abducted A eassette fitted with 1 grid w s plced between the panents
buttocks nd the table The overcouch tube, with beam vertieal, was used,
the focus film distance being 100 em The himuts of the ntcrtuberous dimeter
were constdered to be the tangent points on 2 hine drawn 1t a tangent to the
two 1schnnl tuberositics As the magmlication frctor was regrded msigmiicant,
correction of the values w1s not required

Chassard Tapine s method 15, howeser, unsatisfactory for several reasons
Onc 1s that the patient, partcularly 1 late pregnancy, may hne difficulty n
lerming sufficiently forward to allow the pubic arch to be corrcetly projected
A correct projection means that the plane of the pubic arch is parallel to the
film and perpendicular to the central beam, positioning may be difficult to
Judge beeause sitable anatomical lnndmarks are baiching Correct projection
of the pubic arch 1s 1mportant becuse cven A shight change 1n positton mav
affect the posterior intertuberous diimeter, the more the pattent leans forward
the more 11s width 1s reduced Turthermore, the contact pomnts on the Iine
drrwn tangential to the ischinl tuberositics, which represent the Imts of thi
posterior intertuberous diameter, are not i dircct relation to the birth cana
but 1t some distance Interal to 1t

The followtng arguments may thercfore be rased agamst Chassard Tapmnes
method 1t 15 often difficult to perform, the posiioning of the projection l}:
mexact, the magmfication of the posterior mtertuberous dinmeter, 1lthoug!
admittedly small, 1s disregarded, the end points of this dinmeter arc not 1n
direct relrtion to the birth canal We have therefore abindoned Chassrd
I apme s projection and have been using the method now to be described

Method

The diameters necessary for the esumnation of the capaaty of the pelvis can
41l be mensured n two films, onc a p and one Iaterl

{ntero postertor view for measurement of the wn‘ertuberous and nferspinous dramelers
The 1schial spines 1n this roentgenogram are projected within the mxddl: (;ll'
upper portion of the obturator foramint, and cire 1s taken that the 1;16 "d
tuberosities re also demonstrated The patient lies supine with the hnces rc\t‘
and with the thighs 1bducted about 90 to prevent the medial seft ussue r:)l:rc\
concealing the two spmes (g 2) The cassette 15 placed directly under
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of patient (Chasacd Fg 2 Fout onmg of patent for ap view of pel s 1o
B o e e the'tm d fermine b intertuberous and smtersprmous d ameters

(ot betoasdiamet ¢ (1 om PoretL & Fern by the orthoduagraph ¢ wethod 10 secondary gnd
RO 1960)

patents buttccks the ofyect film distance bemg thereby shortened The
overcouch tube ssu ed The focus hlm distance should belong we use 120 em
The heht bram diaphragm 1s adjusted 5o that an area 5 106 cm ¥ 1040 11 em
1s progected onto the ilm The central ray 15 dirccted about 20 cramall and
centred over a point m the nudhme about 3 to 4 cm below the upper border
of the ssmphysis Withour changing the posinon of the patient or the flm
0 expasures are made with the tube moved 5 em 10 each side of the midhine
A ruler with a centtmeter cale may he attached to the wbe arm to facthtate
the adjustment of the tube The following factors are used 40 1o 40 AV and
122 m\s As a low voltage and a small field are emploved the 1schial spines
nd the 1schral tuberosttie” are clearly demonstrated wihout secondary grg
The taterspmous and intertuberous diametcrss are obtained from this vies
hig 3) The anterspmous diameter 15 measured between the apices of the
spines the intertuberays diaweter betng deterrmned by a live drawn tangen
12l 10 the two 1schial tuberasitie  the potnts of tangency of the hne forming
the limuts of the dimensian
[he rerson why the tube 1 moved 5 cm to the nght and left respectnely
of the midhine 19 that the i terspinous diameter usually mesures about 10 em
1Fthe tao e<po ures are made wath the central beam m the same sagttal plane
as the apuces of the wschial spires the mterspirous diameter as measured
dhirecthy £ om the film consttute the truc one Caleulauons and expenments
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of the pelvic outlet, 1t maximum movement At the stero thie Joints, are
measured To accomphish this, an additional 1 p view, and 1 lateral roent
genogram with the pattent supine 1nd hanging by the hnees, are nece sy

Borrrr & Trrasrrov also measured the postertor intertuberous diameter
from 1 vicw of the pubic arch obtuned by 2 modificition of the method of
Chassard Tapine (Lig 1) The essentn] furtures of this technique were as
follows Ihe patient sat on the cdge of the roentgen table, leaning well forward,
withlegs ihducted A eassette fitted with 1 grid was placed between the patient s
buttocks qnd the table The overcouch tube, with beam verticn, wis used,
the focus film distaince being 100 cm  1he himis of the mtcrtuberous dinmeter
were constdered to be the tangent pomnts on 4 line drawn at 1 tangent to the
two 1sclunl tuberositics: As the magmificition factor was regarded msignificant,
correction of the values w is not requrred

Chassard I apine s method s, howescr, unsausfrctory for several resons
One 1s that the patient, particularly 1 late pregnancy, may huve difficults
leaning sufficiently forwnrd to allow the pubic arch to be correctly projected
A correct projection means that the plane of the pubic arch 1s parllel to the
filim and perpendicular to the central heam, posittoming m1y be difficult to
Judge becruse sutable anatomical Iandm irks are lnching Correct projection
of the pubic arch 1s important because cven 1 shght change m position may
WlTeet the postertor intertubcrous divmeter, the more the patient leans forward
the more 1ts width 1s reduced Turthcrmore, the contact points on the line
driwn twngential to the ischial tuberosttics, which represent the Iimits of the
postertor ntertuberous dirmcter, are not i direct relation to the buth can?l
but 2t some distance lateral to 1t

The following arguments may thercfore be rused agamst Chassird Tapincs
method 1t 15 often difficult to perform, the positiomng of the projection 15
mexact, the magmfication of the postertor ntertuberous dinmeter, although
admuttedly small, 1s disregarded, the end pomnts of this divmeter arc not It
dircet rehition to the birth canil We have thercfore abandoned Chassird
I apind s projection nd have been vang the method now to be described

Method
The dinmeters necessary for the esttmation of the capaaty of the pelvis can
ll be measured 1 two films, onc 1p and one lteral
Antero postertor view for measure of the wn'ertub and if 4Imml!tz‘r
¢

The 1schial spines 1n this roentgenogram 1re projected within the middl l
upper portion of the obturator fornmmn, 1nd cire 1s taken that the Mhl:i
tubcrositics 1re also demonstrated The p itient ies supine with the knees flexe
and with the thighs abducted about 90 to prevent the medinl soft ussuc frolm
concealing the two spines (Fig 2) Ihe cassctte 1 placed directly under the
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oW

Fiz 4 Postont g of patient for lateral view of Fig 5 Plasuc od with cent meter scale and com
Pel 8 th plastic od with centumeter scale 15 presson band attached to the S cmens Lanersal
plac d on the midl ne Planigraph roentgen table

200 to 250 mAs High speed tensifuing creens and rapid films are used
This technique permuts the end pomnts of the sagittal diameters and the
presenting part of the foetus to be clearls demonstrated (Fig 6)

Evaluation of the drameter values

A\ccording to Borerr & FERNsTROM (1960) disproportion m the distal part
of the pelus 15 most unlikely if the sum of the measurements of the sagittal
diameter of the pelsic outlet and the mterspinous and posterior intertuberous
diameters as calculated from Chassard Lapines view exceeds 34 cm If the
total 15 less than 32 cm the prognoss for labour 15 unfavourable and if the
total 15 between 32 cm and 34 cm the prediction 1s rather uncertain and
labour may be normal or protracted It was found convenient to define these
latter as border line cases
lhct"r::::sblc assumed that the values obtamned for the sagittal diameters and
hmmomPsnous l:in;mctcr are approsimately the same both with Borell &
occur bCC'\uS’:c‘fZ ﬂ_amd the present method Some shght differences may
he mxgmﬁmuz fl crences i the means of determining the diameters and
25 ot ““hnl}iiclor However the figures for the intertuberous diameter,
The mam remscn fc present method are myvanably lower (by about 20 %)

or this 15 that the end ponts of the mtertuberous drameter,

are located more medsall
N
than 1 the Chasurd 1o on the tuberostties 1n the orthodiagraphic projection

iné s project:
pr(’ril;cuon el magmﬁca&,:c 1on Furthermore the orthodiagraphic
e sum K
ormula of Borell & Fernstrom for assessing the capacits of the
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Fig 3 \p view of pelvis (obtatned
with patient m position shown n
fig 2) from which the mtertub
erous and anterspinous_diameters
e measured @ sin of the snter
spinous ditmeter ) sin of the
mtertuberous diameter

mn phantorms hawve shown that if the bexm 1s maccurately centred by 110 2em,
the Iimats of the nterspinous divmeter are nnccurtedy projected by at the most
I mm The error 1s small because the object film distance 15 very short (5 to
7 cm) n reltion to the focus film distance (125 cm) This apphes 1lso to the
determimation of the intertuberous dinmeter In the 1 p view n question, the
end ponts of the intertuberous dinmeter are located 05 to 1 cm Iaterl to
the apices of the 1schinl spines I \periments in phantoms hae shown that by
dirccting the central ray from 20° to 30° cramnlly, the mntertuberous dimeter
15 merensed by only 110 2 mm In no instance has 1t been necessary to increise
the angle more than 30° to project the isclual spines withmn the upper part of
the obturator foramen

Laleral view for measurement of the sagutal diameter of the peluic outet (and nlet)
A Interal rocntgenogrim, obtamed with the patent erect, 1s shown i Itg 4
It has been shown by Borent & FErRvsTrRoM (1957, 1960) thit the increse
i width of the sagittal dinmeter of the pevic outlet assoctated with ths
position, pproumated that occurring with patient supine and hanging by
the knees The vartions m sagita) dinmeter with change 1n position of the
patient result from an increase i mobility of the sacro iline joints during
pregnancy The lateral roentgenogiam in Borell & Fernstrom's method 15
obtuned with the patient lying on her side, and the sagittnl diameters e
determined with the ud of 1 centimeter scale placed 1n the natal cleft The
cenumeter scale 1s ttached to the rocntgen table to ensure that the rod 15
myvarably parallel with the plane of the film (g 5)

The present writers have cmployed a Siemens Universal Plamigraph per
mitting the usc of a focus film distance of 140 em  Wath this relatively grc‘llt
focus film distance, the radiation dose to the maternal ovaries and focta
gonads 1s reduced The beam of ridation moreover becomes more parailel,
+hich results 1n reduced distortion The c\posure data are 120 to 130 AV, and
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f e ' 4 e s w om dan'aduty'nd's
Fg 7 feaur mene of theat rtube ous Fig 8 Simmation of the three d ameters in distal part
am ter arcord nk to method of Borets, of pel 11 the t terfuberous drameter be ng determ ned
& Fraasraow (o dinate) and ceord ng 10 Ty the Loneis & FerastRos method (0 d nate) and
e o thotiagraph ¢ method (abat <a) @ by the o thod agraphic m thod (abstisa) Total of @

Summat o of the sag ttal mterpinous €xc €d_ 3% om 10t 0f ) sanes briween 32 and 34 cm
andnt t berous d Am ters exceeds 33 em  total of ¥ 18 Jess tham 3% em
S mmation of the same d ameters

a et brtwe 0 32 1934cm ¥ = Summanon

ofth same dam 1 1313 les than 37 cm

The two vanables are thus closely related (cf F1g 7) and the function shove
may be used to obtain a proper interval for § If as above the funcuonal
reltionship 15

=gt x
then the sum § may be wntten as
)

G-btorox ma+bd bt aln—1) =S, + 0+ xe;—1
1F the Jast espression 1s substituted 1n 32§, << 34 we get

R—t—xlg =15 <34 — g —ale,— 1)
The interval himuts ave thus dependent on x Tw enty five cases were examined
n order to find a proper value for x § was less than 3% cm in all these cases
The values of ¥ that corresponded to the critical values of 32 cm and 3¢ cm
respectivels were caleulated from these cases The function then gave the
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Fi, G lateral view of pelus obtamed with patient in
position shown 1n fig 4

distal part of the pelvis could thercfore not be used 1n the present mvestigation
unicss the figures of the measurements of the intertuberous diameter 1s obtuned
by the two methods were related

According to Borell & Fernstrom the ntery ! for border Line crses 15

3205 <340

where §, = @ + 6 + 3 nd @ = sagittal diameter of the pelac outlet (cm), b =
interspinous diameter (em), 3 = postertor wtertuberous diameter (cm)

The 1nterval limits, 32 cm and 34 cm, were calculated from pelyie dimen
stons 1n 1 Iarge number of cases that had been critically studied One purpose
of the present 1nvestigition w s to find an mterval vald for § =a+ 5+ %
where v denotes posterior mtertubcrous dinmeter (in cm) determuned by the
orthodiagraphic pelvimetry method

The mtertuberous dinmeter was therefore determimed in 73 eases by both
methods, that 1s (1) tccording to Chassard Lapmne () and (2) from orthodi1
graphic projections (%), and the hnear teltionship between x and 3 w1s
caleulated by the method of least squares The caleulation gave
T 1085,5 == 1348, 5, = 00322 &, =1 11347 =3 7061 + 0 9000, 5*

03656, 7 ,,— 0 8232
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ment 1s corried out with ease and speed and with Iittle discomfort to the patient
— there 15 no need for her to assume an inconvenient and urng posthon (}?)
onhy one anteroposterior and one latesal view are required to obtam the
on

dc;{:idézi;opr;lgl of companson it may be mentioned that with the method
developed by BorecL & FERNSTROM (1960) 1t 15 necessans to obtam two ap
and two lateral films for the corresponding amount of mformation Another
advantaze of srhodagraphic peluimetey s that the magmificaton factor 1s
chmmated Measurements of the two transierse diameters as obtamed directh
from the film are therefore 1dentical with the true ones

The sschial spires in exceptional cases may be so small that they are concealed
by the 1schium and are therefore not visible 1n the obturator foramen The
sum of the drameters 15 m such cases pracucalh alwass more than 31 5 ¢m
and special measures for a clear d of the d t
need not be taken

1£ the anteroposterior view 1 unsat factory 2 second film n this prajecuon
may be obtaned without risk to mother or foetus at Jeast if the latter presents
by the vertern the maternal and the foetal gonads recetve only 00002 rin this
projection

The intertuberous chamecter may be taken to be the distance between
\anous ponts on the 1schal tuberostues depending on which part of the latter
15 lowermost on the film The closer these pomts are to the birth canal the
greater 1s the prognostic value of the corresponding diameter With the tech
mgue described the endpownts of the wntertuberous diameter are probably
close to the wall of the birth canal

The distance between the medial aspects of the postertor part of the 1schial
tuberosities was determined 1n a few cases of non pregnant women and on a
dry pebvis preparanon al o by means of the orthodragraphic method with
the beam perpendicular to a plane through the pelsic mlet (Thoms projecnon)
This distance was compared with the intertuberous diameter as obtamed from
the orthodiagraphic anteroposterior view The measurement n some cases
talied but in others that obtamned from Thoms view was shghth smalles than
the measurement ot d by the orthodiagraphic method

Orthodagraphic pelvimetry also permuts the determination of the transs erse
:l‘::n:::bcr ?)r the pelvic inlet The overcouch tube 15 u ed with the beam \ ertical
H ;ll ¢ being moved 6 cm to each uide of the midline and the hght beam
iaphragm adjusted so that an area 4 cm by 4 cm s projected onto the film
I this view 15 also 10 be utlized for the assessment of the s1z¢ and moulding
with the determmanon of th 3 sughtly Jarger error may anse as compared

the transverse diameters of the outlet 1f the tube 15

|r;'accuralth set This 15 due 10 the fact that the distance between the film and
ll ¢ ransverse diameter (appromately 10 to 12 €m) 15 somewhat longer than
that between the film and the 1schial spines {approimately 5 to 7 cm)
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Table
Rasation dose to the maternal ovaries with a p e

Louuon of sonization chamber  Dose cateulated i ¢ — mean value
(munmum and maximum salues)

Right ovary 00027 (00000 0107)
Ieft ovary 0033+ (00003--00092)
Right 0s1ry at end of pregnancy 00007 (000010 0003)
Left evary at end of pregnancy 00002 (0 0001—00004)

cortesponding ¥ values to be snserted i the limted expression (Tig 8) We
found 29 49 < §, << 31 72, or after rounding oft to the nearest half centm eters,
295< S, < 315 which 1s the mnteryal for border lme cases when the dimeter
sum contuns 1 measurement of the posterior intertuberous dinmeter nccording
to the orthodingraphic method

I'he bove figurcs express the mteryval for the border hine cases by the method
used 1 this investigation, and represent 1 transformation of the mtenvit
32 em — 3t em wluch 1s the range for th ¢ border line cases 1 Borll & Tern
strom s method Ilis transformation was made m order to be 1bl 10 uer these
authors formulr for the capacity of the dist«d part of the pelvs in our ortho
dingraphic stucics It 1s hoped that 2 series of cises examned by oithodny
graphic pdyimetty will eventually be 1vulable that is sufficently Irge
permt An assessment of the prognostic 1 aluc of this method as compared with
that deseloped by Borerr & Fernsti os (1960)

Radwation dose with the present techmque The 1ndiition doses to the nraternid
ovries and foctal gonads are given m the Table The doses ssocrted with
the anteroposterior view were calculated n 8 corpses, with one tonzition
chamber placed on each ovary and two on the esimated sites of the oywnes
1t the end of pregnancy Each chimber plhced 1n the true pelus recened about
0003 r If the foetnl head has descended into the true pelus it may be assumed
that1t recen ¢s the sme radintion dose T he ox aries at term are 1 1 considerble
distarce from the irradiated field and then recerve only 00002 r If the pre
sentation 1s 1 vertes one, the foetnl gonads recen e 1ppronimately the syme, or
lowcr dose The radition dose with the Borell & Ternstrom method 1s about
20 times higher for the same amount of information

Discussion

Orthodiagriphic pelvimetry 15 by no means 1 new method RiBBnNG u?cd
1t as early 15 1932 to determune the transverse diameter of the pehic mniet
Hopoes & Nrcnors (1949) recommended 1t strongly, but thewr techmque
required complicated roentgen 1pprratus which prevented the method from
becoming populu p

The orthodiagraphic pelvimetry described m this paper has several 1
cantages (1) conventional roentgen apparatus may be used, (2) the measure
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ment 1s corried out with ease and speed, and with httle discomfort to the patient
_ there 15 no need for her to assume an incomsenient and unng posion {3)
onls one nntcropostenior antt ont lateral view are requred to obtun the
‘mation

dc;:::,-d;l:f::scs of compansen 1t may be mentioned that with the method
developed by BoretL & Fernstrow {1960}, 3t 38 necessars to obtatn two ap
and two lateral films for the corresponding amount of information  Another
advantage of orthodiagraphic peliimetry 1s that the magmfication factor 15
ehminated Measurements of the two transserse diameters as obtuacd derectly
from the film are therefore identical with the truc ones

The 1schial spires 1n exceptional cases may be so small that they are conceled
by the 1schium and are therefore not visible 1n the obturitor formen The
sum of the diameters 15 m such cases practically always more than 315 em
and specal measures for a clear demonstrition of the interspinous dinmeter
need not be taken

If the anteroposterior view 15 unsati factory 1 second film wn this projecuon
may be obtaned without risk to mother or foetus at lcast 1f the latter presents
by the sertex the maternal and the foetal gonads recerve only 00002 rn this
projection

The intertuberous dimeter may be taken to be the distance between
\arious points on the 1schal tuberosines depending on which part of the latter
1s lowermost on the film The closer these pomts are to the irth canal the
greater 1s the prognostic value of the corresponding diameter With the tech
nique descnibed the endpownts of the intertuberous diameter are probably
close to the wall of the birth canal

The distance between the medial aspects of the posterior part of the 1schial
tuberosiies was determined 1n a few cases of non pregnant women and on a
dry pelvis preparation al o by means of the orthodiagraphtc method with
the beam perpendicular to a plane through the pehic mnlet (Thoms projection)
Thus distance was compared with the mtertuberous diameter as obtatned from
the orthodiagraphic anteroposterior view The measurement n some cases
talied but in others that obtaned from Thoms view was shghtly smaller than
the b d by the orthod method

Orthodagraphuc pelvimetry also permuts the determmation of the transyetse
diarueter of the pelvic inlet The overcouch tube 1s u ed with the beam vertical
the tube being moved 6 ¢m 1o cach side of the midhine and the light beam
diaphragm adjusted so that an area 4 cm by 4 cm s projected onto the film
11 this view 15 also to be utlized for the assessment of the size and mouldiny
of the foetal head a omewhat lavger aren 15 Projected onto the film 1t shoulv.}l;
however be borne 1n mind that a shghtly larger error may anse as compared
with the determination of the transverse diameters of the outlet 1f the tube s
naccurately set This 1s due to the fact that the distance betw the fi
the transverse duameter (a, cuween the film and
that bet pproximately 10 to 12 cm) 15 somewhat longer than

21 between the film and the jschial spanes (approximately 5 to 7 cm)
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SUNMNMARY

A method of orthodiagraphic pelvimetry for the deter of the interspmous and
intertuberous diameters 1s described This may be employed with exse speed and Lttle di
comlort to the patient and grves 1 very small radiation dose to the maternal ovaries and the
foctal gonads

ZUSAMMENTASSUNG

I ine orthodingraphische Methode der Bechenmessung zur Bestimmung des iterspuo e
und des mtertuberosen Durchmessers geergnet wird beschnieben Die \fethode st emfach
rasch und bequem fur dic Pauentinnen die Strahlenmenge 1n Bezug wf die Ovanen der
Mutter und die foetalen Ceschlechtsorgane st gening

RLSUME

res
Description d une méthode de pelvimétrie orthodiagraphique pour 1a mesure dcs dnmc: o
mterépmeny et intertubérontarre Son utilisation est ficille rapide et peu genante po\\“{“
pitiente et donne de tr&s pentes doses de ravonnement aux oy ures maternels et . oM
foctales
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DYSFIBROPI AS1A, DYSCHONDROPLASIA AND
DYSOSTFOPLASIA OF BONY

by

Nits P G Foune

Considerable varations 1n sie of the focal bony mamfestations of hyper
parathyrowdism are evident from a perusal of the roentgenologic terature
There 1s however now no doubt that the disorders 1n the bones are a result of
exctss production of parathvrowd hormone {Tigs 1 and 22 b) The sarying
lesions, 1e cysts ostentss fibrpsa of so called grant cell tumours according
to thewr appearances and sites all have alo ¢ Hs the same path
and when present i hyperparathyroidism are usually not classified as different
lesions It 1s when thuse lesions of the bone occur as solitary processes due ta
some other cause than hyperparaths rordism that they are generally considered
as different and disunct pathologic entities often with further subduistons

(Tg 2c) They arc thercfore described 1 special chapters 1 the texthooks
of pathology and roenty enology

MoSvmrTer (1952) agawst this opinion has emphasized the close rela
vonshsp of these more or less eystic Iike bone changes to developmental errars
at the epiphyseal plates Tt 35 the vasculanty of the lesion that basically deter
mines the histologic findings and this 1 tysn 15 dependent on the tune when
the error 1n bone formation took place A ksion that develaps tn an eprphuseal

Submutted for publicaven 17 Augunt 1962
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SUMMARY

A method of orthodiagraphic pelvimetry for the deter of the intersp and
intertuberous diameters 1s desersbed  1hus may be employed with ease speed and hutle dis
comfort to the patient and gives 4 very small ridintion dose to the maternal ovaries and the
foctal gonads
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Mutter und dic foettlen Geschlechtsorgane st gering

RLSUML

Description d une méthode de pelvimétrie orthodigraphique pour la mesure des dmmclr;‘s
nterépineux et intertubérositaire Son utibsaton est facile rapide et peu genante pourdd
patiente ct donne de trés petites doses de rayonnement aux ovaires materniels ct aux gonases
foctales
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LYSFIRROFLASIA DYSCHONDROPLASIA AND DY SOSTEOPLASIA OF BONF

a b 3

Fig 2 Subper osteal ¢ panding dyfib opla a 3) Hyperparathyrardsm  Process mituated medially
nom 1p“np§'r Vbial shaft, bl Sam £ase as 1 {a) alier parathyto dectomy Heahng with rendual
def Tty ¢} Soc Ned sncuryzmal bone eyt (biopsy  Process s tuated Jaterally 13 pro imaf portion
of 1ght ¢t bual shalt

Abnormal formation of bonie resultng sn sanations in structure and site
may alse occur tnd 1o be consistent with the above may be called dysosteo-
plasiz These lesions when salstars are described under the heading of exostass
or osteachondrama They are usually found 1 aduflt fe and are typically
suuated - the metaphyses of the long bones So-called diaphyseal aclans
(muluple ostcochondromast a heredutary disarder charactenized by the
prcs:n}:;c of multiple exostoses of the long bones 15 clearly a disturbance of
growd

Also the fibro osteamas and osteomas of the skull and facial bones deseloped
n membrane may be included m dysosteoplasia Owing to the smidarsty of
their ustologic structure Britrve & RingERTz (1946} regard them as one
entity Homaex (1951) also finds the vanations of a quantitative rather than
qualitative nature and admuts that they are not eastly distnguishable However
from a chnical standpoint it seems 1o im

ble to make a d
Despite thewr different appearances and sites, the dvsosteoplastic changes
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aren, at the time of fusion, usually has 2 “ "'5
Igher degree of vasculwnity than one e
that separntes from the epiphyseal are s
the bone giows i length McWinrrer
proposed the term dysfibroplasia toinclude
these different mamfstations of the same
pathologic process 1n the bone Bovp
(1944}, although not clwssifving the so
crlled giant cell tumour ns 1 true tumour,
somew hat inconsistently compared 1t with
the primiry mabgnant tumours for pur
poses of clinieal differentintion

The more generalized process of the
same tvpe 15 usuilly called polyostouc
fibrous dvsplnsta and, hike the focal mm
festations, held 1s 1 pathologic entity
Howcver, 1t scems retsonable to aceept
Ao these changes s resulting from A
disorder of bone formation mn epiphysenl
plates for 1 long penod of growth This
1s evidencedd by their situntion in bones
developed tn cirtilage, and the obsery ation
of rens of cartilginous tissue in the fibrous
process by Hopack (1951), 1sdescribed by

Copwan (1931) 1n so called gimt cell  Fig 1 Fepanding dy Gbroplasia v
pirathyrotdism a) Frocess suvate

n hyper
d an the

tumours Migration of the lesion from the e 1 andt procimal phalan of
epiphysenl plate 15 demonstrated 1n Ho  thelefthand by After parathyroidectom,

Healing with new bone formaton an

magn s sllustrions (Tigs 3 and 4 dus - B deformty

1per

b 835110 Iike areas of bone may Also be caused by chondiromatous changes
~nd, 1f not calafied, may be impossible to separate roentgenologically from
dyshibroplistc changes It seems reasonable to wsume that these changes m;\\l
alsc originate from errors 1 the complex development of bone 1t 1 cpxph\sﬂl
plate, arrested 1t the carulginous stige instead of continuing to the norma
formation of bone The essential cruse of the lesion 1s agam suggested to be a
disorder 1n bone formntion, 1 1n dysfibroplasin, even 1f the lustologic findings
arc different A surtable term 1s dyschondroplista, 1f the dvschondroplistic
process 15 cnlafied, the chondromatous nature 1s eastly idennfied rocntgﬂ\‘ﬂ
logically s the so called clafied enchrondromn The appearinces of chl
calaified ccchrondroma, a leston usually found in the phalanges, e \wl
known The occurrence of multiple chondromatous arens, as mulnple
chondromatosis, may also be expluned s disseminnted dev clopmcnnl aberr1
tions 1n bone formation during the period of growth
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* i

3 b

Fg 2 Subp riosteal expanding dysfbroplana a)
o part of ¢ bral shaft b} Same cas as in (a
def smaty ¢) § realled ancurysmal bone cyst (b

Hyperparathyro dum P ocess tuated med ally
) aft v paratt yro dectomy Healing with resi fual
opsy) Proc s stuated laterally in p ox mal portion
of nght b al sh ft

Abnormal formation of bone resulting 1n variations mn structure and site,
may also occur 1nd to be consistent with the above may be called dysosteo-
plasia These lessons when solitary are desenibed under the heading of exostosis
or osteochondroma They are usually found sn adult hfe and are typrucally
situated 1 the metaphvses of the long bones So-called diaphyseat aclasis
(multple  ostcochondromas) a  hereditary disorder charactenized by the
presence of multiple exostoses of the long bones 13 clearly a disturbance of
growth

Also the fibro osteomas and osteomas of the skull and facial bones des cloped
m membrane may be included 1n dysosteoplasia Owing to the stmilanty of
ther histologic structure Briuine & Rivcertz (1946) regard them as one
entits HoBaew (1951) also finds the varnations of a quantitative rather than

qualitative nature and admuts that they are not easily distnguishable However
from a clinical standpoint 1t seems to him r ble to make a d
Despite ther different appearances and sites the dysosteoplastic changes
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"
N \
27N

Fig 3 Subperiosteal expanding dvsfibra
plisia probably due to trauma Injury to
dorsal aspeet of the right fifth metacarpal
bone due to fall 1n earhy life followed by
swelling

Fig § Dyso teoplisn probably due to
trauma Injury an early hfe  defornmey
of M t and M 5 sith irregular bone
formation n the soft tissues \Micro copy
after removal of metrcarpal  together
with phalinges  ghly fibrotic tissue
with dilated envernous vess b o mahg
ney

mny be expluned by 1 disturbance n bone formation, either 10 the cptphysel

plntes or in the centres of ossification 1 membrane Fyidence supporting the
conception of 1 primary 1ffection of bone formation 1n an cprphysenl phted
the presence of shortening or defornmty of the affected bones 1nd the lcn(l("nc)l
of the dyvsplistic chinge to cease when the growing period of the ndit ml
has ended The bone chinges re 1ssoct ited 10 some €1ses with devcloprrentd
fulures n other tissues, for example ngromata

In adciion to developmental errors, trauma m1y also produce 1bcrr1llonsr
1 bone formntion, or new bone formation gning rie to chimenl fintures ©
tumour growth The roentgenologic changes m1y range from simple cxs}‘oln‘z
complex outgrowths (Igs 3 and 4) and be mmpossible to differentinte rn
sumlar changes duc to other cruses Mahignaney has been suggested n M
ol these conditions

It 15 recogmized that 1 disorder i bone formztion my occur when 1 llSS5\lL
other than fibrous ussue or cartilage devddops mstead of new bone (g )
This also constitutes dvsplasi of bone, an eximple of this disordur 1s hopanglo
m1tous tissue o of

All changes duc to developmental aberration in bone formation U
Alike ¢linical and roentgenologic mmportance 18 long 1s they remun mnocent
The lestons are not true tumours wmn the strict sensc of the term and (l\c;cbﬂ
no definite proof that they e more prone to mahgnaney thn \\:ml(wmL
expected from any other developmental disorders They do not Al the p}l\'hcn
and they do not mfiltrate the surrounding tissues, even if caprnding b
the bone formation 1s deranged and 2 tissuc other thin bonc tissuc 15 "
down 1n the rer, this new ussue 15 completely differeninted and 1 Prc:éc
dingnosts of the type of chnnge 1s therefore often of little practical |mpm:"]\ the
The gromhs mAy, however, produce difficultiecs when they mntet fere w1
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Ra = movements of the extremities 1l they
are mmjured by virtue of thetr prom
nence, if fractures occur, or 1f the
lesions 1re expanding

The limuted possibilities of 1 roent
genologic assessment of the absence or
presence of malignaney are well known
The main tush for the radiologist in
doubtful cases 1s a careful presentation
of the different parts of the tumour in
order to be ble to suggest the night
aren for biopsy  Anv of the changes of
progressivels expanding orifexurpated
for any rewson should be examined
histologically and graded thegradation
15 most vialuable n the assessment of
the radwosensitinity of the process and
s a gutde to the treatment and follow

ul
Fig 5 Dysosteopla a of finger dur to arte
\enous 1 12 (Tollows g trauma) ) Eetent v The pathologist finds great differen

gogthr‘x)m::leoﬁhzlba)ng(s(:nd su},’:erﬁczl new  ces n the grossand hustologic examina
fllng of a tenes with dlated a5 (ﬁ:";\',;; tions of the changes and may therefore
fitlac the e occupy the bony d fects need a clssification based on lus

findings The clasafication  should

prmanly take account of the comples
development of the bone with 1ts aberrations and secondly of itsappearances
A classification may then be of chimical value And not led to confusion from

presenting a large number of chinical pathologic and mndividual names of no
informative value

The absurdity 1n subdisisions was demonstrated by Jarre (1928) n the
differential dia

gnosis of bone cysts and so called aneurysmal bone cvsts If a
sobitary bone cyst has become filled with an organmzing blocd clot 1n con
i:hqal;:rc\::nt:{ a l:acture 1ts histalogre appearances are remumiscent of what 1
e cmﬂlﬁ\o“:n ancurysmal bone ¢vst The roentgenographic appearances
the lesron ot ﬂ}:}t:nanc: 1 their separation  the diagnosts depending upon
the Fosolonn g,m lcr central or eccentric with a *blow out distension Turther
il tlarity between so called gant cell tumours and so called

x}: ;yx\s would also appear to be proved by the fact that the

of the leston 15 facilitated by the knowledge of whether 1t was
The difference 1n the appearances
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SUMMARY

Bemgn disorders m bone formation duc o hyperparathyroidism  developmental etrors
and trauma are discussed The terms dysfibroplasia dyschondroplasia and dysosteoplasia are
proposed s principal divsions of these conditions

ZUSANMINTASSUNG

Dic gutarugen Rnochenverinderungen ber Hyperaktisitat der Nebenschilddrusen beu
I atwichlungsstorungen und nach Verletzungen werden erortert Die Ausdruche Dyfiiro-
phisie Dyschondroplasic und Dysostcoplisic werden vorgeschlagen um die verschiedenen
Gruppen dieser Veranderungen zu trennen

RLSUMT

1 auteur étudic des troubles bénins de 1 formation osscuse dus 4 | hyperparathyioidie
aux erreurs de développement et aux traumatismes I propose pour les principales doiion
de ces affections les termes de dysfibroplaste dyschondroplaste et dysostéoplasie

RIFTPRLNCTS
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A VARIATION OF THE AIT AS

Roentgenologic incidence of a bridge over the groove on the
atlas for the vertcbral artery

by
T Rowavtsand A Tou

One of the sarations dis
{ponticulus) of the sulcus a
atlas hase apparently not b
genologic analyses and
ponticulus has appeared n the current lterature

Crerany (1861) and Arze~ (1879) described the anatomical structure and

tculus 1n some detail, and an anatomical analysts
d by Tesrur

played by the atlas vertebra 15 a bridging over
rtena \eriebralis (Fig 1) The anomahes of the
cen subjected to exhaustive anatomucal and roent
o descripuion of the histologic formation of the

ldndled s 1ncidence to J0 % KOHLER & /neveR (1923) cave Yyt another
escription of the budge Berop & Naver /1939/40) reported that the suleus
::x:n(z; \uftcbrahs ™3y be transformed into 4 foramen by a lamella of hone
tending from the posterson edge of the massa lateralis to the arcus Pposterior
Submutted for Ppublication 10 Avgust 1962

B ftmes o .
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:mll Atls vertebrae without = ponticutus (left) and with a ponticulus
right)

PaANcoAsT et coll (1912) stated *There are numerous variitions ol this
forunen It 15 found complete, mcomplete wnd sometimes m 2 more or less
fibro osscous condition which mught enstly be musinterpreted as 2 frture of
torn periosteum  Haprey (1944, 1956) also drew attention to this variation
n the structure of the atlrs, which he ilfustrated with excellent rocntgenogrms
Scrny et coll (1955) mentioned hat this charictenstic may possibly be
hented and that the bridging my be partial, total or bsent Srupy clumed
that the incdence of such 1 bridge mmong dults 15 136 °, GrjvaLt (1960)
discovered the ponticulus in 11 4 %, of 1 sample of mediey 2l Swedish sheletal
maternl

Inatonty The following nccount 1s based munly on the an womical textbooks
of Testur (1921), Porrier (1911) 1nd Cusninecuav (1951)

The 1tlas consists of two Interal masses united by the wntertor and posterior
arches {Tig 1) I ach lateral mass 1s made up of sis irrcgular sutficcs constsing
of the upper surfice (cwitns glenoidalis), the inferior articular ficets, the
anterior surface, the inner surface, the external surfaee, and the posterior surface
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The transserse process anses external to and princpally from the upper
half of the lateral mass by two roots that form the vertebrartenl foramen
The postenior arch arises from the postertor surface of the lateral mass and
m part from the posterior root of the transverse process The arch s compressed
from above downwards and anterorly, and bounds a groove that cunves
around the posterior aspect of the superior articular process the groove s
also continuous exterpally with the vertebrartenal foramen The postenior
arch becomes thicker mesally and postenorly displays a rough irregular
P , the p tubercle (tub 1 posterius), which represents
the spmous process A small prominant tuberele ansing from the postersor
extremity of the superior articular process averhangs the groove and not
mfrequently becomes developed so as to form 4 bndge of bone (the ponticulus)
that converts the groove mnto a canal {foramen ateuale) (% mBig 1) Theverte
bral artery and the first cervical or suboccipital nerve pass through this foramen,
a feature encountered 1n many ammals It 1s noteworthy that the grooves tras
ersed by the two highest spinal nerves he behind thearucular processes and
not 1n front as in other parts of the column
TestuT mentioned as yet another vanation the occurrence of two pontrculs,
mmmedsately adjacent to one another and on the syme side
Porrier recorded scemg a ponticulus 1n which the crantoventral portion
was perforated and 1n 2 cases in a materinl of 500 cases observed a bony
bridge running from the cuter nm of the cavuas glenordalis to the dossal half
of the processus transversus he also stated that in 1solated instances he had
encountercd a ponticulus that was so broad that 1t estended as far a3 the
medsal portion of the dorsal half of the processus transversus to form a canal
for the artena vertebrahs
The present authors would mention that 1 ponticulus may occur either
unilaterally or bilaterally
SciwEGEL (1859) also described different vanauons m the structure of the
sulcus artena vertebrahs He found that the postertor part of the atlas which
together with the occipital bone forms the first intervertebral canal was
transformed by thin bone famellac 1nto one o or sometimes three canals
Il there was only one canal the vertebral artery and vewn and the first cervical
nerve ordimanly passed through 1t 1f there were two canals the lower one

vas passed by the nerve and the upper by the vessels or the vein was outade
the canal In one case the posterior branch of the second cervical nerve, 1¢
the major ocaipital nerve passed throug )

h 2 vertcal canal bel
shank of the transverse process anal behund the back

Histalogy There appears to be no clear
of a ponuculus and the re
as an ossification of a ligam
the postenior edge of the pr

conception of the histologic structure
ports differ \ ponticulus 15 vanously interpreted
ent (Scirvz 1951) or a bony spicule growing from
ocessus articulans supenor (SELBy 1955)
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Fig 2 Atlas i situ a) Massa lateralis with straight posterior profile (class 1) and arcus posteriot
non emmentia (class 1) b) Massa laterals with curs ed postersor profile (class I1) and areus posterior
wath incipient concavity (clss 2) ¢) Massa lateralis with caudally orientated processus posterior
(elass I11) and cminentia on arcus posterior (class 3) d) Massa lateralis with spinulus anterior (class 1Y)
and arcus postertor with spinulus posterior (class 4)

Prehminary histologic esanmunations (performed by L Gyllensten) of an
atlas vertebrn with 2 ponticulus revealed that the latter 15 comparable 103
processus transversus Both the processus trinsyersus and the ponticulus displny
peripherally 1 thin corticalis, composed prepominintly of bisic lnmellar systems
with oceasional Haverstan systems and also 2 transttion from the more compact
corticalis mto a centril spongiosa The ponuculus, however, has 1 thinner
corticalis with 1 more irregular arrangement of the ltmellae, while 1ts spong1051
1s more strongly developed These histologic investigations enable no conclu
sions to bc driwn about possible differences in the bonc forming processes
between the processus transversus and ponticulus

The histologic genesis of 1 ponticulus will be dealt with 1n more detul i 1
forthcoming report based on 1utopsy material

Matenial, methods and classification An 1nvestigation of a collection of roent
genologlc material which 1s described below, 1nd of atls vertebric from
GEJVALL'S sample of medieval skeletal materinl from Westerhus, suggest the
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a

Fg 3 Atlasinstu a) Unifat ral pont culus (class . 5) b) Ponticulus on both s des (class 3 3)

following classificaon which on a future occaston will be tested agamnst a
famubal study This classification howener thould only be considered as prov:
sional

Those vanations that may anse tn the posterior edge of the massa laterihs
are designated with roman numerals I to IV and those occurring i the arcus
postertor are given arabian numerals 1 to 4 The final classification of each
indrvidual atlas 1s arnved at by taking the higher value roman and arabic

1n each series Thus 1fone 1de1s I 4 and the other II 2 the final classification
becomes 11 4

Postertor edge of massa lateralis

I — Massa with straight posterior profile (I'g 2a)

11 — Postenor profile cunved dorsally concave and without a change n
direction united with the cavitas glenowdals to form a pomnted or rounded
corner termed the processus posterior (Fig 2b)

11 — Processus postersor onentated candally (Fig 2c)

IV — Prominent processus posterior coming closer to the arcus postenior

than in class 111 but not reaching 1t This formation 15 here termed the spmulus
antenor (Fig 2d)

Arcus posterior

1 An arcus postenior that swings up erther abruptly or not at all non
emmnentia o protuberance i this

part of the suleus 2 vertebrahs (Fig 2a)

2 Arcus postenor with a concavity onentated cramally throughout ‘non
emmentia (Fig 2b)

3 Emunentta A protuberance ventrally from the upper tip of the triangle

formed 1n the most dorsal part of arcus postenior, this tnangle 15 evident anly
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Fig 4 Atls vertebra from the Anatomic Insu
tute of Karolinska Institutet lonticulus on
both sides (class \ 5) (cf fig 3) The ponticulus
and the processus transsersus of this vertcbra
were examined histologieally

1 roentgenograms 1nd corresponds to the tuberculum posterior of the atlas
vertebr (Tig 2¢)

4 Spnulus postertor analogous by criterst to those for the spmulus antenor
(Mg 2d)

In nddition, 1 ponticulus 15 classified 1s V, 5, and 1t 15 noted whether 1t 1s
unt or alaterdd (Ng 3)

It should be pomted out that 1t may be difficult to distinguish n 2 roent
genogram, cspeanlly in an obhique view, between IIT and IV n this class;
fication The same applies to the arcus posterior, classes 1 and 2, and and 4,
respectively  The sample has yielded no exaimples of 1 spmulus posterior
(chss 4) that were s long 1s 1 spmulus anterior (class IV) Since the 1bove
mentioned collection was mnvestigated, 1 case of 1 very large spinulus posterior
hns been encountered I

The maternl compnsed 105 cases tahen at random and not selcctn:_)_,
and represented 54 males between the 1ges of 12 and 75 yers (M £ ¢ (M) —~(
408 + 21 years, 0 = 152 years), and 51 females between 9 and 80 ycars of
age (M 4+ ¢ (M) =400 4+ 23 years ¢ = 16 2 years) .

The demonstration of the variatton demands 7 true Iteral view of the atlas,
with the neck extended 2nd the head flexed as much 1s possible This poslur;
considerably increases the distance between the arcus posterior atlintis lanh
the os ocarpitale and prevents the latter from obscuring the small aren in whic :
the varnition occurs A lateral view 15 also essential 1f the posterior profile o
the massa lteralis and the cranial surface of the arcus posterior are to be shown
An attempt w1s made 1n certun cases with 2 complete foramen to definc this
1n frontal views, without tomography, but this proved unsatisfictory

Oblique views have been particulnrly valuable 1n cases 1n which the pontic
ulus occurred bilaterally or in those types falling within the classification
In such cises the head was turned i a suitable direction under fluoroscopic
CO{}}]‘;’? processus mastordeus projected into this aren m 1 small proportion l(;f
cases and necessitated tomography  The posabilities offered by s(crcoscop)Its
assessing the Interal localization were ivestigated but with indefintte resu
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Totals of males and females 1n the
e eroas Males (number of
Cases o 54) ——— Females (number of cases
=51

R
[ anidd
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5 2 4
34 123
k! k)
3)
LRl
T & E = ¥

D m 2 P centag dutrbuton D: gam3_Comparsson of the percen
(m les plus females) n the d flc ent tage dustributio  {males plus females)
in the different classes

‘The matenal has been divided according to the scheme and the distribution
of the variation 1n males and females 1s esident from Diagram 1 The percentage
ncdence of each of the different classes are shown 1n Diagram 2 and a com
panson of the percentage distnbution of the vanous classes i Diagram 3
The massa lateralis presents a straight posterior profile 1n 41 9, of cases (class I}
whereas 172 °; have a curved postenior profile (class II), 14 4 % a caudally
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orientated processus posterior (clss I1I), and 132 % ~ spinulus tenor
(clnss IV) The equn alent values for the arcus posterior are clss 1,1¢ with
no suggestion of concivity, and cliss 2, with maiprent crnically onentated
concavity, 1bout 30 9 each, the smnllest group 1s class 3, with an counentia,
with 1n meidence of 8 7 %, while 1 spinulus posterior occurs 1n 16 3 % of the
sumple Pnally, 2 ponuculus (clnss V, 5) has 1 frequency of 143 434 % 1¢
1t occurs in 15 out of 105 cases

The 15 subjects with 1 ponuculus comprised 9 males 1nd 6 females The
proportion of males with this feiture mounted to 167 519, with a
corresponding figure of 118 + 159, for females The difference between
males and females with 2 ponticulus was 4 9 4+ 6 8 ©5 The vamability between
males and females was not significant (040 < P<c 050) There was ho
no obvious 1elationship between the ge of the subjcct and the different classts

It was noted that 1 ponticulus occutred umlaterally i 6 and bilaterally
n 3 males but was present umilaterally m 3 and bilaterally 1n 3 females

Acknowledgements

The authors wish to acknowledge the valuable assistance recened from Nils Gustaf Gepall
Lars Gyllensten knut Lindblom, I rik Lindgren Ture Petrén and Hpalmar Sjoralt

Added m the proofs

Since this paper was submitted an article of great interest (Pyo & Lowarw 1959} has come
to the knowledge of the present authors

SUMMARY
A roentgenologic study of the atlas vertebra mn a matenal of 105 cases revealed Pml“l
culus 1 15 cases (143°) m 6 of which the condition was bilateral and i 9 unilateral
A method of classification based on the different recognized ty pes of this varation Is sugges
ted

ZUSAMMENFASSUNG

Line rontgenologische Studie von Atlaswirbeln i 105 Tllen zeigie cinen Ponticulus
15 Fallen (143°) 6 Falle zeigten 1hn bederseitig und 9 Falle cinsciig Ein Rlassifiba
t hemn fur die verschied: L Typen dieser Vanation wird vorgeschlagen

m

RESUMEL

L étude radiologique de 1atlas dans une séne de 105 cas a montré dans 15 cas (143 %)
Ja présence d un pent pont des deux c6tés dans 6 cas et d un scul c6té dans § cas Les auteurs
proposent une méthodc de classtficition basée sur les différents types de cette vanation
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CONGENITAL APLASIA OF THL ABDOMINAL
MUSCLLES WITH UROGENITAL MAI FORMATIONS

by

Lars ANDREN, LArs BjErsing and JAN LAGERGREN

Congenmital aplis of the abdominal muscles 1s part of 2 syndrome with
other malformations, particularly of the urogemital tract The complete syndrome
whs first described by PARnER (1895) The first compilation of cases on recor
was published by Houspen (1934), and further collections hve since been
presented by SiLverman & Huane (1950), MeTrick etcoll (1957), LATTIMER
(1958), Bece (1959), MonNET ct coll (1959), wnd others

Some 100 cases have so far been reported The most common findings are
(1) total or partial absence of the abdominal musculature tnd broadening of
the lower chest, (2) dilated and hypertrophic urinary bladder, hydroureters,
and hydronephrosis, (3) non descent of the testicles, and (4) malrotation of
the mntestine

Other, though less common, findings are persistent urachus, dislocation of
the hip, club foot, harchip, spint bifida, hydrocephalus and malformations of the
heart The most conspicuous sign, demonstrable immediately after partuntion,
1s the distended 1bdomen with wnnkled shin The intra abdominal organs,
partlcuhrly the widened ureters and the hypertrophic and dilated urmary

Submutted for publication 27 December 1962
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— i ot ™

Fir 1 G ne al view of abdomen

bladder which 1s usually adherent to the umbilicus or anterior wall of the ab
domen are readily palpated through the thin abdommal wall through which
mtesunal penstalsis myy often be discerned When the child 13 placed on s
back the flanks bulge out with flattening of the abdomen

Case report

\ boy born at full term the fisst child of a 21 year old mother who had previously had
one abortion (mens I11) The los er chest was broad and prominent and the abdomen showed
large loosc vertical and horizontal wrinkles The abdomnal contents tended fo spread 10
both wides (Fig 1) and were easily palpable through the thin abdominal wall cystic lumps
<could be palpated 1n the lower latcral segment The testes were undescended On massage
of the area between the symphysis and the umbilicus a strong stream of usine flowed from the
urethra at the same t me as a firm rounded body extending from the symphysis to the area
1mmed ately to the nght of the umbilicus and apparently adherent to the abdomunal wall
contracted (Fig 22)

The child s general condition was imtially good and the uninary output satisfactory The
steroid pattern of the urine was normal The \ T N during the first few weeks vaned between
30 and 50 mg)100 ml and 1n the 5th weck rose to 176 mg/100 m! Uteterocystography (v1a 3
plastic catheter in the urethra) revcaled an enlarged bladder with a broad urachus up to the
Tevel of the umbilicus and marked waderang of the upper part of the urethra dunng mctun
uon with filling of a 1 ¢m long utriculus prostauicus (Fig 2b) After mictunition the upper part
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Fig 2 a) Frontal view duning micturition enlarged urachus b) Tateral view during mictuntion
distension of upper part of urethra with large prostatie utrcle

of the urethra was stll somewhat widened (Tig 3a) Pyelography with direct puncture of the
Ieft renal pelvis and of the distal part of the right ureter via the abdomunal wall demonstrated
wide tortuous ureters and distended renal pelves particultrly on the night side (fig 3b)
The ureters did not empty into the bladder Bilateral ureterostomy wath insertion of a T tube
was followed by good output from the right stde but only a rumimal flow from the left A few
days after the operation the NPN fell rapudly the child gradually became worse and died
on the 7th day 1t was then 6 wecks old

Autopsy 1he abdonmunal wall was thin The small intestine ascending colon and descending
colon had 1 common long mescntery with a short root attached to the postertor upper Jeft
part of the abdomtnal cavity

The urinary bladder continued up towards the umbilecus i the form of a bluntly termunaung
persistent urachus The trigone was large and signs of an annular stricture were evident at
the site of the uretenic orifice the lower angle of the trigone contaned a prostatic utricle
over 1 cm long Sparse small tubular glands were seen 1 several sections cut ar chfferent
levels through the urethra and the large utricle some of these also showed tubulo alvcolar
glands emptying partly nto the seminal cothiculus and partly into adjacent mucosa the
urcthra A fair amount of smooth muscle was found 1n the deeper layers

No narrowing of the lumen of the urethra was demonstrable The ureters were tortuots
and wide Gonads resembling testes lay above the pelvis In the right as well as the left urcteric
orifice was a polypord formation a few millimetres long and a few millimetres thick these
formations fently produced derable narrowing of the lumen of the ureteric orifices
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a b

g 3 a)Laweral ew aft £m courion upper part of urethra flicd but now less d tended. part 3l
&Il g of prostanc uimicle by Frontal v ew of renal pehes and urcters

The Ieft kidney was extremely small and consisted of a thin shell of pale grey brown tisue
The nght kidney was n a better state and presented evidence of foetal lobatien The rematning
organs were normal

Hustolagic find ngs Sections of specimens from ses eral parts of the abdopinal wall were studicd
Only one showed small rests of stnated muscle the abdommal wall consisting solely of normal
skin and fibrous tissue of fascia hke character in the others

The wall of the urachus contawed abundant musculature with modcrate fibrosis parucu
larly 1n the submucosa The mucosa of the urmary bladder was oedematous The polypord
formation in the ureteric onfices consisted of fibrous tissuc contarming some smooth muscles
and 2 number of wide blood filled vessels The gonads had an ordinary testicular structure
and al} the tissue studied contained male sex chromaun

Discussion

Inepa & Storsser (1927) assumed that the syndrome was due to some un
known factor that attacks the foetus dunng embryonic fe A number of later
authors (Foracarn 1920 Sansone & Sarpint 1954) shared this opinton Thas
cxplanation appears most plausible 1 those cases with not only abdominal
muscle aplasia and malformation of the urnary tract but also with ¢ g dislo-
;amm of the hup clubfoot spina bifida hydrocephalus malformations of the

eart

Oster (1901) was the first to suggest the possibality that the absence of the
normal support of the urinary bladder by the abdommal mascles dunng foetal
life may result in the bladder distending instead of emptying in the normal way
Hart (1907) ako beheved that abdominal muscle aplasia 1s the primary factor
Since the report of a case of abdominal muscle deficiency in association with
Hirschsprung s disease (Buass 1927) the possibility of bal

e
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had been discussed as 1 cause of abdominal muscle deficiency with uropuhy
(¢ g Daur et coll 1947, Hentey & Hyman 1953, GREEAE et coll 1952)

Gutirie (1896) pomted out that the urnnary bladder, whose upper part 15
often ndherent to the umbilicus or wnterior abdommal w all, 1s prevented from
normally contricting downwnrds and 1s thus unable to empty completcly This
1s thought to result 1 hyvpertrophy of the bladder with accumulation of unne
and dilatation, 2nd finally to retention of urine m the ureters Another theory
put forward for the first time by Stumme (1903) assumed urcteric obstruction
to be the primary cause

The abdominal muscles re ud down about the fifth week of embryonic life,
excretion of urine, howeser, docs not begin until about the ninth week Itmw
thereforc be concluded that 1f "bdominal muscle dehciency 15 related to an
obstruction of the lower urinary tract, aplasin must be 4 secondary phenomenon
duc etther to the direct pressure or mdircct pressure which, owng to circulatory
disorders, 1s produced by the distended uninary pathways (STuwve 1903,
Housprn 1934)

It should be mentioned 1n this connection that obstructne uropathy 15 by
no means ways associited with abdommal muscle deficiency One of the
reasons why the theory of urcthral obstruction as the primary cause has not
been gencerally accepted 1s probably that in most cases no mechanical obstruc
tion could be demonstrated — with the exception of the series studied by
Hentey & HyMAN (1953) 1n which urethral obstruction was demonstrated in
2 of 3 cases ind by LATTIMER (1959) in 17 of 22 cases A possible explanation
why urethral obstruction 1s not found more oftcn 1s that most of the cases hwe
been examined cystographically with msertion of the catheter via the urethr
mto the bldder and the possible rupture of membranous urcthral valves
Another suggestion why no obstruction could be demonstrated in most of the
cases has been put forward by Bree (1959) He expressed the view that these
children the urinary pathways are extremely dilated before birth and that this
i turn results i maximal distension of the abdomen, which mterferes with
normal delivery, during delnvery the mtritbdommal 1nd the mtrvesicl
pressure r1se to such 1n extent 1s to overcome the urethral obstruction This
results in emptying of the bladder and may help to explun the wnnkled, foose
appearance of the shin of the 1bdomen nfter parturition )

The syndrome appears to be almost imited to males The few cases 1 femles
included 1n the collections on record had not the typical combimnation of b
dominal muscle aplast and uropathy, or if so, 1t scemed to be less marhed

That the testes are undescended 15, according to almost 1l authors, due t0
the distended bladder together with the dilatated ureters preventing the testes
from reiching the vagmnal processus The occurrence of malrotanion of the
intestine has nlso been explamed by the malformations of the urmary pithw)s
But no common satisfactory explination for the complete syndrome has lutherto

been put forward
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A search of the hiterature, however revealed some expertmental obsen ations
possibly capable of shedding new light on the syndrome Thus Garpaer (1935
1936) found the mjection of large amounts of oestrogens mto mice to be followed
t a marked dilatauon of the unnary bladder and sometumes by hydroureter
and hydronephross and dilatation of the urethra down to the level of the
symphysis as well as by scrotal herma In ammals treated 1 this way before
the testes had descended the latter remamned undescended These findings
were later confirmed by CreLiy & Leviy (1900)

The syndrome 15 also essentially analogous to that which occurs m pregnant
women Durmg pregnancy the urnary pathways become dilatated and this
dilatatton occurs so early that there 15 no reason to assume only mechwmical
compression of the ureters (Orsson 1962) It appears that an clongation of the
mesentery oconrs 1 pregnancy and thereby allows upward displacement of the
mtestines 1t 15 doubtful whether the dilatation of the abdommal wall can be

)? d solely by the d of the uterus for 1t also occurs in pseudocy esis
1n view of observations made n atumal experniments and the simidarity with
the physiologic changes of pregnancy the syndrome might be considered to be
due to an abnormal effect of ocstrogens on the foetus, which lacks the normal
protective mechanism aganst them  According to this line of thought the
dilatation of the abdominal wall would be the prnimary change with conse
quent aplasia of the abdominal musculature “Malrotation of the intestine would
then be due to elong of the y Bothdil of the uninary tract
and failure of the testes to descend are findings corresponding to those made 1n
ammals treated with large doses of oestrogens

SUMMARY
A case of aplasia of the ahd. ! muscles with ! malfc 1

described in deta | It 1s tentatrely suggested that the condition may be duc to an abnormal
effect of oestrogens on the foetus

ZUSAMMENFASSUNG
Em Fall von Aplasie der B: eln komb mit
t M
bildungen wird detahert beschricben Die Moghehkest dass die Ursache 1 abrormaler
Oestrogenemwirkung auf den Foetus zu suchen st wird erwogen
RESUME

mall?:r:::\;: détn\:m ]zn dlf:a“ un eas d aplasic congénutale des muscles abdominaux avec
003 urogénstales Les auteurs émettent Lhypothese que ce
es malforma
tre dues a un effet anormal des oestrogenes sur le foetus tons pesent
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URETHROGRAPHIC STUDIES OF THE POSTERIOR
URETHRA

11 Emptying of the prostatic urethra
by
Oratro Morates Stic Nissov and Racvar Rosants

It may be convenient first to give a brief recapatul:

of certain 1
details and the terminology used

The most proximal part of the posterior urethra lirs intramurally and ats lengtt equals the
th ckness of the bladder wall The mucosal pattern of the prostanc urethra is doninated by
the urechral crest 1n 11t postenor wall thus starts proximally 1n the sntramural part of the ure
thra and its uppermost portion 1n the nternal urethral onifice 1s frequently termed the uvula
The urcthral crest becomes less marked just prowimal to the verumontanum (the semunal
cothiculus) and dimtally from here continues to the draphragmatc part of the urethra where 1t
agan increases a little in. I some nst two fine

mucesal
folds (frenulac) from each mde of the crest converge down towards the upper pole of the veru
montanum

The muddle and widest part of the posterior urethra 1s known as the prostatc smus The

verumontanum bulging from the posterior wall 1 this regron results m the formation of the

so-called prostatic sulct at its sides The verumontanum with the openings of the prostatic
Submutted for publication 16 April 1967
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Fig 1 The intramural part of the urcthraliesbe  Fig 2 A case of protracted chronic pro tato sesicu
tween the bladder mucous membrane 1n the in  litis The postertor urethra is distended and then ht
ternal urethral onfice (marked as the distal part epaculatory duct and part of the semmnal vesile
af the sesical contrast band ) and the upper por  and ampulla arc contrast filled contraction of the
tion of the prostatic urethra {the upper limit of pehic floor leads to less extensne cmptying of the
the prostatic sulc: distended by chromic prostatic prostatic urethra than usual a) Injection film
nflammation) a) Injection film b) emptying film b} contraction film

A band of poor contrast caused by the contracted

sphincter nudac muscle 1s evidentn the proximal

part of the urcthral bulb in the latter (See Mo

RALES & Rowanus ref 25)

utricle centrally and the gaculatory ducts laterally may vary in size appearance and post
tion The shghtly distended segment of the urethra (cranial to the upper portion of the veru
montanum) we elect to term the supracollicular sinus  The micturition funnel or bladder
neck 1s the portion of the llicular urethra (including the al part) that widens
nto a funnel on micturition

Voluntary contraction of the pelvic floor leads to elevation of the pelvic organs (sec part 1
published earlter) and at the same time the content of the posterior urcthra 1s emptied into
the urinary bladder This evacuation may be attributed to reflex contraction of the smootl:
prostatic muscles secondary to voluntary contraction of the pehic floor and the external
sphincter (discussed 1n further detail in this paper) Slower spontancous emptying of the pos
terior urethra does however oceur without any 1mitial voluntary contraction of the pelvic floor
although this evacuation 1s less umform as regards both duration and magnitude (see part T
p 85)

Roentgen dingnosis of mflimmatory or postinflummatory disorders of the
male adnexal glands has hitherto been based upon advanced lesions of the
urethra, such as strictures, prostatic calcult or cavities or upon defimte dis
plicement of the urethra Howcver, the view has been expressed earlier (Mo
RALES & Romanus (ref 24), Rouanus (ref 34)) that close study of the mucosal
pattern of the posterior urethra may be of great value 1n certun instances
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Table ;
t1e urethya on voluntary contracton ¢
ases according to the empiyng ability of the prosta
g:;m(b ::‘;;o:{ L of more than onz diagnosss uas recorded 1n the some case they wrre clasufied as mam ond
# secondary the latter dungnrns being shawn wn parentheses

“umber of Fmptying abil ty
D agross (u:: ° Mote “ormat Jass
completc complete
Acute exacert at on of ¢h ome
5 tato-ves culits 153 () 1) o
Thron prmulo—vtsxcu\ sy 14 (14) 142y 7 3)
Tuberealous prostato-senculits | 1
Prostatic adenomatous hypet
e e @ ‘©® w
Trost tcca oma
Mot te ated with horm ones 3 1 2
T ated w th hormones 13 3 8 2
Strictu ¢ of the ur thra 107 1(5) 2 (10) 12
No mal 2
Tatal 36 (45) 19 (1) 26 (27) 1@

Demonstration of the mucasal pattern calls for a contrast medium that adberes 1o the mu
cous membrane and at the same time distends the urethral lumen The preparation mustin
other words be water soluble and viscous as for nstance Umbradil Viscous U™ (Monaces
& Rawaxts (ref 24)) Simlar studies may however be performed with low sisconty media
1f their 1 high to permit & of the mucesa) relief The
rate of flow must be Gurly high duning the injection of a low viscosity medium 1f the lumen 1s
to be distended suffics ntly for the demonstration of narrowed regions e g between adenomas
of th» prosiate If the contrast concentiration 1s 100 great details of the muccsal rehef may be

rlooked Furth a contrast | of low viscomty dratns away completely and
mmedsately from the postenior urethra when 1he iggection is mcerrupted affording no oppor
tunity of comparing filmns exposed dunng iycction and evacuation

The seriex studied and the technique employed have been descnibed in earhier publications
(refcrences 2% 25 and part 1 of this paper)

The Table gives data on the extent of the emptying of the prostatic urethran
cases of nonspecific adnexal inflammation bensgn by pertrophy and carcinoma
of the prostate If more than one dragnosis was recorded m the same case 1t
was classified as main and secondary the latter dragnosis being shown 1n
patentheses i the table As may be observed emptymng of the postertor urethra
1s quicker and more complete than useal 1n exacerbations of chronic inflam
matory dysorders of the adnexal glards {prastata vesiculitts) On the other hand
1t 15 normal or decreased (less complete) n chronic prostato vesiculiis ’

The emptying w1 more complete than usual 1n 29 of 101 cases 10 15 of
these 29 cases signs of an acute inflammatory process i the adnexal gland co
existed with evidence of a chronic conditton Three of the cases were of purel.
chronsc inflammatory lesions that 15, the case records contained nothing su; )-'
gesnve of exacerbanon The main condition 3n one of these three cases \~§s
however prostatc carcinoma and 1n another sequelar of abdommo sacral rec-
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Fig 3 The emptying of the posterior urethra 1s more complete than usual in an acute exacerbation of
chronic prostato vescubitis a) Injection films b) contraction films

tal exeision for carcinomn were present OF the 53 cases 1 which the cmptying
was assessed 1s normal, 16 were of chromie prostato vestculitis without evidence
of exacerbation, while 3 had signs of cute exacerbation Among the 19 cases
n which emptying was less complete than usual 9 were of chronic mflammation
without signs of rctivation

Of the 16 cases of prostatic carcinoma, 13 of which recerscd hormonnl thera
Py, 3 (all treated with hormones) showed better emptying than usual, 9 (one
before and 8 during hormonnl therapy) showed the usual emptyng, and
4 cses (2 before nd 2 during hormonnl treatment) the emptyng ws less com
plete than usual Three cases in which the emptying was more complete than
usual had thus 11l been treated with hormones, of 4 cases in which the emptying
ws less complete than normal 2 were not treated with hormones, and among
the remuning 9 cases 1n which the emptymg was ssessed s normal 8 cises
were treated with hormones

The following 1llustrations excmphfy the 1bove conditions In pure chrontc
prostato vesiculiis, contraction bihity 1s reduced and emptying incomplete
(hg 2)

In exacerbations of chronic prostato vesiculitis, emptying 15 more complete
than usual (Tig 3)

In ndenomatous hypertrophy, neither the mucosa nor the musculature 15
mfiltrited and emptying 1s ‘normal (big 7, part I)

In prostatic carcinoma invading the urethral wall or adjicent structures, the
normal emptying capacity 1s impured or absent (F1g 8, n part I}, but may be
restored 1n some measure following hormonal therapy (Figs 4 and 5)

Effect of voluntary muscular contraction upon the posterior urethra LeNDORF (ref 20)
as carly as 1912 observed on urethroscopy during irrigation that the lumen of
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Fug 4 The dilatston of e urethallumendur |
Ing n)cetion may bear a relavion tup to the re Vo,
ress on of raremoma and deerease 1 prostatic h
O Pollowang estrogen therapy ( estrogen atro- \
‘hy 1 The m 1 grant infsratson of smooth mu N

P olatare dirmin ‘hes and the emptying power of N

(i poster g urethra, amproves  Tegatat 1 .

Hiteat on of the mucosa p_ 313 the Tegion

of the internal urcth al onfice Upper row In P
Jecton films Lower row contraction films The

Shmcter ndae muscle 1 the latier presents a

& et abrupt upper ma g n The pyramudal

shape of th- pars nuda 1s well demonstrat d ™% 1

the postenior urethra decreased in cahbre on voluntary contraction of the perineal
lature mcludsng the anal sph and the external urethral sphincter

Ths constrictton took place chiefly by displacement of the urethral walls to

wards the centre of the lumen It was most marked n the posterior wall less
so m the lateral and almost absent 1n the antenior wall of the prostatic urethra,
as 3 vesult the urethral lumen in this region assumed 10 cross section 2 crescentic
shape This anthor expressed the view that the mural movements were brought
about by the mtrinsic musculature of the prostate since this musculature 1s not
so marked at the lesel of the verumontanum where 1t 15 least developed He

beheved this motility to be governed by the contraction of the stnated permneal
musculature

The motihty of the postenor urethra 1n different conditions has hitherto been
studied mamnly by means of urethroscopy LeNDORF (ref 20) and PRETORIUS
(ref 32) uwung that method found mflammatory and other lesions of the pros
tte to lead 10 a decrease i the moulity of the cotresponding segment of the
urethral wall Thus they observed to affect mictuntion although the Jumen was

not truly constricted but showed what are known as wide strictures (Figs 6
and 2)



308 OLALLO MORALTS, STIC NILSSON AND RACNAR ROMANUS

b
- g J
L — o L. ¥ —— { p g

Ti, 3 The emptying of the postersor urethra 1s more complete than usual 1n n acute exacerbition of
chrome prostito vesculitis a) Ingection films by contraction films

tal excision for carcinomn were present Of the 53 eases 1n wlhich the emptying
w1s assessed as normal, 16 were of chirome prostato vesiculitis without evidence
of ex1cerbation, while 3 had signs of acute exacerbaon Among the 19 cases
n which emptying wns less complete than usual 9 were of chronic inflammation
without signs of activation

Of the 16 cnscs of prostatic carcinomn, 13 of which recerved lrormonalthert
1y, 3 (2l treated with hormones) showed better emptying than usual, 9 (one
before aind 8 during hormonal therapy) showed the usual emptying, nd
4 cses (2 before and 2 durning hormonal trentment) the emptying was less com
plete than usual Three eases in which the emptying was more complete thin
usul had thus il been treated with hormones, of 4 cases 1n which the emptying
was less complete than normal 2 were not treited with hormones, and 1mong
the remauning 9 cases in which the emptying was assessed s normal 8 cases
were treated with hormones

The followmg iHustritions exemplify the above conditions In pure chrone
prostato vesiculitss, contriction ability 15 reduced nnd cmptymg mcomplete

(g 2)
In cxacerbtions of chronic prostato vesiculitis, emptying 1s more complete

than usunl (g 3)

In adenomnatous hypertrophy, neither the mucosa nor the musculature 18
nfiltrated nd emptying 1s ‘normal (g 7, part 1)

In prostatic carcinoma mvading the urethral wall or adjacent structures, the
norm 1l cmptymg capacity 15 impred or absent (Fig 8, n part 1), but m1y be
restored 11 some measure following hormonal therapy (Figs 4 nd 5)

Lffect of voluntary muscular contraction upon the posterior urethra T rNDORF (vef 20)
as carly s 1912 observed on urcthroscopy during srrigation that the Jumen of
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Fig 6 The urethral walls are more rigid and the emptying therefore less extensive than u ual m pure
chran  prostato- ccul tis In the presence of fibros  of the prostatic parcnchyma the fumen of the
terior u cthra 1s dstended more than normal

during njection (sec alsa Fig 1) Three films from the
r:ﬁ myection films and the remain ng three contract on films

several cases at sterilization operations 11 men (vasectomy) 1n order to study in
closer detail the emptying of the posterior urethra The media were rodized o1l
and viscous or low viscostty contrast media normally employed for urography

Despite vartations in the imtation of the mucosa by the different preparations
and the posture of the patient (supine or erect) the fluid spread uniformly n
the supracollicular urethra and vanished rapidly 1nto the bladder after 1t had
been collected for a short while 1n the p sulcs and supracollicular sinus
at the upper portion of the verumontanum (Fig 8) The urethra was not dis

tended to any noteworthy degrec even when the injection was performed rapid
ly

These expenments revealed furthermore that the urge to unnate 15 not ex
penienced unil the detrusor contracts The sensation was found to be wholly
independent of the presence or absence of flmd 1n the postenor urethra, as also
of the imtatve action (1f any) of the contrast preparation Nor was any differ
ence noted when the bladder contamed unne or only contrast medium It was

the volume of the bladder contents and the rate at which that volume mereased
together with the accom

g pocor panying stretching of the bladder wall which appeared
caisive as has also been pointed out by e
1) nd Romeres ot 13 p y € g JerrcoaTE & RoserTs (ref
When the volume of the bladder contents was fairly small the rapid ijec
u}:m l?l( :l drclaw.cl\, lavge quantity of flwd (10 to 15 ml) via the vas deferens to
the af er m several instances elicited detrusor contraction This was hosw
ever of v;ry brief duration and on being asked the patient stated that no
:rgc‘nc:' of ‘r:ucturmon “as expenenced The greater the volume of the bladder
“o:s e:l: m\ dc ':nurc readily this detrusor contraction occurred unul finally 1t
inmtrated by a very slow mnjection of a small quantity of flsd via the vas
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Tig 5 Case of estrogen atrophy following hormonal therapy for
prostatic carcinoma  the urcthral lumen is fairly wid- and the
emptying good 1) Injection film b) contraction film Astrnctureis
evident at the site of the contracted sphincter nudae muscle {b)
{Cf Fig 1) The arrows indicate the urogemtal diaphragm

Voluntary muscular contriction 1s not, however, the only fictor mitintng
this motility, s the present writers found 1n experiments performed At vasotomy
m which contrast material was ijected via the vas deferens, the ampully, the
semnil vesicle and the giculatory duct to the posterior urethra (sec under
next heading) In these cxperiments, 1s on active contraction of the pelvic floor,
the contrast medium wns emptied upwnrds into the urmary bladder, despite
the fict thit no contriction of the external sphincter, the perineal mus
culnture, or the levatores an1 muscles was observed It would therefore apperr
that this emptying of medium 15 due to a spontineous contraction or ris¢ 1n
tone of the smooth muscles surrounding the posterior urethra This assumption
15 further borne out by the observation that ¢ wties situated centrally m the
prostite are better emptied than those more in the periphery of the organ
Cavities of this type were seen to be affected 1n thit manner m 16 of the present
cases Therr shape altered m 3 cases without any distinct emptying of contrast
medium, while 1n 13 cases the quanuty of medium decreased mrrespective of
whether the cavities were of a postinflammatory or postoperative (onc cse)

nature (Fig 7)
Vaso vestculography used for studying the function of the postenior urethra and the blad

der Contrast medium was injected via the divided vas deferens and the ampul
la, seminal vesicle and ejrculatory duct to the prostatic urethra and blrdder m
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Fy 8 Contrast matersal ( od zed orl) imjected via the a1 def rens to
h Ha and tves dle esacutatory @ et and posterotu et

The fusd collects in the proximal portion of the prostatic sinus and
the supracofl cular_sinus but does not pass down through the 1n
fracoll cular part The medium 1 then propelled up mnto the uninary
bladder via the sup acoll cular u cth a both spontancousty and on
v luntary contract on of the pelvic floor \drop rema nsfor s moment
In the funnel formed by the bladder mucosa at the ntemal onf ce of
the urethra befo ¢ running down the declivity into the bladd r a) In
3 cton flm b) contraction film

In one case however the contrast medium did pass dustally through the diaphragmatic
urethra to the back part of the anterior urethra duning ipjection via the vas deferens In thus
78-vear-old pauent who had for a considerable period been treated with an indwelbing cathe

ter for large prostatic adenomas v 1th mucturition difficulty but no incontinence and inwhom
signs of malignancy were absent the function of the external sphincter on motility exanunation
was found to be normal Dunng a forceful injection of contrast medium via the vasdeferens

the patient reported a sensation resembling thatof semnal ermission or ejaculatian and shght
erection occutred The contrast medium was then seen to advance dustally past the draphrag

manc urethra to the bulbous portion of the antenior urethra The passage of medtum through
the external sphincter agrees well with the contept that the tongof the snternal *phineter

wncreases whie that of the external sptincter and detrusor decreases during erection (Lasg-
worTi hots & Lewss (ref 19) Mac Auine (ref 23))

The morning bladder urine 1 the male usually contains products from the
prostate (as actd phosphatase) and frequently even spermatozoa {rom the am
pultac and seminal vesicles This transport of substances to the bladder 15 fully
accounted for by our obsesvation that flurd entering the postertor urethra from
the seruinal vesicles and ampullae 15 propelled by muscular tone 1nto the blad
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Fig 7 Ca c of chronic prostato ve -
siculitis with large cavitics that have
been opened into the urethra The
emptying of the central cavities 13
more complete than that of thos
situnted further peripherally on con
traction of the prostatic smooth mus
culature after voluntary contraction
of the pelvic floor nd the external
sphincter a) Injection film b) con

traction film .
a b

+

deferens The contraction was then of longer duraton than that ehaited by the
rapid injection of 1 small quantity, and the patient cxperienced n urge t
micturate Tluoroscopy showed an nccompanying rhythmic, funnel ke widen
1ng of the prosumal part of the posterior urcthra (as if the structures constituting
the ‘bladder neck’ were retracted by the detrusor, most marhedly dorsally, less
so laterally, and not 2t all anteriorly) As the widemng occurred, contrst
medium wAs seen to enter the proximal portion of the urcthra (the ‘bladder
neck’ or mictunition funnel’)

It would therefore appenr that urgency of micturition 1s related to the degree
and duration of the detrusor contractton and 1s not dependent upon the pres
ence or absence of more or less locally irritrtive flurd m the proximal segment
of the postentor urethri Thard in the posterior urethr gives rise, msternd, 10 M
unconscious contraction of surrounding smooth muscle which propels 1t
proximally into the urinary bladder

These obscrvations agree fully with the absence of urgency of micturition on
retrograde urcthrography (with or without 1niesthestn) even when the poste
nor urcthra 1s greatly distended The urge to urinate 1s not felt until the detru
sor 18 contricted

Chinically, this corresponds with the lick of urgency of micturition 1n women
with stress inconunence, although urine enters ind even passes through the
urcthra (cf part I) The same 1s truc 1n prostatectomized men, 1n whom a plc}l;
sisting supr'\colhcuhr postoperative cvity may constantly contun urn(llc Wi
out the paticnt experiencing urgency — until the detrusor 1s contractes adder

The flurd injected on vaso vesiculography passed proximnally into the bla
but not distnlly past the external sphincter out into the anterior urethra
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Fg 8 Contrast matenial (iod ed o) i cted via the a deferens to
Ivesicle ejaculatory d

ans s uct and postersor urethra

The fl d coll €ts i the prox mal portion of the prostatic sinus and
the sup acollicular_snus but does not pass down th ough the in

f acollular part The medium s then propelled up into the urnary
bladder via the supracoll cular urethra both spontancously and on
vol ntary contract on of the pelvie floor \drop remains for a moment
in the funnel formed by the bladder mucosa at the intemnal onf ce of
the u ethra before running down the decliry into the bladder 2) In

Jecton film b) contraction film

In one case howerer the contrast medim did pass dustally through the diaphragmatic
x;:}ﬁhrz KO‘ the back part of the anterior urethra during injection via the vas deferens In thas
m)f:rl-:rd patent who had for a considerable period been treated with an mdwelling cathe
P ol'mgacl.pmsmm adenomas v sth micturition difficulty but no inconttnence and 1nwhom
e found 1 grl;ancy were absent the function of the external sphineter on motility examunation
e p:u:m: e n:;mal During a forceful wnjection of contrast medium via the vasdeferens
erechon Otm:po;l i ha sensation resembling that of semmal emtssion or ejaculation and shight
e umhmr: - bc fomras( medium was then seen to advance dstally past the diaphrag
e extemat 0 the bulbous portion of the antenor urethra The passage of medium through
al sphincter agrees well with the concept that the tone of the internal phincter

increases while that of the external sphincter and ds
et d
worTrY hots & Lewis (ref 19) Mic Atesne (ref zrﬂu)s)or pereses dommg eeeton (Lave

prz;}:;:‘(";:‘mgdbltddc{ urine in the male usually contains products from the
Pullae and semmal venties Tl eareduently escn sper from the am
accounted ‘f::";)‘“ao ‘;Esgilts Ths transport of substances to the bladder 1s fully
the semimal ‘:syd ur abservation that flwid entering the posterior urethra from

tcles and ampullae 15 propelled by muscular tone mto the blad
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der This 1s further augmented by the active evacuation mtiated by eveny
change in the contrictile state of the pelvic floor (as after micturstion, defaeca
tion or struning}

The proximal portion of the postcrior urethral lumen 1s normally closed off
from the urtnary bladder on erection and ejaculition by contraction of the
‘nternnl sphincter’ When, howexer, this portion of the urethra and prostate 1s
damnged, as after transvesical or transurethral prostatectomy, the imperfect
closurc of the uppermost part of the urethral lumen on gaculation llows the
prusage of semen back into the urinary bldder The same seems to happen n
severe dinbetes mellitus The smooth muscled “nternal sphincter’ 15 thus func
tionally nssigned to the gemitnl tract This nssumption 15 corroborated by its
nnervation  the wction of wdrenergic drugs leads to contraction of this muscu
lature and to 1 decrense m detrusor tone, while cholinergic drugs have the
reverse effect (LANGWoORTHY et coll, and others)

The trigonal muscle lso reacts in the s1me manner as the musculature of the
gemtal trct to different forms of simulation, but m 2 fashion oppostte to that
of the detrusor Accordingly, 1ts function as the opener of the ‘bladder neck’ on
micturition (Wesson (ref 39, 40, 41)) must be questioned (see also Fig 1,
part 1)

The view of the present 1uthors on the mitiation of mictunition agrees with
that of Gortz (ref 8) who, as enrly as 1874, muntuned that urgency of mic
turition 15 experienced when urine reaches the postertor urethra, not because of
1ts entry, and that urmation 15 started by contraction of the bladder muscles
that propel the urine wnto the urethra

Emptyng of the posterior urcthra of the sime type ns seen on vasography
occurs when the external sphincter 1s contracted n connesion with voluntary
contraction of the pelvic floor, s on mnterruption or completion of micturition
The wniters found that the column of contrast medium was alwys interrupted
1 1 posttion corresponding to the dinphragmatic urethra, that s, by the exter
nal sphincter, and that this action was under the control of the will The fiing
of the prostatic urethrn then persisted as long as the detrusor was contracted,
but subscquently the medium was successively and actively propelled bachimto
the bladder until the posterior urethra was finally wholly emptied Ifthesphinc
teric contraction was mamtained for 1 sufficiently long period, the detrusor
contraction also subsided 1nd finally ceased cntirely When, however, the
contraction of the external sphincter was voluntarily released before the pos
terjor urethra was emptied and before the detrusor contraction had subsided,
micturition 1t once restarted The same observations have been made by
several investigators 1n similar studies i women (ARDRAN et coll {ref 2),
Jevrcoate & ROBERTS (ref 14), RosErTs (ref 33)) imter ahos The same
‘mechanism may be observed on coughing during micturition the 'xccomp“myl
ng contraction of the pelvic floor musculature, mcluding the e};tern;
sphincter, leads to 2 momentary interruption in the flow of urme, which sul
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sequently continues as before I however, the contraction of the detrusor has
subsided mucturition cannot start unul this muscle has once agam contracted

The view expressed by MUELLNER (ref 28 29) that mictunition is mterrupted
1 the bladder neck by the action of the internal sphincter , wisnotyenfiedin
the present study

SUNMMARY

Studies were performed on the emptying of the posterior urethra in normal and abnormal
cases with 2 highly viscous water soluble contrast medium during actise contracuion of the
pelvic floor It appeared that the external wrethral sphincter s the chief regulator of micturs
tion once the detrusor 15 contracted while the internal st tuncter  which closes the posterior
urethra from the bladder 1n ercction and cjaculation 1s really 2 muscle of the genital tract

ZUSAMMENFASSUNG

De Entleerung der hinteren Harnrohre wurde mit viskssem wasserléslichem hontrast
muttel 1n normalen und abnormalen Fallen studiert Es zeigte sich dass der externe Sphinkter
die Hauptkontrolle der Blasencntlecrung bildet sobsald der Detrusor sich kontrahiert Der

»nnere Sphinkter 15t n Wirklichkert ein remer Gemtalmuskel der die Fintere Urethra ber der
Erektion und Ejakulation von der Blasc abschhiesst

RESUME
. L éuacuation de | urétre posténcur normal ct pathologique a été étudiée avec un moyen de
(omzme bhydrosoluble tres visqueux pendant la contraction active du plancher pelvien 11
™ résulte que le sphincter urétral externe est le principal régulateur de la miction quand le

dés
W;r;mr est contracté alors quele sphincter interne  qut isole 1 urdtre posténcur de la vessie
ant | érection et 1 aculation est en fait un muscle des vores génitales

REFERENCES
See part L of thoy paper published i Acta Radiologica Diagnosis 2 (1964) 81
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INTENTIONAL EMBOLISM IN SELLCTIVE RENAL
ARTERIOGRAPHY

An cxpenimentnl study 1n dogs
by
N I' G Epting ind G O OvENFORS

Circumscribed mfarctions 1n some of the hidneys occurred 1n an cxperimen
tal study of the nsks 1n selective renal catheterization and arteriography (Fp
LiNG & OvENFors 1964) It was suggested that the infarctions were caused by
embol: due to clot formation during cathetertzation

The present paper 1s concerned with a further experimental study of selective
renal arteriography associated with intentional renal embobism

Matenial and Method The cxamunations were performed mn 6 healthy dogs,
2—3 years of age, and of weights ringing from 20 to 27 kg The dogs were hept
under superfictal anacsthesin by mycction of thiomebumal sodium and pento
barbitone sodium 1nto a hindleg The catheterizations were performed pered
taneously via the femoral arteries 1nd gnded by 1mage intensifier fluoroscopy
Tephlon catheters were introduced nto the night renad nrtenes m two dogs wd
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Fig 1 2 Sclect ¢ rena) artenogram in dug afier mientional iny ¢t on of clutted blood Contrast defects

v allustrated 1o (a)
} b anches b) Lumbar ao tography after the selectiye arteriograp!
llnrrgul:r‘n:‘;onr;}:‘mguph)c effect with cort cal contrast defects £1 ng of enal vemn

red )dman catheters were passed mnto the left renal arternes 1n four dogs The
catheters had end holes only The tephlon catheters were filled with Urografin
60 °, (sodium methylglucamine diatnizoate) to render them visible Their exact
position was checked by small test doses of Urografin 43 ° an endeavour was
made not to touch the ongmns of the opposite artenes

A dose of & 1 mi Urografin 45 %, per kg bodyweight was injected manualhy
and a senies of single films ob d for a prel y study of the cond of
the artenes and the kidneys to be examined About 2 ml of clotted bload from
the dog 1m a small quanuty of physiologic saline were then mjected mto the
artery 1n 5 of the dogs and under 1 mlin the sixth dog A second selective artenio-
graphy was performed after some minutes Lumbar aottography was finally
performed after a half to one hour and 1 ml Urografin 60 9, per kg bodyw eight
was injected by means of an ijection svringe mto the aorta just above the
ongns of the renal artenes Roll films were used

Two of the dogs were kept alive for 2 weeks and four for 4 weeks after the
expeniments and all behaved 1n a normal way & second renal aortography was

performed after 3 and 4 weeks respectively wsing red Odman catheters 1n the
two dogs 1n which tephlon catheters had been used
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ARTLRIOGRAPHY

An cxperimental study 1n dogs
by
N P G Ipunc and C O Ovrnrors

Circumseribed infirctions 1in some of the hidneys occurred 1 an expenmen
tal study of the nishs 1n sclective renal catheterization ind ricriography {To
LiNe & OvENFORs 1964) Tt was suggested that the infarctions were caused by
embol: duc to clot formation during catheterization

The present paper 1s concerned with 1 further cxperimental study of selectine
renal arteriography associated with intentional renal embolhism

Matersal and Method The exammations were performed mn 6 healthy dogs,
2—3 years of age, and of weights ranging from 20 to 27 kg The dogs were hept
under superfictl aniesthestt by mjection of thiomebumal sodium and pento
barbitone sodium 1nto 1 hindleg  The catheterizations were performed perey
tancously via the fumoral artertes ind guided by 1mage ntenstfier fluoroscopy
Tephlon catheters were introduced mto the right renal artenies in two dogs 10
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tion of the left kidneys revealed wedge shaped nephron destruction of shght or
moderate degree and fibrosis with the character of infarctions, mn one of the
kidneys moderate mineral salt deposits were also cvident 1n the affected areas
The opposite hidneys had no signs of infarction Three of the hidneys displaved
shight pyelonephnitic changes

Discussion

The mitial ntention was to use tephlon catheters as they do not sumulate
clat formation Tephlon was used 1n fact 1n the first tvo dogs but were difficult
to see duning fluoroscopy 1n spite of their being filled with Urografin red Od
man catheters were used 11 the remaimng expenments

The histologie examination of the Jidneys revealed on an average shghter
changes of the nephrons and more mod lep of mneral salts than in
the series earlier reported by Epting & Ovenrors The expennments in the lat
ter senies were carned out principally according to clinical rules and the cathe
ters were in general introduced for a longer time It 1s surpnising that the
mtentional embolism should cause lesions of a shighter degree than the spon
taneous one It cannot therefore be excluded that regurgitation of the clotted
blood from the renal artery njected imnto the aorta had reduced the blood supply
to the branches of the renal artery This might be suggested by the bilateral
tnfarctions of the kidneys m the dog in which only the right, higher renal artery
was wgected It may be noted that the end of the catheter had not migrated
from the artery nto the aorta It was observed how the clotted blood passed
through the tephlon cath 1n fr: and not as a coherent
mass It seems therefore ble to p that 1y clotted blood
at cathetenzaton has a greater effect when embolizing than ntentronally m
]ccl}tﬁi clotted blaod The absence of infarctions 1n she second dog 1 which a
tephlon catheter was employed mught thus be explained with due regard also
10’!‘_}: small amount of clotted blood inyected
the c:ﬂ’";rrag:]!;:ns;néhrce of the kidneys included calcifications 1n accord with

ence of 3 lmcm"fg. (Epuive h& Ovenrors) (Fig 2) This might suggest the pres
calom morgam}:pc}:‘)ﬂzl yrowdism 10 the dogs  the plasma contents of total
therefore esn dP osphorus and alkaline phosphatase of the six dogs were
e mated The amounts of calcium ranged from 10 1 to 10 6 mg/ 100

Inorganic phosphorus from 4 to 6 2 mg/100 m! and of alkaline phospha

tase from 2 to 7 umits{100 m]
1n the dogs could bc/cxclrde:!'lk'}}lxc:c resnec of e caclE et o orcom

resence of
atinbuted to the necrosis of tissues ca . Creulaions oo e lore
uo[r;s of the kidneys supplied by plu;
ny histologic ch:
3 g ang:seaﬂl_mbmab\c 1o the contrast medium or to the abnor
:noc;: at aorf phy occurring 1n two of the dogs were
enon which was not associated with retention of

m:
not found The latter phy
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Fig 2 Section from camne kidncy
with infarction Fibrotic avea with poor
round cell mnfiltration and muneral salt
deposits subcapsularly \an Gieson

The dogs wcre hlled by desanguinition and the hidneys remoy edimmediate
Iy The hdncys were bisected, fixed in 10 ¢ formalin, and prepared for mt
Croscopic exummation

Results

The arternl fillmg and the wngionephrographic cffect 1ppered normal n
the 1mitinl selective renal arteriographues of the dogs

The sclective arteriographies, and the aortographies performed with tephlon
catheters 1n two of the dogs just after the myection of the clotted blood, also
revealed normal findings, s did the second renal nortographies The two dogs
were hilled four weeks after the mun experiments The histologte examnation
of the hidneys revenled that both hidneys 1n one dog hid smnll wedge shaped
arens with nephron destruction, fibrosis and moderate mineral deposits, the
changes having the character of infarctions No infarctions were evident m the
second dog but only shight pyclonephntic chinges which frequently arc scen 1
dogs 1nd are of no significance n the present study

Selective rteriograms, obtuned after mycction of clotted blood|mn two of the
four dogs cathetenzed with Odman catheters, revealed contrast defects the
arteries, probably caused by emboli (g 1) 1n the 1ortograms, n rrregulir
angionephrographic effect with cortical contrast defects were scen 1 the €x
amuned kidneys (Tig 1b) However, there was no retention of the contrast
medium, and fading occurred 2t the sxme time s on the opposite side The
angrogriphic findings were normal in the remuning two dogs Two of the dogs
were killed after two weeks, and two fter four wecks The histologic eximin-
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the contrast medium, did not therefore seem to be of any sigmificance Nor de

1t occur in the remuning four dogs "
The present experiments scem to have confirmed the suggestion of embolias

reasonable cruse of mfirctions of the hidneys in sclective renal artertography

Mineral sadt deposits, when present, indicate necrosis of the ares affected,

however, these arens were small or very moderate mn size in this series

SUMMARY

Intentional embolism 1n sclective renal artertography n A series of 6 dogs 1s reported Fmboh
appear to be the ciuse of the infarctions of kidneys found 1n the experrmental stuches

ZUSAMMLNTASSUNG

Absichtliche Embolie wurde ber selektin er Nierenartenographie an emer Serie von 6 Hundm
hervorgerufen I mbolie erscheint die Ursache der Infarktion zusein die ber der Experiment
gefunden wurde

RLSUME

Les auteurs ont provoqué des embolies au cours de 1 artériographic rénale sélectrve sur uht
série de 6 chiens Les embolics sont Ia cause de 1 infarctus rénal constaté dans les études expén
mentales

RLFERLCNCES

Eptiva N P G and Ovenrors C O Risks in selective renal catheterization and arteno
praphy Acta radiol Diagnosis 2 (1964) 241
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£ 1he
senab The poscenor peacallosal arcery (=») arses 3t » backward bond of
fngd?! :;w?::!?r?:g?:;‘;u t Wlp:or to the fo amen of Monro It alo anastomoses with the anterior

lousl att 0y wheh  filled 1n a ret ogr de manner b) Same specimen and same s mbol 2 1
B A all el (o)1 s 1 the depth of the €al osomarginal sulcus and 1 not seem o9 the med al sur
face of th sp cimen

Present 5 of normal y of p
penicallosal artery

Aulopsy findings As no detaled description of the anatoms and racinloge ap-
p of the posterior pencallosal artery seems to exist a combined roentgen
and dissectron study of this artery 1 17 half brawn spectmens was made The
basihr artery was mjected a1 necropsy with a gelaun and banum sulphate sus
penston after higation of the posterior communicating artertes Specimens that
had sufficient filling of the postenor pertcallosal artery for dissection purposes
were selected

‘The ongin of the postertor pericallosal artery m the half brain specimens was
as follows It emerged in 12 cases from the supenor occipital branch of the pos
tenior cerebral artery withm the quadngeminal cistern at about the posteromn
fertor margin of the splenium (The postenior cerebral artery dnides into two
branches a temporal and an occspital branch the latter giving nise to asupen
or and an mferior branch ) It arose 1n two cases from a trunk m common with
a supplementary branch of the medral choroid artery which had 1ts ongm more
antenorly from the superior occspstal branch of the posterior cerebral artery
beneath the splenum In one case 1t arose from the posterior cerebral artery
within the aminent @stern 1 one case from the mfenor ocapital branch of the
posteror cercbral artery and 1n one case from a backward continuation of the
medtal chorotd artery within the roof of the third ventncle i 2)

The artery mn all the specimens passed around the splentum 1n a smooth

cunve with the convexaty directed posterainfertorly and then ran superoan
teniorly with the cisterna corpons callost
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Fig 1 a) Autopst specsmen Fostenor penicallosal artery emerging from the superior occiptal branch
of the posteriar pericallosal attery (origin not scen) bends backwards beneath the corpus catiosur and
swiags out laterally (—) 10 nlprly the depth of the callesomarginal suleus 1t sends a branch anteriorly
below the splenum (++) and also small twigs to the gy rts cinguli {+) b) Same speermen The porteriot
pericillosal artery (—} 1s sitnated behind the medial {~+) 7nd lateral (+) choroud arteries

tnculir diltation The purpose of this study was to examume whether and how
the central branches of the postertor cerebral artery are affected by such dih
tauon

Pretious anatomical sniestigations The central branches of the postertor cerebrl
artery consist of the thalymo perforating artcries, the medial and literal chorod
wtenies and the posterior pericallosal artery The thalame perforaning artenes
onigmnte from the proximal portion of the postersor cerebral artery, immednite
Iv to ¢nter the substance of the thal imus from below, 1nd are not directly Affec
ted by ventricular dilvtation The anatomy of the medial and hiterd choro d
arteries was fully described in 1 previous study (Gavtoway & Grrimz 1960)
50 that 2 brief summary will now suffice

The medil chorord artery, after coursing 1round the brun stem mabes
severl loops roughly describing A figurc of 3 Interal to the pineal body witlun
the quadnigeminal cistern The termunal poruon of the artery finally runs supe
romedinlly to course along the roof of the third ventricle 1djrcent to the mternal
cercbral vern (g 1b)

The latcral choroid artenies, after emerging from the postertor cerebral v
tery adjacent to the brun stem, describe 1 smooth curve with the comeats
directed posteriorly as they run superomedilly ssithin the choroid fissure, they
thus outline the nterior border of the trigone (Tig 1b)

In wast anitornical teatbooks no mention 1s made of the posterior pericallosy
artery nlthough 1t 15 frequently seen 1n sketches of 1utopsy speetmens In spite
of the fict that thus artery often forms 1 connection with 1 pcn(:'l“[)S’ﬂ Artery
3t s not specfically mentioned m VAN DER LrckEn s monogriph on fepto
menmgenl anastomoses ArasENBUnL & YasaraiL refer to the posterior pen
callosnl artery but give nodescription of 1ts origin, course or VArons



N 325
\ERTEDRAL ANGIOGRAPILY IN TIE DIAGNOSIS OF VENTRICULAR DILATATIO

-~y
A
[ T TN

Inoal
g Pesty s S
b

- - Fig 4 % ertet ral ang ography i ¢ rec caws with
P Inareastnig ventes ular sizc asest mated at preumo-
¢ graphy S ght ventricular dilatati n was present

’ w e} Arcowsandicat angingraphicallv estymated

! ventricular # z¢ Diffuse accumulati n of contrast

o O] mediim im 2 ea of the posterior p 1 callosal
artery n fa) and (c) In () theees an anatormical
Ay ~ AP \ajaton m that fhe postens ¢ pericaliosal artery

4 L SN ano from the m dt o or dartery In (b1 th
» @ rgin of th post ror per callotal artery t ox
L‘-o% < M ot remon than vl and & mall branch s gis 1

- < off posteriorly tc the call somarginal sulcus

-
~

fion (index of hydrocephalus fess than 033) as well as in 35 addwional cases
with negauve vertebral angographies most of which were exammed for sub
arachnowt bleeding
The posterior penicallosal arterv at vertebral angiography was sees to
extend supenorly from the postertor corebral artery about one centimeter be
tund the cunve of the lateral chorord artertes and could usually be tden
ufied by the backnard bend 1t made at the anteromfertor margin of the
splerrarn Frg 3a) In cases im which 1t was posstble to trace s ongin more
postertorly to the wienor ocaipstal branch of the postesior cerebral artery this
bend could not be Wentified so that confusion with the maore laterally located
arenes within the o tern of the corpus callosum sometmes arose This mystake
15 however of no pracueal importance as these vessels also define the outer sur
face of the splemum 2 surface that 15 also outhned by a diffuse accumulation of
contrast medwum withom the bramn fissure adjacent 1o the more poorly vascular
1zed corpus callo um Fig 4 azndc and Fig 5 aand b) A smilar phenome
non mav be seen on caroud angiography (Greirz 1956)
The penicallosal artery sometmes arose more antenorly and obviously within
the ambrent aistern /Fig 4b) and occasionally from the medial choroud artery
Tig 4a) The ongin and course of the artery could be different on the two
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Fig 3 Vertebral angiography and pucumogripht in a normal case Typical orig and course of
posterior pericallosal arteries sketches show the methods of measurement used 1n the study

In the 12 spcermens in which the ongin was from the superior ocapittl
branch of the posterior cercbral artery, the posterior pericallosal nrtery had 2
characteristic course 1n that 1t ran 1nteromedinlly to the anterior margin of the
splemum 1nd then made 1 backward bend upon itself before coursing around
the splentum (g 1)

It often passed Interally to the depth of the sulcus corporis callosy, 2t the pos
tertor 1spect of the corpons callosum, nd also gave small twigs antertorly below
the splentum and posterosuperiorly to the cingulite gyrus

In several of the specimens, 1 small, more Interally situated artery, also s
g from the superior ocaipital branch of the posterior cercbral artery, ran
supertorly to vasculinze the depth of the sulcus corpons callost This vessel in
Interal views hd more or less the same 1ppetrance ns the posteror pericallosal
artery, however, 1t usually had its origin somewhat more posteriorly than the
Iatter and did not present the above mentioned backward bend beneath the
splenum, facts that helped to differentinte this artery from the posterior pert

callosal artery

Angrographc findings Observations were made 1n 25 cases that had both verte
bral angopraphy 1nd pneumography and that showed no ventnculr dilit
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sides branches from one vessel sometimes ran maimnly anteniorly below the
splensum while branches from the other artery passed backwards and supertorly
around the splemum (Fig 5d) The superior extension at the artery within
the cisterna corporis callos: vaned in length usually by enc or two centimeters
In some cases no extension superiorly beyond the curvature of the splentum
was observable but occastonlly branches from the postenor pengallosal artery
extended beyond the cingulate gyrus to supply the callosomargmnal sulcus
(Fig 4b)

The mfertor anterior body of the trigone 1s formed by the thalamus, whichis
i close connccuon with the choroid fissure 1n which Ire the lateral chorord arte
ries The distance between the postenior pericallosal artery curving around the
corpus callosum and the lateral choroid artenes situated behind the thalamus
withm the choroid fissure should consequently give an mdication of the size
of the posterior part of the lateral ventncle 1t may also possibly serve as an
wdex of the degree of hydrocephalus m a stmilar way as the frontal diameter
of the antenor horn

Angiographic changes 1n lateral v lar dilatation
\ material consstiny

g of 10 cases with central atrophy and 23 cases with ob
structive hydrocephalus was studied 1n order to examine the anatomical changes
of the central branches of the postertor cerebral artery that occur i ventnicular
dilatation Only cases that had been examuned with preumography were chosen

Dilatation of the lateral yentncles occurs etther by disturbance of the hiquor
dranage or by a reduction in volume of the cerebral tissue The paeumographic
changes scen 1n ventricular dilatation ate w ell known The third ventricle may
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g 5 V\ertebral angrography in + cases of ob - T —

structive ventricular dilatation 1 osterior pericallo-

sal arterses (—+) lateral choroid arteries {+) and ,/
medial choroid arterics (#s) a) Hydrocephalus of
degree 0 37 anglographic measurement 27 mm

I ateral chorod arteries unchanged medal chorotd }: 'S

arterics shghtly depressed nostretching of posterion 3 1
cercbral arteries b) Pincaloma with hydrocephatus

of 0 49 degree ngiographic measuremnt 30 mm

No obvious stretehing of posterior cerebral arteries
lateral choroxl arteries relatnely unchanged me
dial choroid arteries displaced backwards and up
wards by tumor ¢ Hydrocephalus not measure
able due to posterior pericallosal arteries bemg
dusplacedinfcriorty Chorosd arteries depressed and
streched d) and €) Aqueduct stenosis with hydro
cephalus not measurable due to the choroid arteries

beng depressed and deformed T he mediat choroid
arterie are streched  there s a vascular anomaly in that one posterior pericallosal arters 1s runming

anteriorly below the splenum and the one artsing posteriorly ts curyving backwards and upwards
together these arterics indicate a wider bow of the outer surface of the splentum than the normal The
hydrocephalus 15 obvious alsa frem changes in the central veins ( —) (e} In this and the preyious case
the diagnoss of hydrocephalus may be made from the stretching of posterior curcbral arteries butaboye

all from changes i thewr central branches
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leasuring techmgque ‘The writers found 1t smtable to measure the distance be
tween the lateral choroid artenies within the chorod fissure and the postenior
pericallosal atteries within the cisterna corpons callost as an esimation of the
height of the body of the lateral ventricle situated between the thalamus and
the corpus callosum In practice the distance between the most postenior point
along the curature of the lateral choroid artenes and the postenor pericallosal
artertes 1s measured on a hine connecting the tuberculum sellac through the
posterior point and cutting the postenor pencaliosal artenes (Fig 3) If the ine
does not cut the postenor pencallosal arteries the course of the arteries 1s ex
tended n the general direction of their curvature superiorly until they reach
this ne However 1if the posterior pencallosal artestes are so short that no
esumation of the direction of their curvature superiorly within the cisterna cor
pons callost ss obtainable then the case cannot be measured (The presence or
absence of lateral ventricular difatation mav however be detected from the ap
pearance of the curve of the postenor pencaflosal artenies around the splenum
from changes in the position of the medial and lateral choraid artenes from
displacement of the central veins and finally from the straightening of the pas
terior cerebral artenes ) The lateral choroid artertes mav be so flattened and
depressed n cases that exhibit marked ventricular dilation that the bachward
;2::;::& c‘;x‘rc\ :}::;:;}: :b‘s;mh or the poslcno:’i penc:}i‘losal artery may be depressed
mont comseqently eanm Gt( ; prcm‘en(limnc line The above described measure
et e “& obtamab}e a[pp ied 1 such cases but an esumation of Jateral
choroid artertes and the ba i m’: c;l oung the dance betwcen the depressed
Arocephaluc i ckward displaced postertor pencallosal artery Hy
p! s ese cases 15 usually already apparent from the straightening of
the postentor cerebral artenes (Fig 5 ¢ and d)
‘mls:\c ::c;c:cgrll::;x:_::c\::!; distance between the lateral choroid and the
eflects lateral ventncular size the distance 1n the
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be depressed in hydrocephalus, which never oceurs in atrophy It seems Dihely
that this difference be reflected 1n the shape of the medil chorod artery cours
mng along the roof of the third ventnicle Irrespective of the cause of ventncular
dilatation the maun bady of the callosum becomes elevated Theinferior ntertor
border of the trigone mny be shghtly displaced antcromnferiorly

On vertebral angiography, performed i cases with marked ventriculr dilata
tion, 1t ws found that the 1bove mentioned distance between the posterior pert
callosal artery and the Iteral choroid rteries, 1s mensured in the Interal projec
tion, was ypparently increased T urthermore, the posterior pericallosal artery ran
in 1 greater curve than normally (Tig 5,1 1nd b) In greater degrees of hydro
cephbalus the splemum was shified posteromferior]ly 1nto the quadngeminal
astern, nd consequently the portion of the posterior pericallosal artery that
curves around the splemum was displaced i the same direction nd straight
ened (Ig 5, candd) In addition the angle formed by this vessel 1t the antersor
mfirior margin of the splentium became more acute than normal

The termnal portion of the medinl choroid artery, n cses that exhibited 1
high degree of ebstructive hydrocephalus with depression of the third ventricle,
sw1s displaced mferrorly and strughtened (Ig 5, 1, ¢, and d) As these chnges
were 1bsent 1 non obstructive ventricular dilatation they constitute 1 possibil
1ty of dufferentinl dingnosis Depression of the dilated third yentricle was some
times absent even 1 marked hydrocephalus, m such cases the medil choroid
artery was not depressed but instead even shghtly elevated The Interal choroid
arteries were 1 most cnses relatvely unchanged nlthough they might be dis
pliced somewhat anteromferiorly, m marked hydrocephalus they were de
pressed (Tig 5d) The chorowd vems were seen 0 be changed m the sume
manner s the corresponding artenes (Iig 5¢)

Measurements

Matenal The distance between the lateral chorord and the posterior pericil
fosal rteries was measured 1n the [ateral projection 1n an attempt to cvalue
the possibilitics 1n cstimatng ventriculir size n vertebral angrography The
2bove mentioned matenal was used for this purpose and consisted of cases
with 1nd without ventricular dilatition in which both pneumography and per
cutancous vertebral tngiography had been performed ;

About 1 quarter of the cses had to be excluded because sufficient fillhng o
the lateral chorord arterics had not been achieved (Crongvist 1960), wother
10 9, were omtted due to unsatishictory filling of the postenor pericllosal '1rd
tery Chses with the highest degree of hydrocephalus also had to be exclude
from the mnteral, for 1 reason that will be expluned later A few cises with
considerable umlateral dilatation were also not included

Thirty eight cases were left for measurement, thirteen of these 38 cases prC‘I
sented evidence of ventricular dilatation, in 6 cascs due to cerchral atrophy 1n
i 7 cases crused by posterior fossa tumors with sccondary hydrocephalus
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that had both pneumogeaphy and vertebral angiography, with no observable
ventricular dilatation and an index less than 033) It s seen that 3 out of the
60 cases exhibited an artenal measurement greaier than 19 mm However m
w0 of these cases the lateral ventricles were unusually wide postertorly without
being defimtely dilated None of the 60 cases had a measurement greates than
21 mm (Fig 7)

The width of the lateral ventnicle, measured as the shortest distance from the
inner upper angle of the lateral venincle to the caudate nucleus 1n the frontal
pneumogram (distance of Troland Baxter & Schatzki), according to Aaupsen
(1928) more adequately reflects yentricular size than docs the width of the 1n
terior horn As seen 1n Fig 8 a linear correlation also exists between the former
measurement and the distance betwcen the lateral choroid arteries and the pos
tenor pencallosal artery It may thus be sasd that the arterial measurement 1
effect correlates with the Iinear measurements uscd to estimate the size of the
body of the lateral ventnicle in the sagittal 2nd the coronal plane and mav there
fore be used as an cxpresston of a degree of hydrocephalus The degree of hy
drocephalus 1n the 13 measurable cases of the present matertal withventncular
dilatation ranged between 035 to 045 Straighteming of the postersor cerebral
arteries was present n only one of these cases

The correlation between the degree of hydrocephalus and the distance be
tween the lateral chorowd and the postenor pencallosal arteries 1s shown in
Fig 9 It1s evadent that 1n cases with ventricular dilatation a correlation exists
between the artenial measurement and the size of the antenor part of the lateral
ventricles

\s 10 the normal matenial no such correlation 15 apparent and this must be
due to the fact that 1n 2 normal matenal no greater correlation exists between
the width of the anteror horn and the height of the tngonum It 1s apparent
that 9 out of the 13 cases that had a degree of hydrocephalus greater than 0 32
tupper imit of normal) had measuremcnts between the lateral chorord arteries
and the postersor pencallosal greater thas 19 mm, wWhite the other Tour cases
which had an angiographic measurement less than 19 mm had only a shight

degree of hydrocephalus 1t may also be noted that 2 out of the 23 cases that
had an index less than 033 had a measurement between the artenes greater
than 19 mm however these we:

re the cases in which the post
lhc“hlcrbal ventricles were unusually wide pevteror portons of
1t be assumed that 21 mm 1s the upper hmut of normal f;
or the artenal
m«.su;r:]mm hem from Fig 7 1t 15 apparent that 5 out of the 13 cases that ex
il e }clgrcts of hydrocephalus greater than 0 32 were detccted from measure
m ;rgns (; esc 5 cases range between the degree of hvdrocephalus of 0 39 and
and m none of them (all of which had generalized lateral ventncular dil

tation) was there strarghtenin,
of the posterior cerel
ular dilatation was however e 8 cerebral arteries The ventric

alread:
the posterior pericallosal ancr\rm ¥ probable from the wide curve formed by
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DISTANCE IN MM BETWEEN LATERAL
EE"?E';{S)EISD AND POSTERIOR PERICALLOSAL

Lig 8 Correlation between width oflateral ven
tnick measured as shortest distance between nner
upper ngle of lateral ventricle and caudate
nucleus and angiographically estimated ventric

DISTANCE IN MM BETWEEN LATERAL CHOROID
AND POSTERIOR PERICALLOSAL ARTERIES

Ty, 9 Correlation hetween degree of hydrocephalus
{?uoucn[ of width of Iteral ventricle and width
of correspondmg hall of cranium as easured 10
frontal pncumogram)} and angingraphically esu

ular size Same symbols s fig 6 mated ventriculte 1ze Same svmbols as in fig 6

sagittal plane between the floor and the superior aspect of the roof of the bods
of the Iateral ventricle 1n the Interal pneumogram was measured in 1 manner
stmilar to that used m the arterinl measurement A hue was drawn from the
tuberculum scllae through the most posterior point along the curvature of the
anterior hmit of the trigone supcropostentorly until 1t cut the roof of the lterd
ventricles, and the distance from the floor to the roof was measured long this
Iine (g 8) Ifsmnll differences existed between the size of the literal ventn
cles, the mean value was tiken (Mg 8d), however, the fow cisesin which consid
crable umlntera ventricular dilatation was present were not mcluded 1 the

materinl

Results

A hnear correlation (Fig 6) was found to exist between the distance fiom the
floor to the roof of the trigone and the distance between the 1ateral chorod ar
tertes nd the posterior perictllosal artertes In order further to investigate the
himits of normal for the arterinl measurement, the distance between the Iaterl
chorod arteries and the posterior pertcallosal artery was recorded m 35 addi
tional normal’ cases (35 cases with negative vertebral angiographies, most of
which were exammed for subarachnoid biceding, in 1ddition to the 25 cnses
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ZUSANMENFASSUNG
der Artenia cerebn poste
Die \natomic und dic Rontgenerschemnungen der zentralen Aste
rior ‘undndrren fl durch Erv des b kelsy st wird anhand von Sek
und hen Untersuchungen nach intra vertebraler Injektion am
Lebenden h d fi kert verdient die Artersa pericallosa posterior

Fas ordh aufgezeigs wie die Hobe des hinteren Teiles des Sestensentnikels zwischen Thalamus
und Balken durch vertebrale Angiographic abgeschatzt werden kann

RESUME

Les auteurs s basant sur des autopsies et des angiographics vertébrales sur le sisant déen
vent | anatomic et les images radiologiques des branches centrales de 1 artére cérébrale posté
nicure et 1influence sur ces branches de la dik: \! Tls ont 1
é4udié ) artére péricalleuse posténicure 1is donnent un moyen pour mesurer par angiographic
\ertébrale la hauteur de Ja partic postéreure du ventricule latéral entre le thalamus et Je
corps calleux
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Conclusions

The central branches of the posterior cerebral artery undergo characterstic
changes mn ventricular diltation The changes evident 1n hydrocephalus my
to 1 certun extent be differentinted from those 1n central atrophy The sems
within the teln choroiden are also affected by ventriculr diltation

The central branches of the posterior cerebral artery are sufficiently filled for
estimtion of the size of the lnteral ventricles in 1bout 60 per cent of cases sub
Jected to percutancous vertebral angrography The height of the posterior part
of the Interal ventricle can be mensured s the distance betwecn the latertl cho
roid nd the posterior pericallosal arteries This measurement is correlated with
the height of the posterior part of the Interal ventricle nd 15 lso corrdated
with the width of the body of the Interal ventricle measured at pneumography 1s
the distance from the upper insertion of the septum perpendicular to the ciudate
nucleus Morcover, 1n cases with ventricultr dilatation o correltion cxsts be
tween the same arterral mensurement nd the relive width of the antenor
horn, the Iatter measurement commonly beng used to indicate “the degree of
hydroccphalus  Judging from thus small materil, 1 metsurement between the
Interl chorotd 1nd the posterior pericallosal arteries of more than 21 mm mdt
cates Interal ventnicular diltation It should be born i mind that wmerest
n the 1ngiographic measurcment may be due to localized posterior ventricubr
dilatation

The distance between the lateral chorord and posterior pericallosal artenes
cannot be measured 1n 1 few eases of marked hydrocephalus The dingnosis of
hydrocephalus m these cases 15 however easily made from changes 1n the p
pearance of the posteriar cerebral artery and ats central branches The ding
nosis of ventricular dilwion may be made before ny strughtening of the pos
tersor cerebral artery arises by observing the distince between the Interal cho
roid arteries wnd the posterior pericallosal arterzes
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SUMMARY

The 2natomy and roentgenologic appearances of the central branches of the posterior cere
bral artery and the influence of ventricular dilatation are discussed on the basis of autops
studies and observations at vertebral angiography in Ining subjects Special attention 1s dm-m‘df
1o the postestor pericallosal artery A means of estimating the height of the posterior pn:l of
the lateral ventricle between the thal and corpus call by vertebral ang 15

descrsbed
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intravasal erythrocyte aggregation has any partin producing such ude effects
ifferent contrast medsn were studied 1n a chincal matenal to determine their
propensity to produce or Increase intravascular clumpmg  Supplementary
experiments were carned out in cats mamly 1n order to ascertain the degree
of the side effects caused by these media 1n ‘chimcal doses In view of the corre
Tation considered to exst between itrwascular erythroey te aggregation and the
suspension stability of the red cells the sedimentation rte of these cells was
investigated after both their i vivo and 1n mitro exposure 10 different contrast
media

Material and Methods

The intravascular erythrocyte aggregation was studied m conyuncty al
wessels with the aud of vital mucroscopy ( fi % 60) mn c with
56 chimcal examinations with vanous contrast media The microscopic observa
tions were started about one minute before the respective mjections and were
continued for about 10 munutes after the termination of the iyjection

The gradng of the findngs was necessarily subjective but m order to eltmu
nate as far as posstble inconsistent interpretauions the degree of aggregation was
classified as one of four well defined types

Type 1 — Mo visible granular flow

Type 2 — Distinct granular flow but no reduction n flow rate

Type 3 — Granular flow with reduction i flow rate here and there

Type 4 — Granular flow with reduced circulation and 1n places stagna
tion of red blood cells

Only a change over from one of these types to another was recorded as
an unequnocal change Twenty ml adipiodon (Biligrafin forte 50 9,) were 1n
Jected 1n 25 cases and 20 ml diatrizoate 1n 31 cases Among the latter 20 ml
Urografin 60 ¢, was used n 25 mstances and 20 ml Hypaque 50 %, i 6
wstances Al the microscopic work was performed by one and the same
member of the tcam (Lofstrom) and this exammer had no knowledge ol which
;?)n:;?s‘l)hl;r\;g;:r?c}:ald beele used 1 the different cases In most cases (48}
formed o the grde: ine s;: u}:lo;: was also mjected the examuiner was not 1n

been grven The o, m which the contrast medium and saline mjecttons had
ections were usually carrted out at a rapid rate over a

ume shorter than 30 seconds I
n 5 cases because of high age or car
Biligrafin forte was myected S Cordiac diease

watched for circul d“‘““g 1 t0 2 minutes The patients were closely
} comg n with all ¢
1mjections no alarmung side reactions w he Biligrafin

ere observed 1n this matenal althou,
hausea or vomiung occurred in 13 instances oush

The
43 luclo;:::‘n:‘ ’?h‘Ptnmems were performed 1n 23 cats weighing from 20 to
\ shaped \mchea\cc‘;:m;l Pal'c‘l of the neck was dissected with 1nsertion of a
nula and ex;
amaesthetization with pentobarby posure of both comimon caratids follos ing

tal sodum (Nembutal Abbott) 35 mgfhg
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INTRAVASCULAR ERYTHROCYTL AGGREGATION
ATTER INTRAVENOUS INJECTION OF
CONTRAST MEDIA

by
Percy Linperen, Bertin LorsTrOM and GEORC TREDRIK SALTZMAN

Qur 1rsennl of contrast medin for parenteral idministration s still heterogene
ous as regards degree and frequency of side effects Since the sodium 1cctr|zfo(1llz
preparations were supplanted by dintrizoate compounds, exrminauons o 11
vascular system 1nd uninary tract have only occasionally caused pmcm; ny
discomfort that could be attnbuted to the contrast medium Only very 1rrgc
doses of dintnizoate compounds m high concentration, such s those uscd‘ur
mtrayenous ortography by some mvestigators 1n Americn, seem to xmc;\c
risks 1n themselves Adiprodon (Biigrafin, Chelografin) however, wiich n:
been widely apphied during the past ten years for non operative conll‘ﬁsl
studies of the bile ducts, has often produced noteworthy 1nd i exceptont
cases mghly dangerous side reactions even when used 1 small doses he

Anmterican mvestigators 1n recent years have suggested that there m-;)yl by
1 connection between intravascular nggregation, 1 ¢ clumping of the rcd’ lzcr
cclls, and complicatsons from contrist medin In order to invesugate whe

Submutted far publication 21 August 1°67
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mtravasal erythrocvte aggregation has any part in producing such side effects
&ifferent contrast media were studied 1n 2 climcal matenal to determune their
propensity to produce or increase intray ascular clumping  Supplementary
experiments were carried out n cats mainly 1n order to ascertun the degree
of the side effects caused by these media 1n ‘chimical doses In view of the corre

Tation considered to exist betw een intravascular ervthrocyte aggregation 1nd the
suspension stabihty of the red cells the sedimentation rate of these cells was
investigated after both their 1 vivo and 1n vitro exposure to dufferent contrast
medra

Materzal and Methods

The intravascular enthrocvte aggregation was studied 1n comjunctnal
vessels with the aid of vital microscopy {magnification X 60} in connection with
96 chinical examinations with vanous contrast mecha The microscopic observa
tions were started about one minute before the respective mjections and were
continued for about 10 minutes after the termination of the mjection

The grading of the findings was necessanily subjective but in order to ehimm
nate as far as possible inconsistent interpretations the degree of aggregation was
classified as one of four well defined types

Type 1 — No visible granular flow

Type 2 — Distinct granular flow but no reduction 1n flow rate

Type 3 — Granular flow with reduction 1n flow rate here and there

Tepe 4 -— Granular flow with reduced arrculation, and 1n places stagna
tion of red blood cells

Only a change over from one of these types 1o another was recorded as
an unequivocal change Twenty ml adiprodon {Biligrafin forte 50 °4) were in
Jected 1n 23 cases and 20 ml diatrizoate n 31 cases Among the latter 20 ml
Usografin 609, was used 1 25 instances and 20 ml Hypaque 50°, n &
mstances All the microscopic work was performed by one and the same
member of the team (Lofstrom) and this extmuiner had no knowledge ofwhich
C;m‘?s\ methiem had been used 1n the different cases In most cases {48)
ft?r:edngs(l}:ogg ::lxne solution was also mmjected, the examner was not in

m which the contrast medium and saline jections had

been
"““i‘:t‘n The ;uecuons were usually carried out at a rapid rate over a
m tter than 30 seconds In 5 cases because of h
1
Biligrafm fore gh age or cardiac disease

5
watched for qen ln_]ccl‘l.fd du‘nng 1 to 2 minutes The pauents were closely

10n8 10 C with all the Bihgrafin
:gzi;’:f:r ‘nno malarmmg side reactions were observed n this matenal, alt}%ough

The oo 1llmg occurred 1n 13 mstances
43 kllogram: _i_';lpcnmcnts were performed 1n 23 cats weighing from 20 1o
Y shaped trache lc ventral part of the nech was dissected with msertton of a
anees al cannula and exposure of both common carottds following
on with pentobarbital sodium (Nembutal Abbott) 3> mgfkg
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intraperitoneally  Sucemnylchohne (Celocurin, Vitrum) was grven m some cases
to prevent musculir movements and vormting when Inrge doses of contrast
medit were given, 1n those cases artsficinl respiratson was munt uned through
out the experiment

The contrist medin were injected 1ntravenously (unless otherwise stated)
vi1 1 thin polythene catheter inserted 1n 1 cutancous ven of 1 forcleg The
parameters were recorded by 2 Grass Model 5 Polvgraph ns follows The
systeric blood pressure was recorded 1n 1l experiments from the cinnulated
left carotid artery or from the lemoral artery by means of 1 Statham transducer

The nght ventricular pressurce wAs recorded 1 8 cases A polythene catheter
with 1ts up shghtly curved was placed in position vin the nght jugular ven
and connccted with another Statham transducer, m those cases inwhich hiep
arm was not gnen, 1 to 2 ml saline were injected at regular intenals to pre
vent clotung 1t the ip The pressure 1n the pulmonary 1rtery ws recorded m
3 cases, the thorax was opened under artifieral respiration nd 4 cannulx m
serted in 1 retrograde direction mto 2 lobular branch of the nght pulmoniry
artery

The perrpheral blood flow was measured by 1 direct method of photo clectric
drop recording (LinpereN, ind GotpscumpT & LinpGReN) The apparatus
could 1n prinarple be inserted mto nny artery or ven These rmmals were given
hepanin, 25 mg/hg

The blood flow 1n the comunctival vessels 1n 2 few experiments wis ob
served under the microscope 1n order to study whether 2ggregation of the red
blood cells took place following the mjecuon of contrast medum

The sedimentation rate of human blood was nvestigated i Westergren
tubes, ll values being read off after 1 hour The rate after in vivo exposure
to dipiodon was studied 1n 12 cases by comparing the valucs obtuned bu’aur
and after the myection of 20 ml Biligrafin forte (50 95) The mfluence ©
dintrizonte on the sedimentition rite was studied 1 19 cises by mensure
ments carrted out before nd after myection of 20 ml Urografin 60 % The
sedimentation rate after m vitro exposure to Biligrafin forte (19 cases) and to
Urografin 60 °; (19 cases) was determned fter 2 ml of blood had been mned
with 0 04 ml of the respective contrast medium

Results
Intragascular aggregation in human subjects The resuits of the vital nucroscopic
studies on the conjunctiva are shown below

Cases Increa ed aggregauon
Biligrafin 25 15
Urografin 25 3
Hypaque 6
Y Paq! W ]

Saline
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1t could be expected that the side effects which developed in some of the
cases paricularly after the mjection of Biligrafin forte mught have musled the
exammer mnto unconsciously overrecording increased ntravasal aggregation
This seems haghly 1mprobable, however as the increase 1n the clumping was
1 all except one case manifest before other secondary reactions appeared It
1 evident that Bihgrafin caused increased nggregation 1n more than half the
cases In 5 of the 15 cases showng an increased aggregation the phenomenon was
so marked that 1t umphied 2 change overfrom Type 1 to Type3 or from Type 2
to Type 4 1n the other 10 cases 1t was of a degree warranting removal to the
next aggregation type \icroscopic examination of the conjunctiva disclosed
that thts ncreased aggregation had exactly the same appearance as that seen after
injury or m infections It avose immediately after the termination of a rapid 1n
Jection The disturbance 12 the blood flow showed shght vanauon in duranon
The blood stream 1n most cases had within 10 minutes resumed the appearance
that nas observed before the injection of the Bihigrafin

Increased red cell aggregation was commoner among cases with nausca after
the Biligrafin imyection (9 out of 13} than among those without any side renc
tions {6 out of 12) The matenalis however too small to aliow definite conclu
sions to be drawn regarding this feature

Contrast medsa of the sodium diatnizoate type seldom caused anv noticeable
increase in the red cell aggregation In the 4 cases in which such a phenomenon
was observed the disturbance implied a change over to the next aggregauon
type Mausea arose after the contrast imjection 1n 2 of the 4 cases with increased
aggregation whereas it was noted 1n only one of the cases showing no change 1n
the aggregation None of the 6 patients given Hypaque had side reactions

Shghtly increased aggregation was noted 1n 2 of the 48 cases given a saline
;niecuon It should be mentioned however that one of these cases already had

onjunctival inflammatory reaction with primary fairly severe shightly \arying
ved cell aggregation whle 1n the other case the suspected aggregation ncrease
lasted for only a few seconds and hence for a shorter ime than the correspond

l‘ng c:angc in alk cases given a contrast injection tn both cases the saline solu
ton had been njected before the contrast medium

Crrculation studies in cats

Ady
iprodon The results of the cat expeniments confirmed our previous ohser

::::::I:nlhatl chrucal doses of adiptodon (Biligrafin forte 0 33 mijkg) given
e in:: y produced a fall in the systemuc blood pressure (SALtzsan & Sunp
o somcm;t;‘ & SarT2MAN) This dose was used 1n most of the experiments
. m‘:h:; ‘:;r:‘ n order to obtam more clear cut differences between the
B ous contrast media higher doses (05 or 10 mijkg) were
Parall
““mm‘:lr“::xc ::;cr fall m the systemic blood pressure an increase in the night
¢ conld be demonstrated 11 most expertments (Fig 1)

- R
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Fig 2 Decrewsed arternnl blood pressure and more or e s unchanged
nghtventnicular Yrr“urc followmg Biligrafin injection afier preireatment
with low molecular werght dextran

the systohic pressure nising to 10 to 60 per cent above the ongmal level of 25 o
35 mm Hg The peak of the nse occurred 10 to 20 seconds after the jection
and gridually dechned duning the course of 2 to 10 minutes

A fuw cts were pretreated with low molecular weight dextran (Rheomacro
dex, 15 mljhg), which 1s hnown to prevent red cell clumping, 1n order to study
the role of crythrocyte aggregation s 1 posstble cuse of the pulmonary hyper
tension nd decrease i systenie blood pressure. Owing to the fact that repeated
doses of Biligrafin, mven at short mtervals always gave smaller responses than
the first onc, m other words that 2 kind of tachyphvltas seemed to develop
(L INDGREN & SALTZMAN), the responses to subsequent doses could not be com
pared qu’lnll(1ll\cly Thus the effcets of Bihgrafin before and after Rheomac
rodex could not be comprred in one and the same experiment The nght ven
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tricular hy pertension evohed by Biligrafin was much weaher 1n cats pretreated
with Rheomacrodes however as seen 1n Fig 2 2 fall in systemic blood pres
sure occurred even m the absence of pulmonary circulmory response

No sigmificant response pattern Was observed as far as the penpheral blood
flow (in skeletal muscles shint and intestines) was concerned When larger
doses of Biligrafin were g en and an abrapt fall 1in the systemic blood pressure
oceurred o patallel reduction m the penpheral blood flow was seen as has
also been deserbed elsewhere ([ rwoorex & Sartzyan) The perspheral blood
flow thanges were unaffected by pretreatment with Rheomacrodex as in the
case of the systemic blood pressure fall

1n four expenments tn which the blood stream n compunciival vessels was
observed mucrascopscally at was possible to establish that intrayenoushy admuns
tered Biligrafin also 1n cats caused 1ggresation of the red blood cells lasung for
a few minutes The examiner was unaware of the type of substance injected as
1 the observations 1 human subjects Mo attempt was made to carry out a
fong seres as the technical problems 1 making these observations with all the
other recordmng devices attached to the amimal werc considerable

Other contrast media For comparatne purposes the following substances
\gven intravenously 1n doses of 0 5 or 1 0 mlfkg) were also studied Hjy paque
50 ¢, and Urografin 60 ©, (diatnizoate), Urokon 50 94 (acctrizoate) and NaCl
soluton 609 %, 459, and 99,

Only Urokon produced an ncrease in the nght ventricular pressure of the
same magmtude as the resp to Biligrafin (cf Fig 3) This compound also
produced a notew orthy fall 1n the systemic blood pressure A transientincreasen
ervthrocyte aggregation could be observed m the conjunctival vessels followmg
jection of Urokon

The responses to Hypaque Urografin and hypertonic NaCl were weak and
nsigmificant and consisted only 1 nunor fluctuations of the systemic blood

pressure. No apprectable increase 1 nght ventricular pressure was observed
with these vompounds

Sedmentalion rale tn human subjects
lhlfe ¢ ¢ méasurements Definttely lower numencal values were obtained after
m: contrast imjection 1n 7 of the 12 cases 1 which the sedimentation rate was
m;i::td before and after yection of 20 ml Bikgrafin forie The averagt sed1
1on rate 1 these 12 cases was 32 mm before and 24
mm after a

\m}; of the contrast medium dmimstrs

wcf;czsédml\cmmon rate showed » moderate reduction 1n 5 of the 19 cases
|gn o ml Urografin 60 ©,, the average rates before and after the contrast

yection were 14 mm and 12 5 mm respectively, 1 these 19 cases

1
m(;: ;lllr)n :na'ram;:mml: Among the 17 cases 1n which blood was mixed 1n vitro
‘gralin forte from freshly opened ampoules a reduction i the sedimenta
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Eig 3 Arienal blood pressure and rght ventnicular pressure followmg mjection of different contrast

media and saline
Biligrafin 500, 05 mifkg

!

2 Hypaque 50 10 mljkg
3 Urografin 60 , 10 mljke
4 Urokon 50 %, 05 ml/kg
o NaCl9e, 05 mljkg

tion rate was observed in 15 instances, 1 the mayority of them 1t was marhed
The verage sedimentition rates m these 17 cases before and after exposure
to the contrast medium were 30 mm and 4 mm, respectively

It should be menuoned that Biligrafin forte left standing for 2 weehsindaylight
1 1n opened ampoule was used 1 3 cases, i allof these 1n ncreased sedimenty
tion rate was noted

A shght reduction mn the sedimentation rate was recorded i 10 of the
19 cases 1n which human blood w1s mixed 1n vitro with Urografin 60 % The
average sctthng rate in these cases wns 28 mm before ind 24 mm after exposure o

to the contrist medium

Discussion

Rescarch on the toxicity of parenterally admimstered contrast medr hs
during recent years mainly been concentrated on the effects on the circulation
and on various types of blood changes LiNDGREN et coll in several cxpert
mental studies demonstrated thatsodium 1cetrizoate 1nd rdipiodon, when mjec
ted 1ntra arterrlly, cause an incrense 1n the peripheral artenal blood flow,
while SaLTzMAN ct coll, both 1 experimental and in clinical 1nvestigntions,
observed 2 considerable fall 1 the arterial blood pressure after mntravenous
myection of these two contrast medin Signs of a shight increase in the peripheral
arterial blood flow arc noticeable after ntra arterial injection of sodium
ditrizoate, but the heightened flow 1s insigmificant compared with that scen
after the admmistration of the previously mentioned preparations Sigmificant
circulatory changes after the intravenous injection of sodium diatnizoate hne
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been observed only when the doses have been very large (READ BERNSTEIN &
Evang)

The sgmificance of the effect produced by ecrtun contrast medin on cifferent
blood components has been disussed from the standpoint of the side reactions
10 the preparation CrApLIN & CARrLssON obsery ed certam changes paruewialy
1 the red blood cells 1n response to sodium acetrizoate 1 large doses in vitro
Crensnon of the ved cells as well as haemohsis have also been observed
Lasser et coll pointed out that acctnizoate and adipiodon cause crenation of
the red cells while sodium chatrizoate compounds mainly appear to g€ hise
to rouler formation The lastmentioned authors considered that the power of
sedmm acetnizoate and adipiodon to bind albumemn 1s of smportance they
drew a parallel between this property and the relatiely hugh toxiaty of these
contrast media The less tovic diatricoate preparations would appear to have 4
much fower propensity for binding proten

The obsersation that certain compounds may €1use an increase 1n the intra
sascular aggregatian of the red blood cells forms an interesung contrtbution
to the discussion of the side cffects produced by these contrast media Read and
Brrastern & Evans 1o expersmental studtes observed increased red cell ag
gregation after the mtravenous njecuon of larye doses of a sodm diatrizoate
compound (Hyvpaque) At the same¢ ume they observed an mcrease 1n pres
<ure 10 the pulmanary artery, m therr opmon due 1o enythrocyte agyregation
stnce low molecular weight dextran which 1s known to be capable of preventing
or decreasing red cell clumping (Tuorses & Hint, GELy & 7rpERFELDT and
others) elimtnates or reduces this pressure increase These authors considered
that the pressure fall which they had noted i the peripheral circulation was sec
g:{l:‘,‘lo tlir ‘i:mmm crease 1n the pulmonary artery Sori et coll 1 chiny
N ;{::;“; :ielnlcd mcrcz;s{cd aggregal;/on of the red cells after mjection of
3000 atnzoate {Hypaque 5095) and sodium diprotnizoate {Nrokon

y Th:hresults described 1n the present paper gwe only partial support 1o the
myapm ests that erythrocyte aggregation caused by intravenous contrast media
B y ﬂp)a‘m s\qmc o[(hg arculatory side effects that obviously accompany these
Ureon lhaz\;har;: ated that those contrast media (Biligrafin and
s give the most marked circulatory reactions also produce ery thro
g8Tcgalon and anincreasenthe nghtventneular pressure Itisnoteworthy

that the increased a
ggregation agrees remarkably well 1n t
Pressure fall occurring consistently afte b epctnons (e piocd

LA v all Biigrafin mjecuions (Sautzvan &
y ]c:;eTrxg:g"So;l;ast media known to give less marked side rcac‘uons praduce
e & rmggrcgauon The diatnizoate salts for instance when given
abserean oo o ‘\;mgraphy seldom cause such a change Ihe lastmentioned
dintrmonte (s ucs;(;nﬂ:{rx:rmmrh the assertion of 5081 et coll thatsodium
S usml‘)’ q) ) and sodmm dhprotrizoate (Miokon 40 94) 1 doses

) cause aggregation of the red cells thewr doses were lightly
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Tig 3 Artenal bload pressure and night ventnicular pressure followmg injecuon of different contrast
medin and saline

) Diigrafin 50 0, mijkg
2 Hypique 50°, 10 mifhg
3 Urografin 60 10 mlfhg
4 Urokon 50 °, 05 mljkg
5 NaCi0 05 mifhg

tion rate was observed 1 15 instanees, m the myorty of them 1t was marked
The werge sedimentation rates 1 these 17 cascs before and after oxpostre
to the contrast medium were 30 mm and # mm, respectively

It should be mentioned that Bihgrafin forte left standing for 2 wecks mdahight
i an opened ampoule was used 1n 3 cases, i1l of these i inereased sedimentt
tion rite was noted

A shght reduction 1n the sedimentation rate was recorded m 10 of the
19 cnses tn which humnn blood was mined 1n vitro wath Urografin 60 % The
Average sctthing rate i these cses w 1s 28 mm before and 24 mm fter exposure to
to the contrast medmum

Discussion

Research on the tovicaty of parcnterally admumstered contrast medin his
during recent years maunly been concentrated on the efftets on the arculon
and on various types of blood changes InpcreN ct coll n several expent
mental studies demonstrated thatsodium acetrizoate and diprodon, when injec
ted anten arterinlly, cause an mercise m the penipheral arterinl blood flow,
while SaLTZMAN ct coll, both 1n experimental and 1n chinteal 1inyvestigatons
observed 1 considertble fall in the artennl blood pressure after intrivenous
mjection of these two contrast medin Signs of 1 shght incrense in the peripheral
arterinl blood flow nare noticeable after mtra artenal imjection of sodwm
drtrizonte, but the heightened flow 15 1sigmificaint compared with that seen
fter the admmistration of the previously mentioned preparitions Significint
circulatory changes nfter the intravenous injection of sodiim ditrizotte have
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and m vivo A sumilar tendency was also observed w 1th diatrizoate This 1s
surprising  seeing that  both theoreucally and according to many chintcal ob
sersations mncreased aggregation of the red cells causes an ncrease the
sedimentation rate BERNSTENN ct coll, 1n investigations on certun physico
chemical properties of blood after exposure to different contrast mediy, recent
Iy attempted to ascertan the causes underlying these apparently opposing
effects The findimgs again bring mto the foreground the long felt need for more
objective methods for the study of intravascular aggregation It 1s not unhikely
that underlying the mntravasculwr 1ggregation observable at vital microscopy
of the conjunctival vessels there m1v be clumping phenomena with widely
diffening mechamstas

SUMMARY

erythrocyte ag by wital after the
mjection of adiprodon and diatrizoate 1n 56 human subjects and the effect of these contrast
media with and without pretreatment with low molecular dextran in expenimental crrcula

tom studves 1n eats 1 reported. The influence of the media which was observed w stro and sn
1o s discussed

\n of the 1

ZUSAMMENFASSUNG

D ¢ intravaskutare Ecythrocytaggregation wurde i 56 Patienten nach Inyckuion von Adu
piodon und Diatrizoat vital mikroskopisch studiert und es wird uber den Effckt dieser hon
trastuttel mit und ohne Vorbehandlung it Dextran von klemner Molckulargrosse in
Zirkulationstudien an der katze berichtet Die Resultate 1n viso und in vitro werden diskutiert

RESUMF

Les auteurs présentent leurs recherches par examen mucroscopique vital sur | agrégation
intraasculawe des globules rouges apres myection d adipiedone et de datrizoate 4 56 sujets
humams et sur 1eflet de ces moyens de contraste précédés ou non d un tratement par un
dextrane de farble pods moléculare au cours d une étude expénmentale de la crculation
sur des chats Les auteurs étudient | effet de ces moyens de contraste obsery € in vitro ¢t in sivo
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lnrger, however, and the sludge was morcover recorded photogriphically,
method probably permntting the demonstration of smalier changes than these
we could record

Tt would 2ppear unlikely that the incrense m the right ventnicular pressure
obscryved by the present ruthors could have been duc to the hy pertomety of
the contrast medi s such In the first plice, clear differences m response
were noted between the diffirent contrast medr, which did not differ Appre
cbly 715 regards the osmotic pressure of the solutions, and 1n the sccond place,
this cflect ws not observed afier myection of 1 hyportonic salme solution Tt
should be menuoncd that any cflict on the pressure 1n the nght vemncle
e wmtrnenous wjection of hy pertonic N1Cl <olutton has seldom been ob
served These findings appear to difler from those reported by other myestigators
who have noted 2 marked, brd increase in the pulmonary awtery pressure
(BiniT & BurstLin, Skurer, Sucsnern & Swan, Rean, Vien & Mnyer) In
generil, however, these authors used 1 dose of 1 mihg of 1 159, or 209,
solution while 1 solution ol 1t the most 9 ©;, possibly with 2 shghdy loweringection
speed, was Admimstered 1 the present matennl, henee the results are not
dircetly comparable Stvuiwr et coll described reactions with 1 grendy m
creascd pressure n the pulmonary artery, 1 fall in the systerme blood pressure
to 25 mm Hg, pnocn, and eardite rhnvthm seregulanies The magnstude of
these renctions far exceeds anything the present authors were concerned m
studying, 1n respect to the cffect of both the contrast medum nd the yper
tonic snlme solution It 1s not clear whetlier the discrepiney miv to some
extent be regarded s duc to t difference 1o spectes

The obscrstion that low molecular weight dextran 1s lughly eflective n
prevenung the occurrence of 2 pressure merease m the nght ventricle after 1
Biligrafin mgection would 2)so Appear to support the assumption that there may
be 1 connection between erythrocyte aggregition nd arculatory side effects
However, m view of the data recently published by Reap, Vien & Mevrr,
regarding the protective cffect of low moleculrr weight dextran agamst 1 nse
10 the pulmonary artery pressure duc to 1 hy pertonie NaCl solution, 1t 1s doubt
ful whether the cxplinaton can be 1s simple ns that  These mvesuigators
demonstrated 1n dogs that the protectrve mechanism appears to be duc to
merease i blood volume rather than to speaific nhibition of the erythrocyie
aggregation

The fict that the systenuc blood pressure fall 15 not blocked by pretreat
ment with dextran of Jow molecular waight would appenr to contradict the
hypothesss that there 1s 2 direct connection between red ccll aggregation and
systermic circultory reacuons It would therefore scem as though the expln
tion of tlus pressure fll must, 1t least in part, be sought 1n some phenomenon
other than restriction of the blood flow 1n the pulmonary circulntion, crused by

aggregnted blood cells
Adiprodon reduced the sedvmentiton rte of the red blood cells both in sitro
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FAI SF SIGNS OF THROMBOSIS IN LOWER LEG
PHLEBOGRAPHY

by
TorsTen Armen and Goray NMyLanper

The duction of leg phl

‘bography as 2 routine chimcal method m the
1930 s raised the belief that thrombosis would no Jonger offer any dagnostic

dfficutues Phicbography of the lower leg was performed m the beginming
with the leg homzontal (AnpErson & Parrreson Baver Houcuerty &
Houan pos Savros Lesser & DaneLtes, Baker Sorensen) Later mnvestiga
tions showed however certain sources of error of this techmique (GREsTZ
hJELLBERG Livostoy Lorstepr) These authors found that when the leg
v as horzontal there was wncomplete contrast filing of the venous system
because the high speafic gravity caused the contrast mediam selectiveln to fill
the lowermost vessels Phlebography of the lower leg 15 now performed with
the leg vertical m order to avoid such errors but even ascending lower leg

phlebography 10 the vertical posiion produces diagnostic errors that have
not recened attenyion

This paper 1s concerne L« wh a number of appearances that are hable to be

msinterpreted as signs of thrombosis or postthrombosis and that have been
noted during an investigation of the haemodynamics of the lower leg dunng
rest ind exercise {ALMEN & NYLANDER}
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FALSE SIGM\S OI THROMBOSIS IN LOWER LEG
PHLEBOGRAPHY

by

Torsten ALuEN and GORAN NYLASNDER

The wtroduction of lrg phlebography as a routine chnical methed mn the
1930's raised the belef that thrombosis would no longer offer any diagnostic
difficulties  Phlebography of the lower leg was performed m the beginmng
with the leg honzontal (Aspemson & Purremsox Baurr Hovoumrty &
Hewan pos SanTos LEsseR & DAneLits BaRer SprExsen) Later imvesugz
urns showed however certain sources of ersor of this techmque (Grrr
Kjecteere. Lispsroys LorsTenr) These authors Jound that when the leg
was honzontal there was incomplete contrast filhng of the venous system
because the high speaific gravity caused the contrast medwm selectinels to it
the lowermost vessels Phiebography of the lower leg 1s now performed with
the leg, vertical in order (0 asaid such errors but even ascendmg lower leg
phiebography i the verural postton produces dragnostic errors that have
not recened attention

This paper 18 concerned with a number of appearances that are habie to be
musinterpreted as signs of thrombasts or postthrombosis and that hate been
noted during an 1mestigation of the haemodynamics of the lower leg durmng
rest and exercise ¢ Aagx & \vtavper)
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a

Fig | a) Calfmuscles contracted No filling of deep vemns Superficial vems filled
Collateral circulation via superficial vemns (dernation ) Appearances suggest
decp thrombosis b) Same leg as 1 (a) but calf muscles relaxed Normal ap
pearances

Matenal and methods The actunl mvesugation consisted of 15 npparently
normal lower legs of 12 volunteers and 26 lowcr legs of 21 subjects with varices
The deep veins were normal i all of the legs studied

The techmgue was briefly s follows The subjects were examined with the
lower leg placed vertically before 1 cut film changer Contrast medum,
40 ml Urografin 60 %%, w1s mjected mto 1 dorsal ven of the foot The subjects
were nstructed to contract ind relax their calf muscles alternately while 30 ex
posures were made at a rate of 2 to 3 per second Technical datn 70 —80LY,

0 06 sec, 100 mA, FFD 100 cm

Findimngs
Three 1ppeirances liable to be msinterpreted as evidence of thrombosis or
postthrombotic changes were obscrved 1nd are hereafter referred to s ‘pscudo
thrombosis These occurred n normal vemns but only during musculzr con
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Fe 2 L call muse) s contracted d epemssegmentally compressed Frg 3 N erified deep throm
2% 08 of contrast m drum appearances susgest decp th owbous  boss Obserc sm (3 4t w th
Rht call musches rela ed normal app arances of deep vt and fig 2 left

al es

traction or relaxatton Pscudothrombosis was never observed in films exposed
at the beginming of the examunation when the muscles were relaved In 9 of
the normal legs and tn 20 of those with vanices pseudothrombosis was evident
on one or more oce stons 1n the deep or superficsal veins

Classificthion of pseudothrombosts
T3pe 4 There was arther complete absence of filling of the deep ves or non
filing, of 1 short segment The superficral vemns suggested the presence of a
collateral circatation as if an organic deep vern obstruction were present the

roentse phic appearances 1 bled those seen in deep venous thrombosss
1Figs 1 and 2)

Typ¢ B The deep vemns had no demonstrable vahves and their walls were

wrregular 1 outhne The appearances were hhe thos d
deep thrombosis (Figs 4 and 5) © rodentn recanaheed
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Fig 4 2) C.d[musclc‘s contracted outline ohnlh nl'dccp veins |rrcqul:li)r "IT“
) cal

valves d e S a3
muscles relaxed vens wnd valves of normal appmrancc

Dpe ¢ Central filling defects m superficin] v uricose veins with valvular
mcompetence The ippearances were stmilar to those associnted with acute
superfict1] thrombosis or thrombophlebitis (Fig 7)

Discussion

T3pe 1 This tupe of pscudothromboss w 15 scen only when the cli muscles
were contracted Itas well hnown that the himb muscles serye s ‘the peripheral
heart’, when the calf muscles are contracted the decp veins are compressed,
the d(gree varying with the extent of muscular contraction With maxamnl
conterction 2l the contrast medium s expelled from that segment of the deep
vems thit hes under the clf muscles, and the leg 15 druned vin the superficnl
yems {‘Cmnaux de dermvation Le Dentu, Amen & Nivanoer) This

¢collaternl circultion’ perststs as long s the dcep vems arc compressed 1nd the
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Fig 3 Same situation as 1n fig 4

appearances 1esemble those seen 1n deep senous thrombosis It 1s for this reason

necessary to remember that normal deep veins may be completely compressed
by calf muscle contraction

Tipe B This form was evident only durmg the act of contraction of the calf
muscles The vales of a thrombosed vesn are destroyed and when the latter
15 recanahized the reformed Jumen s srregular The phlebogram of such a

vein demonstrates no valves an irregular outhine and often a sprrally formed
tongitudinal wall structure The reason why normal deep veins are capable of
producing a simlar phleb );

p Pp may be expl d as follows
On phlebogriphy performed during muscular rest the filling of the muscle

vems 15 ncomplete and often poor (If good contrast filling of these muscle
sems 1s to be obtamed their blood content must first be emptied by muscular
contraction and then duning relaxation the muscle veins will be refilled with
contrast blood from the deep vewms (Amen & \yianper) ) On muscular
contraction a lrge ymount of unadulterated blood 15 expelled from the muscle
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g
P et el

Fig 6 Diarram of drainage of lower leg n
venous incompetence Left muscles contrac ‘}
ted penpheral veins deained through sup r

ficial vems  Right  muscles relaxed retre

grade flow through sup rficial incompetert

vemns

veins into the deep veins At the same time, contrast medium 1n the deep vems
1s driven ripidly 1n 2 proximal direction Owing to incomplete mixture between
the contrist medium n the deep vems and the blood from the muscle veins,
filing defects appear in the proxumal deep vemns and in the pophterl vem
When the muscles are relaxed the valves are halfopen and readilv distinguished
During the act of muscular contraction, the rapid flow i the deep veins now
forces their valves wide open and they are no longer demonstrable in the
phlehograms In other words, the phlcbogram then resembles that of 1 re
cnilized thrombus (Tigs 4 and 5)

Type C This type of pseudothrombosis was encountered onlv duning re
laxation of the calf muscles and only i incompetent superficinl vems When
the muscles are relxed, the blood flows m 1 proximal direction relatively
slowly through the superficinl veins and deep veins On muscular contraction
the deep veins are compressed and the rate of flow 1n the superficial vems 1s
mcrensed 15 thev now carry the entire venous dramage of the hmb distal to the
calf muscles (‘canntux de derivation ) On relaxation of the calf muscles, the
deep vemns and muscle veins are refilled from the distal deep veins and the
superficial vemns via the perforants If the valves of the superficial vemns e
incompetent, the blood will flow distally in these veins on muscular relaxation
(Figs 6 and 7) When a var filled with contrast medium empties rapidlv (m
about 0 5 sec) 1n this way and 1s filled from above with blood free from contrast
medium, the evacuation of the contrast medmm will not be complete A film
of contrast medium will persist along the wall after the major portion of the
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Fe s Superfic alven 2} Muscl con tact~d centr p tatflow homo eneaus il m by Muscles
a 'ed revers<d flow §lf ng d fects s mutau < shrombosss

contrast medium has passed mio the deep veins owing to a rapid axal flow
in the Jumen ol the vessdl and slower flow along 1ts wall This results 1n 2 central

fiting defect 1 the lumen of the vanx 1n other words 1t produces appearances
hiag those seen 1n thrombophlebitss (Fig 7}

Cancluston

eral of the sources of error 1n the phlebographic diagnosis of venous
bhosis have been el i by of the leg 1 the vertical
1nstead of the honzonta] position It 15 essential 1o perfarm phlebagraphs with
the lower leg vertical However this change i pontion has not eliminated
Wi sources of error Certain hutherto unknown phenomena appearing on <on
wraction and relaxanon of the call' muscles and producing appearances re
sembling those scen 1 venous thrombosis must now be recognized

It 15 hardiy possible during phlebography for the examuner ta exclude the
possibility of the patient contracting the calf muscles, thtough pamn for ex-
ample 10 the event of such contraction psendothromboss 1s hable to oceur

Sev
h
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SUMMARY

Certan normal changes in the phlehographic appearance of the lower leg that may be
musinterpreted as signs of venous thrombosis are described

ZUSAMMENTASSUNG

Besimmte Verinderungen im phlebographischem Bild des Unterschenkels die leicht
falschlicherw erse fur Venenthrombose gehalten werden konnten werden beschrichen

RLSUMF

Les auteurs décrivent certames modifications normales des tmages phlébographiques de la
Jambe qu peuvent cire interprétées 1 tort comme des signes de thrombose yeineuse
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ANGIOCARDIOGRAPHIC MEASUREMENTS IN
CONGENITAL HEART DISEASE IN INFANCY
AND CHILDHOOD

11 Size of left atrium
by

HarAN ARVIDSSON

The diagnosts of congemtal heart discase in the comventional roentgenogram
1s based on changes m shape of the heart and the appearances of the great
thoracic vessels The size of the lcft atrum plays an imporiant sole i the
differcntial chagnosis as an example may be mentioned that the main differ
ence between atnal septal defect and ventneular septal defect 15 enlargement
of the left attium sn the latter Evaluation of the stze of the left attium 1s however
often relatnvely difficult espectally an infants

Several authors have discussed the size of the left atrrum in congenrtal heart
disease “Most invesugators agree that the Jeft atrium 1s enlarged 1n ventricular
septal defect {hjeLrserG et coll KEats et coll Marquis Taussic & VWoop
et coll ) h)eLLsERe et coll observed that the enlargement was more marked
1 cases with law pressure tn the pulmonary eirculanion than m the hgh pres
sure cases SINGLETON et coll found that the left atral enlargement was pro
pornonal 1o the left to nght shunt heats et coll reported 20 cases of ventnc
ular septal defect 45 per cent of which had left atmal enlargement 1n the
convenuonal roentgenogram Most authors consider the left atrium to be
norml 1 size 10 tetralogy of Faliot The left atnum m aorte stenosis was

Supporied by a grant from the Swedih National Assocration agamst Heart and Chest
Disrases Submutted for publ cavon 19 \osember 1962
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Table 1
Suriey of the matertal
Diagnosis Number of Average age Average
eases (ycars) mt BSA

\ entricular septal defect low pres

surc PA < 50 mm (\SDT) 25 48 078
Ventricular  septal  defect  high

pressure PA > 50 mm (A SDH) 10 17 040
Tetralogy of Fallot (Tol’) 10 27 0.3
Aartic valular stenoss (AoS) & 93 110
Subnalvulir mortie stenosis

(Sub \oS) 2 80 090
Aortic stenosis snd  msufficiency

(AeSI) 1 70 [R5
Pulmonary valvular stenosis (PS) 15 72 091
Atral s ptal defect (ASD) 2 90 108
Patent ductus arterious (PDA) [0 30 055

\entricular septat deleet and pa
tent ductus artenosus (4 5D +
PDA) 10 18 042
Normal cases (N) 11 120 150
Total 107 Nean 60 Mean 083

discussed by Downine who found left atrinl enlargement in 7 out of 37 cases
The maternl consisted of valvular s well as subvalvular 1ortic stenosis nd
was not separated  KjeLLpere ct coll reported 23 cises of valvular 4nd sub
valvular aortic stenosis with Ieft atrinl enlargement 1n two cases only, 1n one
of these there was subvalvular stenosis, 1n the other casc there was no descrip
tion of the lesion Tew obseryations of the left rial size m pulmontry valsulir
stenosts are v atlable but no enlargement has been described The left atnum
i atrial septal defect has been nccepted as being normal i size (KJELLBERC
ctcoll , ind KRAEMER ct coll) The left atrium has been considered ns enlarged
i patent ductus arteriosus (Lepincer & BurwrLr, Nrunauser, Nicnor &
BranNAN, KJELLBERG ct coll, heats & Stempacn, DoNovan eteoll ) Nicuot
& BRrRANNAN used the size of the left atrium as an 1d 1n the differential dingnosts
between patent ductus artersosus and atrinl septnl defect

Dircct measurement of the left atrium was earlier employed in acquired
heart discise (Sovorr ct coll , Arvipsson, 1958) Few direct measurements of
the left atrium hwve been performed in congemtal heart discise An important
paper, however, was published by Bunniir, Innos Rupun & Swan who
studied the size of the left atrinm and the left ventricle in 7 cases of corretation
of the norta Volume analysis of the left atrium in 1 pacdintric material of
congemtal heart disease will be presented in this paper

Matenial and Methods The materinl was essentinlly the same s n the emlier
study of the size of the rortn (Arvipsson 1962) However, some cses had to
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Table 2
Surcey of normal tases and pulmonary stenases
1 cases Pulmonary stenoss
m B3\ I\;“:\“i m LAmewl m B3\ LAy, mt LAn mi
1331 45 30 062 2; :X
b ® o (;J:i +“ 15
67 19
::; k3 u 063 14 7
1% 63 1 09 28 12
13 56 20 112 32 -
167 29 13 09 3 3
095 1a 10 100 2 8
129 28 10 098 15 9
13 40 20 087 2 12
% 54 3t 09 &7 2
122 41 17
069 24 7
097 26 1
019 n 3

Normal cases regres on gquaton Lam 4091 4 3396 (BSA — 150) ¢ = 060
FPulmonary stenoss  cg esson equation LAm = 2660 + 30 38 (BSA ~001) r =074
Common r¢g ess on eqe ton LAm = 3765 + 2891 (BSA — 118)

Normal cases regrssion tquation LAma 1882 + 2086 (BSA — 150} r = 076

P Imonary senosis vegress on cquat on Liga = 1086 + 1040 (BS ~ 087 r = 064
Common ¢g ess on ¢qu fn LAm = 1436 = 1141 (B34 ~ 1 16)

be rejected 1n the present study most of the atrial septal defects were examuned
in oblique projections which rendered volume determnation rmpossible The
Jeft atrum was not filled mn some other cases ¢ g in left ventricular contrast
mjections and thoracic aortographies

A general survey of the matersal 1s presented m Table 1 1 which the diag
noses the average age m the patient groups and the average body surface
areas are given s i the previous study the ventricular septal defects were
separated 1nto twoe groups one with a pulmonary artery systolic pressure
lower than 50 mm Hg (VSDL) and the other with higher pressures (VSDH)
In the latter group 1t mas considered possible that a night to left shunt could
be present on exercise

The reader 1s referred to the previous pubhcation 1 thus series {APyisson
1964} un which the angrocardiographic techmique was alo desenbed, for
further snformation abour the classification of the matenal The volume deter
mmanon of the left atrum was carned out by the same¢ method used 1n the
;\::1; :\x‘]l:::lgﬂ :i\l\s;zs;({::kc:]l:)?:; 19,8} Thcdlcﬁ atnal volume was calculated
fom Commenton Tor tho gwmtml :xes were determined from the a p projec

c distoruon due to divergence of the roenigen
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Fig 1 leftatnal maximum volume correlated to body surface area
i normal cases (black symbols) and pulmonary stenoses (rings) The
linear regressions are mdicated as follows — — — — — — normal
cases — — = = — pulmonary stcnoScs ——mmm——
Mon regression For regression equations sce Table 2 The large dou
represent the averages within the matenals

LAmin
mi

35
30
25

20

m BSA

02 04 06 08 10 12 16 18 20
Fig 2 left atnal mimmum volume correlated to body surface in
normal cases (black symbols) and pulmonary stenoses (nngs) Re
gression lines indicated as in Fig
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rays was effected mdimdually n each case according to well known principles
The maximum (LA_,,) and mmmum (LA,.) volumes of the atrum were
determined, the maximum volume was usually easy to evaluate, but the
mummum was sometimes more difficult to armive at, due to the fact that t‘l:c
outhnes of the left atrum were dafficult to d h in the films esp y
when the atrium was small and partly supersmposed by the left ventnicle The
theoretical basis of the method of volume determmation was discussed m
detanl earlier {ArvipssoN 1958) BuwneLy et coll analyzed the ervor of the
method 1n a dog materal and found 1t to be small

The left atrial volume was correlated to body surface area in order to com
pensate for differences 1n body develog The q pul y[syste
mic flow (pfs) 1 cases with left to night shunts was determined from the
oxygen saturation values obtained with a Waters Conley cusette oximeter

Results

A The sie of the left atrnum m normal cases and in pulmonary valvular stenowis
The maxtmuem and mimmum volumes of the left atnum were correlared to
body surface area 1n both the normal and pulmenary stenosis cases A survey
of the results 15 gnen m Table 2 and Figs 1 and 2 As can be seen from the
correlation coefficients, there was a reasonably good hnear correlation hetween
Yeft atnal size and body surface area A co vanance analysis showed that there
was no statistical difference between the maximum volumes of the left atnum
m the normal and the pulmonary stenosis groups A small difference existed
however between the mimum volumes 1n the tso groups in spite of which
was considered justifiable to treat the two matenals as homogeneous and deter
mmne the common regressions as 1s shown by Table 2 and Figs I and 2 The
common regresston equatians . Table 2 represent the normal correlations
between left atnal volume and bodv surface area These equations however
are somewhat inconvement to use i daily rontine and the approximate normal
salues for the left atrum are

LA, ml~ 30 » BSA mn mt

LA, ml~ 10 x BSA 1 m?

These values are valid for young subjects further studses m adults have to
be made in order to evaluate the normal size of the left atrium
The average heart rate within the two groups was 95 strokes per mnute,
which gives an average left atrral muinute volume per m? of body surface arca’
of 19 L This 1s consderably lower than the average cardiac mdex within
ll’;‘chl\\o gr\oups of $ 8L asdetermmed from left ventnicularvolume calculations
¢\ omc "x"csuh\s will be published later 1n this senes ) The discrepancy between the
¢ changes of the lefi atnum and the left ventncle was discussed by the
present author i 198 and by Busazre et coll 1n 1961 The volume changes
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Fig 1 Left atrral maximum volume correlated to body surface arca
i normal cases (black symbols) and pulmonary stenoses (rings) The
Jinear rrgressnom are mdlc;ucd as follons — — — — — — normal
cases — - pulmonary stenoses ——
mon regression For regression cquanons sec Table 2 The largc dms
represent the averages within the matenials
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Fig 2 Iecft atnal mimmum volume correlated to body surface in
normal cases (black symbols) and pulmonary stcnoses {rings) Re
gression hines indicated as i Fig 1
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“Amax

° ¢
Y obsjyreg

vhs flow
?5 19 1% 10 15 38 3/ &g &S
3 Left atrial mavimum solum snrdex (observed left atrial max
r;:\g“m volume div ded by th p ed cted solume) torrelated to the
deg ce of left o-night shunt expressed as pulmonaryjsystemuc flow n
Vent reuta septal def et The pred cted volumes weve obtawned from
th regresson for normal and pulmonary stenos t cases (Table 2)
Black jymhols nd cae enincular s pial defect wib_low p essuse
and ngs ventncufar sepial d fect w th h gh pressure The reg ession
Tines g 0 yn this figu ¢ were calculated from cases with a ps <3
(The symbal ma k d w th 1 were not 11cluded 1n the calculated
egres on j Full I ne s the regress on for VSDL an1 broken I nc the
regression fo VSDH Fo fegress on equations se€ text

volume are given 1 Table 4 The correlation cocffictents improved by the
wmtroduction of the second parameter (the shunt) in all diagnostic groups
indicating that the size of the shunt influences the size of the Ieft atnum A
co varmnce analysis between the matenals showed that a small difference be
tween the diapnostic groups existed It 18 relauvely difficult t0 evaluate the
umportance of the two ndependent parameters 1n the regression equations m
Table 4 and another method was therefore used to demenstrate the relauon
ship between left atrial size and the degree of shunting

From the common regression equation obramed in the normal and the
pulmonary stenosis cases (Table 2) a predicted left atnal volume (LA, )
was calculated in every case of left 1o night shunt This was done for the left
awrial maxmum solume only The observed lefi atral volume (LA, ) was
divided by Ly, The quotient LA, LA, was correlated 10 the quouent

pu\m;m.xq,s)ncmlc flow as demonstrated i Fig 3 The degree of linear
correlavon was reasonably good within the two roups of ventncular sept:
defect INSDH  r =073 and VSDL ; it oo

r=053) However the correlation
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Table 3
Surtey of the cases of left to ight shunts
Diagnosis  m* BSA T Amax 1l I Ay o ml Flow p/s Diagnosis m* BSA LAmax ml LAm  ml Flow Prs

Ventnicular 08 28 12 14 026 1t 5 19
septal de 082 29 10 14 055 24 12 14
fect, low 074 36 20 40 058 32 18 23
pressure 027 24 7 24 040 37 18 23

115 49 17 14 023 7 4 3
091 8 25 22 041 37 21 43
067 38 18 23
642 14 5 13 Patentductus 038 14 7 15
072 31 13 16 arteriosus 034 14 9 40
107 3% u 12 030 13 6 16
085 27 10 24 077 28 8 21
170 55 33 12 o8t 60 30 44
054 28 13 30 046 37 18 50
103 12 24 14 101 38 12 14
049 22 13 21 042 16 10 15
074 60 20 24 050 37 17 50
012 29 10 21 049 21 10 22
062 24 12 13
662 35 is 15  Sentneular 087 60 i 105
050 32 14 40 defect+pa 046 20 14 20
086 3 18 13 tent ductus 061 39 16 1
124 47 16 12 arteriosus 023 17 10 39
073 19 10 16 030 6 4 22
088 3 17 12 028 14 6 35
033 21 15 26

\entricular 070 21 10 10 037 12 , 1
septal e 027 9 7 10 050 26 14 85
fect high 036 28 12 13 022 13 7 20

pressure 023 33 8 21

of the left atrium do not represent the output of the heart because the atrum
15 never 1 closed chamber  duning diastole, part of the blood 1s transported
directly from the pulmonary vens into the left ventricle

B The size of the left atrium in cases with left to nght shunts The observations
within the dingnostic groups with Ieft to night shunts are given in Table 3
It 1s obvious that the Icft atrium 1s relatively Iarger i these groups than mn the
normal ¢ases and the pulmonary stenosis group The inear correlation between
1ft 2t size aind body surfice area wmn the left to right shunt groups was
reasonably good but 1t 1ppeared s 1if the size of the Jeft atrium was governed
not only by the body surface area but 1lso by the degree of shunting

The quotient pulmonary /systemic flow was thus introduced 1s 1 second,
independent parameter The regression equitions and correlntion cocfficients
obtaincd within the different diagnostic groups for the miumum left atrinl
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Fig 4 Left atrial mavimum votume n cases of tetralogy of Fallot
aortc ahular tenost amites bvalvula stenons and atrial septal
defect For regress on equat ons sce text The common regres on
fo the normal cases and pulmonary stcnoses 1s drawr for

p tposes The regres ons fo tettalogy of Fallot and aortic_tenosis
do not @ fl ¢ s gnificantly [ om the normal regresson  The two
cac of amal septal defect ! ¢ with n normat hmis Two cawes of
s baortic stenosss had enlarged at 12

although n cases with patent ductus the relattonship was less obvious Smce
the minimum volume of the left atrium 15 of less interest, the regressian equa
tions and correlation cocffictents will not be given

C The 1 ¢ of the left atrum n tetralogy of Fallot aortic disease and atnal septal
defeet The left atnal maximum volume was analyzed according to the same
prmcples as w the previous diagnostc groups 1n 10 cases of tetralogy of Fallot

There was also a inear correlation between the LA,, and the body surface
area n this condiion The regression equation was

ToF L\, =2240BSA 4190 r=072

The regression did not differ sigatficantly from the one obtamed 1 pulmonary
stenosts and normal cases {see Fig 4)

The 6 cases of aortic vilvular stenoss gave the following regression equation
Aad LA, =3367 BSA—412 r=07%

The regression coefficient ts greates than within the normal and pulmonary

stenosss cases However the small materal does not permit a defintte conclu

ston 1 this respect even though 1t appears probable that some enlargement

18 present m aortc vahvular stenosis (Fig 4) Two cases of subyalyular aortic

stenosss were plotted  Fig 4 and had defintely enlarged atmas as compared
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Table 4

Linear correlation betueen Ldm « (1) and body surface area (\y) and the quottent pulmonary[sistene
Slow (Ny) n cases of left to right shunts

\SDL Y =3413 42987 (\, — 078) + 452 (%, — 191

4+ —191) 24 0bs r=073
VSDH Y = 2220 4 4113 (\, ~ 040) + 707 (\, — [81) 10 obs r =080
DA X Y =2780 44822 (\, — 055) + 595 (X, —288) 10 obs r =093
\SD + PDA Y = 2280 4 6705 (\, — 047) + 062 {X, —369) 10 ob» r= 09t

cocflicients were far from 100, which would be the case of the left atrum
dilated dircetly proportional to the shunt A closer annlysis showed that the
relatively low correlation was mamly due to the cases with Inrge left to night
shunts m which the left atrium was not enlarged m proportion to the shunt
All enses with 1 pfs quotient lugher than 3 were excluded 1n order to wnalyze
the relvtionship 1 eases with moderte and small shunts (s m g 3) By
this operation the correlation cocffictent 15 VSDL mcreased to 0 70 while the
VSDH renruncd unchanged 2t 0 73 (only onc case was cxcluded)
The regresston equations were

VSDL pfs <3 (n=21), Y=095\+006r=2070
VSDH p/s <3 (n=19), Y=129X+4002r=073
Y = LA, /LA N\ = pulmonary/systemc flow

p 13

The correltion cocflicients within the two groups indicate that the left
atrial enlargement 1s directly proportional to the shunt mn ventricular septal
defects with pfs < 3 The left trium 1 relatively smaller 2bove this degree of
shunting It 1s obvious when the two regression equations are compared that
the enlirgement of the left atrium 1s as great in the hugh pressure group s n
the cases with lower pulmonary pressure This 15 1 contradiction to the
statement by RJELLBERG et coll who found more marked left «trial dilatanion
in ventricular septal defects with Iow pressure

The correlition between LA |, and body surficc arer and shunt i the
groups with 1 left to night shunt where 1 patent ductus arteriosus w1s present
1s given 1n Table 4 The left atrial size was lso affccted 1n these groups by
the degree of shunting although an nlysis slir to the one performed 1n the
ventricular septal defect groups revealed that the correlation was not 1s good
when a patent ductus was present The re1son for this 1s obvious It 15 very
difficult to determine the p/s quotient in cases with patent ductus arteriosus
because the oxygen saturition values 1n the pulmonary artery are unrelinble
The results are too dependent on the location of the catheter at the ume of
sumpling

An analysis of the left atrrl mimmum volumes give the samc general
results 1s for the maximum volumes A linear correlation between the left
atral immum yolume 1nd the shunt 1 ventriculr septal defeets was evident
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empiying dunng sentneular systole since the mmtral valve 1s closed and the
blood accumulating from the Tungs will consequently distend the left atnum
In atnal septal defect on the other hand  the left atnum can empty into the
nght atrium at any phase of the heart cycle This means a more or less con
unuous flow through the atrial septal defect with an increased systolicload on
the nght atum  but not on the left

It was evident 1n the present study that the hneanty between left atrial
enlargement and shunting was not very good i the cases with marked left
to nght shunts This was probably due to the elasuc properties of the left
atrium when a certain dilatation 1s reached the atnal wall offers more resistance
to further dilatation and the pulmonary vemns take part of the volume load

It was found that the left atnum was probably somewhat enlarged mn aortic
svalvular stenosis as compared with the normal matenal and defimtely en
larged m subvalvular aornc stenosis It 1s well known that the left ainum 1s
sometumes enlarged 1n diseases with increased pressure andjor volume load
on the feft ventncle as mn aorue vahvlar stenosis and insufficiency, coarctanon
of the aorta and systemuic hypertension The observations are however mostly
mnde m adult subjects where tume has elapsed as to cause development of
an increased end dinstohe pressure i the left ventricle The cases of aortic
valvular stenosis in the present matenal were usually relatively mild with
moderate systolic gradients over the aoruc valve and consequently the burden
on the left ventricle was only moderately increased The subvalvular stenoses
were of the hypertrophic type of severe degree resulting m a marhed left
atrral enfargement The observations are in agreement with the statements of
huarte Taweas Caweseir & Turik who found a higher degree of left
atnial enfargement in subvalvular aortic stenosis than 1 the vahvular type

SUNMARY

The left atnial maxamum and mumum volumes  ere determned from
phics in 102 cases of different tvpes of congemital heart disease The left at
lated to body surface area A hinear regression was observed between the two parametes
all the duagnosnic groups The left atoum was Yarger in cases with left 10 night shunt ﬂmars -
those without ashunt and the enlargement was generally proportianal to the degree o!‘shum?nlgh

angiocardiogra
rial size was corre

ZUSAMMENFASSUNG
Das Afaximal und Minimalsolumen des linken Vorhofes wurde m 102 Fallen von an
rdiographte bestimmt Die Grosse ges

war gross 10 den Fallen indenen e Shunt son § aks

nach
ohne Shunt und das Mass der Vergriserung entsprach am "ﬁhuwmg S denEallen
ghwe S allgememen der Crosse des
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with the other cases without shunts One case of combined aortic stenosss and
msufficiency was within the normal hmits Unfortunately 1t was only possible
to mensure two cases of atrinl septal defect, the left atral size n these two cases
w18 within normnl himuts (Fig 4)

D and Conel

The um of the present study was to make n objective angrocardiographic
wnlysts of the size of the left Atrium m congenital heart disease The results
were 1n agreement with generally accepted 1dens based on conventional film
interpretation It s, however, of importance to tihe into consideration one
source of error 1n the judgment of the left atrial size from conventional films
As was demonstrated by the present study the volume changes of the atnum
during the heart cycle are considerable Since the conmventionnl films arc
usually not triggered but exposed 1t random, the left 1trium may have any
volume between the mximum 4nd mimmum at the time of exposure This 15
without doubt the reason for the difference m left atrial size it repented roentgen
eximinations 1t short mntervals An earlier study on mutral disease {ARvIDS
soN 1958} disclosed that the volume of the left atrum was relitively small
during ventricular dinstole and only reached its peak volume during a very
short phase 1t the end of ventricular systole There 1s thus considerable Iikelt
hood that the left atrium appears toa small 1t routine chest roentgenogriphy
It 1s of vnlue for 1 precision diagnosis from conyventional films to use an ECG
triggered exposure so that films exposed 1t the end of systole m1y be obtuned

A reasonnbly good hinear correlation was found within the present materal
between the lelt atril volume (maximum 1nd mimmum) nd body surfice
area 1n 1ll the diagnostic groups anilyzed There was very little difference m
the regression line for the pulmonary stenosis group and the normal cases
The two matenals were put together and formed 1 normal maternl with 1
regression suitable for prediction of the normal left trral stze from bods
surface 1ren

The left atrium was iarger thin within the normal” matertal 1n the dingnos
tic groups with left to nght shunts at the ventricular and aortic levels The
correlntion between left Atrinl size and body surfice area n the shunt materils
could be improved by mtreducing the degree of shunting s « second independ
ent parameter It was thus demonstrated that the left atrial volume wis i
fluenced by the degree of shunting This finding was not unexpected, m fict 1t
has been observed earlier by several nuthors The diltation 1s caused by the
mncreased flow 1n the lesser circulatton putting an ncreased volume load on
the left atrium The puzzle 1s why the left atrium 1s not affected in the sume
way n cises with shunts 1t the atrial level The reason for this was discussed
inter 1ltos by BJELLBERG, RupnE, MANNHEIMER & Jonsson The lcft verium m
ventriculr septal defect and patent ductus arteriosus has no possibality of
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BOQOk REVIEWS

LA Grosse Tustrosrre pe L estosac ETLDE CLINQUE ET RADIOLOGIQE Par T Schops 574
pages et 475 figures Domw & Cie Fams 1961 Price 125 NF

A large number of case reports and excellent roentgenograms form the matenal of this
ook Scrors definstion of the term forme ( la grose tubérosite ) may be open to some
cricssm but as it 3s based upon the appearances evident s the hving subject f 13 at feast
pracucal The author gres a complete and detailed description of the mucosal eeliel pattern
and explains normal appearanices that are often mistaken for ulcer miches Technical details
of fhe roentgenologic examination of the upper part of the stomach are desenibed for each
condion The author parucularly msists that i the scarch for a growth 8 moderate amount
of air should be swallowed by the patent that a techmque of exposure ardinardy confined to
the examnation of the Iungs should be employed and that the pauent should be examined
in both the erect and recumbent positions with frontal lateral and oblique projections after
the admimstration of a smalt quanuty of barium emulsion

Every condition that may be encountered 1 the upper part of the stomach exceptng
these that occur only 1n chuldren are included Each ss conmdered from the chinrcal and raent
genologic viewpoints typical and rare forms as well as development and complications being
desenibed The rarts of the beok that deal with differentia) diagnoses are of particular interest
for the practical diff culties are not avoided but an att mpt 8 made to solve them s examples
may be cited the differentiatton of an ulcer from a diverticulum or of a tumaur from pressure
from without by 4 neighbourng organ (left lobe of thelner ectopicspleen enlarged lymphatic
ganghia  and e dagnows of two conditions that may be present in assoctation such as a
hiatus hernia and carcinoma uleeration or # benugn growth The sllustrations of each condt
tion are grouped n the roenigenologre section 1n an order that 1s sometunes different from that
of ibe chimeal €ase reports an arrangement that 15 probably justified although one that the
reader may find 2 tnffc inconvenwent

The reproductions of th fims are good on the whole and they are of adequate yize some

ha ¢ be n retouched rather crudely although this does ot det
t fi
collection of lustrations many atcampans etract from their value The large

pamed by tracings form an atlas of la grosse tubéro-
nte A Mbliography of 22 pages an atphabencal g
included at th end of the baok phabeucal list of authors ani a subject index are

It does not ap{)]car 0th reviewer that the employment of umage ntenssication or cineroent

genograph  coul 1 add materially 1o the imnestigation or alter the author 3 conchunons

. fhna ;;::ucal I-\!r'full and .;\dmi an ongnal book that can be warmly recommended
or wn  cad n parurular will

For wen appreciate the stmole aad clear language of the relatis ely

7 Raultrax
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RESUME

Les vol et de Joreillette gauche ont été caleulés d aprés les
angiocardiographies dans 102 cas de duers types de cardiopathies congémitales Une corré
Iation a été établic entre le volume de 1 oreillette gauche et la surface corporelle On a ob
serv & une régression hnéaire entre ces deux paramétres dans tous les groupes de diagnostics
L oreillette gauche est plus volumincuse dans les cas de shunt gauche drotte que dans ceux
sans shunt et [ augmentation de volume est en général proportionnelle au degré de shunt
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BrovcHoGRAPHIE CLIQUE Par Enenne Bernard et Bernard Gamamn (96 pages 132 figures
29 schemas Masson Tans 1961 Price 52 NF

The assertion in the d that la b hie projonge Jab ¢ tva
plus loin 15 well supported by the mam text of this well wnitten book

The work deals with bronchography and the clinieal aspects of discases of the bronchal
tree Tt contamns numerous schematic drawings and most of the roentgen films are of high
quality The treatment of the subject 15 clear and concise the secuon on techmque being

lacly exh: an for begmners as well as for others The reviewer notes

with satsfaction that the authors expressly state that so-called alveolar or bronchiolar filling
teveals nothing but an smeorrect techruque Unfortunately this section does not make 1t
clear that p d with barh prep 18 necessary when tetracaine 1s used as
2 Tocal anesthenic These preparations seduce the tomcuty of tetracame an effecy that must
nearly afways be utilized seeing that a more or less maximal dose of tetracaine has usually 10
be gnen 1o achy e satsfactory anesthema

It might perhaps have been advisable in the chapter on the different contrast medsa to say
a2 few words about their dnadvantag s In parncular the nsk of foreign body granuloma
formation should have been mentioned especially as Lipiodol with added tale or sihicate
sub tances (bentone) 1n addition to water soluble preparahons are dhiscussed the fisk of
foreign body granuloma 18 admittedly mentioned by the authors although only i passmg
and yn another connection

The clintcal section 15 somewhat Jaden with syndromes and proper names 1 the tradinonal
French manner but in spite of this and the other minor faults thas have be 7 mentioned
this ook an bronchography 13 an excellent one and one that can be warmly recommended

Uno Norlin

LenrsLcst DR RONTGENDIAGNOSTISCHEN TECHNIK FUR RONTOENASSISTENTINVEN LAD AR.TE

Von A\ F Zimmer und Mananne Brossy 578 Seiten und 739 Abldungen §
Verlag Berhin 1967 Price 86 DM T Spnnger

Thns textbook of 578 pages 13 intended to b+ of help i the daly work of both radtolagist
and technscian The introductory s ction contains chapters oo phy ez and elecinciey roeatgen
rays and roenigen tubes on the poncples o and
techmques, as well as on the care of the patient About two-thirds of the ook u "
ether with
d;mlcd pn\?mogldaph! and drawings are devoted to postioning 1 radxogtap;:g The final
chapter offers advice on treaiment when comphications acise
list of termy 13 1ncluded e flufing Sxamnauons. 2 shon
The fundamentals of physics are well iliustrated and e
sy 6 understand and a List of phy
defimtsons 13 of great vathue The way n which the difference between radiations ofp Y rnlzai
cnc;g\rs 1$ desenbed does not however seem to be fully adequate -
© generanon of roentgen rays and basc electrical questron
most mtrucise deswings bt the clements af pheregsapny whrch o vy
o '.::;.:w::a ;ir{cnh(’d Thch ol:rory of tomography 13 outlined but the method 1 mot
n anaus methods of processing of roentgar
4 100 brief discussion on contrasy Jevething but theglogexmmi :x::;::; : em:’:::i!e:d Thete s
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PEDIATRIC \ RAY DIAGhosts By John Caffey 4th ediwon 1236 pages and 1536 tllustrations
Year Book Medical Publishers Chicago 1961 Price 32 dollars

Caffey s well known textbook of pacdiatric roentgen diagno 13 now appears 1 a fourth
edition after an internval of five years Some of the sections are more comprehensive than 1
previous editions and 1 Iarge number ofnew 1tems taken from vartous branches of paediatrics,
reflect recent developments in this held As examples of such 1tems may be mentioned accelera
ted maturation of the sternum associated with congenital heart discase congenital adenomatord
malformation of the lung pneumocystis caninu sterord induced atrophy and regrow th of the
thymus corrected transposition of the great artenes obstructing meconium plugs the pelis
mn lism and achondropl c ! constnictions and angulations in the extremuities
multiple sclerotic osteogemc sarcomas ancurysmal bone cysts and 1diopathic chronte hvper
calcemia The new sections are wnitten 1n the same clear concsse didactic style as n all
the previous editons and the work contawns 269 new figures divided up nte 64 prats
cluding several diagrams and schematic drawings The mayjonty of the illustrations are of
high quality Dr Caffey has continued with his old system of describing the roentgenographic
findings against the background of the chnrcal fe and of emph g nfor
mation that can be ganed preferably from stmple uncomplicated roentgen exammations
Certain surgical problems relating to roentgen diagnosis are consequently treated rather
summartly although this does not detract from the value of an excellent book which stll holds
1ts posttion as the lending work m its particular field

More than 450 new references which seem mamnly to have been selected from the angle
saxon Iiterature have been added

The book will Le of great valuc both to pacdiatricians and to radiologists working 1n the

paediatnc field Ulf Rudhe

Die WIRDFLS \ULENLTIDEN UND IHRE DIFFERENTIALDIAGNOSE 3 erwerterte Auflage Vor ] W
Brocher 528 Sciten und 349 Abbildunyen G Thieme Stuttgart 1962 Price 128 DM

Che first ediion of this work which appeared m 1953 was confined to tuberculosis of the
spine and its differential diagnosis In a second cdition published 10 1959 the material had been
entirely revised and extended and included spinal dragnosis in its entrety The theed editton
new under review contans a new chapter dealing with fractures and in 1ddition certam
changes have been made 1n the old chapters The book 1n 1ty present form gues a complete
pr of roentgen d; in diseases of the spme Myelography s only bricfly men

tioned
This book 15 the work of one man and In consequence the chapters are harmoniously

balanced to form a complete picture As the illustrations derive mamly from the authar s own
as bren able to describe the chimcal 1gns and present confirmations of the dingno ¢

hy compriscs 28 pages and the tllustrations are excellent The author deseries &
obd comprehensive and instructive work

pracuce he b
The biograp

compliment for 2.3 Folke Amutsson
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ANGIOGRAPHY IN TUBERCULOUS MENINGITIS
by

Torcony GREITZ

Cerebral angiography has provided the basis for an intra vitam study of
stenosing processes of the cercbral vessels These changes may be functional or
organtc 1t has been revealed dunng the Jast decade that spastic contractions
of he cerebral artenes 1n subarachnoid haemorrhage are not rare phenomena
(Fcrer & Riemenscuneiper 1951 NORLEN 1953 LivporeN 1954) Similar
changes are also encountered following head trauma (Gremz & LDoREN

1961 FreENFeLT & SunpsTROM 1963)
Ather

15 the most cause of artenal stenosss and changes due
10 this disease are frequently scen m angiography Cerebral emboh are occasion
ally diag d ang phically Tumors espectall

when extracerebral may
compress an intracranial artery and by growing around 1t, cause concentnc
narrowing ofits lumen (LInDGREN 1954, Tovis & Scrierer 1954, IsrorT 1961)
‘Torosa {1954) described a case with a penartenitic process of the carotid artery,
which at the graph it

siphon  Narrowmg of

p ad a seg y constriction of the
the carotid artery m luetic artentis was descnibed by
Decher (1960) Preshor & henka (1961) claimed to have found a simutar
reduction 1n cahiber of all the cerebral artenes in cases of endangutis obhterans
and mn perarteniis nodosa observed irregular constrictions and multiple miliary
ancutysms As there are only few reports on angiographically diagnosed stencsis

From the Rocntgendiagnostic Departrent (Director  Prof T Greiz) Umed Medical
Sthool Sweden Submitted for publication 16 \ovember 1962 ! - -
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All the rountgenograms are reproduced ns posttnves ind not as negatives This appears to
be 1 drawback 1n 1 book mntended to be an elementary one for a rocntgen film positiye 1
never encountered in datly routine Only a fuw of the film faults that ought to be avouded
arc mentyoned

The instruction 1n positioming 1s better than m any earher work The criterion of 4 perfect
roentgenogrim 13 given and common mistakes in positioning are exemplified The anatomieal
drawngs are most informatine and as a whole this important part of the book 1 very well
presented Itis however surprising to find that correct postioning of the shull and angulation
of the beam are achiesed n a somewhat primitive manner by means of pilfows wooden
boxes plates and shelves the Lysholm skull table produces better results more easih andhas
been used by radiologists for more than 25 ycars Some unusual methods are deseribed but most
of the techmques presented are well known

Arthrography of the knee, an examination not without importance 13 described but not
tiustrated On the other hand the tllustrations that accompans the descniptions of other
arthrographic eximinations are, at their best indifferent

The advice to technierins regarding sanitation and their totlet such s the care of nath and
hur might well be offered elsewhere than in this book The same mught be said about the
ree dations for cooyy with the staff

O Mattsson

lrarrt, or Tecunigur Crirurcicatt Tome II Cranc encéphale rachns moelle Tasc !

Gén¢ralitds — Méthodes d exploration Deuvime édition entidrement refondue Par M
Dawd J P Constans I’ Deligné G Ruggiera J Talnrach et P Tournoux 698 pages e
532 figures Masson ot Cie Paris 1961 Price 120 NI (broché) 132 NI (cartonné)

The Iarger part of this yolume of the great Trench textbook dealing with exammation nd
optratton techniques tn surgery 1s devoted to 1 review of neuroradiologte examimation methods
including stereot1vas and the use of radioactive 150topes mn the myestigation of the centrl
nervous system It 1s thus of great interest to neuroradiologists

The chapter on rocntgenolomic exammation methods which occupies more 1han half of the
whole volume has been wiitten by G Ruggiero 1he matersal 1s presented m a clenr wd rexdiby
accesstble form the hi tory of cach method as well as 1s more recent modificatons beig
trcated n considerable detarl ‘1he author s praseworthy cfforts to achiey e completeness sorae
umes produce rather strange results howerer for example he quotes the extraordinary view
that onhy posttive contrast media parmut 1 differential dingnosts between supra and inlraten
tonal tumours One often feels when reading the book that a more definite expression of opunon
by the nuthor regarding the advantages and disadvantages of the different methods would
Lave been of value In the acconnt of the diffk rent methods for myclographn for mstance he
confines himself for the most part to an historrcal review aud refrains from makine amy contt
bution to the current controversy on this subject He sometimes avoids 1 dicus jon watl 2
statement such as  a neuroradiologist should not be 2 specialist in one particutar techmque
but should be « master of them Al (There would appenr to be no reson in bemng 1 speeials ¢
1 2 techmque or method which without offering any particular advantages molves increased
isks 1o the patent or must obviously lead to incorrect r¢ sults )

Despute these resenvations Ruggicro s presuntation may be deseribed as an excellent itro-
ductton to neuroradiologic techmques The different sections with only one or two excephons
are well proportioned and the hook contans a large number of lugh cltss photographs and
from a didactic standpomnt are well chosen It 1s doubtful whether 2 more
neuroradiologic methods 1s 41 ulable today

Torgm Cret.

drawings which
all round and cxhaustive account of
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Fig 2 Same case as 10 fie 1 Ve tebral
f angrography The has far artery s shifted
postenio ly n 1ts entre length (In the
pa proecuon which 1s nat shown here
the muddicce_bralarieryand sbranches
were pantly filled with contrast medium
i the meht posterior commun cating
- Atery)

Case reports

Case | Woman aged 30 years with an old calesfied tuberculous process at the apex of the
nght lung complaiming of continuous headache which began 10 days before admittance Body
temperature had been between 375 and 395 C On chinical examunation there was evidence
of nuchal rigidity The cerebrospal fluxd shov ed 1ncreased protemn a decreased sugar con
tent and a moderate pleacytosss 3 1th chucfly mononuclear cclls Shght papilledema and IV
nerve palsy developed later The pattent continued to be febrile despite treatment with 1som
azd streptomyain and paraanuinosahicyl ¢ acid

Bilateral carotid angrog aphy and rertebral angrography were performed six weeks after the onset
of symptoms to rule out the presence of a cerebral abscess Marked constncuon of the caroud
siphon mainly in 1ts intradural part was cvident on both sides and the prowmal portions of
the aterwr and ruddle cerebral attenes were 2lso st ghily nacrawed (Fig 1) The right pen
callosal artery was partly filled from the left side The arculation time (determined according
to Grerrz 196) v as 5 seconds and thus not prolonged The central veins were displaced as 1
cases of slight dilatation of the lateral ventnicles The arteries withm the antenor part of the
Sylian fissure on both sides seemed to be displaced shightly superiorly Backward drsplacement
of the » hole of the basilar artery was d d by vertebral (Fig 2) Asmall
amount of contrast medium passed via the right posterior communicating artery over tnto the

caroud siphon and the middle cerebral artery on the sare side mdicating a collateral cieccu
Yation from the vertebral to the carond system
Six months afier the

the patient was disch d with some loss of
heanng a3 the only sequela Meanwhile a guinea pig moculation turned out to be pasitive

Case 2 Woman aged 36 with a previous history of bilateral pulmonary tuberculost
:g:hks Ipnm:im admittance she had mcreanng fever and headath‘i On ex?rmmnnmn zsl:rc'l;w;
puchal gy ::;:xcﬁqnded VInerve palsy The cerebrospinal fuid showed increased proten
e g arercased amount of sugar and pleocytons with 9 mononuclear el
. 8 f"'[‘ )‘ (left) was performed four weeks after the begnning of symptoms and
ety shight of the part of the casotid siphon (Fig 3) this
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Tig 1 Case 1 Angiography of carond artery ) and b) Right side ©) and d) left side racueally the
same findings on both sules Concentric narrowmg of intradural part of carotid siphon  proximal parts

of anterior and muddle cerebral vrteries al o ppear stightly parrowed The pericallosal artery rums i
a wider curve than nermally due to ventricular dilatation Sightly elevated artertes in antenor part of

Sylsan fissure

of cerebral vessels caused by infectious processes, 1t seems worthwhile to de
seribe the angiographic findings m 4 ctses of tuberculous menmgitis

Curcbral wnglography m these cascs was performed tn order to rule out 1
bramn abscess or a tumor, as the dingnosis 1t the tne of the exammntion was
not fully established 1nd 1n one case not even nticipated
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Fg 4 Cas 3 \ngioge phy of th nght common carotid artery The mntradural part of the siphan the

terar cereb al artery and the p oximal part of the middle cerebral artery are narrowed and thread
Jike n appearance

fever On examunation she was comatous and had nuchal nigidity and spastiaity of both legs
with bilateral extensor plantar responses No papilledema was noted As an expanding process
of the postersor fossa with rased mtracramal pressure was considesed possible lurbar punctuze
was withheld (Fig 7a) A roentgen examination of the skull revealed separation of the sutures

Vertebral angrography demonstrated depression of the tonsillar branches of the postertor infenior
cerebellar artery ndicating tonsilar hermation (GRErrz & SjooreN 1963) and changes of the
central branches of the posterior cerebral arteries as in hydrocephalus (Gattoway Grerrz &.
$jocrev 1964) The presence of an expandig lesion 1 the posterior fossa could not be fully
established Local widening of a branch of the left postenor cerebral artery was evident This
was cons dered defimtely patholome and was difficult to explain by a tumor of the pasterior
fossa Angiography of the carond artery was not performed m this case

One week afiter the angiographic exarmnation the patent suddenly died At autapsy there
was evidence of tuberculous basal memngitis with marked mtcrnal hydrocephalus and depres-
sion of the tonsIs The memnges on the surface of the bram were clouded and thickened
’(.;d ;; ;}m Base of the bram 2 typical greemsh gelatinous exudate was present 1 the cisterns
i

Microscopic examunation confirmed the diagnosis of tuberculous menngits Inflammatory
changes were found i 2l the artenes at the base of the bratn and espectally iy the small ar
tertes intimal swelling which caused a concentric narrowing of the Jununa of the vessels \o
obvious intmal swcllieg was cbserved on microscopic examination of the vertebral artery

which 0o alterations had been noted 2t the an i
giographic examunation (Fig B) The art
changes abserved in this case were 1ypieal of tuberculous vasculitis e B e artenal

N zC;m;nml :‘hcl:uhm bad the opportunity m 4957 3t the Edward Mallinckrodt Tnstitute of
Rado m 3t Lous hlcxhsh\d of making b1 first angiographic obs rvation on tuberculous
3 Cose wh np ubl:h :dn extraordinanly marked constriction of both carod siphons
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Tig 3 Case 2 a) Small arregulanties in the vessel wall with isignificant narcowing of the lumen of
proximal part of muddle cerebral artery b) Intradural part of siphon ss narrow  tlus change 1s how
cver too small to b consid red definstely pathologic

change could however, not be considered definitely pathologic There was abo a runute and
slightly arregular narrowing of the proximal portion of the middle cerebral artery No other
abnormalities were noted The circulation time was 4 5 seconds

Fven in this case the guinca pig inoculation was positive The patient was discharged after
four months stay n hospital

Case 3 Womnan aged 30 years who was admitted to the gynccologic department with ab
domunal pun and fever probably due to acute salpingitis She was treated with vanous anti
brotic drugs without any noticeable effect One month alter radmittance nuchal ngicity and
diplopra were noted and laumbar puncture revetled mcresed protein and decreased sugar
content pleocytosis with 69 mononuclear cells out of 103 cells per mm

Raght sided carotid and wertebral angrography were performed to climinate a bramn abscess At
vertebral angiography a retrograde flow 1n both posterior communicaung arteries producing
a filling of both the pericallosal arteries 1nd of the right middle cerebral artery could be demon
strated (Iigs  and o) Ihesc findings made 1t possible to predict a narrowing of the carotid
siphon on both sides This assumption was confirmed as far as the right side was concerned 1n
that the carotid siphon was extremely narrow at subsequent right sided carotid angiography
The intradural part of the siphon  the anterior cerebral artery and the proximnal portion of
the muddle cerebral artery were however thread hke (Ing 6) The orculation nme exeeeded
9 seconds and was conscquently extremely prolonged

The guinea g inoculation was positive 1s In the two previous cases The patient is stll in
hospital 5 months after the angrographic examinations she 15 1 bad shape and suffers from

mental confusion

Gase 4 Garl aged tycars with a hustory of transient wetkness in the deft arm half a year prior
to admission She had had increasing disorientation and apathy and occasionil attacks of
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Fg 4 Cas 3 ‘ng ography of the ight common carotid artery The ut adural pact of the s phon the

artenor ce ebral a tery and the proxumal part of the middle cerebral art ry are narrowed and thread
Tike 1n appearance

fever On examination she was comatous and had nuchal rigidity and spasticity of both legs
with bilateral extensor plantar responses o papilledema was noted As an expanding process
o the posterior fossa with raised intracrantal pressure § as considered possible lumbar puncture
was withheld {Fig 7a) A roentgen ¢xarmnation of the skull revealed separation of the sutures
¥ ertebral angiography demonstrated depression of the tonsillar branches of the posterior inferior
cerebellar artery indicating tonsillar hermation {Greitz & Sjocre~ 1963) and changes of the
central branches of the postentor cercbral arteries as in hydrocephalus (Gartoway Grerrz &
Sjocre~ 1964) The presence of an expandimg leston 1n the posterior fossa could not be fully
established Local widening of a branch of the left postenor cerebral artery was evident Thas
was considered defimtely pathologte and was difficult o explan by a tumor of the posterior
fossa Angography of the carotid artery was not performed 1n this case
Onc week after the angiographic examination the patient suddenly died At autopsy there
was evidence of tuberculous basal menngitts with marked mternal hydrocephalus and depres-
sion of the tonsils The meninges on the surface of the bram were clouded and thickened
2;«1 a; ‘:Te base of the bram a typucal greemsh. gelatingus exudate was present w the cisterns
18
firmed the diagnoss of tub v
changes were found in all the artenies at the base of the brain and especually in the small ar
tenies ntimal swelling which caused a concentric narrowing of the lurmina of the vessels No
obuious satmal swellng was observed on TRITOSCOPIC examination of the veriebral artery 0

which no alterations had been noted at the angrographic examnation (Fig 8) The arterral
changes obsersed m this case were typical of tuberculous vasculitis

Comment The author had the opportun, 19;
y n 1957 at the Edward Mallinckrodt Institute of
‘:,:::?\:;ﬁ ls; Lows huhs,:\d of making s first angiographic observation on tuberculous
n a case which had an extraordinan! ked
Tt e s mot reen oot hnanly marked constaction of both carotid siphons
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a
Fig 3 Case 2 a) Smillarregulanties i the vessel wall with insignificant nasrowing of the lumen of
proxumal part of middle cerebral artery b) Intradural part of siphon 1s narrow  this change 1s hoy
ever tod small to b consid red defimutely pathologie

change could however, not be considered defimtely pathologic There was also 3 minute and
shightly irregular narrowing of the proximal portion of the mmddle cerebral artery No other
abnormalities were noted The arculation ime was 4 5 seconds

Even 1n this case the guinea pig moculation was posttive The patient was discharged after
four months stay in hospital

Case 3 Woman aged 30 years who was admutted to the gy necologic department with tb-
dominal pain 1nd fever probably due to acute salpingitis She was treated with various ant
brotze drugs without <ny naticcable effect One month after admittance nuchal ngidity and
diplopia were noted nd lumbar puncture resealed mcreased protem and decreased sugar
content pleocy tosis with 69 mononuclear cells out of 103 cells per mm

Rught sided carotid and eertebral angrography were performed to chimimate a bramn abscess At
vertebral angiography 1 retrograde flow in both posterior communtcating arteries producing
a filling of both the penicallosal arteries and of the night middle cercbral artery could be demon
strated (Tigs 4 and 5) These findings made 1t possible to predict a narrowing of the carotd
siphon on both sides This assumption was confirmed as far as the night side was concerned 1
that the caroud siphon was extremely narrow at subsequent right sided carond angiography
The ntriduril part of the siphon the anterior cerebral artery and the praximal pornon of
the middle cerebral artery werc however thread like (Fig 6) The circulation ime excceded
9 seconds and was ¢ q Iy extremely |

The guinea pig inoculation was positne as n the two previous cases The patient is stull m
hospital 5 months aficr the angrographte examinations she 1s 1n bad shape and suffers from

mental confusion
Case 4 Gl aged 4 years with a lustory of transient weahness in the left arm half a year pnior
to admission She had had increasing disorientation and apathy and occasional atticks of
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o fthe s phon the
4 A hy of the right common carotd artery The wntradural part of
::xg-mof‘xyif.ﬂzﬁ'f‘;n{ﬂhg oroamal part of the middle cerebral artery are narfowed and thread
Like n appearance

fever On examination she was comatous and had nuchal ngidity and spasucity of both legs
with bilateral extensor plantar responses No papilledema was noted As an expanding process
of the posterior fossa with raised sntracramal pressure was considered possible lumbar puncture
was withheld (Fig 7a) A roentgen examnation of the skull revealed separation of the sutures

Vertebral angrography demonstrated depression of the tonsillar branches of the postersor inferior
cerebellar artery indicating tonsillar herniation (Grevrz & Sjocren 1963) and changes of the
central branches of the posterior cerebral arteries as in hydrocephalus (GarLoway Gremz &
Sjoukes 1964) The presence of an expanding lesion 1n the posterior fossa could not be fully
established Local widening of a branch of the left posterior cerebral artery was evident Thss
was cons dered definitely pathologic and was difficult to explain by a tumor of the posterior
fossa Angiography of the carotid artery was not performed mn this case

One week after the angiographic examunation the patient suddenly died At autopsy there
was evidence of tuberculous basal mentngitus with marked internal hydrocephalus and depres-
10n of the tonuls The meninges on the surface of the brain were clouded and thickened
?;d a; '::.e base of the bram a typical greenssh gelatinous exudate was present in the csterns
®

M croscopic examination confirmed the diagnosis of tub

changes were fou

Y
und 1n all the arteries at the base of the bran and especially in the small ar

teries intimal swell ng whch caused 2 concentric narrowing of the lummna of the vessels No
obvious intimat swelling was observed on microscopic examtnation of the vertebral artery in

wbhich no alteratians had been noted at the angiographic exammation (Fig 8) The arteral
changes obsenved 1n this case were typical of tuberculous vascul us

Lomment The author had the o
pportunity in 1937 at the Edward Mallinckrodt Institute of
Radiology St Lows US4 of making hus first hic observation on tub
TN Ng 1310 3 cas which had as

n extraord) 1
Th ¢ case has not been bublabed extraordinanly marked constriction of both caroud siphons
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Fig 5 Same case as in fig 4 Vertebral angiography The carotid siphon 15 filled especially on the

right where the middle cerebral artery {+) 1s clearl b It
(53" Dot pomeatiaate cerebal a ﬁllg’d {+) y seen vra both postertor communicating arteries

-

Fig 6 Schematic drawing showing appearances of siphon in Cas 3
(left) and common appearances in marked cerebral vasospasm (right)
‘There 1s a contcal but less constricted area in the upper part of the
spastic siphon

IS

Discussion

The following causattve factors should be considered regarding the nature of
the narrowing seen 1n the mtradural part of the carotid siphon and 1ts mun
branches genernlly increased 1ntracrantal pressure, locally mcreased pressure
within the basal cisterns, spastic contractions of the arteries and tuberculous
vasculitis

Increased intracranial pressure may be the cause of impaired cerebral circu
lation More or less choked discs were present mn Cases 1 and 3 both with the
most marked vascular constricton Such artertal changes are, however, not
found even with constderably increased imtracramal pressure when due to
other factors such as tumor or 2queduct stenosis The inhibttion of the circu
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Fg 7 Case4 4) Verteb al ang orraphy No posterio
constrict*d The mau trunk and ton. llar branches of poste or inferior
below the foran n magnum (—+) A local d
artery ey dent (++) b) Specimen The base of th
are embedded 1n_ube culous issue whach completely fills the ¢ sterns

tuft of banlar attery wh ch does nat seem to be

per callosal artery a e displaced
\latation of one of the branch s of the posterio cerebral

e braim w th all the mamn cranal nerves and arteries

lation seen at angtography 1n comatose patients with tentorial hermations 1s
very marked so that no contrast medum passes over into the cranial cavity
(Rusnepe & ETiersere 1953 LorstepT & von Ress 1996) Increased mtra
cramal pressure may therefore be ehminated as a reasonable cause of the nar
rowmng of the intracramal artenes

The basal eisterns may be transformed into a closed space by memngeal ad
hesions a condition that constitutes a prerequstte for a local increase 1n pres
sure The postenior displacement of the basilar artery 1n Case 1 indicates that
the tuberculous process may act as an expanding lesion The narrowed carotid
arteres in Cases 1 and 3 were not displaced but concentrically constricted If
such a constriction 1s due to a locally mereased pressure 1t must be umformly
exerted around the vessel which 15 2 possible mechanism 1 a closed flurd con
tuming space however the tension within this space must exceed the diastolic
artenal blood pressure to compress the arteries and this does not seem very
likely to oceur A rise m pressure above the systolic blood pressure should com
pletely compress the vessels

The ehetting factor 1n cerebral vasospasm 15 not known The fact that all
main bisal cerehral artenes are not constricted does not exclude spasm as a
cwsative factor as spastic contractions are seen 1n small and carcumscnbed
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AR TN
. the interpeduncular cistern (cerebral peduncles
atupper margin of print) surrounded bv partly
necrotic tuberculous granulomatous tissue Sey
cral small arteries are completely obliterated by
1ntimal proliferations (van Gieson) b) Detail
of lower night vessel in (a) The vessel 1s obliter
ated by mumal proliferations and there arc acute
nflammatory changes 1n ats wall The pervas
cular tissue 1s made up of tuberculous granu
lomatous wissue (hematoxylin cosin) ¢) Detail
of the night portion of the large vessel (vertcbral
» artery} in (2) The pernvascular granulomatous
'« uissue 1mades the adventitia and media but not
the intima (hematoxylin costn)

arc1s also m subarichnoidal hiemorrhage The minute irregular narrowing of
the middle cercbral artery 1n Case 2 could be duc to atherosclerotic changes —
although the patient was only 35 — but 1 shght spastic contriction cannot
be cxcluded The appearances of the vessels in Cases 1 and 3 morc closely re
semble that of arterial spism However, 1n marked spastic narrowng of the
carotid siphon 2 conical area that 1s not s contracted 1s the surrounding ves
sels (F1g 6) 1s usunlly Ieft at the junction between the siphon and the anteror
and mddle cercbral arteries This junction 1n Case 3 was as narrow and thread
like 1s the remunder of the siphon Vasospasm must be considered as possible
but not a very plausible cause of vasoconstriction n tuberculous memngtis
The mnfectious process m tuberculous meningitis surrounds the basal arteries
of the bramn and spreads over the convexity long the vessels and invades therr
walls It 1s recogmized by pathologists that tuberculous vasculitis 1s a frequent
complicition and one that may lead to thrombosis and formation of mfarcts
in the cerebral substance If the mnfectious process mnvolves the mumna there will
be 1 narrowing of the lumen, erther due to granuloma formation or diffuse
swelling Vessels with considerable inimal thickening may be closcly adjacent
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to others with no invasion of the intima, asn Case 4 The fact that the constnc
tive changes are hmited to certain areas of the basal artertes 15 therefore not
against vasculins As a matter of fact nothing contradicts the hypothesis that
inflammatory changes in the vessel walls were the cause of all the constrictrons
seen 1 the cerebral arterses 1n this material Vascultis may of course be com
bined with p but the p of such a2 comb 15 nOt neces-
sary to explain the changes evident at cerebral angrography

The jocalized widening of the arteries on the convexity present i Case 4was
not very marked The reason for this dilatation 1s obscure It could be due to
vascular paralysts caused by the infection, which at autopsy was shown to have
spread to the convexaty Tts roentgenologic appearance makes 1t unhkely that

the cause could be an aneurysmal widening a change that occurs tubercu
lous vasculitis
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SUMMARY
Four cases of ! were d by cercbral hy and three had

more or Jess marked narrowing of the arteries at the base of the brain It 1s suggested that tuber
culous vasculitis which may be combined with vasospasm s a plausible explanation for the
vascular alterations seen m cerebral angiography

ZUSANMDMENFASSUNG

Vier Falle von tuberkulosen Meningitis wurden mittels cercbraler An,
igiographie untersuchy
t:; qu: zeigten mchrdoder wemiger ausgepragte \erengung der Artenen dir Schadelba.ui’
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RESUME

pr%:::e::sugz :r:éé:mgu: tuberculcuse ont été examinés par angiographie cérébrale troms
0s¢ plus ou momns marquée des artéres de la base du cenvea
u L aute
x:(n’soenqul:‘lj ::]ér:;c tubereuleuse qui peut dire assoerée & un spasme vasculaire est unea:x;;l.r
pl e des altérations vasculaires montrées par l angographie cerébrale
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ROENTGENOLOGIC EXAMINATION OF
THE ARYTENOID CARTILAGE AND VENTRICLE
OF MORGAGNI IN THE FUNCTIONING LARYN\

by

Anos hovacs

The arytenowd carulage may under certan condstions be examined roent
genologcalls as previously reported (hovAcs 1960) Attempts were made »n
the present study to analyse the movements of the arytenoid cartilage on one
hnd and the vocal chord and the laryngeal ventricle on the other their actions
being closely integrated The arytenord cartilage lies at the upper margin of the
ericoid cartilage and 1s roughly pyramidal in shape A projection called the

lar process slants backwards and laterally, while a similar eminence, the
vocal process 1s directed forwards the pars intercartilaginea of the glotts hes
close to the medial face of the Jatter The arytenoid carulage consists of elasuic
carulage 1t osstfication beging between the ages of twenty and thirty the first
nucleus usually 1ppeaning in the central area not infrequently the ossification
of the arytenord carulage precedes that of the thyroid cartilage

Movements of the arytenoid cartilage may easly be observed at laryngo
scopy Alterations in the form and posiion of the pars mtercartilaginea of the

glottis the cuneiform carulage and the carulage of Santorimi, may also be
eximuned by adduction and abduction

Subrmtzed for publication 21 November 1967
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Tig 1 a) Iarynx lateral on mnspira
tion  Postenor contours of thyvroid
and encod cartilages e n same
vertica] planc and the distances be
tween the ossification centres of the
arytenoid  and  thyrod cartilages
reach 1 mm  ventricle of Morgagm
moderately dilated b) Pa on in
spiration The arytenoid cartilage is
foreshortened and the pyriform sinus
s didated ¢) Horizontalsectionof the
larynx duning inspiration

If the arytenoid carulage 1s partly or totally ossificd, 1ts movement may be
detected by Interal fluoroscopy or serinl roentgenography Since the chinge m
position 1s merely 1 few millimeters, it scems to be satisfactory sf only the antenior
and posterior extremes of posttton are recorded 1in the lateral roentgenogram,
the former are attuned by high tone phonation and the latter by mnflation of
the Iarynx For hugh tone phonation the voenl chord has to be tightened, wlhich
1s 1iccomphished by three mechmsms (1) 715 1 result of the 1ction of the crico
thyroid muscle, the anterior portions of the thyriod nd cncord carulages 1p-
proximate, thus, the arytenord eartilge carned by the cricowd cartilhge moves
backwards, acting s 2 shorter arm of 1 lever, (2) the arytenoid cartilage 1s tilted
backwards by the action of the arytenord muscle, (3) the cricord cartthge lso
moves backwards mn relatton to the thyrotd cartilage

The following three types of roentgenograms are required for 1n nalysis of
the above movements

1 The ossified part of the arytenoid cartilge tdjacent to the articular surface
mny be observed a5 2 rhombordal formation, pushed backwards to the mra-
mum in rocntgenograms obtined during high tone phonation (Iig 31) The
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Fig 2 a) Larynx lateralon deep tone
phonation \ esibule and hypophar

yn dilated posterror contours of
thyrod and eneoid cart lages are
already 1 & _ent verucal planes

the cxicond cart lage beng pushed
backwards  distance between the
ossitication nucler 3mm ventricle of
Morgagm max matly dilated b}Pa

thick vocal cho d and thin membran

ous false chord the aryteno d carti

Tagetumms mwards isprojectiont eng
elongated ¢) Horizontal section

distance between the ossified nucleus of the arytenoid carulage and the antenor
commussure proved to be 17 mm dunng phonanon

Il A roentgenogram of the inflated larynx should be obtained to ascertan
the dilaung capacity {funcuonal capacity) of the larynx The patient should be
encouraged to mflate the Jarynx by clostng the hips and nose the glottis and
hypopharynx are then fully widened the arytenoid and cncoid cartilages being
pushed fully forwards by the dilated hypopharynx (Fig 3b) This maneuver,
called the 1nflation of the larynx  should be distingmshed from the Valsalva
mancuver 10 which the glotus 15 closed and although the hypopharynx and
pinform sinus are moderately widened the arytenoid and cnicord carnilages are
pushed forwards 1o a lesser degree

I The arytenond cartilage 1s tilted forwards even if to a lesser degree dur
ing deep tone phonation (Fig 2) Although the two arytenod cartilages do not
separate they shde and 6t forwards the vocal chords are thus shortened ac
cording to the actual requirements of phonation
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The relntion of the rytenod to the thyroid cartilige may also be controlled
by this method The right thyroid Inmmn 1n onc of the cases of the present
materinl contuned 1n ossification centre, about 2 mm 1 diameter, wlich
llowed the displhcement of the thyraid cartilge to be ascertaned Displace
ment 1s obscrved first of all during lugh tone phenation, the arytenord and
cnicord cartilages shde backwards and the entire larynx 1s clevated The dis
tance between the arytenod eartilage nd the thyroid ossification centre 15
thus greater than that observed in expirition and mspiraion This distance
renched 4 mm n hugh tone phonation, and enly 1 mm 1 1spiration 1 onc of
the cases The distance proved to be less i deep tone phonation, at least 1n the
inflated larynx, for the arytenoid cartilge with its attaching muscles 15 then
pushed forwards Valuable datr concermpg the functional capacity of the
Irynx and the dilvting capacty of the Inryngeal tissues may thus be obtuned
if roentgenograms of the inflated Inrynx are compared with those obtuned dur
ing hugh tonc phonition In the thove mentioned cise the gap between the
postertor margin of the arytenoid eartilige and the anterior commssure was 16
mm 1n the mflated lrynx and 22 mm during gh tone phonation, the differ
enec thus reached 6 mm

The arytenod cartilige may be recorded on an asymetrically pliced film, as
reported 1n 7 previous paper (RovAcs 1960) The vocal chords ind the arytenoid
cartilge are seen during inspiration and phontion, superimposed upon each
other by 1 common projecuon, m Iig 1, 1 and b It may be observed by
this method that the vocal process of the arytenoid cartilage 1s not only pushed
medmlly by phonation but also undergoces torsion, the consequence of which
becomes apprent 1n 1 flattening of the superimposition

Opimions on the function of the Iryngeal ventricles (ventricle of Morgagm)
appear to differ Most mvestigators of the physiologic function of the [wrynx
(Prrssman & Krrcmen, Necus) discuss only 4 seeretory function, which 1s con
sidered to plhy an important role in the lubrication of the voeal chord Accord
1ng to Lanz & Wacismurit the walls of the ventricie of Morgagm under normal
conditions touch cach other Powrirr Crarry found that on inspirition the
frec margin of the falsc chord was streched 1nd the walls of the ventriclc col
[apsed More recently, 1t was established from Iryngeal tomogrims that durmg
phonation the ventricle of Morgagni contains ur

According to the present results the Iarvngeal ventricle contuns ur both dur
ing mspiration nd phonauon, the ur content varying 2ccording to the tension
of the vocal chords If mnspiration 1s performed, the ventricle 1s modcralety di
lated (Fig 1) Itis considerably dilated, and the 1perture 1s 1lso broadly openced,
during decp tonc phonation (g 2)

The ventricle 15, however, flattened and clongatcd during ugh tone phont
tion becuse the vocal chords are Iengthened (Iig 34), 1t 1s considerably flat
tencd but 1t the same time shortened 1n the inflated Inrynx (Dig 3b) Perform
ance of the Valsalva mancuver produces complete collnpse of the ventricle, and
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Fig 3 a) Linn hih tone phonati n The vesuibule and esperrally the hypopharynx are narrow
powerior 1am aa of cricond cari} ¢ _tilted 4 mom backw ards and dovwnwards and arytencid eartilage
Ightl bentb ckwa d  entncle of \forgagm narrow and 1 ke the vocal chord cons derably elon
ot 0T el borins. opentag i opEgeot pattos a0 LLe the tocry eh o o ety
¢ nior contours of thyro d and erica d cart lages p o) cted 1n the same vertical plaie aryteno d cartilage
being elecated and ¢ lted forwards ous fication centres | ¢ above €ach other v ntrcle of Mo

collapsed ) Vatal a maneuser Hypop)

rgagm
harynx and sesubule are fully narrowed and the b d bone
a d epiglotns pushed downwards 192 es dent in ventricle of \forgagni
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no ur c1n be observed between the approximated walls (Fig 3c) As described
m 1 previous publication (hovAcs 1961), the vocal and the false chords come
mto contict with ench other in the Valsalva mancuver and tend to form 1 com
mon bundle that moves close to the contralateral chords and thus closes the
glottss, 1n thc meantime the Iaryngeal portion of the epiglotc cartilage (para
glottis) ssumes 2 curved contour 1nd bulges backwards to come mnto contact
with the flse chords (Fink 1956), pressing all the ur out of the ventnele The
ventricle usually contains no wur in routine roentgenograms of the nech since
the exposures are generally made while the patient holds his breath, this mn
neuver 1s generally very similar to the Valsalva mancuver

SUMMARY

The roentgenologic demonstration of the shape and position of the arytenod cartilage and
the ventricle of Morgagm was found to be possible 1n cases in whuch the centre of ossification
of the former was present before calaification of the larynx was complete The method of
examination 1s described and the physiology of the larynx 1s discussed

ZUSAMMENTASSUNG
Es war moglich, die Form und Lage des Arytenoid knorpels und des Morgagnischen Ven
trikels logisch d Nen wenn Ossiik des ersteren vor der kompletten Ver
kalkung des Rchlkopfes eintrat Die ang dete U, 1 hode und dic
Phystologic des Kehlkopfes werden beschricben
RESUML

1l est possible d étudier radiologiquement la forme et Ia position du cartilage aryténaide et
du ventricule de Morgagm dans les cas ou le centre d ossification du cartilage aryténode cst
présent avant que le larynx ne soit complétement calctfié L auteur déenitla méthode d examen
et étudic la physiologie du larynx
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CINFMATOGRAPHIC EVALUATION OF
GASTROENTERQSTOMY

Preliminary report
by

Pove Mapsen

It has not yet been decided whether emptying of the stomach follossing
gastric resection takes place by active regulation or if this function 1s mainly
passne The radiologic studies and measurements of the intraluminal gastric
pressure by Jorpas et coll (1957) appeared to establish that gastric emptymg
was determined by gravity the tonus of the gasinc remnant, movements of the
diaphragm and jejunal penstalsns Goobuan et coll (1958) from their radio
logic and gastro electrographic 1mvestigations found no sigmficant difference
tn the gastne emptying ume in pattents with and without dumping symptoms

PorTER & Cravaw (1949) concluded from their comentional radiographic
studtes with banum sulphate that 1 patients who had been subjected 1o 2
Billroth 11 operation and had a small gastrojeyunal stoma the sphincter hike
effect of the latter was due to contractions of the Jesunal muscles Criocmouke
(1960) employing 2 smlar diagnostic techmque reported that gastrie etp
tying i Billroth I pausents was regulated by a neopylorus which emptted the
gastric contents by rhythmic movements wnto a functiomng neobulbus  He
fusther observed that gastne emptying n Billroth 11 patients was regulated by
circular contractions 5o the efferent cost of the anastomosed bowe)

Submutted for pbt cation 20 February 1963
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T'ig 1 Normal function of anastonosss following Billroth I resection
a) Thase of spasm b) meipient and ¢} mavimum filling of the neo

bulbus  d) emptying phase

Investigations nto the gastric emptymg rate with physiologic contrast medin
have lately been carried out by AppoTT ct coll (1958 1960), MaTTsson ct coll
(1960), 1nd Mapscy & Rasvussen (1964) The reason for using physiologic
contrast medin 1s based upon the notion that barium sulphate exerts no physio
logic tction 1n the gastromtestinil tract and cannot therefore be suitable for
gving information regarding function

Anpott considered that the absence of ny reservoir function of the gnstric
remnant, ind 1 rapid passage of the meal through the small intestine, were
characterstics of the dumping syndrome MATTssoN examined 18 patients who
had been subjected to subtotal gastrectomy and reported a normnl gastric
emptying rate despite rapid passage of the meal through the small ntestine
1n 12 of those who had dumping symptoms Mabpsen studied 55 panents who
had undergone subtotal or total gastrectomy The gastric emptying rate™ind
the pissage of the menl through the smll intestine were on the whole normal
In those who had no dumping symptoms Dumpers usually had 4 greatly ac-
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¥ g 2 \ormal function of anastomoss following Billroth II vesectinn
o o naastn 6 wnetp ent. and ) maxumum Bllig of jerunal
butb d) emaptying phase

celerated gastnc emptying and passage through the small mtestine as well
as radiologic evidence that fluid oozed into the small intestine The divergent
findings 1 the gastric emptying rate in dumpers may have been due to MATTs-
son s demand that the time was not to be recorded before the stomach was
completely empty while \{ansen considered the stomach to be empty whena
flnd Ievel was no Jonger visble {quanutative gastne emptying time)

The considerble vamanons 1 the quantitatne gastnc emptying time re-
corded 1n patients who had undergone resection appeared to call for a further
study of the regulation of the emptyng of the gastric remnant

\hmod The function of zhc gastroenterostomy  was assessed cmemato
foll g the of a physologic contrast medium

made up of Neobar 40 g Rcdukal Leo 50 g and sucrose 20 ¢ m 200 ml water
and emulsified 1n an electric mixer calonte value abaut 300
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Fig ! Normal function of anastomoss following Tullroth 1 resection
1) Phase of spasm b) incipient 1nd ¢) maximum filling of the neo
bulbus  d) emptying phase

Investigations into the gastric emptying rate with physiologic contrast medi
hve Intely been carried out by ABROTT et coll (1958, 1960), Mattsson ct coll
(1960), 1nd Mapsrny & Rasmusscy (1964) The reason for using physiologic
contrast medin 1s based upon the notion that barmum sulphate cxerts no physio
logic nction 1n the gastromtestinal tract and cannot therefore be sutable for
giving nformation regirding function

Apporr considered that the absence of any reservorr function of the gastric
remnant, and 1 rapid passage of the meal through the small mtestine, were
charncterstics of the dumping syndrome MaTrsson examined 18 patients who
had been subjected to subtotnl gastrectomy and reported 1 normal gastric
cmptying rite despite rapid passage of the meal through the small mntestine
1n 12 of those who had dumping symptoms MADsEN studied 55 patents who
had undergone subtotal or total gastrectomy  The gastric emptying rate™ind
the passage of the menl through the small intestine were on the whole normal
1n those who had no dumping symptoms Dumpers usually hnd 1 greatly ac
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Table 3

Gastrc emplying tume tn the presence of insuffictent bulbar functian
Case Operaton Gastr ¢ emptying ame Symptoms
16 B 190 min Latent dumping
7 BI I—"0mn Latent dumping
1 BI 1--20 min Aanifest dumping
19 Hofmester 204> min Aaqufest dump ng
20 BI 1—90 min Lar nt dumping
2 B1 120 min \ene
2 Subtotal gastrectomy 1—20mn Latent dumping

+ an_posit on of jeyunum

L BI small toma 190 min Latent dumping
24 BI 1-20mn Latent dumping

Symptoms of the ‘small stomach type are taken t0 mean that after small to
moderate meals there 15 2 feeling of pressure 1n the epigastric region and below
the left costal margin Pam and vomitng occurred s severe cases

Postcibal pressure. 1n the eprgastrc region and below the nght costal margin
followed by stvere vomiting with bile stained vormtus 1s designated the al
ferent loop svndrome Some authors do not distinguish between the smail
stomach syndrome ind the afferent loop syndrome AsprEassen (1960)
considers 1t 2 moot pomnt whether there 1s justification to heep these sypdromes
disunct from the dumping syndrome

Results

The struciures descnbed by Crocorac were sdentified 10 the patsents who
had undergone the Bullroth I operation With normal function the neopylorus
opens for a period of 2 to 4 sec and the neabulbus fills, there 15 no flow mie the
duodenum dunng this filhng Emptying of the neobulbus takes place by ats

Table 4
Gastng emplymg time 1n the presence of spasm
€as Opcerat on Gastric emptying ¢ me Symptoms
2 B Il wmall toma 45--%0man one
26 Bl 20—45 min {9ma11 stomach
Latent dumpan,
27 BI mall toma >9%mn {Sma" stomach %
Latent dum
BI e
8 4390 m a {Smaﬂ stomach
Latent dumy
§g :: ;l‘mtﬂ'tlf‘ >%ma Afferent loox; ¢
. B :m:ﬂ "l'::: -9 min S nall stomach
» BT mall ~90mn Small womach

90 min Smalt stomach
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Table 1
Gastric emplying time with normal funchion of anastomosts

Case Operation Castric emptying time Symptoms

1 BII small stoma = 90 min None

2 BII small stoma > 90 min None

3 BI 4590 mun None

4 Polya > 90 mn Afferent loop

5 B small stoma >80 min None

6 BT vagotomy > 90 min None

7 BII small stoma 45—90 min None

8 B1 > 90 min None

9 BI 45—~90 mun Latent dumping

10 Hofmesster >90 min Afferent loop malabsorption
11 BII small stomn > 90 mun Small stomach or afferent

{IMP [¢]
12 BRI 45—90 min None
13 BI > 90 min None

The examnition was carried out with 19 Plulips image amplifier mounted
on 1 Muller table, type UG 4, 1 35 mm Arnllex camern and television momtor
being coupled to the former Laposures were made at intervals of 15 sec and
started less than 5 mun after the ingestion of the contrast medum  The film
rate was 12 or 16 exposures per second, 25 metres of film were used for ech
exmunation

Prior to the cinematographic study the gnstric emptying 1nd small intestine
transit times, 45 well 1s the amount of oozing of fluid mto the small mntestine,
had been evaluated following the Admmstrition of the syme amount of
physiologic contrast medium used for the mun study  Views of the 1bdomen
‘erect’ were obtaned on 30 x 40 cm films at 1, 20, 45, and 90 mun after the
mgestion, 1 between the expositres the patients sat or wilhed 1bout

Matenal "The matenal compnses 32 patients who had undergone gastric
operations, 14 by the Billroth I and 17 by the Biliroth IT procedure Subtotil
gastrectomy with jejunal transposition had been performed an one panent

The dumping symptoms were clssificd mnto Intent and mamfest from the
diet hustory  Patients with Iatent dumping can avoid symptoms by dietary
precrutions, while manifest dumpers have frequent or constnt symptoms

despite dictary precautions

Table 2
Castric emplang time n the presence of passive anastomotic function
Gastric emptying time Symptoms

2045 min None
45—90 mm None

Case Operaton
14 BII small stoma
15 Hofmerster
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Fig 5 Afevent loop synd ome and malabrorpion 1 20 4> and 99 mm pe La g antermediate layer
10 gasterc vernant at 90 mun p ¢ no fling of aficre wloop spentancous fractures through the inferior
ramut of th nght pubic bone and peck of the 1eft femur noted.

rate of gasine emptving (Table 3) The sarne must apply w hen the anastomosis
15 passive (Table 2) Emptving has been found to be accelerated dunng
spiration provided that the anastomosis 18 passive or the bulbar funcuon m
suffieet ‘The relation between the duranen and sntensity of spasm and the
tonus of the gastnie wall must decide the rate of gastnc emptying when the
anastomos:s 1s spastic (Table 4) \ntipenstalss i the duodenum of Billroth 1
patents and 1n the efferent loop of Billroth 11 patients has occasionally been

found to cause retrograde filling of the stomach remnant and thereby delay 1ts
emptying

Discussion

Atne patients had dumpint symptoms (Cases 9 16 17 18 19 20 22 23,
and 24} which were stvere i two (Cases 18 and 19) Typrcal dumpmg symp
toms occurred dunng the examination m 6 of these paunents One patient had
normal gastroenterostomy function Bulbar function was nsufficient i the
others The gastric remnant empued rapidly the passage through the small
intestine was accelerated and there was evidence of oozing of fluid info the
small intestine (Fig 3) The rapid gastric emptying per se can hardly be the
cause of dumping but 1t may well 1nfl the intensity of the sv mn
the presence of a pred; to this ph This n 15 sup
ported by the favourable effect of operation performed to narro:v the stoma
i \gnm—r et cullh 1338 1960 Ambrur 1960)

1 patents had sympioms of the small stomach type (Cases 26 27 28
3} and 32) and 3 also had dumping symptoms Thc)spma(ll stomach s)rr?plo?r?s
\n one patient wese considered severe (Case 30) and the patient complained of
pamn an the ;pl(,'asmc region and below the Mt costal margin during the ex
a,\]mmallon he gastne remnant was sphencal 1n the erect films as well as on

uoroscopy and all the patients had evidence af spasm at the stoma (Fig 4)
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Koney )

kg 3 Dumping syndrome 1 20 45 and 90 mmn pc respectisely from left to nght ‘The gastrie rem
nant emptics raprdly the transit through the small intestine 15 accelerated nd there 15 evidence of
cozing of urd into the small testine 1t 1 and 20 nun p o

I'g 4 Small stomach syndrome 1 20 15 and 90 mm p e Spherieal gastric remnant flow into the
small intestine followed by a prolonged sprsm of the stoma occurring immedtately after ingestion of
the contrast medium

arcular contriction and tthes 2 to 4 sec, when the neobulbus 1s empty there
follows 1 phase of Iess than 30 sec duration duning which the neobulbus and
ncopylorus 1re contracted The filhngof the neobulbus then starts wew (g 1)

It 1s scldom possible to identify 1 neopylorus with certunty mn Billroth 11
patients  Lmptying 1s regulated by the first 3 to 5 cm of the cfferent loop
called the Jejunnl bulb  The phase of filling lsts for 2 to 4 scc and the phaseol
cmptying 15 of the same duration After the jejunal bulb has empuied, 1 phase
of contraction, Insting for less than 30 scc, occurs (Tig 2)

The following types of 1bnormal function have been observed (1) insufficient
bulbar function, the emptyimg phase starting before the filling phase has been
completed with the spasm phasc shortened, (2) passive 1n1stomotic function, (3)
AnAstomotic spasm

It appears from Table 1 that normal anastomosis function 1s associated with
the slowest gastric emptymg  Gastric emptymg 1s tccelerited the presence of
insuficzent bulbar function, and peristalsis i the small mtestine controls the
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One patient with similar signs was symptom frec It was impossible to decide
whether the symptoms were attributable to 1 small stomach or an afferent
loop syndrome 1n onc mstance (Case 11) The film 90 mmnp ¢ revealedanmter
medite Inyer and contrist medium mn the spherical gastric remnant despite
severe vomiting of bile stuncd flid 1n the middle of the cxammauon, the
stomn function was normnal

Three pitients had afferent loop svmtoms (Cases 4, 10 and 29) assocnated m
onc with 1 marked malibsorption syndrome (Fig 5) Tilms 45 and 90minp ¢
reverled an inereasing mtermedinte Inyer in the gastric remnant and the gtnc
contents 90 min p ¢ were it Jeast s Jarge 2s 2t 1 min p o It was reported 1n 1
previous study that 1 physiologic contrast medium has 2 shght tendency to
sedimentation despite the nddition of gastric juice (MapsEn & Raswussex
1964) The intermediate lyer mght therefore be expected to contun con
siderable quantities of bile nd pancreatic juice, and lnborttory nalyses per
formed 1n three patients confirmed this assumption Two of the patients hid
normal function while the third had spasm at the stomn, there was no filling
of the 1fferent loop

Conclusion

A postubal syndrome m patients who hase undergone grstric surgery mey
be correlated with charactenstic roentgen appearances if 1 phystologic contrast
medium 1s employed A final clucidation of the valuc of this mecthod probably
requires 1 Inrger series

Cinen itographic studies of the renction of 1 gastroenterostomy tonphysio
logic contrast medum mny elucidate the abnormlitics of functron that my
anse 1n the gastromntestinal tract

SUMDMARY
Cmematographic studics of function with a phystologic contrast medium were performed i
32 patients who had undergonc gast The d syndrome 1s discussed with

reference to charactenistic appearances

ZUSAMMENIASSUNG
)N phische U, h mit emnem physiologischen hontrastmuttel wurde an
39 Patienten vorgenommen die eine Gastroenterostorie hatten Das  dumping Symptom
und seine charakteristischen Rontgencrschetnungen werden besprachen

RESUME

L auteur a fait sur 32 malades gastro ent és une étude c ph de
fonction avec un moyen de contraste physiologique 11 examune les images caracténstiques du

dumping syndrome
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ADVARCES IN LYMPHANGIO ADENOGRAPHY

¥ig 1 Lymphangiography smyector pump

\ia the hidneys and bile Tt does not bind with blood protein as 1s the case with
methslene blue and 1ts biologrcal half ife 15 measured an hours compared to

weeks for methylene blue and sky blue (TureerooT 1960) Thus, 1t does not
resull in cosmelic tattoo at the imjecuion site

2 Catheters After tryng several home made and commeraally available
lymphangiography c1theters we believe that the stmplest 15 the one made by
Beckton Dickimson Co (Rutherford N J U § A) 1t1salasge bore 20 long
polysim! eitheter serial number N15504 Attached to the catheter we use
Bechton Dickmson needles 3(4  long 27G or 30G

3 Iymphangtography anjector pump Ve harve nsed oily contrast matenal in
Almost atl our studies The speed of the injection can be increased by the use
of large bore catheters and of an automatic temperature control mjector
wh ere the conirst matenal 1s heated and kept warm at constant temperature
(Fig 1) Our mjector permuts simultancous independent mjection 1nto each
cxrematy of the contrast matenal 1n two 20 ml synnges Our umt will myect
at 2 maximum ol 0 5 ml per minute The solution 15 temperature controlled by
1 thermostat hnob Heating of the eily contrast matenal at approximately
80 Cwill determme that the ol at the up of the needle will have a temperature
of 375 € with the length and type of catheters that we use The mjector s

mechameal electrical mechamsm 35 torque controlled and njection rates are
pressure compensated to cach synnge nd d

p Iy This T gives a
» der Santude of Taveypressure controd with near perfect reliability under the
command of the operator




FROM THE DEIARTMENT Or RADIOLOC Y, SCHOOL OF MEDICINL, UNIVERSITY OF
MIAMI, JACKSON MI MORIAL HOSPITAL, U S A

ADVANCES IN LYMPHANGIO-ADENOGRAPHY
by

M ViamonTe Jr

Sice June 1960 and up to the time of publication, we have performed
40t successful lymphangio vdenogripluc studies, nd the purpose of this
pper 1s to present new developments i our techmque We have used a tech
nigue which 1s essentinlly the same s the one introduced by kinatonri (1952)
but with the modifications exposed 1n the following

1 Blue dye Instead of patent blue ¥ we have been usmg IDC blue No 1,
which 15 1 synthetic dyc approved by the US Government for usc n foods,
drugs 1nd cosmetics

Brilliant blue I'CE, which 1s officinlly designated as FDC blue No 1, has been
mvestigited 1nd found to be safe for use s 4 colormg agent m foods drugs 1nd
cosmetics, but 1t hts not been approved by the US Food 1nd Drug \dministrn
tion for human use by parenternl admimistration Because chermenlly 1t s
related to alphazunine 2G — punfied patent blue ¥V — we have successfully
used 1t 1m our last 200 c1iscs and 1t has proved to be non toxte tnd with simlar
stuning charactenstics for identification of Iy mphatics

The maximum dose we have used intridermally has been 2 mi of 1 109,
solution by weight This dye 1s superor to methylenc blue or sky blue, becuse
1t 15 rapidly wbsorbed from the injection site and ripidly excrcted from the body

—_—
Submutted for publication 9 January [Jo3
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Fg 3 Roentgenograms of the 1 section s t show ng from left to right Tncal cxt avasation lymphat ¢
iny ction and tmadvertent venous 1 J ct on (some lymphat cs a ¢ als demonstrat

4 Radiographic monttoring of wyections All of our lymphangio adenographic
studies arc performed 1n the radiology departmment After injecting the first
2 ml fluoroscopy or a roentgenogram 1s obtained of the extremty to confirm
the mtralymphatic position of the needle We have found that the 1deal device
for observing the imjection 15 fl p fi with tel pre
sentation since this allows direct observation of the myection n the extremmty
without delay and without dark adap of reduced 1ll mn the

mjection area (Fig 2) This will rule out local extravasation and madsertent
venous myection (Fig 3)

After hall of the total amount has been inyected flucroscopy or a roeatgeno-
gram of the peluis 1s obtained to determine 1f there 15 any obstruction to the

Tymph flow If there s any cvidence of obstruction the njectron 15 discontinued
When obstruction to the lymph flow 15

present the contrast medium rapidly
penctrates the venous arculation Pulmona:

1y o1l embolism with complicatin
chemical bronchopneumonia may then oceur ? ¢
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Iig 2 Biplane cine angiograpluc unit with telesiston momtor

Lach motorized syringe foraing umt 1s driven by an tluninum finger, niding
on 1 pressure sensitive Aluminum hnurled nut which in turn 1s driven by 2
rotating brass lend thrust screw, ball bearmg mountcd Adjustment of 1 counter
torque weight on cich injector determines the 1mjection rte The njection
rite can be mereased beyond the maaimal power deven rates by manunlly
turning the drve nut clochwise, wlile power 1s on or off the drive motors Our
mjector will muntun flutd tempertture and by means of separate and m
dependent controls, 1t will check the fluid mjection rate of two 20 ml syringes
simultancously

The back of the myector 1s shightly eley ited aind 1 bubble of ur 1s pliced
cch syringe Thus bubble of air 1s heated and 1t the same ume compressed
during the mjection When the intralymphatic pressure equalizes the pressure
of 1njection, the motor wutomatically shuts off The wr bubble then tends to
expand and 1n this w1y permts 2 continuous flow of the contrast material, m
spite of the intermuttent function of the motors

We hve been able to cut the ume of mjection with our njector to 30 to 13
mnutes 18 1n awerage (12 to 15 mlin 30 minutes) The pressure of the myection
1s determmed by the 1mount of leakage e the mjection site, the pun that the
patient m1y expenience, nd by the presence of extinvasation of contrast
materinl in the course of the Iymphatics or 2t the level of the inguinal nodes
We have been able to chiminate the pan that 1s occasionally referred i the call
region by the mutinl injection of 2 or 3 ml of 2°, \ylocunc (lydocunc)
followed by the mjection of the contrast matenal
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Fg 5 Radcal with the aid of b

of the green lymph channels and the green lvmph nodes Adenectomy should
be performed within 24 to 48 hours after the injection of contrast matertal
After the second day the green tends to fade out due to the diffusion of the
chlorophyll

We have confirmed the value of ch lympt phy for rating
that a more complete adenectomy has been performed, s compared to the
cases 1 which the green contrast matenal has not been used (Figs 4 and 5)
Roentgenogs b d 1n the op room senve as controls of the
extension of adenectomy

d

6 Induect lymphangio adeno raphy In order to facihitate and expand the field
of lymph d phy we are exper g with different radicopaque
macromolecules (in stucies supported by NIH grant CA 06567 01) Our
preliminary studies have shown that 1t 15 possible to demonstrate the lymphatic
svstem of an extremuty 1n the dog by the intersttial mjecuion of contrast ma
tenal This has been shown 1n the past by different authors that have used such
contrast matenals as Thorotrast {(Arnirr 1958) Hypaque (Danese et coll
1962) Unfortunately lymphauc absorption charactenistics 1n the ammal are
not cquivalent 10 those 1n man and the results of antmal expennments cannot
vet be transposed 1o the human The future chinical usefulness of lympangio
adenography will depend on the discovery of the tvpe of molecule which may
l‘;crmn ‘:ffd demonstration of the lymphatc system 1 many terntones of the
l:;nczl\l:n mzu\]sol:]xch cannot 1t present be demonstrated by the direct lymphatie
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Tig 4 Intdequate adenectomy  residual nodes

After the completion of the injection (when 15 ml have been injected 1 each
lower extremity smaller amount 1 infants and cldren) the pitient 1s fluoro
scoped or roentgenograms of the abdomen and chest are obtauned As soon s
the thoracie duct 1s visble, the mjection 1s discontinued Over mjection of
contrast matenal, espectally in infants, 2lso frvors the production of pulmonary
o1l embolism We have had this complication 1n 15 patients Roentgenogrims
of the pelvis and abdomen are always obtuned 1t the completion of the proce
durc 1nd 24 or 48 hours Inter We always take frontal, Iateral, aind oblique
views, and oceasionally tomograms n order to evaluate the nod il architecture

in detul

5 Chromolymphography Tor the last two and 2 half years we have been using
green ethiodol 1n pre ndencctomy patients After experimenting 1n animals
with different colored contrast materials, 1s well as with fluorescent and with
radionctive medin, we concluded that 1 dirk green cthiodol which 1s obtuned
by the muxture of plun ethiodol 1nd 5 %, chlorophyll, would be most useful
This contrast materal 13 1s safe s the plain ethiodol 1nd stuns the lymphatics
1 pale green The use of green ethiodol, more than fluorescent or radicactive
materin], fcihtates pelvic or tbdomnal adenectomy by the easy rdentification
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Fig 5 Rad cal w th the a d of chromolymphograph

of the green lymph channels and the green lymph nodes Adenectomy should
be performed within 24 to 48 hours after the myection of contrast material
After the second day, the green tends to fade out due to the diffusion of the
chlorophyll

We have confirmed the value of chromolymphography for demonstrating
that a more complete adenectomy has been performed as compred to the
cases in which the green contrast matenal has not been used (Figs 4 and 5)
Roentgenograms obtamned in the operating room serve as controls of the
extension of adenectomy

6 Induect hmphang, 2raphy In order to facil and expand the field
of lymph d phy we are exper g with different radicopaque
macromolecules

(n studies supported by NH grant CA 06267 01) Our
prehminany studies have shown that 1t 1s possible to demonstrate the lymphatc
system of an extremuty m the dog by the intersttial mjection of contrast ma

tenal This kas been shown 1n the past by different authors that have used such
contrast matenals as Thorotrast (ARNULF 1928) Hspaque {Danese et coll

1962 Unfortenately lymphatic absorption charactenstics 1n the ammal are
7ot equisalent to those 1n man and the results of animal expenments cannot
Yet be transposed to the human The futare climical usefulness of Iy mpangio-

adenography wlf depend on the discorery of the tvpe of molecule which may
perrut the demonstration of the I

Rumn bods whoh ymphatic system 1n many terntories of the
W hicl
Mpection mbeod cannot at present be demonstrated by the direct lymphatic
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SUMMARY

Techmcal difficulues of direct lympangio adenography are mimmized with the use of FDC
blue dye large bore catheters and an automatic pressure temperature control injector pump
Radiologic control at the beginming durmg and at the end of the procedure decreases the
fallures and prevents some of the comphcations Green cthiodol has proved to be a valuable
surgical ud for pelvic and periaortic adenectomy  Indirect lvmphangio ndenography has
chimcal and research potentithities

ZUSAMMELNTIASSUNG

Die techmschen Schwicnighaiten der Lympho Adenographie weeden behobun wenn man
T'DC bl als Tarbe und weite Katheter sowie automausche Injektiouspumpen die Druck und
Temperatur regulicren, benutzt Rontgenologische Rantrolle im Begimn wahrend und nich
der Untersuchung vermindert Tehler und vermeidet Romplikationen Grunes Ftiuodol hat
sich fur the chirurgische Frtfernung von 1 ymphknoten des Beckens und von der Umgebuns,
der Aorta als nutzhich erwiesen Indirchte Lympho Adenographie erbictet Moghchketten fur
die Khinik und fur die Torschung

RISUMI

L utihsation du bleu FDC de cathéters A lumitre large et d une pompe d myection &
régulation automtique de température et de pression duminuc les difficultés techniques dela
lymphangio adénographie directe Le contréle ridiograpinque au début pendant et 4 {a fin
de 1 mjection rend les échees moins fréquents et évite certunes complications L ethiodol vert
facilite 1adénectomie pehicnne et péraortique La lymphangio adénographie directe
fournira de nouselles possibilités a la climque et A la recherehe
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PHYSICO CHEMICAL PROPERTIES OF BLOOD
FOLLOWING EXPOSURE TO METHYLGLUCAMINE
IQDIPAMIDE, AND OTHER CONTRAST MEDIA

by

Evoese F BErasTEIN RoBerT L Evans and GEORG FREDRIN Sarrzvan

Dunng the las decade, a number of angographue contrast media snuh.yery
Ion_toxscuts. have heen devclaped Howe: e (Biligrafin Choalo-
grafin) the_oply L contrast_med for bihany_tract
remarns 1s 2 problem in towiaty, The toxic actions of 10dipamide are similar both
mkind and in degree_to those caused by the acetnizoate (Urokon Triurol)
wmedia The more common side effects mcludefﬂausca, headache urucaraand
dirshea  \More severe complications inchiding _circulatory collapse and
hemiplegra arc rate, but have been reported (FORNYKIEWYTSGH 1956 Savrz
MaN 1929 Savrzstan & Suspstrow 1960) Both 1n experimental (Linbores
& Sartzvan) and clinical (Sattzvav & Suspstrow) studses the mjection of
todipxmide 15 routinely followed by a period of hypotension Furthermore a

number of deaths have been described following 1odipamide myection (Frosy
nowo & Brasann Maurer)

Recently attention has been focused upan_the phenomenon of intravascular
1ggregrton.of red-blood cells as an important factor. 1n angiographic contrast
T study vas supported 1

part by Grant H-4335 “atonal
Submitted for publication 2 October 1‘&2! " > Natiosal Heast Tnsuate USPH S

KL 4 Redoit Dur  ba 290)

401



402 BLRNSTLIN, EVANS AND SALTZMAN

medn tovicity (Reap, Soniv et coll , BERNsTEIN & Lvans) Intravtal microscopy
(LinporEN et coll ) has also revenled the frequent development of mercased
travascular aggregation following the myection of 10dipamude _Ingreases m
pulmonary artery pressure, “Which are nvoided by pretreatment. with low
molecular weight destran, have been observed by the same mvestigtors, 1n 1
sumilar manner to that demonstrated for the ditrizoate compounds by Bera
STEIN & Lvans

Recent studics by Crarrin & CarLsson, using high concentratons of y arious
angiogriphic contrast medin, but not 1odipamide, have demonstrated important
cffects upon various physico chemical properties of blood These uthors state
that contrast medin are able to nffect red blood cells directly, crusing herolysis,
but they were umible to find evidence of sigmificant red blood cell aggregation

Several other recent papers hve discussed the role of the plasma proteins i the
tonicity of parenteral contrast medin Lasser et coll state that protein binding 1s
of considerable importance in such toxic reactions, that this binding 1s 1 speafic
onc between the contrast medin and albumin, and that the degree of toxicty of
contrast medinis directly proportional to thar ability to bind albumin hurr &
McDowEeLL studied the proteins in human scrum, both in vitro and 1 o,
following cxposure to contrast medin of the divtrizoate type They noted
increase 1 the gamma globulin frnction, and 1 decrease m atbumun, which
they also felt were related to toxiaty In addition, they emphasized the chmenl
observation of some deaths following intravenous urography in patients with
mjyclomn, in whom the gamma globulin fraction was markedly increased prior
to the injection of 1 rudiopague medium On the other hand, Lrororp & Hevek
demonstrated chinges 1 the protein spectrum mn therr studies but did not
feel that these changes played an important role 1n the toxic process

Intravascular aggregation has been associated with 1n ncreased sedimentt
tion rate in the clssicl deseriptions by FAnraeus, and many later iy estigators
On the other hand, RopEs ct coll filt that varmtions m the sediment1tion rate
were due to variations in the colloidal state of the plisma, and were 1 result of
changes 1n clectric charges on the protans and red blood cells LINDGREN ct
coll studiced the sedimentation rate following mn vitro mustures nd chineal
myections of 10dipimide, and were surprised to note 1 remarkably drmumshed
sedimentation rate in both of these circumstances

All of these obseryations sumulated us to study some of the physico chermicl
properties of blood following exposure to 1odipinude, and some other parenteral
contrast medin It was hoped that these studics would provide some 1dditional
nformation concermng the mechimsm of 1odiprmde toxicty

Yrutinlly, we planned to partition the sedimenttion rite mto the factors which
have been considered mmportant m determiming the rate at which partcles
will fall when suspended 1 2 viscous medium  According to Stokes 1w, the
three determning factors should be (1) the radius of the flling parucle (RBC),
(2) the difference in density between the falling particle and the suspending
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Table 1
Radiopagues wsed 1n detailed studies
Amount 1%l added  Final tonten

Freparanen to 30 mi whole bloed  tratsont g
1 Cholografin {Squibb) 52 © 0075 3 ;2

2 Cholografin (Squibb) 52 o 03 o

3 Hypaque (Wnthrop) 50 0075 ot

3 Hypaque (Winthrop) 30 » 05 ost

5 Hypaque {Winthrop) 90 007>

150
6 Hypaque (31 athrop) 90 05
1 C;g!:graﬁ(n (Squibb) 5> impected mio dog in dose of D3 mi/kg body weight

medim {plasma) and (3) the viscosity of the suspending medsum Experiments
were planned to measure thesc properties both following m vitro mixmg of
known concentrations of contrast medra and blood and following the 1n vive
of 1odif de In 2dd 10 rotipamide (in our expenments 52 %
m‘c!h)lg]ucummc Cholografin) Hypaque 509% and 90% (a dwminzoate
medium) was chosen for comparative. ebsecrvations
Early observatons of the factors just descmbed suggested the {ollowing
addittonal measurements also to be performed whole blood viscossty, hemat
ount plasma hemoglobin red blood el charge and serum elictrophoresis

Methods

A Experimental preparation. Mongrel dogs of both sexes were anesthetized with 30 mgfkg
sodium pentobarbital and a polythent catheter was inserted into one femaral artery Blood for
serum electrophorests was collected 1n 3 tubes before hepacinzation one of the tubes was for
control and the 1wo other kubes contained Cholografin and Hypaque respectively corresponding
o concentrasons of 086 mg  and § 50 mg , Hepann was then gnen n a dose of 6 mg/kg
Lodv weight and the dog bed approvimately 300 ml This blood was genil ) msxed 1 a beaker
and di1) d 1nta 1 vatro dilution samples The dijution samples contaned the concentrauons
of contrast media indicated 1n Table 1 The d lute 1n vitro concentrations were calculated
to equil the chinrcal doses used i routine int and chol: hy The
concentrated soluttons wete prepared to determune the addimonal effects of higher doses of
these media Plasma for all the analyses was collected atter centrifugation for 15 minutes
at 2500 rpm Following the semoval of blood for 1 vitra studies an mtravenous injection of
©5 ml kg of Cholografin 57 — 3 dose designed to equal the largest chntcal dise groeally
employed in human medicne — was ma}  Three minutes later an additional sample of
artensa) blood was obtained All the blood samples were analyzed for sedimentation rate

bematocnt plasma and whole blood wiscosty plasma and red blood cell density plasma
hemoglobin red blood eelld, 2ene, t5 338 Wiood ceh eharge and serum electraphoresis

B Anahincal techmqu s Erythrocyte sed

v ‘oz ol mzm:) mentation rate was measured by observing setthng in
R ;(l)om';::m wasd terouned by teninfuging W introbe tubes for thirty and aixty micutes at

Wiole hloc;d and plasma vistos 1y were measured wsing a modified Ecksrerv Book & Grece
viscomeier of the capillary tube type 10 companson with the viscouty of dutilled water at
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med1 toxicity (READ, SopiN et coll , BErnsTEIN 8. Evans) Intravital microscopy
(Linperen et coll ) hns lso revealed the frequent development of mereased
mtrivascular aggregation following the injection of 10diprmude.Increases n
pulmonary artery pressure, Which are woided by pretreatment_with_ low
molccular weight dextran, have been obscrved by the same mvestigtors, m a
stmilar manner to that demonstrated for the ditrizoate compounds by Bern
sTEIN & Evans

Recent studies by Cuarrix & CarwssoN, using high concentrations of varnous
angiographic contrast medin, but not todipamide, have demonstrated important
effects upon various physico chemical propertics of blood These nuthors state
that contrast medin are able to affect red blood cells directly, crusing hemolysis,
but they were unable to find evidence of sigmificant red blood cell 2ggregation

Several other reeent papers have discussed the role of the plasma protemsin the
tovcity of parenternl contrast medin Lasser ctcoll state that protein binding 1s
of considerable importance 1n such toxic reactions, that this binding 1s 1 speafic
one between the contrast medin and albumin, And that the degree of toxicity of
contrast medit is directly proportionl to thar Abihity to bind albumin hurr &
McDowerL studied the protens i human serum, both i vitro and i vnvo,
following exposure to contrast medin of the dintnizoate type They noted
increase m the gimmna globulin fraction, and 1 decrease m albumin, which
they also felt were related to toxiaty In addition, they emphasized the chinie
observation of some deaths following intravenous urography m patients with
my cloma, 1n whom the gimmn globulin fraction was markedly increased prior
to the inyection of 2 ridiopaque medium On the other hand, Leororp & Heuck
demonstrated chinges 1n the protein spectrum 1n thewr studies but did not
fecl that these chingces played an amportant role 1n the toxic process

Intravascular aggregation has been associnted with an mnerensed sedimenta
tion rate in the classical descriptions by FAnragus, and many Iater mvestigntors
On the other hand, Rores et coll felt that vanations 1n the sedimentation rate
were due to varintions 1 the colloidnl state of the plasma, ind were 1 result of
changes 1n elcetnie charges on the protens and red blood cells LiNDGREN ¢t
coll studied the sedimentation rate following n vitro miatures and chinieal
mjections of 1odipimide, and were surpnsed to note 1 remarhably dimimnshed
sedimentation rate n both of these circumstances

All of these observations stimulated us to study some of the physico chermcal
propertics of blood following exposurc to 1odipimide, 1nd some othcr parenteral
contrast media It was hoped that these studics would provide some additional
information concernmg the mechanism of 1odipamude toxicrty

Initially, we planned to partiion the sedimentation rate into the factors which
have been considered 1mportant i determining the rate at which particles
will fall when suspended 1 a viscous medium  According to Stokes Iw, the
three determumng factors should be (1) the raduus of the falling particle (RBC),
(2) the difference 1n density between the faling parucle and the suspending
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Table 1
Radropoques wsed 1 detauled studses
Preparat on Amount 1% added  Final concen
10 30 m? whole blood  tration mg
1 Cholografin (33u bb) 52 2072 013
2 Cholografin {Squibb) 22 05 886
3 Hypaque (W nthrop) 50 © 0075 013
4 Hypague (Wanthrop) 50 05 o8¢
5 Hypagque {Winthrop) 90 007> 073

o Hypague (Wmthrop) 90 [H 150
7 Cholografin (Squ bb) 52 1ected nto dog in dase of 0.5 mifkg body « eight

medum {plasma), and (3) the visconty of the suspending medum Experiments
were planned to measure these properties both following m vatro mixing of
\nown concentranons of contrast media and blood and following the o vivo
myection of odipamude In add: to 1odipamude (in our expeniments 52 %
methylglucamme  Cholografin)  Hypaque 50 % and 909, (2 diatnzoate
medmm) was chosen for carmparative observations

Early obsenvauons of the factors just described suggested the following
additional measurements also to be performed whole blood viscostty, hemat
ocmt plasma hemoglobim  red blood cell eharge and serum clectraphoresis

Methods

N Experumental prepa ation Mongrel dogs of both sexes were anesthetzed with 30 mgfky
sodium pentobarbital and a polythenc catheter was inserted into one femoralartery Blood for
scrum electrophoresis was collected in 3 tubes before Fepanmzation one of the tubes was for
control and the two other tubes contained Cholografin and Hypaque sespectively corresponding
10 toncentrauons of 086 mg  and 150 m Hepann was then given in a dose of b mgfkg
tody weight and the dog bled approximately 300 mil This blood was gently muxed 1n a beaker
and drvided 1nto 1n vitre diution saraples The dilation samples contaned the concentsatios
of contrast media indicated 1 Table 1 Th dhlute i witro concentrations were caleul: .z
10 equal the imical doses used 1n foutiae int and chol, by The
concentrated solutions weee prepared to determine the additional e
ttese media Plasma for alf the analyses was collected after cen(ng;:al;: };ﬁhxc; doses of
at 2500 rpm Followtng the removal of blood for w it studies 2nintravenous i mxmmur
05 ml 4 of Cholografin 52 — a dose designed fo equal the largest chnreal dos Y
emplosed m human medwine — was made Three munutes lawer an add, igmcral(y
arenal blood was obtamned All th blood samples were analyzed f e aample of
bematorny plasma and whole blood s oy, dimentation rate
o 2 viscosity plasma and red blood celt density pl.
wesglolun sed blood cell diamescs red blood cel chatge and serum dlectrophoraste | |

B tnalviual t chmgues Erythrocyte sedimentat
- ;“ ol et nu':uuc:q imentation rate was measured by observing setthing i
trmatocrit was determuned by ce
P " v centnfuRing W introbe tubes for thirty and sixty munates at
Whote blood and plasma tsconty were m
easuted vsing a modified Eckste:
riwometer of the capillary tube type 30 comparuson with the viscostry L?d?ﬁﬂid&w‘iﬁfi
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Table 2
O1¢ hour sed: rates tn 13 exp
Experrment Control Cholog i Cholog i Cholografin in

Vo 05 mlifkg  vitro (013 mg  witro (0 86
body weight %) mgo)

1 50 32 32 0

2 4 0 1 [4

3 21 1 6 0

4 14 1 1 0

5 25 05 1 0

6 6 1 2 0

7 58 z 15 Y

8 13 0 3 0

9 2 0 ] 0

10 11 2 3 0

11 49 15 49 0

1z g [ 05 0

13 3 0 0 0

20 C All samples were studied 2t room temperature which was within one degree of 2t C

Plasma density was d by weigh 5 m! n py

Red blood cell density was mitially obtained with the same pycnometer techmique using
the red blood cell fraction of a blood specimen centrifuged at 2 500 rpm for 15 rainutes Because
of the difficulty in obtarming tightly packed RBG fractions 1n some of the samples and because
of the difficulty 1n transfurning such fractions an addwonal approich was employed The
alternate technique involves obtaiung the whole blood density with pycnometers and calce
fating the red blood cell density from the plasma density 60 minute hematocrit and the formuia

Obt = QRRC Tl%)- +opt M“O(IJUO h) where g 15 density (gm/cm?), his hematocrst bl equals whole
blood RBC 15 the red blood cell fraction and pl means plasma
Ylasma hemoglobin was determined with the technique of FLink & Watson
Red blood cell dizmeters were measured directly by examining a drop of plasma with some
suspended red blood cells on a glass shde using 980 magmifications and a calibrated cyeprece
micrometer disc
Red blood cell charge was determined utihizing a modification of the Abramson mucro elec
trophorests apparatus re suspending some red blood cells in their own plasma following initeal
centnfugation
Scrum paper electrophoresis was performed using the Spinco Paper Electrophoresis appara
tus Model R Durram Type with Spinco Duostat Power Supply with a Spinco Analytol
Model RA
G Mathematical methods One can attribute a certain viscosity contribution to the red cells
contamed 1m 2 suspension such as blood af 1t 15 assumed that the cells and the Liquid contribute
fmeatly according to the proporuons which they are present T'his amounts to defimng a
¢d blood cell viscosity by the equauon
00— —(100 -
M T())l—O nroc -1—1%’: Nt orlRpe= lO_O’J_N_(h_O_ﬂfZg/
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where h 1y the hematocnt gy 13 the viscosity of the whole blood and #gtis the viscosity of the
plasma This definttion of red blood eell vascosity has been used prey 10ushy by Ber\sTers et col!

1t 15 possible to calenlate Fihraeus equivalen: radws of a particle {or aggregation of
particles) by equating the two forces that oppose cach other during sedumentation at a steady
rate Fahraeus called these forces the active grawity and the Stokes resistance and he
expressed them 23 4/3 7% (s—4,) g and 67 7 5 respectnely where 713 the equivalent radus
{inem) {s ~ 5) 13 the excess of particle density over hquid density (in gfem?®) g1s the grav
sationa) constant (9806 cmisec?) b 15 the pacticle velacity (cmhec) and # 35 the hqwd
uscosity (potse) On equating these forces and solving for the cquinalent radis  or Siokes
radrus one finds that

7 =192 o afg (—s)

Results
A Cholografin

\ Srdimentation rale Results of sedimentanon rate studhes both m viro and
o are presented 1n Table 2 In each of the 13 studtes the in vitro samples
with 8 86 mg? o Chotografin had no vlosen able sedimentation rate In addition,
wm all of the symples obtained ~fter 1 v1vo 1jection and m all but one of the
613 mg®, saroples shere was a marked reduction m the sedimentation rate
These obserations confirm those previgusly made by Livncren et coll ,and
senve as a basehine for further expersments

2 Duscosaties The mean results (£ S D) of 13 ohsenations of plasma viscosity
are summanzed wn Fig 1 The 086 mge, Cholografin samples contamed the
highest plasma viccostty i 12 of the 13 expenments 1 mne the 0 13 mgs,
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Table 3
Relationshup between plasma visconty and sedumentation rate 13 cont ol samples

Fxperimental groups
Low sed High sed
rate (8 expertments) rate (5 experiments)

Range of sedimentanon rate 2510 13 mmjhe 14 to 58 mmjhr
Range of plasma viscosity 13910173 cps 174101 9% cps

samples had higher viscosity than the controls Included 1 Fig 1 are also the
avernge values of the experiments with ind without hemolysis 1n the 0 86 mg%
Cholografin samples Plismt hemoglobin determmations were carried out 1n
only 8 c1ses (sce g 8) In the remuning 5 cases the plasma was hemolyzed
but the degree of hemolysis w1s not known

Hemolysis alone causes a shight increase 1 plisma viscosity, as shown by
obscrvations on plasma (Fig 2) to which various concentrations of hemoglobin
solutton have been added These changes are, however, not of the syme size 15
thosc observed after exposure to Cholografin

The plasma wiscostty of the 1in vive Chologrifin samples was lower than
the control sxmples 1n 10 of the 13 studies This 1s very difficult to explun It
may be mentioned, however, that these samples (after the mjection of Cholo
grafin) were obtuned from ammals that had previously been used as blood
donors for the 1n vitro part of the expcriment

The lowest plismn viscosities were seen n the control samples m the eight
experiments 1n which the sedimentation rates were lowest (Table 3)

A consistent mcrense n whole blood viscosity was seen with Cholografin, in
proportion to 1ts concentration (Fig 3) There were also ncreases i whole
blood viscosity 1n cach of the m vivo samples, 1s compared with the controls

Marked increases in the apparent red blood cell viscostty were scen with Cholo
grafin both 1n vivo and mn vitro (Ing 4), and these increascs corresponded with
the concentration of Cholografin

3 Densities The changes n plasma density (9 obscrvations) m the various
samples re depicted in Tig 5 It s seen that the changes are quite small, but
the density 1n the control was lwys lower than m all the 1 vitro samples, and
lower than those 1fter i vivo mmection 1n 8 out of 9 cases The highest plisma
density was lways seen with the 0 86 mg%, Cholografin samples

The whole blood denstty was measured only for the RBC density calculations ind
15 not of mterest 1 tself

Tt 15 obviously very difficult to measure the actual density of ‘dry red blood cells
One can only measurc the density of relatively well pached RBC's Turther, a
high degree of packing makes 1t difficult to transfer the RBC s to the pycnometer

for weighing For thesc reasons, two different mcthods have been used to meas
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ure REC denwity 1 6 expeniments measutements of whole blood density and
caleulanons of the RBC density from the one hour Het were performed m
another 3 exp direct ¥ of the density of the RBG fractions
were performed with pycnometers after 15 minutes of centnfugation at 2 500
vpm The average curves (Fig 6) correspond well 1 all but one posnt the 0 86
mg®, Cholografin samples In other sords when the red blood cells are less
well packed the RBC density sl appear to be Jower 1 the 0 86 mg2%, Cholo-
grifin than in al} other samples including the controly In all ainstanres the
densiies obtained ath the whole blood density and one hour hematocnt data
were higher than those obtaed wath the RBG fraction afier 15 mmotes of

centnfuganon This 15 a result of the addinonal RBC packing which occurs
dunng the prolonged Het centrfugauon

% RBC dumeser and shape The average red blood cell diameters observed are
depicted an Fag 7 Following inection of Cholografin there was a decrease jn
diameter from a control value of approximately 69 g to 56 # Wath the 086
™t % 1 vitro Cholografin dilution there was a further decrease to the range
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Fig 6 Red blood cell density calculated from
whole blood density plasma deasity and ane
hour hematocrit (6 experiments) and durectly
measured (3 cxperiments) Aserage values
and 4 SD s

of 58 p In associntion with this decrease in red blood cell diameter, we have
abserved disc to sphere transformations in the red cells There was always some
crenation 1n ll of the sxmples The highest degree of crenation was observed
mn the symples with the hughest concentration of Cholografin However, some
smll cells still appenr to be discs During microscopy, nggregation of RBC was
only rarely seen, and without 1ny consistency 1n any particular samples

Table 4
Plasma hemoglobtn values (mg ) n 8 cases after exposure to different contrast media

Contrast medium Casc | Case2 Case 3 Case 4 Case5 Case 6 Case7 Caw8
Control 95 18 30 8 25 35 12 "
Cholografin 1 vivo 05 mljkg
Dody weight 36 25 42 L 20 2 61 18
Cholografin 1n vitro 0 13 mg® 6 215 39 5 20 5 144 215
Cholografin n vitro 086 mg % 860 4 246 41 215 8 1350 100
Hypaque 50 ° mvitro 013 mg% 6 11 39 8 215 5 1 16
Hypaque 50 1 vitro 0 8% mg® 7 8 32 25 a 23 6
Hypaque 90 % n vitro 0 23 mg% 13 16 575 1 a5 N 65 25

16 46 44 8 25 5 55 2t

Hypaque 90 ° 1 vtro | 50 mg
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d 1n a number of the 086
mg®, Cholografin samples (Fig 8 and Table 4) Insome instances, these were

large increases indicaung a great deal of red blood cell destruction

6 Hematoerst Afier 1j2 hour of ceninfugation of the Het tubes there was only
4 shght decrease of the hematoent values in the sn utro Cholografin samples
when compared to controle (Fig 9) After an add 1 half hour of sp

there was a remarkable decrease m the hematoent of the higher Cholografin
concentration (D86 mg®,) h the difficulues in packing a

P g
under RBC density  Fhis phenomenon was followed by examumng the hemat
ocrn tabes after fine rnute werements of ceninfugation (Fiy 10)

The hematocrus obtatned foltowing the myection of Cholografin in the ant
mal afier collection of blood for the mvitro samples were definutely higher than
those m the Cholografin i vitro dilution samples In a few cases additonl
hematocnt controls were obtamned immediately before the myection of Cholo
gralin and showed that this increase was independent of the contrast medium
mgected
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Fig 10 Hematocrit as observed after 5 minute inerements of centnifugation
at 2 500 rpm  \vcrage of 3 experiments
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Fyg Il Serum electiophores  {a) control and (b) afier n vitro ixpomu  of whols blood 1o Cholo-
arafn (Fagd conc 084 mg ) The two peaks which derelop a e duc o (}) combunation of haptoglo-
b and hem slobm and (2) Tree hemoglob o

7 RBC charge Small decreases i RBC charge were noted in both the Cholo-
grafin 1n vitro dilunion samples Considerably greater decreases in charge
were noted 1n the post imjection m vivo samples where the average of 13 ob-
servattons indicated a mean negamnve charge of 1 46 X 10-* Coulombsfeell as
campared to a control mean of 1 64 x 10-* Coulombs/cell

8 Serum electrophorens In nine of twelve expeniments analyzed there were
large mereases in the alpha 2 and beta globulin areas of the spectrum m the
086 mg °, Cholografin samples In many mstances these spihes were quite
large even larger than the albummn area (Fig 11)

Controls 1n which Cholografin 1n the same concentration was combimned
wath camme serum alone faled to show any eleciropherenc changes, howeser
\nother group of expenments were then carried out 1n which dupheate electro-

Table 5
Sed mentation rates m mm kr after exposu ¢ to Cholografin and Fspazue
(¢ era es a1d extreme vonations 1n 13 exp nments)

Contra t med um Sed mentanon ate

M n Least Greatest

Canteol 187 2 8
Cholografin iny 005 m! ks

body wegte 42 o kid
Chologratinin s 1 00 13 mg 87 0 49
Ch lografinin v tro 0 8F mg o [ ]
Hypaqu S0 vt o013 mg 185 2 46
Yypaque 30 in s 1ro 084 mg 59 15 E
Hpaqu 0 1w wro023my 181 1 53
Hyp que 30 1nvito 150 mg 109 LH] 37
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Tig 12 Sedimentation rates and apparent RBC viscosities Average
of 6 experiments

phoresis strips were stuned for the presence of hemoglobin with benzidine
These revealed both of the globulin petbs to contun hemoglobin m brge tmounts
— the first penk apparently resulting from 2 combintion of haptoglobulin and
hemoglobtn, and the second from free hemoglobin alone

An additionnl clectrophoresis experiment wrs carred out m which 69
bovine serum albumin was uscd to prepare 1 0 86 % Cholografin soluton This
resulted 1n no detectable chinges from the clectrophorctic pattern of the
albumin 1lone

B Hypaque

1 Sedimentation rate The mean sedimentition rates 1n 13 experiments,
including datn with bath Hy paque ind Cholografin dilutions, are scen in Table 3
Trom the rw data, 1t wAas noted that the sedimentaton rates of the 1 50 mg®,
Hyprque 90% dilutions were alw1ys lower, 1nd often considerably lower, thin
controls, ind the sedimentation rates of the 0 23 mg®, Hypaque 90 %, spceimens
were lower than the controls in the vast myjonty of cases The sedimenttion
rates n the 1 50 mg% Hypaque 90 9 samples were lower than the scdimen
tation rates m all other Hypaque samples m 11 of 13 instances, and 25 low 13
any others m the other two As shown in Thable 5, the decrexse of the scdt

mentation rate n the Hypaque samples was considerably less than in the
Cholografin samples
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Table 6

Sedimentation yates i mm hr after exposure to different contrast media (averages ond extreme ranahions
15 10 exberiments)

Cotrast medwum Sedimentation fate LD, muce
Aean Least Greatest mgfkg
1 Control 159 1 5; Sao
2 Cholografin 52 04 [ Su
3 Hypaque 50 L " bt 11008
4 Renografin 76 121 1 ~
5 Renovist 69 128 i 4 :v:xhble
128 1 55 at
6 Ditniokon 68 N
48 17000
7 Conray 40 118 l
8 Corsy80 o 18 05 £5) 17 300
9 Afokon 30 ni 1 b 7260
10 Urokon 70 09 0 4 7700
1 Neo-Iopax 0 109 ns # 4600
12 D odrast 35 54 LN 1 6 0

2 Liscostty There was no change 1n plasma viscosity with Hypaque dilutions
There was an merease 1 both whole blood and apparent RBG viscosity in every
mstance The largest increases were i the 1 50 mg%, Hypaque 90 °;, specimens
However afl of the apparent red blood cell viscostties and whole blood viscos
1es were smaller than those seen with the 086 mg?%), Cholografin samples

3 Densty Thete was some ncrease both n plasma and RBC denaty i the
1 50 mg®, Hypagque samples, but these changes were small However, alf the
plasma density values for these samples were higher than the values for plasma

densty i the Cholografin senies The lughest RBC density was absays obtamned
in the Hypaque 90 %, 1 30 my®) sample

4 The RBC diameter as an average, was somewhat smaller than the control
diameter but was not strikiagly different

5 The plasma hemo,lobir did not change m most of the Hypaque samples

and where there were changes they were much smaller than those observed with
086 mg,°, Cholografin {Table 4)

b ‘The hematocrit salues decreased from the control results 1n both the 1 50
mg % Hypaque 90 °, and the 084 mg9, Hypaque 50 ©;, samples This would
ppear 1o be due atleast i part to osmotc forces (Fig 10

There was only a sheht decrease 1 the hemataerit values obtained aflter an
;:l‘?é‘:nnal half howr of spinming Thus there was no difficulty 1n packing the
“mp:‘“m A wmanner comparable to that seen with the 0 86 mg% Cholografin
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changes observed by hacstrov et coll on the one hand and the changes 1n
sedimentation rate on the other

Discussion

A profound decrease mn erythrocyte rateisa ph
enon Tollowing both 1n vitro and m vivo exposure of cammne blood 1o methyl
glucamine 1odipamide and to a varying degree following n witro exposure
to other parenteral contrast media However an increased sedimentation
rate 1s a common accompanument of climcal mtravascular RBC aggregauon
Recent studies have revealed that several parenteral contrast media tncluding
jodipamide cause ntravascelar aggregation That one drug can cause both
intravasculir aggregabon and a decreased sedimentation rate has not been
described previonsly to our knowledge

Changes 1n the sedimentation rate can hardly be discussed without consides
g the T1ctors concerned mn Stokes Jaw  The changes n the viscosity of the sus
pending mediom the plasma are too small to result 1n a sigmificant change
the sedimentation rate The size of the falling particles the red blood cells, 15
more difficult to evaluate The diameter of the cells 15 decreased particularly
after exposure ta high concentrations of Cholografin but since the cells seem
to become more sphencal the difference 1n size 1s probably not large enough
10 be responsible for the great differences observed 1n the sedimentation
rite. Furthermore our ob erauons 1 vitro did not permt any esumate of the

number or size of RBC aggregates If present however these would tend to
mcrease Tather than decrease the sedimentation rate
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7 The RBC charge was 1 httle less than the control 1n most of the Hypaque
stmples but not significantly so There were no differences in charge between
saumples with different Hypaque concentritions

8 Serum electrophorests revealed 1 few smll changes in the betn and gamma
globulin poruon of the spectrum 1in Hypaque dilution samples However, these
were never great, and in no way comparable to the magmtude of the changes
seen with Cholografin dilutions

C Sedimentation rate sertes

Sedimentatron rates were determined on hepanmzed mongrel ¢imne blood
with a vanety of ridiopique compounds, including Cholografin 52 %, Urohon
70 %, Nco Iopax 50 %, Diodrst 70 %, Hypaque 90 %, Renografin 76 %,
Renovist 69 %, Conrty 60 % and 80 9, Ditriokon 68 %, wnd Miokon 50 %
In these cxperiments, 002 ml contrast material was added to 5 ml blood, to
approach 1 concentration between those used in the other parts of these investign
tions The datn for these studies 1s presented 1n Table 6

In 8 out of 10 samples there was no observable sedimentation 1n the Cholo
grafin samples I'tve symples with Urokon also had no obseryable sedimentation
Diodrast also caused a considerable decrense 1n sedimentation rate Somewhat
smaller decrenses in sedimentation rate, as compared to controls, were seen with
Neo Iopix 1nd Mriohon while the least changes were seen with Hypaque
Renografin, Renovist and Conray There 1s 1 definite relationship between the
toxicity of the contrast media, 1s cxpressed by the LD;, and the circulatory
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changes observed by RAcstroy et coll on the one hand, and the changes in
sedimentation rate on the other

Discussion

A profound decrease 1n erythrocyte rtensa ph
enon followsng both m vitro and 1 vivo exposure of camine bloed to methyl
glucamine wodiparmde and 10 a varying degree following m Witro exposure
to other parenteral contrast media However an increased sedimentation
rate 1s a common accompantment of chimcal sntravascular RBC aggregation
Recent studies have revealed that several parenteral contrast media ncludmg
1oipamde  cause mtravascular aggregabon That one drug can cause hoth
intrwvaseular aggreganion and a decreased sedimentation rate has not been
desenbed previously 10 our knowledge

Changes in the sedimentation rate can hardly be discussed without consider
wig, the factoss concerned 1n Stokes law The changes m the viscosty of the sus
pending medium the plasma are too smiall 1o result in a sigmficant change 10
the sedimentation rate The nize of the falling partcles the ted blood eells 15
more difficult 1o evaluate The diameter of the cells 15 decreased particularly
alter exposure to hugh concentranons of Cholografin but since the cells seem
to become more sphencal the difference mn size 15 probably not large enough
t0 be responsble for the great differences observed m the sedimentanon
rate Furthermore, our observatsons i vitro did not permt any esumate of the

number or size of RBC aggregates If present, however these would tend to
increase rather than decrease the sedimentayon sate
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7 The RBC charge was 1 hittle less than the control i most of the Hy prque
stmples but not sigmficantly so There were no differences in charge between
stumples with different Hypaque concentritions

8 Serum electrophorests revealed 1 few small changes i the beta and gnmm
globulin portion of the spectrum in Hypaque dilution samples However, these
were never great, and m no way comparible to the magnitude of the changes
seen with Cholografin dilutions

C Sedimentation rate sertes

Sedimentation rates were determimed on heparmtzed mongrel camine blood
with 1 variety of ridiopaque compounds, including Cholografin 52 95, Urohon
70 9%, Nco Iopx 50 %, Diodrast 70 °,, Hypque 90 ¢,, Renografin 76 %,
Renovist 69 9,, Conrzy 60 % and 80 °,, Ditniokon 68 °, ~nd Miwohon 50 %
In thesc cxperiments, 0 02 ml contrist material was added to 5 ml blood, to
approich 1 concentration between those used 1n the other parts of these mvestig
tions The dnta for these studies 1s presented 1n Table 6

In 8 out of 10 sxmples there was no observable sedimentavon in the Cholo
grafin samples I'ive samples with Urohon also hid no obseryable sedimentation
Diodrast also crused 1 considerable decrease 1n sedimentation rate Somewh1t
smaller decreases 1 sedimentation rate, as compared to controls, were seen with
Neo Iopax and Miohon while the least changes were scen with Hypaque,
Renografin, Renovist ind Conray There 1s 1 defimtc relationship between the
toxicity of the contrast medin, 1s expressed by the LD;, and the arculatory
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changes observed by hacsTROM et coll on the one hand and the changes m
sedimentation rate on the other

Discussion

A profound decrease 1n erythrocyte sedimentation rates a constant phenom
cnon following both 1n vitre and m vivo exposure of canine blood to methyl
glucamine 10dipamide and to a varping degree followng in vitro exposure
to other parenteral contrast media However an ncreased sedimentation
mite 15 a common accompanmment of chinical ntravascular RBC aggregation
Recent studies have revealed that several parenteral contrast media mcluding
todtpamide  cause ntravascular aggregation That one drug can cause both
travascular aggregation and a decreased sedimentation rate has not been
descnibed previously to our knowledge

Changes i the sedimentation rate can hardly be discussed without consider
g the factors concerned mn Stokes law The changes the sscosity of thes
pending medium  the plasma are too small to result 1n a significant ch. -l
the sehimentavon rate The stze of the falling particles the red b, d Zmlgc .
more difficult 1o evaluate The diameter of the cells 15 decreased oo el 15
after exposure to high concentrations of Cholografin but sincy hpamcularl)
ta become mote sphenical the difference in size 15 probabl, ¢ [1 e cells seem
10 be tesponsible for the great dufferences obsened ): ot large enough
rate Furthermore our observatuans 1 vitsp did nat o one, sedumentation

Pesmit any estimate of the

number or size of RPC aggregates If pr
esent ho
increase rather than decrease the scdxmfmauon ml‘;c‘cr these would tend to
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Fig 15 Relationship between relative whale blood viscosity
and shear stress Data from ¢4 experiments

The most difficult factor to measure accurately 1s the difference i density
between the falling particles and the suspending medium Our studies indicate
that red blood cell density docs not chinge apprecinbly, but that packing of
the red blood cells 1s more difficult following exposure totodipamide This may be
mterpreted s 1 decrease m ‘effective red blood cell density 1nats effect upon the
scdimentation rate This density difference between RBCs and plasma ts i
crensed to the control sample level following prolonged centrifugation

It appenrs that parenteral contrast medin, 1nd espeanlly 1odipamide, affect
red blood cells markedly Al of the large changes obscrved (red blood cell
viscosity, red blood cell density, red blood cell ditmeter) tre not only dircetly
related to the red blood cells but are consistent with the observed changes
sedimentation rate (Figs 12 and 13)

The lughly vanable hemoglobin values m the 086 mg9, Chologrifin
simples 1re difficult to understand Techmical errors due to defiling 1 common
cruse of uncxpected hemolyss, scem to be improbable beenuse of the fact thit
the hughly increased plisma hemoglobin values occurred only n these partic
ular samples It may be mentioned, however, that the blood groups of the
dogs were not determuned

A number of questions still remn open, however One 1s why the decrensed
sedimentation rate 1s associnted with 2 process which, by mntravital micro
scopy, looks lthe mtravasculir aggregation, and 1n every respect 1s ke the 1g
gregation typrcally associated with 1 high sedimentation rate, and another
question 15 connected with the difficulties encountered 1n packing red blood
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cells dunng centrifug The present gavion does not provide any de
to these questions

ﬁn{i(s\ar:;:;c;\c?ﬂmcd gtokcs radius which depends upon the factors mSto;(cs
Jaw and the apparent RBC vicco 1ty which has as ts basis entirely ;ndependent
a4 sumptions have been dev eloped 1n an attempt to find aquantitaive elxprcss\tm
for intravascular apgregation Both should be proportional to the ‘effective
RBC parucle (cell or aggregate) size The strikung reciprocal relationship of these
twa imdependent calculations under the conditions of this expeniment (Fig 14)
re emphasizes the lack of correlation between the sedimnentation rate and wtra
sital mucroscopie obsenations

“The ohserved sedimentation rate s the most important factor 1n caleulating the
cquisalent or Stokes radis of the red blood cell tmplying that 2 ngh seds
mentation rate 1s necessanly assacrated with an mcrease 1 RBG parncle size,
probbly doe to RBC aggregation However anadditional factor of importance
s these calculations 15 the dufference 1 denuity between the red blood cells
and the plasma In the 'Stokes” rachus caloufations the data for red blood
cell density were obtamned from the one hour hematoent, which produced the
greatest REC packing and whole blood density data This means that the den
sity difference used 1s a maximal one and the effectne radios may actuath be
much larger The difficulties 1 packing RBC s which have been exposed to
todopamide may result m a marked reduction n the effective density daffer
ence between the plasma and the cells Under such circumstances even if large
RBC parucles {aggregates] are present their sedimentation rate mav be greatly
reduced and perhaps be unmeasurable This appers to be the onhy plauaible
explanation for the observed comadental occurrence of intravascular aggreea
uon and 1 fow or absent sedimentation rate

Lhe reason for the difficulties 1n packing 15 difficult to explain A possible
hvpothes:s could be that the phenonemon 15 1n some way related to the change
m shape of the red blood cells wab spherocyvtoss and crenanon An sndirect
suppart for this hypothesss 15 the observation of E G Eprecke and others
that a spherocyvtosis decreases the sedimentation rate

The absence of sedimentation 1 the solutions with more Cholografin sug
gests that these suspensions mav act at least when at rest ke a stagle clump or
aggregation This behavior and the accompanymng mcerease in flmdity with

mouon are remumseent of the phenomenon that PETERF obscrved 1o hus cell
suspensions and named  thixotropy

It was first studied by measunng the
Erstarrungszent and then Frevpuren pointed out that the assoetited appar
M Viscosity tends 10 angrease greatly with vamshing shear stress — with 150l
to-gel type of transition

Inorder tovenfh this effect the bload from four dogs was measured durectly

and m admixtute with Cholografin at three different stress levels in the capillary
viscometer: The results are thown 1 Fig 15 with the exception of |}I:c one
conttol and 1he two Cholografin mixtures that were too wviscous for reliable

HYES LR dulsx Dag ule 2l
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measurement 1t the lowest stress level At least some evidence of thixotropy was
found with 1ll four blood s1mples and with the Cholografin mixtures, but no
qualitative difference was found between the two types of suspension — per-
haps becnuse of the difficulties 1t lower shear stresses A good discussion of the
dependence of thixotropy on charges 1nd on the sizes and shape reregularities of
suspended particles may be found n the book by PuiLiprorr

SUMMARY

Simultancous deselopment of increased mtravascular RBC aggregation and a marked
decrease 1n crythrocyte sedimentation rate following rodipamide rdminstration has been
studied by measurements of certamn physico chemical properties of blood ncluding viscosity
density, plasma hemoglobin RBCsize shape packing rate and charge and serum electrophoresis
Pertinent results include shght sncreases in plasma viscosity anddensity large increasesin whole
blood and apparent RBC wviscostty  decreased RBC dinmcter associated with crenation and
spherocytosts dufficultres 1 packing of the erythrocytes and inconstant but oceasionally great
hemolysis

ZUSAMMLNTASSUNG

Die gleichzaitige Patwicklung son vergrosserter sntravashularer Frythrocytenaggregation
und von vermimderter Lrythracy ten Sedimentierung nach Linspritzung von Todipanud wurde
mittels vcrschtedenen physika chemischen Blutuntersuchungen studiert z B durch Ermuttlung
der Viskositit des Plasmahaemoglobins der Grosse der roten Blutharperchen deren Tarm
und Packung shrer Ladung und muttels Scrum Llektrophorese Wichtigere Resultate waren
massige Vergrosserung der Plasmasvishositat und Dichte starhe Vergrosserung der Gesamtblut
vishasitat und der anschemliche Vishositat der Erythrocyten serminderter Durchmesser der
RBC mit Spharecytosis Packungsschwicrighetten der Erythracyten und inbonstanter aber
oft starker Hamolyse

RLSUMT

d une ation de 1 agrégation intravasculaire des globules
1 d

L appantion
rouges et d un ralentissement marqué de la vitesse de aprés
d 1odipamude a été étudiée par la mesure de certanes propriétes physico chimiques du sang
parm lesquelles fa viscasité [ hémoglobme plasmauque Jes mensurations fa forme ct tasse
ment et 1a charge des érythrocytes et | électrophorése du sérum Les résultats de ces examens
c nt de légéres tions de la vscosité ot de la densit¢ plasmatique dim
poctantes augmentations de Ja viscosité du sang total et delaviscosité apparente des érythrocytes
une dirinution de leur diamétre avec crénation et sphérocytose le tassement d érythrocytes
rendu difficile et une hémolyse inconstante mais parfols importante

ttion
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measurement at the lowest stress Ievel At Ieast some evidence of thinotropy was
found with a1l four blood sxmples and with the Cholografin mintures, but no
quabitatne difference was found between the two types of suspension — per-
haps because of the difficultics 1t Tow er shear stresses A good discusston of the
dependence of thixotropy on charges and on the sizes and shapeirregularities of
suspended particles may be found in the book by Pinviprorr

SUMMARY

Simultancous desvelopment of increased mtrwvascular RBC aggregation and a marked
decrense mn erythrocyte sedimentation rate following sodipamide admumistration has been
studied by mesurements of certamn physico chemical properties of blood includimg viscosity
density plasmahemoglobin RECsize shape prcking rate and charge and serum electrophoresis
Pertinent results include shight increases m plasma viscosity and density largeincreases mwhole
blood and apparent RBC viscosity  decrensed RBC dinmeter associated with crenation and
spherocytosis difficulties tn paching of the erythrocytes and inconstant but occasionally great
hemolysis

ZUSAMMENTASSUNG

Dic glerchzeitige Pntwicklung von sergrosserter intruaskularer rythrocy lenaggregation
und von verminderter Frythrocyten Sedimenticrung nach Einspritzung von Todipamid wurde
muttels verschicdenen physiho chermschen Blutuntersuchungen studiert z B durch Ermtthung
der Viskositat des Plasmahaemoglobins der Crosse der roten Bluthorperchen deren Form
und Packung ihrer 1 2dung und mittels Serum Tlehtrophorese Wichtigere Resultate waren
massige Vergrosserung der Plasmavishositat und Dichte starke Vergrosserung der Cesamtblut
viskositat und der anschemliche Viskostat der Frythrocyten verminderter Durchmesser der
RBC mut Sphirocytosts Pachungsschwierighetten der Erythrocyten und mhonstanter aber
oft starker Haimolyse

RLESUMI

L apparition simultanée d une augmentation de I agrégation intravasculure des globules
et d wn releanssernent margud de 2 1nesse de o séd apres

d 1odipamide 1 €té étudiée par la mesure de certames propriétés physico chirmiques dusang
parmi lesquelles Ja viscosité | hémoglobmne plasmatque les mensurations la forme et tasse-
ment et la charge des érythrocytes et 1 électrophordse du sérum Les résultats de ces examens
comprennent de légéres augmentations de la viscosité et de I densu¢ plasmatique dim
portantes augmentations de la viscosité du sang total et delaviscosité apparente des éry throcy tes
une dimtnution de leur diamétre avec crénation et sphéracytose le tassement d érythrocytes
rendu difficile ¢t une hémolyse inconstante mais parfois importante
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kidneys have previously
Iitustrations of angiography 1n gross anomalies of the y
bccn“;cmonslraled gb‘y pos Saxtos (1955) Voorer & Herest (1958) OirE
Ousson (1961 1962)

Embryology Some knowledge of the embryology of the renal vasculature ar}lld
structural development of the kidney 1s essential to the understanding of the
multude of anomalies that may occur With the complex development o'fthc
wadneys through the three stages of pronep ph phros,
and the migration of the kidney from the pelvisto the lumbar region, along with
1ts longitudinal rotation and sinultancous acquisiion of a vascular supply
there 1s reason to und 4 why the possibility for lous develop n
the kidney may be greater than for other organs within the body Furthermore,
beeause of the close communicatton between the two renal prmordia m the
fetal pelvis numerous fusion malformations may occur With thestriking change
1n position 2 sumilar change m development and acquisition of a permanent
blood supply also oceurs At the time of the pronephros the blood supply 15 via
a capillany network from pelvicvessels Along with degenerationof the proneph
ros there 15 also absorption of the pnmuve vascular supply as muluple seg
mentally arranged mesonephric artenies from the aorta form the rete arterios
um urogenitale and eventually are responsible for the blood supply to the gent
tounnary systemn Imwally there are approximately 20 mesonephric artenes
Ulumntely only 3 branches that remain near the first and second lumbar seg
ment become responsible for the blood supply to the adrenat gland and the
hdney the upper two branches becoming the nfenor phrenic source for the
superior adrenal and the middle adrenal while the lower branch becomes the
permanent artery for the kidney With this complex but ssimultaneous func
nonal nterplay between the developing vasculature and structural develop
ment of the hidney 1t 13 eastly und d how Jous deselop of the

bidaey 15 invanably associnted wath persistent embryologic vascular attach
ments

Examunationtechme From the pomt of view of exammation technic itss necessary
10 gross anomlics of the kidneys 1o perform ortic renal angrography This may
m some cases be supplemented with suitable selective technics The aortic technie
1 neeessary 1o evaluate the total vascularization of the anomalous kidney or
kidneys: Also the most distal part of the aort1 and the thac artenes must be
represented since arteries to the anomalous kidney frequently have a caudal
onyin Different projections whach generally anclude both oblique views are
necessary in order to closely follow the course of the vessels and especially
thair entrance nto the hilum The nephrographic phase must be well repre
sented to make a thorough study of the renal parenchyma possible P

ar
\\\\hu,;:g:;l;.:o‘:al:::cl"::::,(?: renal vascular abnormalities n connecuon

eys has been studied 1n 32
nomalics in which renal angiography has been performed s of gross enal
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VASCULAR ABNORMALITIES IN GROSS ANOMALIES
OF KIDNLYS

by

OcrLE OussoN ind MARk WhoLry

Gross 1nomnhies of the hidneys may change the roentgen anatomy to such
1 degree that pathologic changes my be difficult to diagnose or rule out ae-
cording to prevalent eriterta Furthermore these malformations have 1 higher
ncrdence of caleulous discase, inflammatory lesions and obstructive problems
Occastonally the 2nomnlies represent mcidental findings of hittle chmeal sigmf-
cance In many istances, however, they represent the important part for «
decisive understinding of the pathologic ind clinieal symptomatology The
informntion provided by urogriphy and pyelogriphy 1s frequently mdequite
and for complete evaluation should be supplemented with angiography

By renal angiogriphy it 1s possible to eviluate the vessel size, number 1nd
onigin, s well as to study the size and shipe of the hidneys for localization wnd
type of the anomaly, and for demonstration of disease 1n the anomalous hidney
TInformation of this nature 1s also valuable for another reason  when contem-
ve surgery, knowledge of the varintional blood

platng segmentnl and reconstructr
o an rnomalous khidney 1s mandatory Finally, unless the rocntgenolo-

supply t

glsr:r:s thoroughly familiar with these abnormalities he may encounter difliculties
in the techmcal performance of the examination and 1n the terpretation of its
result

—_
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Fg 2 Rghtagenes 2 Left k dney malrotated (see shape of contrast filled pelvis) suppl ed by 3 arteries,

one 3 ting T oo sae artery, Lamnsated calerfs ations 1 small pefyis adjacent to urmary Bladder No

Vightlodn's andnhacsselsaont (M operation 2 fhuid flled sac was found on the nght side in the small
pehvis, € nta n ng clear fu d and stones )

srregul and localized dul: of the arcuate and mterlobar arterses, as
are ly seen n pyclonephnins (Bon)
Cl. and D

Because of the coraplex embry ologic angin many combinations of anomalous
developmental possibilities exast Thus has resulted m considerable yanaton 1n
classifications In many nstances particularly i non functiomng ectopia and
sn both the symmetrical and asvmmetrical types of fusion classification by
means of urography or pyelography with csstoscopy 1s not possible Total renal
angtography hasincreased the possibilities of a close study of the gross anomalies
and 1n all examples complete renal vasculanization can be studied

Radney anomalies may be briefly classified mto four mam groups

\' Anomalies in number (agenests supernumerary)

B Anemalies in position {ectopla malrotation)

€ Anomahes it s1z¢ and form (hvpoplasia hypertraphy fusions)

D Anomalics 1n snternal structare (polycysue spange)

This briel system 15 intended as a
guide rather than an extensive reference
hst Group D falls outside the scope of this paper Hlustratnye examples from the
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Fig 1 Raght agenesia Large left hidney supplied by 6 artertes two
ansing from caudal part of lumbar aort1 and two from ilic artery

Malrotation 15 not mncluded mn this paper Our angiogriphic maternal of
malrotation w1s studied by Borjsen (1959), and the reader 1s referred to hus
monograph on the anatomy of the renal arterses Multipherty of renal artertes
and vems per s¢ are not included Our materinl of anglographically demonstrat
ed multiple renl arteries has been studied by Borsen mn his 1hove paper ind
therr techmceal implicanions regarding the selective procedure by honLer(1963)

The distribution of the actual caises were s follows agenestn 6, ectopin 5,
crossed cctopin (1sy mmetrical fusion) 3, horseshoe hidncy (symmetrical fusion) 18

These numbers do not represent 1 true frequency  They are highly influenced
by the indications for renal angiography, which vary according to the chmeal
requirement n the speaific cnse Indications for the exammation were 1mong
others chronic calculous disetse, pyeloncphritts, hydronephrosis, non visitbility
of the anomnlous kidney t urography, palpation of 1n 1bdonmunal mass

In the selection of cases, the hypoplasia group, for instance, was completely
excluded becnuse mm many cases 1t 15 difficult to differentinte the contrcted
small hidney of atrophic pyeclonephritis from hypoplasin (EmmeT, ALVARCZ
Ierena & McDonarp 1952) This becomes more difficult as the hypoplastic
kidney acquires secondary infection It may be that selective angrography 1s of
differentinl value but so far our expertence toward this possibility 15 imited We
have for mstance noted in our cases of hy poplisia that there 1s not the marhed
vascular wrregularity or stenosis of the mamn arterial divisions, nor the terminal
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Fig % Unususltype of cciopy tow arter al connestion which # of
cparta ceims lecte angiography malrotation of shight degree

Ivpophsia gastromtestinal atresias and Arnold Chian malformations of the
central nervous system The of multipl lies 15 understandabl
since these structares develop at stmilar stages and any embryologic damage
whether physical or genetic 15 hikely to affect more than one system

A group 1n betwecn complete agenesiaand hy poplasta 15 represented by cases
1n whieh rudiments of 1 lidney 1s formed (see Fig 2) In one case wrregular cal
aifications were seen on the left side, where the hidnev should be located, and
t pyelography a blind ureter was found Renal angiography showed no renal
artery on this side On the nght side a wide but single artery fed the hyper

phistic ldaey In the other case 1 large sac contawung clear flurd wath con
crements was found 1a the smll peluis

The case allustrated in Fig 3 of bilateral changes 1s unique for several reasons This pre

matiee newborn baby was sent 1o our hospital on the eighth day after birth because of com

plete anun1 At armal i ovr hospital angiography was performed in order (o find out if
she anvnsa had 3 3enad or post rrma) eause At sortography by catheterzagion after cut down
gad inroduction of a tun catheter v1a one of she branches from the femoral artery no renal
arteries and nio yenal parenchyma could be seen Roentgendiagnons bilateral renal agenesia

The patent ded 2 week Jater 1o renal artenes were found at autopsy the kidness were
smafl and weighed 25 g each \f, ly the kidneys
Irs pnmuiive glomreruh

d fibrous tisstte wath a

% fet 15 wrh brlateral agenesia can Ine intrautennely b
y because of the zrtifical kidney that
e placenta provides The extrautenne bfe ime 13 short POTIER 1n her textbook on pedia
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Tig 3 Ihlateral agenestain 1 8 day old infant frontal and oblique views No renal artertes

other groups will be given with special regard to the vascular component i the
anomnly

Renal agenesia (6 crses, T'gs 1—3) 1s charactenized by complete fulure of
the nephrogenic tissuc to show ny potentinlity of organogencsis As 1 result,
the pronephros, mesonephros or metnephros do not form 1 definite hidney or
its rudiment The ureteric onifice, urcter and renal artery arc nlso absent In
our two cases of agenestt on the night, the malformation apparently extented
to the genitnl section of the nephrogenic ridge sice there was associnted (nom
alous development of the uterus The left hidney was hypertrophied and mal
rotated 1nd supplied by 3 arterics 1 one case nd 6 1n the other case In 1 case
of leftsided ngenesin 5 artenies supplied the hypertrophic right hidney In 2
other cases, one of the arteries arose from the common 1line artery and in the
other several arteries rose from the iinc 1n its most distal section In only 2
cases was the solitary kidney fed by 2 single renal artery and no abnormalities
were present except the absence of the contralaterl hidney and ats vessels

In many mstances the embryologic malformation lso extends to the upper
end of the nephrogenic ridge with congenitil absence of the psilateral adrenal
gland It was not possible to demonstrate 1psilateral adrenal filling in our cases

The associition of combned renil and other anomnlous organ devclopment
1s well documented Renal agenesia 1s frequently associnted with pulmonary
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Fig 6 a) Arte 1l b) nephrographic phasc Crossed ectopy and complete fus on 10 the lefs of the m d
{ ¢ Btone i upper renal pel s multuple renal acteries some anuing from both sl arteries

\fultple vessels were present 1a all our cases and i one example the upper
normal segment on the left recerved aortic branches while the ectopic segment
recerved 1ts blood supply wia a branch from the oppostte cammon thac arterv
Inanothes example the cctopic night hidney crossed at the levelof thesacrum
and was fised 10 an cotopsc left hadnen  Multiple artenies to the left kadney were
present One asose from the aorta near its bifurcation the left external and
mternal thae supphed the remainder The ectopic segment near the sacrum re
cened 1ts blood supply via two branches from the nght common 1hac artery
Vessel size vaned from 1 5 mm to 75 mm  In the patents wath crossed ectopra
and asnmmetneal funon 1he ectoprc segment was not welt demonstrated at
urography but could be demonstrated n detal at angography 1n the nephro-
graphic phase The asymmetncal fusion was longitndinal n twoexamples and
honzontal (ngmord hidney) m the other The ectopic section demonstrated
{etal lobulavon

The tuology of erossed ectopra 1s not quite clear and several theones have

been proposed  PoTTER (1952) suggested that the uretenc bud on one side
wanders across 1o the other side and \ b

the opp P to
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Fig s a) Artenal phase b) nephrographic phase Marked caudal cctopy on both sides malrotation
night kidney medially located no fusion The artersal supply to the hidney dernves from lower parts of
aorta and ihac artenies arteniosclerotic changes in the latter

tric pathology reports a survival of maxaimum 11 hours for babies with bilateral agenesta
but longer surinval 1s possible Our patient lned for two weeks The diagnosis was firmly
established at ngiography This as far as we know 1s the first diagnosis of this type

Renal ectopra (8 cses, Tigs 4 and 5) Five cases were ipsilnternl cctopin In one
prtient, 1n which the renal artery was at the level of L 3, the hidney size was
norm1l, this was the highest position for 1n cctopic hidney n this series Three
cases were examples of crossed ectopin with fusion (tsymmetrical fusion) The
cctopic hidney was lobulated m 2 cases, ind m 41t was smaller than normnl
Malrotation of different degree with the hilum directed antertorly was present
m all the cases A case described by Jonsson & Ousson {1962) falls mto this
category

There was 1 direct reltionship between the degree of maturrty and the fetal
ascent of the hrdney  Although the morc mature cctopic hidneys may retun
primutive pelvic vascular attichments to their lower pole, the mam renalartery
invanably arose from the nort1 In contrast, the very immature cctopic hidneyvs
were low 1n the pelvis and vasculanized entirely by pelvic vessels

Durning the angiographic exarmnation the problem of differentinting the
ectopic hidney from degrees of nephroptosts never occurs since the ectopic hd
ney always has an anomnlous blood supply 1s well 1s 1 charactenstic short

urcter
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Pg 6 2) Arterial b) nephtograph ¢ phase Cros ed ectopy 21d complete fusion 1o the left of the mid
1S Soonem per renal patens T aluple zenal arteries some ar wng { om both ihac arterres

\Muluple vessels were present n all our cases and in one example the upper
normal segment on the left recerved aortic branches, while the ectopic segment
recenved 1ts blood supply wia a branch from the opposite common thac artery
Inanother example the ectopic nght kidney crossed at the level of the sacrum
and was fused to an ectoprc left kidney ‘Multiple arteries to the left kidney were
present One arosc from the aorta near its bifurcation the left external and
internalthac supplied the remamder The ectopic segment near the sacrum re
cerved ats blood supply via two branches from the right common hac artery
Vessel size varied from 1 5 mm to 75 mm  In the patients with crossed ectopia
and asymmetncal fusion the ectopic segment was not well demonstrated at
urography but could be demonstrated 1n detail at angiography in the nephro
graphic phase The asymmetrical fasion was longstudinal in two examples and
horzontal (sigmord hidney) m the other The ectopic section demonstrated
fetal lobulauon

The etology of crossed ectopia 15 not quite clear, and several theories have
been proposed PoTter (1952) suggested that the ureteric bud on one side
wanders across to the other side and the b

133 to
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form additional renal ussue: Witmer (1938) suggested that formation of renal
tissuc occurs on the normnl side but 1s forced across to the oppostte side by the
pressure of the umbihenl arteries AsuLry (1960) proposed nn absence of Al
metancphric ussuc on one side with postve attraction by the metwnephros on
the opposite side for both the artenes It 15 based on theider of positive attract
g forces within the developing embryo Certunly, before this migration oc-
curs, the blood supply v hichis ;ntended s temporary 1s established from branch
e» ulimately to be the iline vessels, middle steral and pelvic branches With
interference in migration these temporary attaichments become the permanent
blood supply After the temporary vessels become permanent they further fi
and mhibit upward migraoon of the Aidney

We encountered no cxtmples of crossed ectopin without fusion, which general
Is occurs 1n less than 10 %, of all cnscs of crossed ectopra This absence of fusion
usually cn be evaluated only during the nephrographic phase of ingiography

Horseshoe ype Frdney In the present scries there were 18 cases of symmetrical
fusion 1nd classificd s horseshoe type hidney In all mstances the connecung
bridge was 2t the lower pole and crossed in the region of the third to fifth lumbar
vertebrae Considerible variation in the amount of finctionng parenchyma at
the connection wAs shown

Suttable projections of the nephrographic phase are necessary to demonstrate
the size of the bridge and whethier or not the union s fibrous or prenchymal

There 1lso was 1 considerable varition 1n the shape of the fused hidneys
from cnurcly symmetrical hidneys to more or less marked asymmetry  Angio-
graphic findings m hdnceys of the symmetric type are illustrated m Fig 8 Tur-
ther cases from our material ¢n be found n two previous papers by OLssoy
(1961, 1962) with 1llustrations of shght 1nd marked asymmetry of 2 horseshoc
kidney Fig 6 mny represent 1 horseshoe hrdney with the ughest degree of
1symmetry

The cuology for this anomaly 1s not fully expluncd but 1t has been suggested
that the two renal prunordin fuse medially at about the fifth week lhe two
primordin which normally hie close together mn the pelvis are forced together
during thair ascent by the converging umbilical arteries The fusion then pre-
vents rotation and the pedves and llvare directed anteriorly instead of medinlly
T urthermore, since there 1s 1lways combined mnterference with ascent, the
horseshoe hidney 1s always situated lower than normal

Along with nterference 1n ascent 1s 1n associrted nomalous blood supply
Similar to the vasculature 1n cctoprn, the onginnlly mtended temporary vessels
from the pelvis become the permanent supply In our experience, the total
number of vessels varies from 4 to 7 and the vessel size from 2 mm to 8 mm
The vessels vared m ongin from the 2ortr at the level of the 12th thoracic
vertebrae to the mnternal e artery at the lower level In allinstances, 1t least

one vessel rose from aither the common or nternal 1hac artery The Intter ves
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d

Fg 7 aj Pyelogram lower kidnry b) urogram ¢} angiography artenal phase d) nephrographic
phase Cromed cctopy ght side kidnevs well outh_ed agamst on another but in close contact. Caudal

adn v rotated wath b lum fa¢ ng laterally-caudally Fi ¢ renal a tenies two ansing from low aoruc
segment and o from nzht Niac art

stal branches of last ment oned make a sharp bend when
«entering 1 1ta the abnormally posit 0 3ed halum of the lowe kidney



430 OLLE OLSSON AND MARK W HOLEY

Tig 8 Symmetrical fusion and two kidneys on
left side a) Urography Shape of kidncys and
kidney pelves charactenistic of horseshoe kidney
marked dilatnion of right hidney pelvis b) An
giography artenal phase  Muluple renal ar
teries  blood supply to lower left kidney from
branch of proximal part of left iliac artery

€} Nephrographic phase fused hidneys well
disungmshable In nght kidney marked reduc
tion of parenchyma caudal poles of lower left
kidney and night hidney deviaung medally

no patenchvmal fusion

scls always supplied the lower pole segments or the connecting parenchymnl
1sthmus Al of the patients had sccondary pathologic conditions relted to the
fusion or the vascular abnormnhties Most commonly this was calculous discase,
pyelonephritis or hypertension In one mnstince, a carcinoma of the renal pelvis
was present and was demonstrable ngiographically (Boysen & Forv 1961)

This high incrdence of sccondnry pathologic findings 1s related to three factors

the abnormal course and 1nsertion of the ureters, which interfere with proper
drunage, the multuple arteries which may further obstruct and produce hy-
droncphrosts, the firm fusion which mterfires with mobility and further may
decrease renal circulation

Concluston

There exists a complex 1nd intimate connection 1 structural development of
the kidney 1nd 1ts arterial system The basic pont embryologically 1s that the
hedney from a low site of orign ascends 1o 1 lagher permanent lumbar position
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Dunng the migration, the kidney moves from one anatormic vascular environ
ment 1o another one which 1s consderably different A nich supply of provisory
connections from the aorta to the mesonephros 1s supplanted by one single de
fimtive artery to the metanephros Aberrations from normal development easily
and constantly will effect this mntncate iterplay between the organ and 1ts
functional connections to the body

According to our expenence gross anomalies of the hidneys always exiubit
vascular abnormahties Thirtytwo cases of anomalous renal development were
sestewed and 1 all instances except 1n aplasia multiple arteries were present
% essels started at abnormal sites and ran an abnormal course In all our cases
of malrotanen (wnbied rotanion) also of the artenal sapply to the
malrotated kidney was demonstrable

Angography clanifies the anatomy and pathology 1n cases i which the anom
als males ordmary diagnosuc pyelographic cnteria debatable Thus 15 espe
crally true for tumor 1mvol mihe I Themalformed hid
ney 1s also predisposed to a gher d of secondary acquired infectious
disease These frequently affect the parenchyma and angiography will demon
strate the degree of tvolvement better than any other method Angiography
also provides detatled vascular anatomy of timportance in the planning of sur
geTy Many times the abnormabty ncluding the anomalous vasculature 15 the
cause of obscure symptoms not possible to clanfy with ordinary conyentional
procedures Consequently the mdications for renal angiography 1n anomalous
development of the hidney should be expanded

SUMMARY
Gross anomalies of the kidneys always exhibst vaseular abnormahties Indications for remal

1t abnotmatl devel of the kidney shoufd 1 many respects be expanded n
order to increase the diagnostic acumen

ZUSAMMENFASSUNG
Grobere Missbildung

gen der “ieren zeigen stets ehenfalls \isshildungen der Gefa
solchen Fallen 1st folghch immer d ¢ Indikation fur renale Angmgraphgl: grecben o d -
e akkurate Diagnose gestellt werden kann =

RESUME
P ques des reins. touyours di i
nd cations de I angiographic rénale dans les. e o =
T e s e st e S dmren

Les anomalies
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Fig 8 Symmetnical fusion and two kidneys on
left side a) Urography Shape of kidneys and
kadney pelses characterssic of horseshoe kidney
marked dilatation of night kidney pelvis b) An
giography arterial phase  Muluple tenal ar
teries  blood supply to lower left kidney from
branch of proximal part of lelt ihac artery
c) Nephrographic phise fused kidneys well
distinguishable In night kidney marked redac
tion of parenchyma caudal poles of lower left
hidney “and nght kidney desiating medially
no patenchymal fusion

sels always supplied the lower pole segments or the connecting parenchymnl
1sthmus All of the paticnts had secondary pathologic conditions related to the
fusion or the vasculir abnormahtics Most commonly this was calculous diseasc,
pyelonephnitis or hypertenston In one instince, 1 crcinoma of the renal pelvis
was present ind was demonstrable angiographically (Boysen & Foriv 1961)

This high meadence of secondary pathologic findings 1s related to three factors

the abnormal course and nscrtion of the ureters, which interfere with proper
drunage, the multiple arteries which may further obstruct and produce hy-
dronephross, the firm fusion which interferes with mobility and further muy
decrease renal circulrtion

Conclusion

There exists 4 complex and mtimate connection 1 structural devclopment of
the kidney and 1ts arterinl system The basic pont embryologreally 1s thac the
hidney from a low site of onigm ascends to 1 higher permancent lumbar position
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RENAL FUNCTION TESTS WITH RADIOACTIVE
DIODRAST IN DOGSH

by

B Boororss T Mot and T Oux

Clearance tests are now widely performed n the esumation of rena) function
QOne of the most commonly used test matenals 15 diodrast (10dopyracet)
Determunations are made of the concentration of the test substance 1n the
plasma and in the unne as well as of the volume of urme excreted during a
definute peniod the so called clearance period Clearance of 2 substance 15
defined as the number of mulhihitres of plasma cleared of the substance on

¢ passage through the kudneys per mmute Clearance

v
=5 {P =con
Centrayon i plasma U = conceniration m urme V = volume of unne,
Surry 1951 Chapt 111)

The clearance period must often be fauly long (about 15 mnutes) to allow
collection of sufficient amounts of urine for analysis and to reduce the effect of
tht dead space wn the renal pelves and ureters It s therefore desicable to mawn
tain a constant concentration of the test substance sn the blood for a long
period For this purpose Gororive Chiasts. Ranges & Swrrig (1940) smfused
diodrast intravenously at a low rate Foa & Foa (1942) on the other hand,

\ preliminacy feport of this work was presented at the meeting of The Nordie Society for
Medical Radiology Lund June 1961 Submutted for pablicasos 28 Du‘cmbct‘ 1952‘ v

DB A Red 1y Dar w) 1 2(194)
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wiTer catheter 0226
»
ur e spe men

Method T An arteniovenous measunng coil connected
D e on faroud anery and supetferal yugular ven
The concentrat on of * dioact ¢ diodrast 1n the blood i kept at
a constant Ievel with the infuston aggregate guided by an rmme
duate analys s obtaned from the recorder Unine 1s collected from
the right and Left ureters selectively

renal ven has been described by WaRREN, Bravnos & Mrrriy (1944)
Somewhat modified forms of this method have been widely used particularly
1n recent years According o the extraction method determinayons are made
of the concentration of the test substance m the artensal blood and m the ve
nous blood of the kudney The extraction capacity of the kadney 15 defined by

A—
the formula E == nhere E = extraction A = concentration of sub

stance in artertal blood and V == concentration of substance m blood from
renal van Thus on completeextraction, b = 1 or expressed as a percentage,
10D

Diodrast 15 ebminated by glomerular filtraton and tubular excretion, pre-
domnantly by filtration 1f the concentration in the blood 1s bigh and chefly
by tubular excrenon if 3t 38 Jow The rate of emmanon of diodrast mto the
unne s thus a measure of the total capaaty of the glomeruh and tubules to
clear the blood of a known content of the test substance (For details see Sy
191 Chapt V1)

Radicactively tagged test substances may also be used with advantage 1n
such renal clearance tests their use smphfying and atcelerating the analvsis
and guing more reliable results Vac IntyRe & LeONARDS (1953) determined
the rate of cxf\':_uon by contsnuous registration of changes 1n the blood con
<

n of tagged test sub in an extracorporal artenovenous
shunt over a santillation detectar

The wnters have claborated two renal function tests based on the use o
I tagged diodrast for expenmental and clinical purposes one for the detera
munation of clearance and one for that of extraction (Radioactive Hippuran
13 now available and may be used mstead of diadrast )
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gave a reltnely Inrge dose of diodrast by rapid intravenous ngection and
clumed that following 2 certun mterval after the myection the concentration
of diodrist 1n the blood decreases so slowly that the value found for 2 blood
sumple collected 1 the middle of the cleirnee period may be regarded s
approumatcly representitive of the enure clenrince period  Attempts hive
also been made to secure - steady concentration of the substance n the blood
by njecting the materil subcuttneously (Frvorey & Winte 1940, Hitpen
1943, 1946) or intramuscularly (Joseruson 1944) More recent mnyestigntors
have recommended 2 priming dose followed by slow ntravenous nfusion of
the clearinee substinee to compensate for the amount ehimmated by the
hidneys during the measuring period (Briiton & Scuruncpauvw 1955, Lin
DELL & Ovuiv 1957, Eovary 1958, BerestRov, Bucnt & Josermsov 1950)
With the procedure described 1t 1s difficult to mantun 1 constant switable
concentration of the test substince m the blood during the clearance period
The concentration of the test substance may therefore fall outside the desired
range, particularly in the presence of impared renal function Since such over
or under dosage 1s not detectable unnl the test has been concluded, the dose
cannot be adjusted during the actual exammauon, 1 such cases the test must
sometimes be repeated with A more sminble vmount of medum

Measurement of the concentration may however be facilitated by the use
of radioactively tagged test substances such s drodrast (Biurion & Scuruac
BauM 1955, ScuLuncsaum & BiLiov 1956, BerasTron, Bucnt & JosepmsoN
1959)

Determinations i conventional clearince studies are made also of the
amount of bladder urine, 1 ¢ the 1mount excreted by both hidneys, 15 well
s of the concentration of the test substince 1n the blndder urine The clearance
capaaity of each hidney may however be esimated by catheterizing exch
urcter and collecting the urine from the night and left side separately (Crrasts,
Repisu & Erpuman 1940 and later by several other 1uthors, in Sweden among
others by Epvary 1958) This method, however, has certun disadvantages
Thus, owing to leakage 1long the outer wall of the catheter, 1t 15 often difficult
to collect 1ll the urine from the urcter In addition, catheterrzation mny
disturb the penstalsis of the urcter, 1nd consequently the pressure presuling
1 the renal pelvis,and produce a reflex effect on rennl function 1nd renal blood
flon Nor can the method be used mn patients with renal damage, with hemn
turta, or with ureteric obstruction Fmally, catheterization of the ureter
volves the rish of mucosal mjury and 1nfection

Information may however be obtuned on the function of each hidney
scparately without catheterrzation of the urcters A method assessing the capac
ity of the hidney to extract a test substance from the blood has been used by,
¢ g Warrk (1940), CORCORAN, Smrret & Pace (1941) who explanted the hid
neys subcutancously 1n dogs and collected blood samples by direct puncture
of the renal veins A catheterization method for obtuming blood from the
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urefer canete

urine specmen

Iig 1 \dwod U An artetovenoys measunng coil connected
et en common ¢a oud astery and superfiial yugulas ven
The concentration of radioacty  drodrast in the Blood » Seps a1
2 tomstant Tevel with the wfusion agetegate guided by anreme
& age aralpy s obtaaed (rom the recordes Unne rs rollected from
the mght and Jeft uscters selectnely

yemal vem has been descnbed by Warkes Brasson & Merriy (1944)
Somewhat modified forms of this method have been widely used, particulady
m recent years According to the extraction method, determnations are made
of the 1on of the test sub m the arzenal blood and in the ve
nous blood of the kidney The extracuon capacity of the hidney s defined by

A
the formula E =

ry where E = extracuion, A = concentrauon of sub

stance in artenal blood and V = concentration of substance 1n blood from
renal vein Thus on completeexiraction E = 1 ar, expressed as a percentage
100

Durodrast 1s ehminated by glomerular filiration and tubular excretion, pre
dommantly by filtration 1f the concentration :n the blood 1s lugh and chuefly
by wbular excretion if 3t 15 Jow The rate of elimination of diodrast into the
urime 1s thus a measure of the total capacity of the glomeruli and tubules to
clear the blaod of a known eontent of the test substance (For details see Syorn
191, Chapt V1)

Radroactively tagged test substances may also be used with advantage
such renal clearance tests ther use stmplifying and accelerating the apalysis
:;x}xl\d g-rmgfmorc rehable results, Mac InTvre & LEonarps (1955) determuned

¢ rate o

y o of changes 1 the blood con
centration of dufferent tagged test substances i an extracorporal artenoy enous
shunt over a scntillanan detector

The writers have elaborated t
wo renal funcuon tests based on the us
I tagged diodrast for ex; eter

penmental and clinical purposes one for the deter
munation of clearance and one for that of p; d H
1% pow available and may be used snstead of drodrast ) o
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gawve 1 relatively large dose of diodrast by rapid intravenous mjection nd
clumed that following a certun interval after the mjection the concentration
of diodrast in the blood decreases so slowly that the value found for a blood
sample collected 1n the middle of the cleartnce persod may be regarded s
1pproximately representative of the cntire clearance period Attempts have
so been mide to sccure 1 steady concentration of the substance m the blood
by mjecting the material subcutaneously (TnoLey & Wrrre 1940, Hrrpix
1943, 1946) or intrimusculurly (Josermson 1944) More recent myestigators
have recommendcd 1 priming dose followed by slow mntravenous mfuston of
the clearance substance to compensate for the amount chminated by the
kidneys during the measuring period (Brerion & Scrrunesaunm 1935, Liv
pELL & OuN 1957, Epvart 1958, BercstroM, Bucut & Joscruson 1959)
With the procedure described 1t 1s difficult to mauntain 1 constant smtable
concentration of the test substance in the blood during the clearince period
The concentration of the test substance may therefore fall outside the desired
range, particularly i the presence of imp-ured renal function Stncesuch over
or under dosage 1» not detectable until the test has been concluded, the dose
cannot be adjusted during the actual cxamunation, n such cases the test must
sometimes be repetted with 1 more suitable amount of medium

Mensurement of the concentrition may however be frailitated by the use
of radionctively tagged test substinces such s diodrast (BiLLion & Scnrune
BauM 1955, Scuruneeaum & Bririon 1956, BercstroM, BuchT & JosepisoN
1959)

Determinations 1n conventional cleirince studies are made also of the
amount of bladder urine, 1 ¢ the 1mount excreted by both hdneys, as well
a5 of the concentration of the test substance in the bladder urine The clearnee
caprcity of exch hidney may however be csimated by cathutenzing erch
ureter and collecting the urine from the right and left side separately (Cirass,
Repisu & LrpMmaN 1940 and later by several other authors, 1n Syweden tmong
others by EpvaLr 1958) Tius method, howescr, his certun distdsantiges
Thus, owng to leakage 2long the outer wall of the catheter, 1t 15 often difficult
to collect nll the urine from the ureter In addition, catheterization may
disturb the penstalsis of the urcter, 1nd conscquently the pressure prevailing
in the renal pelvis, ind produce 1 refle effect on rennl function 1nd renal blood
flow Nor cn the method be uscd in patients with ren1l damage, with hemn
tur1, or with uretenic obstruction Timlly, catheterization of the urcter m
volves the nisk of mucosal myury wnd infection

Informition may however be obruned on the function of cach hidney
seprately without ctheterization of the ureters A method assessing the capac
ity of the ludney to extract 1 test substance from the blood has been used by,
¢ g WmtE (1940), CORCORAN, Swurrir & Pace (1941) who explanted the kid
neys subcutaneously dogs nd collected blood samples by direct puncture
of the renal vemns A catheterization mecthod for obtuning blood from the
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Table1
Clearance for 1t ht and left hidev determuned selctvely sath method ¥
Diodrast clearance in
i Unine specimen
:;:)gm 14 i or ml 1l plasma per min
1 25 124
Left 2 25 138
1 23 1
Right H ot Bl

The wyection of diodrast could thus easily be adjusted to a suitable rate
A servo system for this purpose 1s under consideration

Expenumental The dogs were anaesthetized with about 30 mg/kg bodyweight
pentobarbital sodm USSP (mebumalnatrium 69, ACO) mtr::vcnously
Light hesta wasthen d by ad ation of smallsupg y
doses Duning preparation the anumal was placed on 1ts back but duning the
actual investigation on one side The dogs were given hepanm i a dose of
2 10 25 mgfkg bodyweight The rectal temperature was recorded continu
ously and kept constant dunng the examuation by the use of an electuc
radiator short haired amimals often required such warmung The dogs which
had been depnved of food for about 12 hours before the test, were gven up
10 600 m! of & 5 %, glucose intravenously, slowly, before sampling 1n order to
mamtain satsfactory diuresss The blood pressure was recorded with a mercury
manometer via a polythene catheter inserted into an artery The hematoent
was measured dunng the expenment by a micromethod

The common carond artery and the superficial jugular vein on one side
were higated cramally, and a polythene catheter {dunng the latter part of the
mvesugaton a teflon catheter) of smtable caliber (FE 240 OD/ID =
= 242/1 67 mm) was mntroduced 1n a proximal direction nto each vessel
The two tubes were connected extracorporeally to form an arteriovenous shunt
through the measuring coil  The distal portions of the ureters were surgically
exposed and a polythene catheter was passed a short distance up cach ureter
where 1t was fixed 1 positton with a ligature The wounds were closed and

unne from each kidney was conducted through the catheters mto separate
contamers {Fig 1)

About 125 to 175 mgjkg bodyweight diodrast 1n the form of a muxture of
mactive and radioactive substance of known specific activity was first mjected
wmtravenously as a pming dose The concentration of diodrast 1n the blood
was recorded continuously from the moment of mpection when 1t had fallen to
the destred level ¢ g 10 mgf100 ml (usually 15 to 20 minutes after injection
of the pnming dose) an intrav enous marntamance dose of tagged drodrast was
started with the apparatus for controlled infusion Unne was collected for 15
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1ig 2 Concentration of radicactive diodrast

mn blood after a prinung dose given at ttme 0 Time
,m be read from night to left Continuous infuston 15 started at about 16 min Range changed m left
hand curve after some mtial jerks the concentration 1s adyusted 10 a constant level and urine 1 col
Iected for clerrance determmation

Method I

General principle The conventionl method for determining diodrast clenr
ance was improved by continuous registration of the concentration of the
diodrast 1n arterial blood, enabling adjustment of the rate of mntravenous 1
Jection of the muntenance dose of diodrast necessry to heep the concentration
of the substance 1n the blood constant

Apparatus An arteriovenous shunt was established between the common
carotid artery and the superfienl jugular vein and consisted of a poly thene
tube (for detuls, sec below under ‘expernimentl’) This col, with an elfce
tine volume of about 1 ml, was pliced n 1 scntilltion counter of the well
type, connccted to an analyzer, 1 ratemeter and 2 recorder  The scn
ullation crystal must be placed reltively close to the ammal because ¢ long
conncction to the coil fuvours congulitton In order to reduce bachground
the crystal was enclosed m 1 lead shield with only 1 smail holc it the top to
recenve the two shanhs of the coll However, since 1 enmuts about 10 ©4 of
its gamma radintion 1t ngh energy (640 and 720 keV), 1 varying background
may be obtunced Ths 1s, however, decreased considerably by sclective meas
urement of the main gtmma energy of ™1 (364 heV) The test substance used
consisted of 3 tagged diodrast (Abbott) (01 #C ™11 per mg diodrast) dituted
with mactive 1odopyracet (Umbradil 35 %, Astra) The number of impulses
produced by 2 certun (predetermined) amount of tagged diodrast m mg/100
ml 1n the coil was determined This was used for mesuring the absolute con
centration of diodrast in the blood throughout the expertment The polythene
cotl was afterwards rinsed with phystologic silinc and the background was
determined  The standard and background were cheched after every expen
ment An apparatus for controlled mfusion was used m order to muntun
constant blood concentrition durmng the experiment (CLeMENTZ & OLn 1961)
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min

Fg 4 Atemate measurcment of concentration of diodrast 1 Blood from the aorta (A) and nght
renal e (V) by mcthod 11

the solution for perfusion for mnstance RISA {Boprorss, CEDERQUIST Danr~
Back 1962)
Method IT
General prnesple The extraction capacity of the kidneys was studied after an

travenous n) of ¢ diodrast by continuously recording the
concentration of the Tadioachive substance n the blood 1n the aorta and 2
renal vein

Apparatus The apparatus and the calibration were essentially the same as
those for method 1 Besides a ratemeter and recorder, a counter was used
to increase the statistrcal accuracy n the measurement of the relatively low
concentration in the blood in the renal vein especially towards the end of the
expeniment The number of impulses was counted for at least one minute m
each test or 1f the concentrations were very low unul 1000 impulses had been
registered

The system was provided with a 3 way cack to enable alternate measure
ments of arterial and renal vein blood 1 the same scintiflation detector {Fig 3)
The sample measured could thus be imjected back snto the blood stream
and the blood volume and blood pressure thereby kept pracuically constant
The cail was nnsed with physiclogic saline between the different samples to
obtam a base line 3 rate corresponding to the backg d (Fig 4)

The return flow of blood 1 one dog was rendered automatic with a double

col pump The concentration of radioactive diodrast both 1n the
and the renal venous blood was thus c ly recorded by di
the recording equpment ’ ;

artenal
N

g
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Aorta Vena renalis
(A) v}
(-T2
Blood pressure A
Three way cock
Leadshield Recarder

Counter

Fig 3 Method 1T Determunation of extraction of
radioactive diodrast from the blood Blood 1s drawn
alternately from the aorta and the renal van to
the measuning coil through a 3 way cock

minute periods 1 the usual way when the desired constant concentration of
drodrast m the blood wns established The volumes of urine were measured,
and the diodrast concentrition m the urine was determined later in the scintil

Intion detector

Matennal The method was tried in 4 dogs, 1n 2 of the 1mmals clearnee
studies were performed selectively on both mdes The stable concentranon
of diodrast 1n the blood during the measunng period 1s apparent from g 2,
and Table I gives the clearance determinations made by this method

Conclusion The system with the closed arteriovenous shunt 1s simple nd
relinble, the volume of the blood snmple and 1ts geometric relationship with
the scintilntion detector 1s constant throughout, and the continuous regrstration
mnkes 1t possible to hold the concentration level constant within + 5% It
thercfore enables experiments with 4 predetermuined concentration of test sub
stance 1n the blood

The method for examiming the capacity of 1n organ to chmmate 1 radio
~ctive substance from the blood, where 1t 1s kept 2t 2 constant level by con
tinuous infuston, m1y also be used with advantage an the examinon of
organs other than the ladneys

Our device with an arteriovenous measunng coil may be used to detect leakage
into the general circulation shile trerting 1 tumor 1n an organ by local per

fusion A smnll amount of 1 suttnble radioactive substance 1s then mixed m
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Fig 6 Extraction (E) of diodrast (D) from artenial blood by the
nght ludacy on two successtve days

vena cava (Brabiey 1948) (Fig 5) It was sometimes difficult to mntroduce
the up of the catheter mnto the renal vein when the latter had valves at 1ts
entry 1nto the inferior vena cava, the occurrence of such valves has also been
described by Griror Hurweav Aarov & Tousour {1962)

Matenal ond Results Twenty three dogs were exammned with this method
Two of the animals were examined on two successtye days (Fig 6 shows one
of them)

It was possible to calculate the extraction of diodrast from the whale bleod
from the cunves (Fig 7) at any concentration used, but to enable comparnson
of the values obtaimed 1n the various ammals, the extraction was calculated

for a concentration of 10 mg per 100 ml blood The statisucal ervor of the
single abservation was § %

The matenal was divided mnto two

groups according to the microscopic
appearance of the kidneys (Table 2)

because dogs especrally old female dogs

Table 2
Extraction of diod a1t f om whole blood Group 1 by normal kidneys

— Group 2 by
kdneps with pyelonephntic changes
Group  Hustology Aumber Exteaction
of dogs Range Mean
1 o patholog ¢ findings 15 050—0561 055
2

Tyelon photisof v 7 0w degrecs of scvemty 8 037—0 45 042
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P

Fig 5 Inferior vena cava filled with barnum suspension Doth
renal vems with their arborizations are filled and on the left side
the upper part of the spermatic vem s filled where 1t enters the
renal vein

Lxperimental The dogs were prepared m the same way s that described
under method I with the exception that the ureters were not dissected free
The femoral artery 1nd vemn were however freed on one side, usually the nght,
some centimeters below the inguinal igament, and were ignted distally A
catheter was mtroduced into the artery and then passed on untl its tip w1s
situated m the abdommnl aorta, after which the catheter was fixed m
positton A radiopaque catheter (kafy, No 1 OD/ID = 22/12 mm),
provided with 2 sidcholes close to the tip, was mtroduced mto the ven and
psed mto the inferior vent cava The curved end of the eatheter wis
then introduced mto the renil vein (RarparorT 1952, HELANDER, AsnEm &
OpMaN 1958) The renal veins empty mnto the inferior vena cava at the level
of L1— L2, if the catheter 1s passed still further up, 1t will often cnter 2
hepatic vein The catheter was sometimes passed into 1 common trunk of
two umted Iumbar veins or the phrenic abdomnal (lumbo nbdominal) ven
(ErLENDERGER & Baum 1891) To ensure that the up of the catheter wis
situated 1n the renal vein, 2 ml Thorotrast were mjected and 1 roentgenogram
obtuned This contrast medium s not excreted by the hdneys and will thus
not disturb the excretron of the diodrast, 1t 1s only shghtly radioactive nd
does not disturb the mensurements by the saintillation detector When only
one of the kidneys was to be studied, the nght was sclected because the sper
matic or ovarian veins often empty into the rentl vein on the left side, while
the correspondmg vessels on the night side empty directly mto the mferior
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15 20
O mg/100 mt blood

Ted E tracton (E} of diodrase (D) from blood by the r ght
t gn Y btw:z and 0 1 day after damage caused by 3 Lirge dose
of contrast medium deposited 17 night yenal arery

drodrast was determuned chemucally Wrire reported that the extraction from
whole blood vaned between U 46 and 0 66 {mean 0 57) at a diodrast coricen

tratian below (3 mg 10dine/100 ml plasma 1 e less than 26 mg diodrast/100 mi
plasma Corcorav, Swita & Pace reparted a range of 064 to 082 (mean
0707} measured 1n whole bleod but at a lower blood concentration than
those gnven by Warrs ‘Fhe authors dp not howeyer, stase from which kiduey
the samples were collected It 15 not difficult to abtain sehable samples from
the nght side  samples may alco be obtained from the left sde provided the
catheter 15 advanced far enoush towards the renal lnlum past the opesung of
the left spermatic or ovarian vein (Epvart 1958)

The values arrved at for the clearance of whole blood will be lower than
those found for plasma sice some diedrast also oceurs w the red bload cells,
but the difference between the con of the test substance 0 artenal
and senous blood from the ludney corresponds to the amount of diodrast
extracted by the kidney

Several awthors including YWarren Branaon & NMErriwn (1944) have
found a corrclanon between diodrast and P3H (p amumohippuric acd) re
garding both extraction and clearance (see also Syitn 1951, Chapt VI)} The
extraction value for PAH 1s higher because PAH probably does not enter the
red blood cells to the same extent as diodrast Both substances are elim:mnated
mthe syme way 1 e by glomerular filtration and tubular excretion A ser
mportant question 1s the degree of reliabiity of the extracnion valuesas a meas~
ure of the functional capacuty of the kadney 1 he test 1s more difficult to nter
pret 1 the presence of ssolated local yenal lesions but of che lesiors are gener
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Fig 7 The concentration of diodrast (D) 1n artenal blood and
nrcnalveinblood after asimgle intrasenous igection 18 followed
aceording to method IT

often have pyclencphritis, relatively young male dogs were therefore used 15
far s possible

Conclusion Method II not only cnnbles continuous registration of the con
centration of the test substance in the blood, but also simplifies estimation of
the extraction rate ind avoids the source of error inherent m the otherwise
necessary separation of the blood cells from the plsma The red blood cells
contun diodrast 1n relatnvely gher concentrition mn blood from the reml
vem, stnce the concentration of diodrast in the plisma decreases during 1ts
prssage through the hidneys The diffusion equilibrium 1 thus disturbed nd
the drodrst m this blood escapes from the blood cells to the plasmn If the
blood sample 1s not centrifuged immedintely after samphing, the concentration
of diodrast 1n the plasma will thus merease and the clearance eapacity of the
Lidney will be fsely low (WiTs 1940)

With the method described, several symples may be studied at short mter
vls without disturbing the composition of the blood, 1 ¢ without 1ny transient
reduction 1n the hematoenit, which often occurs after repeated withdrawal of
scparte blood samples, especrally in small nmmnls Since diodrast, 15 men
t1oned, 1lso enters the red blood cells, the ratio between the nmount of diodrast
cells and that m the plisma will vary wzth the hematacrt value of
will 1lso probably vary to some extent with the protem content
of the plisma (SvitH & Swrri 1938, Brock & Burrows 1960)

Extraction of diodrast has been studied 1n dogs with subentancously ex
planted kidneys (Wit 1940, CoraoRrAN, Sarrit & Pace 1941) Blood samples
from the rennl vemn were collected by puncture and the concentrition of

m the red
the sample It
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hods (I and 11) were elaborated and tried on dogs under anaesthesia
\\1?!?‘;‘:::0;:11((31 sod;ux?n USP Inview of the effect of such drugs on the
ludneys the anaesthesia was kept as light as possible and wasuswally mamtamned
far a period of less than two hours Grauser & SELRURT (1922) claimed that
decp prolonged anaesthesta with barbturates impaurs renal airculation prob
ably owing to constriction of the arterioles and possibly also to a direet effect
on the renal tubult Light anaesthesia with barbiturates and of less than three
hours duration 15 however not believed to influence renal function
1f the anaesthesia 15 too deep and respiranon markedly impaired the extrac
tion capaaty of the kidney 1s reduced This s exemplified by the results of the
expeniment shown i Fig 9, m which respiration was depressed so much that
the arteral blood was dark at the same time the extracuion fell to zero but

returned to normal values as soon as the respiratory difficulues had been
controlled
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Renal function was i estigated with 31 tagged diodrast 1n the dog by using an arteno-
senous measunng coil and recording the of the subs 1
by studying the functional capacity of cach kidney by measurement of the concentration of
tagged diodrast 1n the aorta and a renal ven
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La fonction rémale 2 é1¢ étudiée chez le chien avee du diodrast marqué a liode 131 au
moyen d un serpentin de mesure arténoseimeux et en enregistrant de fagon conttnue la con

zcnl\rmon de ce corpy et en étudrant la capacrté fonctionelle de chaque remn par Ia mesure
e |1 concentratton en d odrast marqué dans 1 20rtc et dans une yeme renale
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alized, such 1s m conditions chwsed by blood borne agents 1cting upon the
entire kidney, the correlation 1s probably more rehble (EpvaLL 1958)

The writers have tried the method on hidneys exposed to contrast medn
depostted selectively nto onc of the renal rteres The results, wiich were
corrclated with the histologic preture, were convincang and will be the sub-
ject of « future paper It will be sufficient to give an dllustritive example
(Iig 8) of 1 cnse with lustologically verified 1myury and low extraction

The 1ccuricy and reproductbality of the method ~re apparent from Fig 6,
where the extraction was determined on 2 consccutive drys without the Jadney
beng subjected to chemueal or mechamcl myury between the tests The
extraction ind HCT during this period thus proved constant

Discussion

As mentioned 1bove, 1t 1s necessary to hecp the composition of the blood,
HCT ~nd the plisma protein, as constant as possible from one cxamunition
to the other Tius w1s exemphfied by the observation made in 1 dog that had
had a gastric fistula for 1 year The ammal was thin and very wnemic, with
18 HCT The extraction found at the first cxamination was 0 611 ¢ theupper
Jimit of the normal range in the scries After withdrawnl of a moderate 1mount
of blood the HCT a day later w1s only 16, while the extraction value was now
~bout 0 75 for the same concentration of diodrast 1n the blood The extraction
was 0 43 and the hemtocnt 48 1n another dog, owing to 1n 1ccdent, a furly
Jood was lost during the experiment, nd five days later the
he extraction had ncreased to 069 This phenomenon my
probably be explained by the assumption that the amount of diodrast dissolved
m the plsma, and readily available for cxcretion vin the kidneys, 1ncreases

with decrcasing HCT and blood protein content

Inrge amount of b
HCT was 38 but t
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Dte \fyrLOGRAPHIE 3T POSIITVER RONTRASTMITTELN yonJ Wettaver G ThiemeV erlag
Stuttgart 1961 Price 53 DM

deals exclusively with the use of positve contrast media 3¢ the two olly media

Lx;hofl:;(::d Pantopaque “and the syater soluble mednum Abrodil Aur myelography 18 men
uoned only taadentally The author i the chapter dealing with congemital malformations
states that nterest 1s manly directed to the anteriorly suated malformations This 1s evident
from a perusal of the chapter dealing with the techmque The patient 1s examined pron¢ on a
ulting table This 1s an ntegral part of the examatton as the lumbar needle when Panto-
paque 15 used has to rematn 1 place during the whole examination 1n order 1o facilitate the
evacuation of the oly medwum Quly the anterior aspect of the spinal canal can therefore be
examined by this method the posterior part where a great many of the menmgoceles are
located lying outside 1ts scope

The greater part of the thoraaic sprnal canal and spinal cord constitute 2. terra incognitum
to the author This 1s duc 1o the fact that the Lipiodol as well as the Pantopaque are broken
up 1nto droplets 1 the theracic spinal canal so that this region cannot be invesugated Tt
sigmficant that the author does not discuss the spinal cord 1n this region except to mention 1ts
dusplacement adjacent to an expansne process It 13 astonsshing 1n a modern radiologic work,
to find 2 meéthod described that does not allow ol an of the
imvolved The author has used Liprodol as a contrast mediumn 75 of all the tumour cases
It 18 stated that the techmique and aum of this method are to demanstrate a {ree pastage of the
contrast mechum from the subocaipital cistern down to the sacral region of the subarachnod
space In sharp contrast to this Iimited applicability and modest issue are the harmful con
sequences to the patient if the medium 1s not enurely withdrawn after the examnation 1s
completed Only when there 1 complete obstruction to the passage of the Lipiodol will the
method produce a reliable result

The water soluble contrast medium Abrodil 1s used for the examination of the lumbar
spinal canal The techmque mamly worked out by Swedish investigators 15 satisfactonily
descnibed s are the pathologic changes 1n the subarachnoid space due to herniated disks
which are the mam indications for this method

The reviewer 13 howevet mare convineed than ever after reading this book of the supen
onty of a negative contrast medium over oily contrast media in the examunation of the spinal
subarachnoid space and 1ts content the spnal cord

“The book 1s easy to read and profusely and excellently sllustrated More than three hundred
references secm 0 cover all articles of value dealing with positive contrast myelography

Ben t Liliequist

PHLEBOGRAPHY AND VENOLS PREsstrE DETERMINAY
7w By AT N Vax per Hi 8
pages 23 lustrations H E Stenfert hrosse NV Laden 1961 Price 5 di‘{laniwz ?

The uuthor 15 a surgeon and the mono,
graph deals with the correlation of the results ob
by phlebography of the leg and venous pressure det v aned
t

ut by the auther hmself an the s mterpreted air comselestion wt s e o
fm:‘bognms reproduced as an appendr of the book are of good quality Only frontal projec
were used and the exposures of these were made dunng fluoroscopy A parr of stereo-
ase obtaincd of the lower leg 1n order toafford spatral demonstration,

scopic films were 1n each ¢
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Abdommal aortography and selective renal angiography have now
the vank of rounne at most radial centres The contrast
media most widely used ¢ g Urografin and Hypaque belong to the diatnzoate
group In Lund we have used Urografin 60 9, dunng the last 8 years for
selecuve remal angrography  This explams that the design of the present ex
penmental investigation was to ascertain how large 1 dose of this medium could
be given without producing functional or morphologic renal changes Other
contrast media were included in the study for the sake of completeness

Urografin (Schering} 60 ¢, and 76 % conststs of 2 mixture of 10 parts of the
sodium salt and 66 parts of the methylglucamme salt of diatnzoate (35 di
acetamunol 2 4 6 triodobenzoic acid) and 15 also sold under the name of Reno
grafin (Squibb) or Radioselectan {Cruet) Hypaque (Winthrop) 25 45 and
30 °4 15 the sodium salt of diatrizoate while Hypaque M 90 24 15 a mixture of
1 part of the sodwm salt and 2 parts of the methylglucamme salt Cardiografin
1Squibb) 85 °, 15 a methylglucamune salt
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prehminary report of this work was presented at the Meeting of the Nordic Medical Radiology
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of the state of the vens The phlebography part of the book must nevertheless be looked upon
as somewhat amateunish, for example tn Tig 5 the deep veins which appear to be supplied
with numerous valves are stated to be valveless and 1n Trg 6 a muscle vein 1s described as
having an abnormal course, when 1 fact it 1s vancose The part dealing with venous pressure
determinations 13 clear and instructve The findings described are the recogruzed ones with
a normal pressure {all on muscle actiity and more or less impairment of function 1 cases
with pathologic changes Venous pressure determmations were made m 100 legs and were fol
lowed by phlcbography performed n the semu crect positton with mnjection of the contrast
medium through the same cannulation of a foot vern Retrograde phlebography was carried
out fter venesection and catheterization of the long sapt vein thisex 10n was also
made 1n the ercet position and with the patient straining down m order to evaluate the state
of the prowimal veins of the Ieg A classification of the legs tnto 8 groups was based on the find
ngs at phlebography and depended on the extent and localization of the changes Corre
lation between the results of the yenous pressure readings and this grouping was then attempted
Such a classification would obviously not have been possible from pressure readings alone and
phlebography was therefore found essential i determining the nature of the impairment of
the venous return As to the functron of the leg vens the venous pressure determinations
appeared to provide more accurate and objective information and could be gnen in figures
Good correlation was found to exist between the methods Venous pressure determination
can hardly ever serve, however 1n cltnical practice as a sul hlct hy althouglh

for ap!

1t may often be employed as a complement to the latter This 1s exemplified by the statement

that venous pressure determination doces not cnable any differentiation to be made between
bl

an and an )t I vein
‘The subject of the work 1s well covered and the analysis of the methods 1s presented with
carc The conclustons would appear to be bascd upon principles that are sound and ones
that should be adopted more gencrally 1 phlebography The book 1s 1n fact sumulating and
readable and should provide 1 better understanding of the problems of the venous return
of the leg

Ake Guilmo

RADIOGRAI NG ATLAS OF SKPLITAL DEvELopMENT OF Tir FooT AND ANkiT A standard of
reference By Normand L Hocrr S Idell Pyle and Carl C Franais 163 pages 50 illustrations
and 11 tables Charles C Thomas Springficld Il 1962 Irice 950 dollars
This book the third in a planned sertes of srx 1s an extensive and detarled study of the skeletal

development of the foot and ankic of normal infants and children Its based on serml roentgen

ograms of about 1 000 subjects taken at three six or twelve month intenals from burth to the
age of aighteen ycars

“The work 1s divided 1nto three parts In the first part a detatled description 1s given of the
method of constructing the standard The second part the standard of reference 1s the myor
section of the atlas and consists of thurty plates which make 1t posstble to nssess the skeletal
age and the maturation by means of a single roentgenogram The third part contuns numerous
drawmngs schematically showing, typical rocntgenographic outltnes of the bones at particular
stages of their development The book ends with an apx')cndm consisting u{' ti\blcs giing the
times of appearance of the centres of thr the body means and

standard deviations
“The numerous and excellent illustrations and the good descriptive text renders this a most

tl
useful radiographic atlas Rell Bergstrom
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The renal damage hizble to accur hm asm:‘Z::m:—(::;\c‘:ui:k;:‘“;ﬁcrf:;:lc:L‘E‘z}
graphy may be due to the actual cathetenzation pf A e g
contrast medmum or to both Lyvpect & Quv (1957) considered that the pres
ence of a catheter 1n one of the renal artenes 12 dogs had no mfluence on the
renal blood flow The presence of a catheter v one of the reval ““““i akso
appeared to have no effect on the phenol red clearance sn 2 dogs and m "a‘i
but n another cat in which the catheter had been pas ~d too farmr? the renal
artery, spasm developed around the catheter and the production of unine on
the cathetenized side fell markedhy The catheter was withdrawn a little and the
spasm disappeared but even 3 hours later the clearance on the side catheterized
was stll reduced to about 30 35 of normal

Hevanper (1958) described an v estigation in dogs of theeffect of catheteriza
non of the renal artery on the clearance of snulin and para aminchyppunc
acid (PAH) and on the extraction of PAH The spread of the clearance values
s i mvestization was very wide and therefore warrant novalid conclusions
The presence of the catheter g Ily produced no nfl on renal T
but occamonally Ginction was reduced on the catheterrzed side on the other
side or on both nides

Evaluaton of the effect (fiunctional and anatomical) of the contrast medm
on the kidney m assocration with arterrography requires knowledge of the
concentration of the contrast medium 1n the actual tenal artery, the amount of
contrast medim supplied to the hidney and the application time The sig
nificance of the latter has been stressed by Brosnaw & Orre Orscon {1948) 1n
their investgation of the effect of contrast medium on the blood brain barner
It would however, appear that this factor has not been considered 1 previous
investigations of renal function Thus 1 Ipsomry & BERG s imvesngation m
rabbuts n 194, the application im¢ was varied between at least 10 10 20 seconds
wnd the amount of contrast medium by 03 to 15 ml without these yanations
being included 1n the tables of the renal mjuries This probably explams why
they found the talerance of the kidney to contrast medium to vary so widely
with 1ts concentraton These nuthors m a later mvestigation 1n 1958 used a
standard apphcation time of 10 seconds and a standard volume of contrast
tmedium of | ml strespective of the size of the ammal The varattons of renal
damage with the concentration of the contrast medium was much narrower i
that investigation and the authors concluded that renal damage flollowing
tajectron of sodm acetrizoate varied with the concentration of the contrast
mediurn Diatrizoate componnds {Hypague M 90 97, and Urografin 76
caused no damage The findings of Birc Ippotrn & WEespEBERG (1908)
concerning the toxiaty of various contrast media m rabbits are of considerable
‘r:::,‘ bur add t;lo lmol\»lcdgc regarding snjuries occurnng in association with

angrography i hving subjects 1a which the renal artery 1s not occluded
during the myecuon of contrast medwm

Hrvasner (1958) myected contrast medium selectnely into the renal artery
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WiNZER, LANGECKER & JUNKuANN (1954) studied the tissue resprration of rat
hver sections 1 1 Warburg pparatus before and after the addition of various
contrast medin They reported that sodium dintrizoate caused the least in
hibitton of respiration They lso found dintnizoate given intravenously to be
the least toxic of a1l known contrast medin The LD 50 of this medium n rats
w1s 14 7 gfhg bodywcight

HorrE (1959) studied different contrast medin for their injurious effect on the
blood brun barrier, using the method of Broman & Orrr Orsson (1948),
and reported the diatrizoate preparttions to be the least toxic RiLiew, Lancr
& Owens (1959) examined the spmnl cord ter the imjection of sodim ace
trizoate 70 % (Urohon, Mnllinckredt) and dintnizoate 90 % (Hypaque M
90 %) wmto the lambar vortr and demonstrated that dintrizoate had only 1
shght towic effect 1 this aren

The nephrotoxic effect of contrast medium injected mto the renal artery wis
mvesugated by BErg, Ipponrn & WrapEBERe (1958) These wuthors mjected
1 ml contrast medium within 5 to 8 scconds anto the renal artery of the rabbut
during which the blood supply to the hidney was shut off (10 scconds) The
ammals were hilled 1 hour, 2 hours, 13 hours and 3 days, but mostly 1 hour,
after the injection Subsequent microscopic exammnation revealed mjury after
the mjection of 1odopyracet 175 9 (Umbradil, Astrt), sodium acetrnizonte
25 9, (Triurol, Leo) and sodium diprotrizonte 50 % (Miokon, Malhinchrodt),
while dintnizonte 76 and 90 % (Urografin and Hypaque M, respectively)
produced no demonstrable dimnge

The histalogic ppearnces of the hidney after mjection of contrast medium
mto the renal artery m the ribbit were described exhawstively by Bire &
Ipsonrn (1954) Hyperemir was demonstrable m the glomerult with albu
minous exudate n Bowman’s capsule nd the convoluted tubules as carly s 15
munutes 2fter the injection The tubules also showed hyaline drop degeneration
and the exudate in the tubules tended to develop into hyahine, cosinophihic
casts In mimals hlled 1 hour after the mjection the epithelinl cells in the distal
tubules becme flatter and some of them were shed so that more granular casts
formed 1nd the cddl nucler displayed pyhnosis Most of the changes described
regressed consideribly wathm 24 hours but the epithehinl necrotic foct persisted
longer Marked regeneration appeared after 2 to 4 dvys, and after 3 dws only
mstgnficant changes were demonstrable

Raren & Lance (1960) myected 15 ml contrast medium into the 1orta of the
dog at the level of the ongins of the rennl artertes 1nd then studied the serum
NPN Ditrizoate 90 % (Hypaque M) and sodivm diprotrizoate 90 9, (Mo
Lon) produced no change 1n the NPN although an alteration was noted after
the mnjection of other contrast medin, namely sodium 1cetrizoate 79% (Urohon),
sodium todomethamat 75 % (Neo Iopx) 1nd rodopyracet 76 % (Diodrast}

T'xtenstve chnical experience also suggests that dintrizoate compounds are
the best contrast medi1 now avulable (Aprams 1961)
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Yarerans
\Aphrenco ebdem nehs

Fig | Anomaly observed m 2 of 16 dogs The renal
artery has a com mon trunk v th the phren co-abdom
1nal and phrenic artenes

of dogs usually at an mjection rate of about o mlfsec This rate of injection 18
probably somettmes hugher than the rate of flow through the hidney This
quthor 1n some of his studtes of the nephrographic effect myected the contrast
medium at a rate of only 12 mlfsec probably somewhat less than the rate of
the renal blood flow This relatively slow mjection tate n at Jeast one of his
expenments (pages 24—27, Fig 10} may have been sufficient by reason of the
presence of a clot at the bifurcation of the nght renal artery visible m the figure
but obviously disregarded by him In his examnation of renal injurs following
selective renal angiography  this author injected 2 to 30 ml of sodium dipro
trizoate 50 %, (Mickon) 3 to 10 ml of wedopyracet 50 9, (Umbradil} and
5 + 5ml of sodium acetnizoate 40 °; (Rheopak) and took senal roentgenograms
He found no distinct correlation between the dose and the concentration, on
onc hand and the seventy of renal inyury on the other All the cases 10 his
paper n which the application ume (=- the time the artenes were filled with
contrast medium) could be assessed with some degrec of certainty, and in which
tustology 1s mentioned are gaven m Table ]

Te will be scen from this Table that renal mjury depends on four factors
the apphcation time and the tvpe dose and concentration of the contrast
mediwm Onl 1n one ammal F 17 were deviating values obtuned, and they
mav hve been due to an anatomic vanant fsee Fig 1) The apphcation time
w 1enal angiography  performed lege artis varnes with the amount of contrast
medium mjected This type of mvestigation aims 1t transiently replacing the
blood 1 the renal artery by contrast medium The rate of myectson should be
properly adjusted naither too high for then the contrast mwedium will flow
back ito the aorta nor too Jow, for then the concentration of the contrast
medwm 1 the senal anery will fall Since the rate of flow of blood through
the hidney m1y van dunng angtography, owing to the effect of the inycction of
contrast medium on the blood vessels, heart renal parenchyma and blood the
comrast medtam should be ijected under fluoroscopic control The rate of



452 B BODFORSS, T MUTH AND T OLIN

Table 1

Based on HELANDER 5 11 (1958) of the nephy b after wyection of contrast media &
rectly nto the senal artery — only thase cases are included 1n which the application time 15 stated or can be
estimated and 1n whick the hstology 15 mentioned

Contrast medin [ Dog Doscs of contrast media Hustology Fune [Time
tion  hintenal
test e
th cen
anguo
Sude | Total [mefkg | Apph ar1phy
dose [body |eation and
(ml) [weight| tme kidney
(see ) examm
(ap [ Glomer | Tubules nation
No |Rg prox) | ul (dvys)
IDhprotnizoate
(Na dprotrizonte)
Miokon sodium
R 5 5% 1 N N N
F 271] 275 1 5 55 1 N A
T 500 2°8 ? 5 65 1 hY N N 25
R| s} »| 1 N N N,
r 51f202 1 5 75 ) N N N 3
0° r 36| 20, R 5 75 1 N N N? 13
R 5 75 1 N N
1 266! 200 I 5 75 1 N N 19
R 5 Bl N (+) s
P27 201 L 5 75 1 N (+)
I 40| 179 ? o 85 1 N N N 25
T 187 151 R 12 400 3 + + G0
T 196) 243 R 30 620 | 744 | +++4 bt £
I 227 720 R 30 680 7 +++ |44 40
iTo200218 R 30 690 | 7435 4 ++ [ S A +
s T 131206 R 30 730 | 747 | +(3) | H14) t +
r 17207 R 30 740 7 N N N 4
T 44/ 192 R 30 780 | 7435 4+ ) 4t 4 4
r 25177 R 30 850 7 +++ (4 ++ |44+ 4
Todopyracet
Ur bradil
35° r o 190 ? 3 35 1 N hY 17
r oo 4 1050 | 1 N 4) 4
R 8 {180 16 |+ 4(+)++1)
500 J[T 19/ 21s ] 8 J1860] 10 + N 5
F 6] 185 ? 10 |2 700 o4t 4[4 1’0
Acetnizoate
(Na acetnizonte)
Rieopoh 40| laso | 2 |ots|rieo0| > i at|riqs 120

1 lete o clusion of renal artery
1 Partial occlusion of renal attery  * Compl
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trizoate 0 = Ao
Renal function and tustology after selectsce renal angrography with diatricoate and ace
signs I;J/;damag: bymeda +and ++ Protenin and dilatation of the tubules +-+-+ and++ 44 Profein

Table 2

wn and dilatahon of the tubules as well as eprthelial necrosyy

Contrast media Dog Doses of contrast | Extraction{ ) Time | Histology
media of diodrast from  [intervall
blood hefore and  [be-
after renal tween
angiography ang o~
 Total mgkg [Apph graphy
dose [body [cat on and
(ml) iweight ime func
o |k frec) [Beforel After (D eion
and (ap- et test
Sex prox } ence [(days)
T trzoate
N\ alt& methyl
glueam ne salt
10 66y
Lr o
s Q650 13 10] <1) 58| o0 |+2] 5 |o
8 451 9 5 330 1 46 50 |+ 4 1 [
7 Q1S 6 3€0 i 44 43 1= 1 o
No typieal
& contrast
13 973 {| 0 |1ow0) 6| s6) 5714 1 |o |damage
o [2efo| 150 | 57 [ 52 {— 2 1 {0 [butsmall
nonspeeific |
changes
2 of17 (50 [1360f 40| 60 | 54 (6] H')Dhj""'
changes
Bool 7 (1] 0] 12] 54 35 {~19] 1 0T
6 {2 ot Lo il wl el gloel om&mm
2 Q) 95| 40 20000 5 | 61 | 45 |—16| 1 |4
9 5) 9540 12400) 50) 49 ) o | 4o 1| +4++4
“asalt & methyl
&l camresaltl 2)
hp que M { LoolB | 75 20l 10 so | w2 |oa]| o [a
ol 115} st 18] 50 3 ous| g |se
Acet 1 oate
Naacetr z at )
LR <s |eap| ol gl 5 1,
RN Y 50 20 1| 0| 19]-m 1 f+++
T wd 5 Intense hyper
I eTia oten
Plezs| e {rooo] 5| a7 | _|_ [ mm:;xﬂ,
30M® Intersty
Numbered footnates 322 0ppos te page "'m
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myection m1y then be modified, if nec-
essary, m roughly the same way s Bro
AN & Orer Ousson (1948) adjusted the
applic wion ume i the braimn by mspection
through 1 hole trephined n the shull If
the contrast medium s njected under
fluoroscopic control the application time
should vary with the nmount of contrast
medium mnyected

General prnciple Renal function was
studied both before and after selective in
Jection of contrast medium nto the renal
artery  Renal function was judged from

the power of the kidneys to extract rdio lig 2 Catheter for cathy
1!
active diodrast by the method described :rf;;\ on of fhe rena

by Boprorss, Mutn & Ouiv (1964) The
kidneys were eximined mucroscopically after the Inst functional test

Method of estimating renal function Twenty dogs were used The anmmnls were
anesthetized with about 30 mg/hg bodvweight pentobarbital sodium, USP
(Mcbumalnatrium 6 °4, ACO) intrivenously Superfical anesthesii was mun
tuned by small supplementary doses of the anesthetic intrawvenously The
dogs during preparation were pliced on the back and during the actual ex
periment on one side The 1mmnls were given hepann (2 to 2 5 mg/hg body
waight) The rectnl temperature was contmuously measured and hept constant
during the test Shorth-ured dogs often required extra warming with 2 lump
The animnls, which had been deprived of food for 12 hours before the expert
ment, were given 200 to 600 ml of 55 % glucose, slowly mntravenously The
blood pressure during the experiment wasmcnsured continuously with 1mercury
manometer connected to 1 polythene catheter nserted nto an artery  Blood
samples were collected for hematocnt determinntion by a mucromethod  The
right renal ven was catheterized 1o the way previously deseribed (Boororss,
Murn & Oriv 1964)

A dosc of diodrast I was mjected intravenously 1fter which the concen
tration of the substince w1s measured alternately i the aortic 1nd renal venous
blood Selective renal angrography was performed after the meqsurements had

becen made

1 The interval between the twa snyections was one day 1nd both were made into the right renal artery
+ Catheter 1n renal artery for two hours ¥ Renal artery ntentionally blocked for 3 mun before and

dunne mjection 45 ml wjected but most of the dose was extrarenal via the anomalous artery (Fig 1}
s Died 1n convulsions about 10 min after myection
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Care was taken m the preparation of the anumals to heep all rgampulauor:;
as sdentical as possible before and after angiography 1o order to reduce cxila\ u(
sources of error that might have been introduced by differences m the ¢
armnation technique

Discussion g
od correlation was found between the amount concentratton and ap
p]l’c‘aﬁgn e of the congrast medwm ijected on one hand and }tlhe ct:’rcct of
the ingection on the function and morphology of the kidney on the other
The deviating values could be explained by techmical complicauons 1n
farction by embok (No 23), anomaees of the remal blood supply (Mo 15), and
intentional occlusion of the renal artery (No 19) The deviating value i No 2>
could probably be explained by the fact that the catheter had been sn the renal
artery for two hours before the test The catheter probably impaired the renal
blood supply because although the animal was anesthetized 1t probably moved
while being transported 1o another department 1t 15 also clear from the table
that sodim acetrizoate (Triurol) 1n a dose of 200 mgfhg bodvweight which
does nat appear excessne from a Jhimcal viewpoint, produces functional and
morphologic changes m the kidney 24 hours after angtography (No 16) The
concentration of the contrast medium was however fauly high (70 2,)
As to the diatnizoate compounds m concentrated form (Hvpaque \[ 90 °}),
these are more wnjunous than those of lower concentration (Urografin 76 and
60 ° respectinely) m equal doses Nerther dratnzoate 76 9, nor 60 9, m
chmically reasonable doses {up to 200 mg/kg bodyweight), had any demon
strable toxic effect on the hidney The smallest dose of the 76 © solution trred
760 mg kg bodvweight 1s thus 3 to 4 umes as Iarge asthe convenuonal clinscal
dose used far selectny e renal anglography but praduced no demonstrable snury
As to the 60 9, solution this was grven 1n doses about 15 times as large as
chinically reasonable doses without giving nse to any damage ascnbable to the
contrast medium A corresponding volume of 76 %, solutton 2 900 mg/hg body
weight howeier produced moderate functional and mosphologic damage
The injunous effect of having the tip of the catheter m a wrong posttion 1s
obvious from dog o 19 10 which the renal artery w s mtentionally occluded
for about 5 minutes with a catheter before and during mjection of the contrast
medum diatnzoate 76 °, The tip of the catbeter was withdrann mnto the aorta
at the cnd of the wyection The following day renal function tests showed a
sbent hidney and severe macro copic and microscopic morphologic changes
With the same method and same volume of contrast medrum wyected mto an
unoccluded artery onh moderate lestons (o 21} were produced The dase af
contrit medtum was large namely 2 900 mgikg bodywerght 1n both cases
The bistologic changes inereased m sevenity with reducuon in the powner of
extraction of diodrass M hen this was reduced by more than 6 umits (lumt =1
per cent extraction) histologie renal changes could iy anably be demonstrated



456 B DBODFORSS, T MUTH AND T OLIN

Techmque used for selectie remal angography Thin radiolucent, polythene
tubing (OD/ID = 097/058 mm, PL 50) with gold markers m the up
(Linprir & Orin 1957) wns used for catheterzation of the renal artery m
small dogs, and 1n Inrge mimals, rdiopaque, polythene tubes (hif, O L
Nol red, OD/ID — 22/12 mm) were used

A part of the catheter contaiming 1 guide wire 15 cold drawn by 1 sharp pull,
which considerably deerenses the outer dinmeter of the tube, while the guide
wire prevents the mner dimeter from decrensing The cold drawn part of the
catheter s then ssarmed and curved to frcibitate introduction o the renal
artery (Fig 2) The use of this speainl catheter reduces the rish of impuring the
flow of blood through the hidney during catheterization

The catheter was passsed 1bout 1 cm nto the right renal artery  The con
trast medium was mjected manually, and under fluoroscopic control, so that
the rate of mjection could be adjusted according to the flow n the renal artery
I£the rate of igection relatve ta thae of the blood m the renal artery s too low,
the concentration of the contrast medium m the vessel will fall, and 1f the con
trast medium 15 imjected 2t too lugh 1 rate, 1t will regurgitate into the aorta
An anuomnc vanat, consisting of ¢ large vessel extending from the rennl
artery about 15 cm from the norty, was observed 1 2 of 16 dogs This wide
branch was found to consist of 2 common trunk of the phrenic artery 1nd the
phrenico abdominal artery (1 lumbo 1bdormmnahs or 1 lumwbals superficials,
Frann) (Iig 1) This vanant has been deseribed by Frursperoir & Ban
(1891) but 1ppears to have passed unnoticed by Iater mvestigators Ify, m
ammals with this anomaly, the up of the catheter 1s not situated an the actunl
renal artery, part of the mjected contrast medivm will enter the common
trunh of the phreme artery 1nd the phrenico abdomnal arters, and 1 un
known amount sl enter the hidney The applicition time, which 1s defined
s the timc the renal artery 1s filled with contrast medium, ind the 1mount and
concentration of the contrist medium used, were noted on sclecty ¢ nyection of
the contrist medum into the renal artery Films were sometimes exposed
durmg the actual injection of the contrast medium m order to appruse the
cross sectional arer of the renal artery occupted by the catheter Measurements
of the outer dinmeter of the catheter, and the mnner dinmcter of the contrast
filled renl artery at the same site, were made m these films About 6 to 8 ©, of
the mnner cross scction of the artery was found to be occupred by the catheter
In one case (H 19) the renl artery was intentonally occluded with 1 thick
catheter

Onc day after angiography renal function was agun assessed by the method
described  The mterval between angiography and subsequent renal function
tests 1n 1 few cases was several days (sce Table 2} The 1mmals were hilled 1nd
the hidneys removed for histologic cxtmination wfter the renal function tests

had been completed
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The renal artery and arteries running to the dinphrigm and abdommal
muscles stem 1n some dogs form 2 common trunk Tlus obseryation should be
borne 1 mind 1n sclective deposition of contrast medium 1n the renal artery
because 1n such cises part of the contrast mediam will be deposited extrarenally
This normal vannt appears not to have been considered myestigations by
previous workers on the effect of contrist medum on the hidneys
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SUMMARY

Renal function as judged by the power of the kidney to extract diodrast from the blood
was studicd before and after sclective renal angiography in dogs The hustologic changes in
creased in sesenty with the reduction in the power of extraction the damage varying with the
type 1nd dose of the mediim its concentratson withm the renal artery and the application
time Diatnizonte 60 9, was found to be the best medium 2y mlable for selective renal angie

graphy

ZUSAMMENTASSUNG

Dic I'unktionstuchtigheit der Nicre ausgedrucht durch deren I'gkeit Diodrast aus dem
Blut zu entfernen wurde vor und nach selektiver Anglographie an Hunden untersucht Die
lustologisch sichtbaren Veranderungen serstarkten sich in threr Schwere nut der \bnahme
der Tunktionstuchtigheit der Schaden ist abhangig von der Art und Dose der honstrast
substanz von deren Ronzentration in der Nierenarterie und von deren Durchlaufzeit Diatri
201t 60 ©, erwies sich als das beste verfugbare Mittel zur selehtiven Nierenangiographie

RESUML

Ln fonction rénale évaluée par laptitude du rem 2 extrarre le diodrast du sang a €été
dtudite avant et aprds angographie rénale s¢lective sur des chiens La gravité des lésions
Iistologiques augmente avee la réduction du pouvorr d extraction selon le type et la dose du
moycn de contraste utilisé selon s2 concentration dans 1 artére rénale et la durée d adminis
tration C est le daterzoate & 60 °, qur s est montré le mellenr moven de contraste pour

1 angiographie rénale sélective

RETERENCES
ausH L The opaque media Physiologic effects and systemic reactions In Angiography

Am:)p 13—28 Vol 1 Editor H L Abrams Lattle Brown & Co Boston 1961
Berc N O and Ippourn H On the tolerance of the rabbit s kidney to contrast media n

wography Acta racdiol 42 (195%) 124
f—n:ln?in%\glmr:’ugkc B Imcstigation of the tolerance of the rabbits hidney to newer

contrast media n renal angrography Acta radiol 50 (1958) 285



461
ARNORMAL COVMUNICATIONS BETWEEN SPLANCHNIC VESSELS

s

Fe 1 Case | Coarctation at renal artery lovel a) Abmormal or gins of left gastnic splesic and hepati
arteries T1e med nm passes from the superio Mmes atenc artery through 2 lang tortuous collatera)
I frow) 10 the nfenor meentenc artery b) Schemat ¢ representaion of several films from the be
gnn g and end of the senes. A g3 —Jeft gastnc arery A lien — splen canery % hiep — hepave

W N % ren — renal artery Am3 — SUPerof mesentenc artery A mi — infenior mesentenc
arreny

Case reports
Case 1 Mfafe aged 25 normally developed with nolustory of abdommal surgery or obscure
bal 1 pamn H )

p of 165/100 Weak femoral pulsc
pat able balaterally A murmur was pre<ent os er the left of the lumbar spine Pressure measure

ments n th gona vesezled 2 systoli gradient at the lesel of the renal artenes

Roentgenalogic findings (Frg 1) The Jumen of the abdorunal aorta v as reduced to half of ns
normal diameter over a distance of 7 10 8 em The renal artenies had a rommon otigia 1 the
ventral portion of the stenosed area The cehiac trunk was absent the splenic and the left
gastrie artenes arose from the proximal portion of the supenor mesentenie artery as did the
heratic artery althaugh approuimately 7 em dustally A further 4 cm lower down the contrast

med wn entered a dilated collateral vessel which after a very tortuaus course in the left side of
the abxdemen opened into the nfenor mesentene artery

Caie > \fale aged 43 with a *-year history of gastric ulcer otherwise healthy Blood pres-
ur 13085 Gastn resecuon type Billroth 31 had been performed four years previously for
duodenal ulces the imm diate postoperative course being uneventful exeept for mild diarrhea
len davs afier the operation intense abdominal para was folfowed by collapse Since the urder
Pang ause was obscure aortography was performed four weeks after the gastic resecyion
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ABNORMAL COMMUNICATIONS BETWET'N
SPLANCHNIC VESSLLS

by

I BrouN and S PAuLN

An abnormal distribution of the branches of the 1bdominal nortr was ob
served 1n three angrogrims m cases of hypertension 1 1961 and 1962 These
observations prompted 1 revaluition of the anglographuc findings 1n 810 1b
dommnl aortographies carried out between June 1958 and I'cbruary 1962 1
our department nd resulted 1 the discovery of two additional cases with
anomalous arterral distribution resembhing those previously noted The histories
and clhimical nd angiographic findings m these five cases were therefore ex
amuned and reviesed m the hope of eluadaung the nacure and signtficinec of
these vascul ir abnormalities

Methods and Matenal The contrast medium 1 these five cases was ijected
through 2 catheter ntroduced percutancously vin 1 femoral artery, the up
being plhced 1pproximately at the Ievel of the renal arteries Forty to 60 ml of
contrast medium were mjected wath the 21d of 1 automanc iygector (Gidlund)
over 1 pertod of 2 to 3 sceconds I'xposures were made {or 1 peniod of 20 scconds
with an Llem roll film or cut film changer In Chasc | bipline films were
obtaned while in the remning cases stereoscopic views were obtuned n the
frontal plane for a period of 20 seconds The patients consisted of one female

and four malcs of ages ringmg from 25 to 52

—_
Submitted for publication 25 February 1963
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ABNORMAL COMMUNICATIONS BETWEEN SPLANCHNIC VESSELS

Fizg 3 Case 3 Artenosclerouc comster t on
of the sapenor mesentenc attery a3 Ab
normally hartow caliber of the cehac artery
and 1ts branches d lated collatera {arrow)
from the inferior mesentenc artzrv  the
contrass medwu has not yet catered the
supertor mesentenc artery  b) Schemauc
represcatation (abbfesiations as m fig 1b)
) Dhlated tortyous vessels at the s te of the
suprarenal arter es

<

Cawe ¢ \ale aged 52 with a history of bilateral renal colic from 1936 to 1942 with pveloh
thotomy for night nephralithia 1s 1n the lateer year The postoperative course was uneventfuyl
apart from muld pa h in the nght lower quadrant for which appendectomy was performed
He subrequendly remained asymptomatc untd 1961 when hie bad a brief attack of dizamess
Examination d sclosed hypertension the blood pressure being 1707120 (in 1336 135/85) The
femoral arten, pulses were norma)

Roentgenslage fudy gr (Fig 4} The aorta was of normal cabiber throughout The medmem
entered a tortuous collateral from the nfenor mesentene artery which was difated The
collateral ran to the left upper pornon of the abdotnen then turned almost 180 degrees and
descended anto the nght lower quadrant The vessel m 1ts proximal part gave off 3 few small
branches to the sigmoid and the descending eolon i the oght lower quadrant of the abdomen

* turned sharply and approumately i the midline at the level of L 2 dnided into branches
wienufiatle ar the Jeft gastric the splenic and hrpatic arteres ang vessels corresponding to
branches of the superior mesentenc artery supplying the small ntestine “erther theimualtnor
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b

Tig 2 Case 2 Thrombosis of the superior mesenteric artery 1) Film from end of series Tillmg of the
superior mesentenic artery via a tortuous collateral (arrow) from the inferior jmesentenc artery
b) Schematic representation (abbrevtations as in fig b

Roentgenologic findings (Tng 2) The aorta showed no abnormal vanations in size The contrast
medium passed from the inferior mesenteric artery tnto a chlated vewsel that extended cranally
to the left then transversely and alter a tortuous course 1n the night of the abdomen  term
nated 1 the superior mesenteric artery Contrast filling of the latter artery was first cstablished
via the collateral vessel during the late phase of the examination and 1ts proximal portion
presented evidence of retrograde filling The cehac artery was filled directly from the aorta
and appeared normal No collaterals were observed between the celiac and superior mesentertc

arteries

Case 3 Female aged 49 opcrated onfor nght ovaran cystin 1941 and 1943 hysterectomy m
1959 for myoma The postoperative course on each occasion was uneventful Hypertension
was observed in connection with the hysterectomy and in 1962 the blood pressure was
215/120 Murmurs were present over the left side of the abdomen  the femoral artery pubes were
normal

Roentgerologic findings (Fig 3) Although no variations in the caliber of the aorta were cvident
the v essel had a somewhat tortuous course with small irregularities of the wall A dilated vessel
extended from the inferior mesenteric artery 1n a very similar way to the vessel in Case 2 The
celiac artery arose at the normal site but together with 1ts major branches was abnormally
narrow There was no detectable flow of contrast medium from the aorta drrectly into the
proumal portion of the superior mesenteric artery Caudal to the cchac artery a few fairl
large vessels — probably the pancreatico duodenal and gastro epiploic arteries — recused
a small amount of medum The tortuous collateral exhibited two short strictures 1n the left
side of the abdomen at the level of L 2 The renal arteries appeared normal  Small dilated and

tortuous 1vessels were descernible at the sites of the suprarenal artenies (Fig 3c)
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Fig 5 Case 5 a) Dilated tortuous cellaterals {arrow) from i ¢ mperior mesentenc artery 1o rar ches
ficcel ©aterv b) Schemat € sepresentation {abhireviat ons ason fig §§

1 length was prosent an the wall of the colfateral A thafl was palpable distal
10 the stncture The supenor mesenternic astery st proxtmal part was mark
edly sclerosed and had only 2 mnimal blood flow  The artertoscleroue lesions
continued 110 the aoruc wall It was not possible to mspiet the ongm of the
eehac artery Common 1o these five cases {Fig 6) was the fact that one or more
of the normally occurring anasiomoses bewween the unparred splanchme
vessels had developed 1nto a tortuous dilated collateral In the first case this
dilted vessel was an integral part of the collateral system that had formed be
tween the cramal and caudal sections of the aorta as a result of an abdominal
cowctinon In the second case the arculauon, following thrombosis of the
proximal supenor mesentenic artery, was taken over by the inferior mesentenc
aneny from which a collateral ta the penpheral segments of the former artery
develaped The abnormal vasculatization 1 the third case wassimilar to that
n Gase 2 but diflered clinicily from the tatter in the absence of a chinical history
of thromboss o other vascular disease The occfusion of thesupenior mesentenc
attery 1 Case 3 was probably due 1o gradually progressne anenosclerosis
There was nothing m the Justorres of the remuming two unoperated cases
16 suggest vascular wnvolvement Case 4 had a collateral similar to that in Case
3 whourh w supplicd not only the superior mesentenc reglon but that of the
erhiac antery as well In the filth case a vascular commumication existed betwcen
branches of the superior mesenterse and the celiac arterses

N OMUMS 4 Rdotpe Dup b1 2(1904)
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Iig 4 Case 4 1) Branches of both the celiac and the superior mesenteric arteries receive contrast
medium via the long tortuous collateral artery {arrow) from the inferior mesenteric artery  b) Sche
matic representation (abbreviations as in fig 1b)

the subsequent angiograms in the series revealed any contrast filling of a normal cehac artery
or the proximal part of the superior mesenteric artery The renal arteries appeared norm3l
Small dilated vessels were discernible crantal to the renal arteries n this case as well

Case 5 Male aged 48 with mitral discasc following rheumatic heart dusase at 19 No clmical
evidence of embolism The patient underwent cholecystectomy mn 1954 with an uneventful
postoperatne course No pertodic abdominal pain of ebscure etiologic ongm  He was n
vestigated for hyperten 100 1n 1961 when the blood pressure was 180/130

Roentgunologic findings (Fig 5) The aortic caliber was normal and showed no vanatons The
superior mesentenic artery gave off three fairly large tortuous vessels which after running
about 7 to 8 cm joined to form a single trunk this ran a distance of 5 em then ramified into
vessels corresponding to the hepatic and splenic artertes There was no appreciable contrast
filing of the celinc axis The infurior mesenteric and the renal arteries appeared normal

The ngrographte findings were operatively venfied m 3 of these 5 cases
Cnse 1 was subjected to implantation of 2 patch graft mto the abdommal
nortt {Ekestrom and Hansson) The aortic wall ws of normal consistency and
the mtima hnd no athcromatous or arteriosclerotic changes At exploratory
laprotomy (Bergfeldt) in Case 2 the roentgenologieally observed collateral
from the mferior mesenteric nrtery was readily wdentfiable and its temporary
occlusion resulted m the immedinte cessation of pulsations in the 1rterics of the
mesentery nd the proximal part of the small intestine These areas thereforc
recenved their blood supply from the inferior mesentenic artery  The supenor
mesentenc artery was totally occluded by a thrombus

At operation on Gasc 3 (Hansson) 1n arteriosclerotic thickentng, 1bout 5 mm
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b

Fig 5 Case 5 2) Dlated tortuous collatexals (arrow) from the supenor mesenteric artery to branches
of he ¢ ac rterv by Schemanic representat on (abbreviations as in fig 1b)

i length was present m the wall of the collateral A thnll was palpable distal
to the strcture The supenor mesentenc artery tn its proumal part was mark
edly sclerosed and had only a nunimal blood flovs The artentosclerouc lesions
continued 1mnto the aortic wall It was not possible to inspect the ongmn of the
cehiac artenn Common to these five cases (Fig 6) was the fact that one or more
of the normally occurnng anastomotes between the unpared splanchmic
vessels had developed mto a tortuous dilated collateral In the first case this
dilated vessel was an integral part of the collateral system that had formed be
tween the cramal and caudal sections of the aorta as a result of an abdominal
coarctation In the second case the circulation following thrombosis of the
proximal supenor mesentenc artery, was taken over by the mferior mesentenc
artery from which a collateral to the penpheral segments of the former artery
developed The abnormal vasculanzation in the third case was aimular to that
n Case 2 but differed chinteally from the latter 1n the absence of a chimcal history
of thrombosis or other vascular disease The occlusion of the superior mesentenc
artery 1n Case 3 was probably duc to gradually progressne arteriosclerosis
There was nothing in the histortes of the remaimng two unoperated cases
1o suggest vascular involvement Case 4 had a collateral similar to that in Case
3 though 1t supplied not only the supenior mesentenc region but that of the
celiac artery as well la the fifth case a vascular communication existed between
branches of the supenor mesenteric and the celiac artenes

W68 St R diol gic Duagusw'b el 2(1964)
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hig 4 Case 4 a) Branches of both the celinc and the superior mesenteric arteries receive contrast
medium 11 the long tortuous collateral artery (arrow) from the inferior mesenteric artery b) Sche
matic representation (abbreviations as in fig 1b)

the subsequent angiograms in the serses revealed any contrast filling of a normal cehac artery
or the proximal part of the supenior mesenteric artery The renal arteries appeared normal
Small dilated vessels were discernible cranial to the renal arteries n this ¢1sc as well

Case 5 Male aged 48 with mutral discasc following rheumatic heart disase 1t 19 No clintcal
cvidence of embolism The patient underwent cholecystectomy 1n 1954 with 1n uncyventful
postoperative course No periodic abdominal pan of obscure ctiologic origin He was i
vestigated for hyperten 1on 1 1961 when the blood pressurce was 180/130

Roentgenologic findings (11g 5) The aortic caliber was normal and showed no vanations The
superior mesenterte artery gave off three fairly large tortuous vessels which after running
about 7 to 8 cm jomned to form a single trunk  this ran a distance of 5 cm then ramificd nto
vessels corresponding to the hepatic and splenic arteries There was no 1ppreciable contrast
filing of the celiac axis  Ihe inferior mesentenic and the renal arteries appeared normal

The angrographic findings were operatively verificd 1n 3 of these 5 cases
Casc 1 wns subjected to implantation of 1 patch graft nto the abdommml
aortr (Ekestrom and Hansson) The 1ortic wall was of normal consistency 1nd
the mntim1 had no atheromnatous or arteriosclerotic changes At exploratory
laparotomy (Bergfeldt) in Case 2 the roentgenologically observed collateral
from the mfirior mesenteric rtery was readily identifinble, ind 1ts temporary
occlusion resulted m the immeditte cesstion of pulsations in the rteries of the
mesentery and the proximal part of the smll intestine These areas therefore
recenned therr blood supply from the mferior mesenteric artery  The supcrtor
mesenteric artery was totally occluded by 2 thrombus

At operation on Gnse 3 (Hansson) n artenosclerotic thickening, about 5 mm
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Fg 5 Gase 5 2) D lated_fortuous collaterals (arrow) from the superior mesenteric artery ta branches
of the cel ac antery b) Schematic representation (abb eviat ons asin fig 1)

in length was present m the wall of the collateral A thnil was palpable distal
to the streture The superior mesenteric artery in tts proxtmal part was mark
edlv sclerosed and had only 2 mmmal blood flow The artenosclerotic lestons
continued mto the aortic wall It was not possible to inspect the onigin of the
cehiac artery Common to these five cases (Fig 6) was the fact that one or more
of the normally occurnng anastomoses between the unpaired splanchnic
vessels had developed nto 2 tortuous, difated collateral In the first case this
dilated vessel was an integral part of the collateral system that had formed be
tween the cranal and caudal sections of the aorta as a result of an abdominal
coarctation In the second case the arculatton following thromhasis of the
proxamal superior mesentenc artery was taken over by the inferior mesentenc
attery from which a collateral to the penipheral segments of the former artery
developed The abnormal vasculanzation m the third casc wassimilar to that
i Case 2 but differed chinically from the latter in the absence of a clinical history
of wnromposis or ofher sascular disease The occlusion of the superor mesenteric
artery 10 Case 3 was probably due to gradually progressive arteriosclerosis
There was nothing tn the hastonses of the remaming two unoperated cases
10 suggest vascular nvolvement Case 4 had a collateral similar to that mn Case
3 though 1t supplied not only the superior mesenteric region but that of the
celiac artery as well In the fifth case a vascular communtcation existed between
branches of the superior mesentenc and the cehac artenes

DA 4 RE Ly D g V20198
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A\ A A A A

Eig 6 Schematic representation of all five cases with varous forms of collateral communications be
tween splanchmie vessels

Discussron

The ltertture supplies only 1 few reports of collaternl communications be
tween splinchnic vessels Baxrin (1939) published 1 c1se wath conrctation of the
abdomnnl 1orta, 1n which autopsy revealed a dilted, tortuous collateral be
tween the superior and nferior mesentenc arteries This collateral consisted of
the middie nd left colic rteries aind the nreades between them It appeared to
him that 1 collatern] of this type between the mesenteric vessels was more
mportant than the collateral systems in the abdomnal wall Ask Upmark
ctcoll (1962) recently published < case of nbdommal coarctation with 2 dilated
nferior mesenteric artery  SENNING et coll (1960) referred to 29 cases of ab
dominal conrctatton and added three personal cases A dilated vessel 1s dis
cermble 1n the left side of the 1bdomen 1n roentgenograms or specimens from
previously reported cases (SEnnine, Case 2, DounMer et coll 1951, EpwaRrDs
1961) This vessel 1s analogous with the collateral described by Bayrin and with
the angiographically demonstrated collateral, extending between the superior
and nferior mesenteric rteries, 1n the present Case |

Simular collnteral circulations have been reported by Ferson (1954), ind by
Surron (1962), m cascs of thrombosts of the 1bdommal aorta caudal to the
onigin of the renal arteries The pathologic changes 1n these cases are duc to
acquired occluston of the aortr Abdomnal coarctation 1s unhhely to be duc to
2 single ctiologic factor There arc cases recorded of marked qortic constriction
at renal artery level m which both the gross and the mucroscopic findings re
suggestive of arteritis (Danaraj ct coll 1959) Most uthors (Ask Upvark &
Lopin, Iisciier & Corcoran 1952, ScirwarTz et coll 1957, TROMENT et coll
1952, Hanssox ct coll 1959, howpo et coll 1950), consider, however the con
striction to be congenital The operative findings 1n the present case — absence
of aortic wall lesions with nbnormnal origins of the hepaue, spleme and left gastric

arteries — pont to 1 congemital condition
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Three of the present cases had collaterals simular to those associated with
coarctation except that the crculation was mn the opposite direction The
chnical findings 1n Case 2 suggest that the supenior mesentenc artery became
rapidly occluded, whereas in Case 3 the occlusion was probably insidious, thus
accounting for the absence of acute abdommal symptoms The blood supply
1o the vascular areas distal to the occlusion was taken over 1n both nstances by
the nferior mesenteric artery via the abotve mentioned collateral vessels the
muddle and the left colie arteries Netther of these two cases had collateral
pathways between the cehac and superior mesentenc arternies This was under
standable n Case 2 sn which the normal anastomoses between those vessels had
been severed at operation In Case 3, the unsatisfactory contrast filing of the
narrow cehiac artery suggested that this vessel too was the site of artenioselerotic
lestons such as those observed at operation in the supertor mesentenc artery
and the abdominal aorta The substantial increase 1n caliber of the inferor
mesentenic artery within only four weeks (Case 2) reflects the magnitude of the
collateral circulation through that pathway The rapid development of this
collateral also accounts for the favorable course and shows that the bloed supply
to the superior mesenteric region can be taken over entirely by the mferor
mesenteric artery

Epwarbs has deseribed four cases of thrombosis of the superior mesenteric
artery i elderly subjects m each of which the condition had been usheredinby
severe abdominal pain and 1n each of which 1t was fatal Ros et coll (1956
1929) on the other hand have reported occlusion of both the celiac and the
supenor mesentenc artertes without climeally alarmmg symptoms The pa
tient was a 35 year old man with a syphilitic aneurysm of the thoracic aorta
Operation disclosed total occluston of the above mentioned two arteties and
Postoperative aortography revealed that the enure splanchnic region was sup
plied vz a dilated collateral from the inferior mesenteric artery SuTTON too
has described a case of superior mesentenic artery thrombosss that exhibited no
“:;l;:::gcgr;za‘l }:;g]“;ta“dt!“ wh‘mh agnographv, r;;;alcd a dilated collateral ex-
cbliteroston of ‘h:s“gas TiC T ery‘ ORSTMANN (h 2) reported three cases with
the mierior o npennr mesentenc artery with a wide collateral artery from

c artery similar to that in the present cases without any
<hiical nigns of 1mpatred mesenteric circulation
\t;‘;:fs‘:a:a;c:‘el:::: aosur Case 3 demonstrate that occlusion of a splanchnmie
from the nfenor mcsczzﬁtomanxcn ;rlaurschln Case 4 collateral communications
logtcally maniest bus cdcll'cse 0 ing those 1n Cases2and3 wereraentgena
the dboted eole )5‘1‘: iton branches of the cehac artery extended from
common (0 the zzf,:c dc occlunion had apparently developed 1n a trunk
phenomenon — lnrldea:ce slugcnor mcsem;nc S g o omparatively rare
{ADscir 1928) Cases 3 and 4‘)“ oreorer b\lmptans 2 bor cent in Japanese
vessels at the site of the s T e extubited fawly large tortuous

uprarenal artenes (Fig 4) We have found no roent
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genologic reports of such vessels, but GoLpziener et coll (1951) have observed
dilated tortuous vessels 1t the site of the vdrenl glands 1t exploratory operation
for chnienlly suspected pheochromocytoma Since the prtient was found to
have coarctation of the tbdominal o1t these vossels were regarded s col
Interls Although the angiographic findings might represent dilated arteries in
this region, we can offer no plhusible explanation for the devclopmentof a collat
eral airculation from the suprarenl arterics to the splanchnic region No such
anglogiiphic findings have been reported 1n cses of suprarenal tumours
(AnLpack 1958, Denstap 1951, Susst & Rabke 1957)

The roentgenologic 1ppearances in Chse 5 could be attributable to throm
bosts of the celine artery with development of 1 collaternl circulation from the
superior mesenteric rtery  The upper abdominal organs were thus supplicd
vin single vessel insing from the aortn at the site of the superior mesenteric
artery This case does not represent the anomaly that has been described under
the designition truncus cochico mesertericus (Apacir 1928, Bunier 1904,
Muncir 1941} Tranc in 1888 described n anatomical specimen m which ¢
fibrous cord was present 1t the site of the cehae artery, and long, tortuous
collaterals extended from the superior mesenteric artery Hecinn (1905) obseryved
simlar collaternls o 1 ease with gross stricture of the proxamal celinc wrtery. No
lestons of the vascular wall were discermble mn the stenosed rea The vascular
distribution 1n these Iast two cases appears to hive been identicnl wath the
anglogriphic findings m our Casc §

The last two crses now reported were not operatively venfied Since the
absence of chinical signs of thrombosis could be mdicative of 1 congenitil
anomaly, 1t scems justifinble to outhne the development of the splanchme
vessels

Embryolugy The primtive nortt s pured but the two structures unite to
form 1 dorsal 1ort before the embryo 1s 3 mm long 1nd dorsal, Iterdd and
ventral branches are given off from this unpared aorty m each segment
The dorsal branches supply intcgument, muscle, 1nd nerve tssue wnd e
untted v11 severa! longitudinal anastomoses The Iateral branches develop nto
the phrenic, suprirentd and renal arteries, and the spermatic or oy win wrtents
The ventral brauches umite to form an unpured intersegmental artery m
medtrtcly after fuston of the rortr The union takes place according to Bro
MaN, by fusion of the two pured brinches The intersegmental arteries prss to
the embryonic gastromntestinal tract where they unite n 1 dorsal and  ventral
longitudinal instomosis The mnyjoraty of these arteries undergo regression at n
carly stage, the time apparently being varmble (TaNpLER 1904, Brouaw
1908, Pernkort 1922) When the embryo hns attuned 1 length of 8 mm,
ventral Arteries persist only in four areas A vessel that becomes the celine
artery lies 2t the level of the fifth cervical segment A relatn ely large vessel, the

| 1C
omphalomesenteric artery, which liter develops mto the superior mesenter
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artery, takes 1ts ongin between the first and third thoracic segments The vessel
that 1s later to become the nferror mesentenc artcry runs from the twelfth
thoracic segment Two relatively large vessels the umbilical artenes, which do
not undergo fusion but remain parred, e 1t the level of the third to fifth lumbar
segments Al splanchmc vessels are thus Jard down » ell cramad then mugrate
caudad but not untl the embryo has reached a fength of 15 mm do thar
locations comede with those 1 the adult (Asson 1936-—1937, Hemsteca 1928
1929 Tasicvem 1931) The sentral intersegmental artenes possess several
roots at a very carly stage and thar caudal migration proceeds via the de
velopment of a caudal root and regression of the cramal root The possibility
exists that during this caudal migration of the vessels anomalous sites of ongin
mav appear TAnDLER (1904) has shown that a trunk common to the celixc
and superior mesenteric arteries could develop via 2 longitudinal anistomosis
between the pnmitive roots comadent with regression of the ongn of the
celac arterv 1 the aorta This common trunk would have a retropentonenl
location behind the prlorus and pancreas and would not correspond to those
anastomoses that normally exist between the celiac and superior mesenteric
arteries BusiLer (1904) considered that these anastomoses are developed from
the longnudinal ones ventral and dorsal to the pnmitiv e gastromtesunal tract

The mechamsm of development 1n Case 4 may therefore have consisted n
regression of the normal ongins of both the celiac and the supenor mesentenc
artenies and development of the dorsal longitudinal anastomosts at the gastro
mtesinal camal into a long and tortuous collateral The ongin of the celtac
artery fatled to develop 1n Case 5 and collaterals evolved at dorsal and ventral
longitudinal anastomoses at the level of the prinutive stomach

Ahthough 1t 15 theorencally possible that the vascular abnormalities observed
by the present wrtters were congenital anomalies there 1s no evidence to that
::f,;c\l ‘;':to smglc‘;nstancc of such anomahies can be found 1n the hterature apart
d\smbunoca:f; hcscn‘bcdhhy Tuane and bv Hecnr The abnormal vascular
anomalis n(AD: e sp! ar;lc \mc region that have been described as developmental
pentonest mui"; znd MicuELs) conform to the above mentioned retro
Iy oceur mplhc nd donot asa rule nvolve the arcade artenes that normal

proutmity of the intestinal tract

Conclusions

co;}'hc five cases described llustrate various b1l
“h‘:;‘er]a: r::;c:l[a‘(}n‘on between splanchnic vessels The collateral arculation
Detwcen (e eprcs;m five cases consisted of a substantial communication
cobe amere “;;cnog and inferior mesenteric arteries via the middle and left
o m“sso? served in one case of coarctation of the abdominal aorta
om0 € acquired mesenteric occlusion While one of the Jast men

ases had suffered an acute attack of severe abdominal pain the

m the devel of
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other had no histery of acute 1bdominni distress, the same being true of the
remamng two, unvenficd cases with sumilar vascular abnormalities The
angiographically observed vascular abnormalities could, theoretically, hne
been congemital but they bore no resemblance to the vascular anomalies most
frequently encountered Since they were detected n three of 299 angiographies
of cases of hy pertension withaut 1cute thdommnal symptoms, they were possibly
attributable to slowly snereasing local obstructions of the Inrge splinchnic
vessels near the aostn The simibinty with centsl stenoss of, ¢ g the renal
arterses or the large cervical vessels, s stribing, and the abnormaliics mght
even in the two unscnified cases be mamfestations of the generalized vascular
condztion which leads to hypertension and which, by 1ts locahization, gnes nse
to stenosing processes i 1rtertes supplying onc or the other splanchnie aren

SUMMARY

The histary  clinteal micture and angragraphtc findings in frve cases of abnormal collateral
cammunications betseen the splanchnic vesscls are compared and discussed

ZUSAMMENFASSUNG

Die Vorgeschich ki t Ersch und angiographischen Befunde yon ab
normalen hollateralen zwischen den Splanchlicus Gefrssen werden beschrieben und analysert

RLSUME

Les auteurs comparent ct étudient | anamnese les signes cliniques et angragraphiques de
ong cas de communicatians collatérales anormales entre les vaisseaux splanchiques
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ANGIOGRAPHICALLY DEMONSTRATED
ARTERIOVENOUS SHUNTING IN CIRCULATORY
OBSTRUCTIONS IN THE LOWER EXTRFMITIES

by

Rovr houter and Verkao ViLjaney

Exceptionally rapid and often profuse filling of the femoral sens was fre
quently observed 1n angiographies performed for vascular msufficiency i the
lawer extremuties and was considered 10 be due 1o precapillary artenovenous
shunting Since references 10 the roentgenologic literature to arteriovenous
amsstamoses are scanty and apparently madequate 1 systemauc study of this
phenomenon was performed 1n a large material

; Earlier woestigations Artenes veins and capillarics are behieved ta ongnate
*om a common bed 1n the mesenchyma of the embryo {Jornan 1930) Some

l:;:l}:ntal}:ﬂns pownted out that the exstence of the latter 15 generally accepted
ough clearty defined Iimats betwcen the probably normal and the pathologic

ones are not at once apparent

_
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b

Iig 1 Arteriovenous shunting i the regions of Iig 2 Shunting m the regions of the ven1 pro
the vena aircumflexa femons Mterls and vena funda femons and vena circumilexa femoris me
profunda femors and filling of the proximal fem  dialis Vens filled wathin 6 sec after start of injec
oral vein Distinct venous filling within 6 sec of tion 1) At 3sec by at9sec 13

start of injection a) At 3 sec b) 1t 12 sec

Two types of arteriovenous shunts re usually disunguished

1 Arteriovenous anastomoses 1n the limited sense and which mects the de
finition by Crara (1956) regularly present dircct connections between the
arterinl high pressure and the venous low pressure system which, by regulating
their lumens, enable temporary shunting past the peripherally connccted cpil
Inry system  Perhaps the earliest extenstve study of 1rteriovenous 1nastomoses
1n man was that by Sucquer (1862) 1in which these communications i yarious
sttuntions were described Another enrly piper ws published by Hoxer (1877)
CLark & CLARR (1934) studied arteriovenous 1nastomoses 1n the ear of 1 Inving
rabbit over 1 considerable period, their number varied between 25 and 55 per
1 6 cm? and therr mside dinmeter between 5 6 and 63 2 These authors were
able to venfy the two varcties observed by Hover, 1¢ the strught and the
maore numerous cotled anastomoses, the mayority of the 1nastomoses rose from
small arterics 1though occastonally from primary branches of the ventral artery
of the car

2 Grossly 1bnormal arteriovenous communications in widely duersified
areas of the body These are often multiple and of small cahber, and may persist
unobserved m 1 latent stage for many years, or for hife In other cases the shunts,
ongmally very small, slowly develop mto arterios enous fistulie and produce
signs The trinsition from the diffuse changes, suggestive of hemngiomn and
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often called circoid ancurysms 1o
more localized arteriovenous fis
tulas 15 gradual, and no definite
pathologic difference 15 evident
(Anass 1951, Piuracus & VipaL
BARRAQUER 1953)

Arterioyenous fistulae of vary
mg degree m1y occurin thelower
extremties  Marked phlebecta
sias perhaps incresed length of
the leg and cardiac changes may
be present 1 the more marked
cases and cxtirpation may be
impossible  1n other cases the
changes are usually local and res
pond well tosurgery {LEwis 1930
Horton 1931) Proracus & Vi
paL BarraguEr claimed from
conclusive evidence thatidiopath
{Fetﬁ\ ::uslh‘::uff i the reg nrudnl the vena, c|rcurlnﬂcxa 1c and postphlebitic varicosities
K o il e e v prox el engral 41 are e (o the same primary proc
9sec ess the result of a congemtal ar

teriovenous communcation Voo
LER (1923) stated that the anastomoses may be even larger than those indicated
by CLara butstill meet the defimtion he gave these will probably be vistble in
ordinary roentgenograms

Techmique of examination Arteniovenous shunting may be studied by senal
angiography According to PruLacis & VIDaL BARRAQUER contrast medium
injected into the proximal femoral artery takes under normal conditions 3 to
7seconds toreach the foot this artenal stage lasts for 10 to 15 seconds depending
on the amount of contrast medham mjected The succeeding capillary phase
produces a uniform increase m opacity of the soft parts and lasts for 10 to 20
seconds although 1ts start and end are hard to determine exactly The venous
stage 1s characterized by its diffuseness caused by the relatively long time taken
for the vems to become outlined The contrast medim that has reached the
;z\p:!llan, system 1n the normal way may therefore according to the above data.
Bf\{(;;no:::ztcd mdlhe veins at 20 seconds at the earliest Piuracus & VIDAL’
. mthhc mcc:dc (h‘flt the demonstraton of the veins prior to 8 seconds fol
RN C_]c(;:lon of contrast medium will definitely mean an abnormally
o b l“%c W c1;!cas their demonstration from the thirteenth second onwards
— mmmrgretc 35 anormal transit ime In the present work filling of the

seconds was considered to suggest arteniovenous shunting
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Tig 4 Tilling beginming 6 sec after the mection in
wide vens of varicose type 1 the regrons of the pro
fund1 1nd pudendy externi 1) At 3sec b) at 12 sec

The angrographies of the lower imbs 1 the present inyestigation were s s
preceded by 7 scries of hlms of the lower part of the 1ortr and the pelvic vessels
The subject was then moved to 1nother cxamination table fitted with 1 fitm
changer Lach limb was examined separately with 2 series of four 20 x 90 cm
films usually exposed 3, 6, 9 and 12 scconds +ter the contrast medizm myection
w1s started, 20 to 25 ml Urografin 60 % were mjected nto the blood stream
aither through 1 polythene cntheter introduced nto the femoral rtery by the
Seldinger method or mto the femoral artery through a1 proamally directed
needle

Material and Results

The series 1s from the period from ! January 1960 to 31 May 1962, and com
prises 138 consccutive cases wath signs of occlusive vascular disease within the
distal part of the 1ortr or the vessels of the hmbs The latter were eximned
bilaterally 2s described 2bove A cise of congenteal rteriovcnous fistulre m the
upper prt of 2 thigh 2nd 1 case of shunts 1 1 crural uleer are aJso mcluded m
the present paper

The clinrcal dingnosis 1n 116 cases w s artentosclerosis obliterans, m 5 arterto
sclerosts diabetica, m 4 thromboangnns obliterans in 5 embolus 1nd m 8 cases
Raynaud discise Only 9 of the subjects were women Contrast medim was
noted 11t the femoral vens 3 to 9 seconds after starting the tnjection m 49 cscs,
te 359, 1n 31 cases this was observed on both sides

The mcidence was roughly the same on the right ind left sides nd 1 catheter
or needle mjection had no influence on the mudence An merease 1 the periph
el resistanee seemed to be the crusttive factor of shunting The Iatter oc
curred cither through occlusion of the main trunk combined with 1 poorh de
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a b a b <

Fg 9 W de vems of va 1cose type  F g ¢ Shuntingto popliteal and femoral e nsat9sec a) At sec

between Hunters ¢ nal and the He vly ramwued artcria genus fe sor medialis regularalternate

wpp ¢ patellar margm endent at ch nges n width 1 popl teal arteryand main trunksof leg 1) At

95 ¢ o shunting at b gher levels 12 ec Almost all med um has passed nta venous system ¢) An

ofiigh 2) A6 sec b) at 17 sec g ography one year later At3s ¢ them jonty of the medum
h s passed snto the prox mal femoral and pelvic veins

veloped collateral cireulation or because the artenies of the leg were narrow
and poorly filled The rate of flow 1n the leg was retarded 1n these cases

By far the commonest type of shunfing present m almost half the number of
hmbs was evident 1 the regions of the vena arcumflexa femors Jaterahs and
vena profunda femons (Fig 1) Predominant among the other types was rapid
filling of the vena profunda femons and vena circumflexa femons mediabis
{Fig 2) Other vanants were a proment vena circumflexa femors lateralis
ramusasc and vena femoralis and the presence of some profunda trunks (Fig 3)

Two thighs with femorat artery occlusion exhibited shunting 1nto very wide
vemns waithin the profunda and pudenda externa region (Fig 4} Arteniovenous
communication may also occur m wide varicose verns m the dstal thigh alone
(Fig 5) In one case a heavy arteriovenous transmission of contrast mediam
was noted m the patellar regron where the vena saphena magna filled munor
venous pools were also noted lateral to the greater trochanter within 3 seconds
of starting the imjection of contrast medam

Good filling of the pophteal and the femoral veins was noted 1n 3 cases and
m these the shunt lay within the area of the densely ramfied and somewhat
tbriuous arterta genus mfertor medhalis corresponding widened veins chan
nelled the flow of contrast mediwm to the large main trunk (Fig 6 2 and b)
Profuse shunting via the provimal femoral verns to the pelvic vens was the un
expected finding on control anmography one year later (Fig 6¢)

Typacal arteriovenous shunting i varicossties and a large ulcer of the leg 1s
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g 7 Artenovenous commumicatons in leg of
man aged 52 with hielong varicosiies Rapid
passage of medium in the arteries of the leg (20
cmfsec) 1) At Gsec Widened arteries directed
towrds the skin which 1t 9 sec (b) commun:

cate with 1 nich venous network

shownn I'ig 7 The patient, 1 man of 52, had had umlateral varcose vemns from
cluldhood, the other leg was normal Cases of this type have been published
cg by Voorer (1953} wnd Pivracis & VipaL BarraQuir

Artertovenous communicitions, usunlly cnlled arteriovenous fistulre, are de
picted in Ing 8 A woman of 24 had had n swollen 1nd acling hmb with
varicose vens since childhood, the left leg was 3 5 cm longer than the night, 1
common finding 1n these conditions (HorTon)

Discussion

Arteriovcnous shunting of contrast medium 1n the thigh 1s common n angio
graphies performed for obstructed circulition in the lower hmbs  Sunper
PLASSMANN (1943) assumed the existence of 1 speainl factor that i endangutss
obliterans resulted finally 1n the opening of the arteriov enous anastomoses while
this was never observed in Riynaud s discase This author detected m roent
genograms small bag like connections between arteries 1nd veins, which seemed
to correspond to the arteriovenous annstomoses Stular changes, 1 fraction of
2 rulhmeter 1n size, were observed by the present authors in some of the ingio
grams (1¢ Tigs 1and 7) These were lrge enough to represent contrast filled
anastomoscs, and 1f'so, were groups of arterioy enous connections similar to thost
observed by GLArk & CLARK an the ear of the rabbit (Ig 9)

Unlihe Sunpcr PrassMann, Wers (1951) noticed arteriovenous 1nistomoses
m other vascular diseases as well 1s 1 endangnus The opening of the shunts
appeared to be proportional to the resistance of the precpillary system  the
resistance may have consisted of wall changes, obliterations of spisms in the
vessels, or some other factor Weis’s article contuns an illustration of arterio

venotls n1stomoses m 1 hand with acrodermattis atrophicains No exact m
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i

a b

-

Fg 8 Artenorenous fistulae in proximal 1 teral part of thigh and commun cations
of vansse type m upper leg 1n woman of 24 Rapid passage of contrast medium in
the leg (15 cmjsec) a) b) c) At3 6 and 12 sec respectively after mnject on

formation 15 provided on the exact situation of the artenovenous communica
uon observed 1n the lower extremities nor 1s there any evidence to support the
roentgenologic findings

Early filling of the distal veins of the thigh via arteriovenous anastomoses 1n
a case described as normal 1s lustrated 1 one of VOGLER 5 papers {1953) The
publieation apart from this mainly contarns iflustrations of anastomoses in the
leg especrally 1n crural ulcers

VOGLER 1n another paper (1934) draws attention to the sigmficance of ar
tenoyenous anastomoses when changes in airculation in the terminal artenal
vessels of the Jeg occur Pruracus & Vipat BARRAQUER were interested only 1n
artenovenous communications 1n varcoses of the leg and the illustrations sn
the paper by Mureny & MarcuLss (1956) were also mamly of legs they
also wncluded an example of considerable artenovenous shunting 1 a hand
after severe frosthite a cond that seems to predispose to shunting

The expenence of the wiiters suggests that the peripheral resistance 1s the
most important although not the sole factor determining the opening of arteno
venous anastomoses Pressure measurements were not performed It apprars
possible however roughly to assess peripheral resistance by (1) 1n open main
trunks estimating the progress of the contrast medum at mid calf per ume
unit (2) 1 occlusions determining the efficacy of the distal circulation from
the number and width of collateral vessels
m?}}:: ‘\‘\1 :;t;r‘s) c\:: lcll; l‘)‘);] ‘:I::st; cnteria able to establish that arteriovenous shunting

€ progress of contrast medium in the leg 15 equal to
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g 9 Three successne camern lucsdr drawings of the sime
groups ol arterovenous anastomoses from 1 stable reformed
tissue chanmiber mstalted 1n 1 rabbit sear {1fler Cr ary % CLARKY

or less than 5 em/sce and when the collaterals are poorly developed The value
5 em/sce ws reached emprrically, Liappoys (1921) g1ve it 2s the normal lower
lunit of arterial rite of low No shunting occurs with 2 rate of flow m the
6to 12 cm/scc range nor if the collaterals wre welldeveloped Shunting1s 1gun
encountered, but 1s of wnother type 1f the rate of flow 1s still higher (cf Figs 7
and 8) I'igs 6 1nd 14 provide cximples of arteriovenous shunting when the
flow of conteast medwum 1s slow 1n the leg, while the mun arteres in the thigh
are open Itg 10 lustrtes deficient conditions of flow mn the might extramity
1nd open irteriovenous annstomoses 1 the thugh while these 1re closed in the
icft extrermty where the crrcuittion 1s sausfrctory

The flow of contrast medium 1s usunlly retarded m the upper part of the
leg when the distal vessels are narrow and poorhy filled, or are not outhined 1t
All In one cise, however, the retardation occurred first 1 the proximal part of
the foot with resultant shunting mn the proximal part of the thigh (Tig 11)

The resistance within the peripheral vessels, s alrcady pointed out, 15 prob
Ably not the sole factor i determunng whether arteriovenous shunting will de
velop The anatomoses are not mercly passively functiomng mechanical vahves
CLARK & CLARK 1n thetr in vivo expertmicnts obscrved 2 Iively dynamic 1cion
within the annstomoses, both of the continuous rhythmic type aind m response
10 various stimult The nastomoses may evidently ramaun closed under ther
awn regulitory cIpacity cven though 2 retarded rite of flow suggests increased
peripheral resist ince The present scrics included some cases of this hind
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Fg 10 2) At 9sec Poor arculauon
@ do 31 the nght} mb with open
anteriovenousa astomoses espectally in
the eg on of the orcumflexa femons
b} At9sec \o ebstructian nor shunt
g 10 the Ieft I mb

Fg 11 At12 sec Do obstructon 1
the thigh norm | rate of flow i the
Vg 18 ¢m sec)  retardation proxim ly
1 the foot and open arteniovenous
anastomoses n prox m | part of th gh

4
Fg 10a g 10b Fig 1t

The arteniovenous anastomoses that open at angiographies performed for
blocked circulation of the lower extremutres have a ghly dnersified localiza

von nd degree of devclop asmd d by the examples previously quoted
The findings are not even constant 1n the same €ase  1wo Consecutive contrast
medim may yield considerably different results and a third angio

graphy somewhat later may lead to another quite conflicung finding (Fig 12)
The differences recorded after the first and second injections may be attributable
to the dilatory cffect of the contrast medium on the vessel which improves the
pertpheral blood flow and in this way reduces shunting (L1NDGREN & TORNELL
1928) The exurpation of the aneurysm may well produce changes in the conds

WO 4 RdTe D b 12(1%0
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a b e

Tig 12 Ancurysm produced by shell splinters 1n the proximal part of the femoral artery Constant
chudication despite patent mun arteries a) and b) 1irst exanunation at 6 wnd 9 sec respectively
Slow flow of medium (3 emfsec) the bulk of which shunts over into the venous system ¢) and d) [ epeat
examination at G and 9 sec respectively Improved flow in the leg few open anastomoses ¢) and f)
Aneurysm extirpited films 1t 6 and 14 sec Turther improved proximal flow with retardation in distal
part of leg shunting to the proximal femoral veins 1s well as via the patellar veins to the vent saphena
mign1

tions of flow and thus m the findings 1t 1 third angiography The totally dif
ferent types of shunting m onc hmb 1n Tig 6 should be mentioned 1n this con
nection There was no shunting, but persistent filling of the arteries, during the
whole pertod of the cxammntion, and 1 slow rate of flow m the other mb,
wherecas the presenting climeal signs were symmetric Claudication occurred
after walking 200 to 400 m, 1 condition that had persisted unchnged for 4 to
5 years

The sensttive renctions of the vascular system are also reflected by the exam
nation findings in Fig 13 At the first ingiography, practically ll the contrast
medium was shunted nto verns that discharged mnunly nto the pophtend and
the femoral verns At the next examination, 4 days Iter, the contrast medium
appeared only in the proximal veins, and none was vistble 1n the popliteal and
femoral vems VooLER studied n detail the effect of the intr arterial 1dminis
tration of Hydergm (Sandoz), the vasodilttory preparation, on rteriovenous
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e

2 b

Fg 13 Slow flow 1n the leg (3 emjsec) a) At 3 sec b)at9sec Thebulkof themed um
has passed 1nto a widened femoral vein and b anches of the ¢ reumflexa femoris Examt

naton 4 days latee ¢) At9 sec manly the proximal ve s filled d} At9 secafterinjec

on and 10 min after ntra artenal adm nustrat on of 0 6 mg Hydergin N\eghgibleshunt

g the contrast medium 1 es m the artenal system

anastomoses m crural ulceration and found that 1 most cases they closed The
winters checked this functional capacity 1n the anastomoses  to use VooLer s
expression 1n a few cases and arnived at similar conclusions Thus only traces
of contrast medium were visible 1n the prowimal part of the femoral artery 1n
Tig 13d an angography after 0 6 mg Hydergim 1ntra arterially Similar angio

graphic findings before and after sympathectomy are also included in the present
matenal (Fig 14}

Conclusions

There 15 conclusive histologic evidence of the occurrence of arteniovenous
communications in mammals Living tissue studses especially of the rabbt s
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a

Iig 14 Slow contrast flow in the leg (5 cmjsec) a) At 6 sec b 1t 12 sec Abundant
shunting i the thigh ¢) and di Angiographiy after sympathectomy ¢) At 6 sec The
medium hasreached considerably Msther distally thanin (1) d) A\t 17 scc A prominent
art tibiaks post filled as far as the foot neghigible shunting 1 tngh

¢ar, have disclosed many topographic ind functional detals of this arterio
venous shunting (CLARK & CLARR) As regards the physiologic importance of
the communication, however, one must agree with Irvig (1961) that these cx
periments, just 1s other research, have not yet been able decistvely to solve the
problem of the capillary circulation or the genernl circulation Crara considered
the arteriovenous anastomoses 1 regional specil arrangement n the vascular
system, but not 1 cornerstone 1n the termmal capillary bed of general phys
sologic or pathologic 1mportance VocLER 15 however of the opimon that the
arteriovenous nnastomoses ply 1n important role m circulation disturbances

1n the terminal arternl vessels
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The present results seem to mdicate that arteriovcnous anastomoses 1n the
thigh deserve more attention than they have been accorded hitherto The
angiographic method of demonstrating artenoyenous communications s a rough
one if detailed 1nformation 1s desired but has valuable positn ¢ qualities Angio
graphues are easy to perform and scem to be able readily to record chinges m
blood flow conditions ¢ g with double injections before and after ssmpathec
torny or 1ntra artenal spasm relaxing medication

The question how ever immediately anses as to whether the roentgen findings
described above correspond to conditions m the vascular system as they are
withowt vasenlar puncture and contrast medum yection or whether they are
smply an artefact produced by these measures The shunting could eg be a
result of vascular spasm (I voBoyt 1957) The cases that present evidence of
shunting however, had exther circutatory conditions permanently wnpaired by
arteniosclerosss or were of the Raynaud type or 1n other words with a chinical
picture suggesting a spastic cuologn The present wrters are inclined to agree
with Wes that 1n blocked ciscul; of the lower ex the arterios enous
anastomoses in the thigh are there to regulate the flow of blood and the roent-
gen findings therefore reflect the physiologic course of events The anastomoses
belong to the normal equipment of the vascular system and like shuices, of the
condittons of flow become pathologic come into action 1n order to avoud stasis
proxmmally to the block The arter are not respanaible for
the reduced peripheral blood flow which 1s produced by the primary pathologic
changes of whatever type they may be It would appear to the wnters how
ever that arterionenous anastomoses 1n the leg n sancositses and crural ulcers,
01 the other hand represent a type mtermediate between the normal anasto
moses of the thigh and the wide definitely pathologic arteniovenous fistulae

SUMMARY

“il;nl‘};:g of \lelns mn different parts of the thigh 3 to 9 seconds alter the stare of the njection

ot qutn\dylobls’er\ed at bilateral angiogray by m 138 cases with cicculatory obstructions

oy Ppeared to be due to shunting via open arteriovenous anastomoses The various types
nastomoscs are deseribed and their mechanism and function exammed

ZUSAMMENFASSUNG
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RESUME

Dans 138 cas d obstruction vasculaire des membres inféricurs les auteurs ont obsery ¢ fré
quemment par angtographic bilatérale une opacification de veines de dnerses parties de la
cwisse de 3 4 9 sceondes 1prés Ie début de Lingection semblant due A un court arcust par des
anastomoses 1rtério veineuses owvertes Ilsdéerivent les divers types d anastomoses ct étudient
leur mécanisme ct leur fonction
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ACUTE CRANIAL TRAUMA
A prehiminary seport

by

G Rucciro R § Leicuron P Dertortand F Corumeria

The technical aspects of the radwologic examination of cases of acute cranial
trauma have been dealt with previously (Leicuton 1963 Rucerrro 1962
Ruiceiero et colt 1963) It must be emphasized that such exammauons are
1 general difficult and demnd considerable expenence on the part of thase
who undertake them

In the first six months following the opening of the department of neuro
sadiology m our hospital 46 cases of acute cramal imjury were admited
Direct examunauon of the skull and carotid angiography were performed 1in
all these cases as soon as possible after the mmury bilateral angtography was
carnied out 1n 23 cases

Tuwenty even cases were venfied at operation and constitute the matenal
of this study The cases may be summanzed as follows

Extracerebral hematoma (with or without bramn lacera
tion
Subdural hygroma

Intracerebral hematoma {with or without bram lacera
ton}

Intra and extracerebral hematoma
Laceration without hematoma

Cerebral collapse

Depressed (racture without cerebral damage

Prescaced at the Internanonal Co
e 2 he Lo ngress of Radiology Montread 1057

- =

- R
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Lig 1 Typieal apperrances of recent (1 few hours) subdural hematoma a) Shight displacement of
pericallosal artery  border of cerebrl comvexaty smooth and regularly outlined b) Lateral practically
normal 1ppearances

An essentin] factor 1n the examination of cases of cute cranial traumn 1s the
decision as to the sside on which the cxamunation 1s to be performed The
climical neurologic findings and the conventional roentgen examination of the
shull will both plvy therr part in determming the side  Three possibilities hve
been considered

1 When the climeal neurologic findings were not in agreement with the
dication of side, as shown by the displicement of the calaified pmeal body,
the examnation was performed on the side indicated by the Intter

2 In thosc cases i which neither the climical neurologic findings nor 1
displhced pineal body indicated the side of the lesion, wnglography w1s per
formed on the side ndicited by fracture, 1f such w1s present

3 If the radiologic examunation revealed 2 fracture, and the pineal body
could not be made visible, whereas the chinieal neurologic examination ponted
to the side oppostte to the fracture, the chinical indications were followed

Bilateral examinations were always performed m doubtful cases The critern
of the pmml displacement was correct i all ¢ases m which the pmeal body
wAs scen to be displnced Surgery vertfied the findings in 15 of the 16 cses in
winich the chnical findings indicated the side Left hermparesis associated with
~ left sided Incerntion was present n the 16th case Operation was however
carried out on the coriect side s 1 result of the angiographic dingnosis

Twenty onc of the 27 1t surgery vertfied cases had evidence of fracture 1
the conventional films Light of these 21, however had unilateral fractures on
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Fig 2 Left subdural hematoma 10 days after
P trauma Outl nc of hemssphere smonth and reg
ular but concave marbed dusplacement of the

by internal cerchral ven to the nght The per
seallosa! artery was also markedly duplaced  the
lateral view was negatin e

the side opposite to the surgical lesion 1 5 of these 8 cases the chmical signs
correctly indicated the side of the lesion A fracture 1s thus not a good gde
for ndicating the side of the lesion The correct side was examned first in all
the 13 cases 1n which bilateral angiography was performed 1n 4 of these the
fracture was on the same side as the leston and m 3 the fracture wis on the
opposite side

A roentgenographic diagnosis of bilateral lesions was made 1 3 cases, but
confirmation of one of the sides 1s lacking because the surgeon in each instance
decsded that the climical condition of the patient contraindicated exploration
of the second side

These expenences have prompted a policy of action based upon indications
as to the side of a surgical lesion 1m the following order of validity and signif
1eance (1) displacement of the pineal body (2) hemuparesis (3) ansocona —
mydrasis 1s usually on the side of the lesion and we feel that anisocorra may he
a verv important localizing sign as was also pointed out by CoLuverta Der
ZANo & Nicora (1929)

Right sided angiography in the frontal half axial projection has been per
formed 1n doubtful cases and thereafter the further exammnations that may
be indicated by the findings m these angiographc films Recently sumultaneous
‘oiplane angiography of the night side has been carned out 11 such cases

Dragnosis
The pathologic features of cranial trauma mas be disided mto (1} contu
sions /) extracerebral hematomas extradural or subdural (3) lacerations (4)
mtracerebral hematoma The fast three are frequently found together
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Fig 3 Typicil extradursl hematoma a) Pen
callosal artery markedly displaced to theright
b) Hemisphenic convexity irregular medual
displacement of meningeal vessels () and
extevasation of medium {+) ¢} Lateral uew
Marked distortion of the Sylvian vessels with
leakage of merdum (arrows)

Contusions In this group are included cases not surgically verified and those
i which mimmal changes werc found at angiogriphy, eg shght displace
ment of the anterior cerebral artery suggesting the advisability of expectant
treatment Generally speaking these showed, 1n association with the clinical
ymprovement, a return to normal roentgenographic appearances

Extracerebral hematomas The diagnosts 1s based upon the demonstration at
angrography of a non vascularized space between the cerebral hersphere and
the cramal vault, the hemisphere being indicated by the extreme hmnts of the
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Fig 4 Local zed lef pxraducal hematama Chutl ne of cerebral convexity irregular avascular region
well demonstrated 1 (h tan ential view only (b}

sessels of the convexaty If the techmque 15 correct 1t 15 difficult to muss the
diagnosis The dragnosis of extracerebral hematoma was correctly made in all
the 14 cases of extracercbral hematoma (etther alone or in association wath
other lesions) The problem becomes mach more difficult when an attempt 1s
made to differentiate between extradural nd subdural lesions excepung of
course such nvolving the midhine and displarng the supertor sagittal smus
downward {WickBou 1948)

The presence of an exiradural lesion 15 beyond doubt if a rupture of the
menngeal vessels 1y demonstrable {Lavpores 1954) The most characterssic
appearance 13 A collection of contrast medum outside the vessel (Fig 3¢)
An effusion of medium may however also be observed outside the brain (Fig
3b) Thus 15 Bhewse true of the displacement and deformation of these me
fitnge1l vessels as the present writers have demonstrated (Rucoiero 1962,
RiGaiero et coll 1963) It 1s evident that good demonstration of the branches
of the external caroud artery must be obtaincd and 1n many cases this 1s un
tikels without durect puncture of ths vessel 1 the neck It 1s however at umes
possible to show these vessels more or less 1solated from those of the internal
caratid avtery by means of appropniate senography when the common carond
arteny s mgected. Thes results from the fact that the veloaty of arculation in
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Iig 5 Rehuonship between
positon of fracture and the
mtracranil lesion The thin
black hines (—) indscate frac
tures with extradural hemn
tom1 ~— ———with lacera
tion only  the thick black hine
(—) indicates fracture with
subdural hematoma and —
— — with licertion and
hematoma

the internal carotid 1s different from that in the external carotid artery The
blood flow 1s usunlly slower 1n the Itter although the reverse may occur (n
deep comn, 1 which the brun crrculition 1s retairded) The branches of the
cxternal carottd artery may thus appenr in the films erther before or after those
of the internal carotid artery

Apart from the d1ita on the modifications of the external crrotid artery, ¢
few attempts to distinguish 1n extridural from 4 subdural hematomn by internal
carotid angiography have been reported 1n the liternture The authors scem to
agree that this 1s very difficult Wickson, and LinnGren have pomnted out that
subdural lesions are more hhely to be located nbove the Sylvinn fissure The
present 1uthors have however observed 1 subdural hematoma also volving,
and sometimes only mvolving, the imfertor part of the convexity BoRELLI
Romant & HueBer (1957) stated that an extradural hematomn Ieads to less
displacement of the perrcallosal artery than 4 subdural hematomn, since n the
former the attachments of the dura resist the expansion of the hematomt
They also pomnted out the importince of the charactenstic semilunar aspect of
2 subdurnl hematoma BownaL & Lecre (1958) reported that, unlike 1 sub
dural hematoma, 1n extridural hematomn does not extend over 4 Iarge part
of the convexty of the brain, but tends to be more locilized Norman (1936)
stated that he knew of no defimite way of differentinting between 1 subdural
and extradural hematomn except by the observation of a downward displace
ment of the sagittal sinus He, however, went on to describe the followng
charactenstic differential potnts between an extradural and subdural hemn
toma (1) an extridural hematomn tends to be more localized, (2) 1t usually
has an wrregular outline while the outline of 1 subdural hematoma generally
forms a smooth curve, (3) 1n extridural hematomn often appears to bulge nto
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Fg 6 Small antenor basal nght temporal lace:

s tlightly dusplaced towards 1l by The €arot d siphon and the antenor Sylvian fissure vesscls ace
dlevated and d placed medally

raton a) The anterior part of the penicatlosal artery

the bran sub while a subdural t
e masse

The writers feel that an extradural hematoma may be differentiated from a
subdural hematoma by the appearances of the wternal carond vessels m rela.
tion 1o the shape of the avascular space (Figs 1 1o 4) The matenal has been
reexatuned solely from this pownt of view An avascular space limited medally
by the cerebral convexaty and appearing as a smooth and regular curvilinear
fine has been considered as characteristic of a subdural hematoma This cur
wilincar line 1s convex 1n a very acute case and seems to tend to become concaye
with the passage of ume In the case of an extradural hematoma on the other
hand the cerebral cortex usually has in irregular border and a supenimpost
ton of vessels on the avascular arca 1s frequently noted since the collection
131 general less voluminous and mare locahized A subdural hematoma usually
Presents nearly normal appearances in the lateral view while an extradural
hemytoma almost atways eads to localized deformation of vessels The diagnosis
of extradural hematoma was made on the basis of these entena on reexamma
tion 1n 8 cases 0 7 of these the operatnve findings were 1n agreement

The differcatial diagnoss between a subdural and extradural hematoma 18
of course helped by the clhintcal tustory 1 which the anamness 15 gencrally
much shorter 1n extradural hematoma and there 1s no luad penod The pres
ence ot fracture 15 much maore frequent wath the extradural lesion OF the 14
hematomas in the group 6 of which were of the subdural type alone 3 were
assocrated with cramial fractures while of the 7 extradural hematomas 6 were

appears to displace the bram
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iy 7 Left miracercbral and smal subdury) hematoma and frontal temporal basal laceration a) The
avascular area indicates 1 subduri] hematoma but it 1s too small to 1ccount for the degree of displice
ment of the pericallosal artery b) The backward displacement of the pericallosal artery nnd the down
ward displacement and stretching of the Sylvian artenes mdicate Jaceration of the bram

associated with such fractures Tig 5 1s 1 composite drawing mn which the rela
tionship between the site of the main fracture wnd the ssociated cerebral Iesion
1s walysed This drawing shows that a laceration 1s usually nssociated with 2
fracture situated high on the convesity or near the base of the shull Thesc datr
have naturally to be treated with crution and need further confirmation 1n
many more cises

Lacerations Laceruon 1s a traumatic mterruption of the continurty of the
bran conyvexity with the formation of necrotic tissue, wlhich grves rise to nox
emit and edem1 The importance of this hind of lesion has been cmphasized by
one of the authors of this paper (I' C) (CoLuMELLA et coll 1959) who n
sisted on the advisabihty of surgical treatment As a matter of fact, m too many
centres the absence of a hematom 1s considered 1n mdication for non surgieal
treatment, and 1t would 2ppear that some patients are lost who could have
been saved by early operation There re 11 cses of venified laceration of the
brun n the present material The site most trequently 1nvolved 15 the convexaty
of the temporal lobe (9 cases), i 2 of these therc was also laceration of the
¢ and 1n 3 of the frontal lobe, in the 2 cases not involving the tem

parictal lob
the leston was 1n the frontal lobe

poral lobe,
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The angiographic aspect of a laceration 1s the demonstration of the existence
of 3 localized expansive process often basally situated Lacerations usually
produce less displacement of the pericallosal artery than extracerebral hema
tomas The differential dragnoss between an intracercbral hematoma and
laceration 1s difficult The degree of displacement of the pencallosal artery
may even bere be helpful 1¢ the displacement 35 usually lessin the laceration
but the diagnosis will probably be indicated 1n the Tateral view 1 which manor
distortions of exther the caroud syphon or the Sylvian group vessels will suggest
the presence of a laceration (Figs 6 and 7) This 15 of course frequently en
countered because the antenor portion of the temporal lobe 15 the most com
mon site for lacerations Anperses (1928) worhking with spontaneous cases of

bral h has de rated that the lesion when deep may be
diagnosed by the displacement of the lenticulo striate artenes

There s enly onc case n the present matenal of intracercbral hematoma alone
but 3 cases of intracerebral hematoma associated with laceration Such a ma
tertal as this 15 too small to jusufy definite conclustons but at the same time st
15 felt that the findings of a basal lesion especally if situated 1n the temparal
regon are more 1n favour of a laceration Moreover as WickBoy also stated
the presence of an intracerebral hematoma must be suspected 1n cases in which
the displacement of the pericallosal artery 15 too great to be explained by the
Ieston that 1s demonstrated The present wrters have recently observed 1 case
not included n this material in which an extradural hematoma subdural
hematoma and a laceration were present together and in which the dragnosis
of all three lesions was made preoperatively from the angiographic findings

These lacerations are often ac p { by h and tn the present
matenal the latter was present subdurally in 3 cases intracerebrally 1n 2 cases
subdurally and extradurally i one case and subdurally and ntracerebrally
n one case As previously stated the relationship betw een fractures and lacera
tions may also be of some mterest The study of this matenal has shown that a
;_:(r:‘l‘)::‘rall laceranon 15 often associated with a low lymng fracture and that a

aceration tends to est with a fracture high and antenorly on the
;r(:::‘e:;:?f Even 1n those cases 1n which the fracture 1s situated at some distance
rontal temporal region the laceration 1s apt to be present at one of

::1::: ::l;s\ The prac:i\cal aspect 15 that when a fracture 1s present and the pa
1 ap‘t::: condition or the angrographic signs of local abnormality are
poral laceration 15 still hughly probable

SUNMMARY
" \ material of 27 venfied cases of acute
the radiologic approach Parncular attentu

cramal trauma 18 discussed with spectal reference to
dural and subdural hematomata as weil

on 18 paid to the differential diagnosis between extra
as to the problem of laceration of the bran
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ZUSAMMLNTASSUNG
I Matenal von 27 bestatigten Thallen von akutem Celurntrauma wird besprochen beson
ders in Hinstehit 1uf das rontgenologische Vorgehen Besondere \ufmerhsambeat wird der Dif
firentnldinignose von subduralem und extraduralem Hamatom gewidmet und der Frage der
Cilurnzerrensung

RLSUMT

Les auteurs étndient en particshier 2 pont de vue de 1 examen radiologique, une séne
de 27 cas v énfids de triumatsmies ceamens au stade uge Hs s attachent particulidrement 1
dirgnostic difTérentiel entre hématomes extra et sous durwn et au probléme de 1 attnuon
cérébrale
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THREE YEARS EXPERIENCE OF PERORAL
CHOLEGRAPHY

by

V Gvozpanovicand L harrar

Over 3000 exammations of the ihary tract with Bilopun have been de
scnbed 1n more than 40 papers since this peroral cholegraphic contrast medium
was mtroduced three years ago and one and a half milkon doses of Biloptin
and Solu Biloptin have been sold throughout the world dunng this same
pertod The present 15 an eval of this relatively new
method of exammaton The ments of Biloptin and Solu Biloptin are con
sdered and contrasted with reference to previous publications and to the
wnters own matenal of 249 pauents

The study of the bie ducts and gallbladder as functianal entities following
the ingestion of contrast media was the aim of radiologssts for many years The
troduction of tn 1othzed contrast media e g Telepaque Tendax Qrabilix
ymproved the possibritty of demonstration of the bile ducts The outhnng of the
ducts was however condianal upon a previous fitling of the gallbladder for
1 was dependent upon a secondary filling of the ducts after the gallbladder had
emptied There are relatvely few reftrences to primary filling of the bile
ducts by the peroral method Twss et coll (1955} by means of double doses

Submitted for publication 16 October 1967
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of Telepaque combined with exmphor tmcture succeeded 1n demonstriting
the bile ducts 1 74 (72 %) of 106 patients who hnd undergone cystectomy
There 15, however, no mention of the quality of the filling, the side effects, or
contrast residues i the bowels Stavaminos & Taner (1957) were successful
m filling the bile ducts 1n 48 (71 4 %) out of 67 prtients in whom there was no
gllblhdder filling, they gave n sceond dose of Telepnque 12 hrs later TerrLick
ct coll (1958) reported that m 112 investigations with 1 single dose of Orabili,
the bile ducts were filled 1n 2 out of 5 patients i whom the gallblrdder was not
scen Twiss & Gierrrr (1959) modified their previous method of fractionated
adminstranon of three doses of Telepaque by combining them with tinet
cimph and succeeded 1n 46 patients, in whom routine cholccystography had
previously fuled, 1n filling the gallblndder m 33 and the bile ducts 1n 29 pa
tients Lorive (1959) published the results of an analysis of 6 710 cholecysto
graphies with Telepaque This author was able to demonstrate the bile ducts
1n 334 patients, 1n whom the galibladder had not filled, by the "dministration
of 1 second dosc 24 hours lnter Morcover, the site of the occluston of the cystic
duct was located 1n 79 patients

It 15 perhaps surprising that peroral cholegriphy was not generdlly used
sooner One of the rewsons m1y have been the relatively poor filling of the
bile ducts Intrwvenous cholegriphy with Biligrafin, imntroduced m 1952,
soon becime the method of choice for studies of the ducts The authors who
compnred Tdepaque and Biligrafin 1ppeared to prefer the Intter Surrov &
TiLLer (1954) wrote ‘In our experience Telepaque shows only the common
and cystic ducts, and the hepatic ducts, so regularly scen with Bihgrafin, are
not demonstrited  Suenant {1957) thought that the hepatic ducts i functionnl
and surgicl cholecystectomy ‘could not be adequately and consistently
shown with Telepaque Fisuepick (1955) demonstrated the bile ducts with
Telepaque in only 5 patents but with Biligrafin i 51, 1n 1 series of 61 patients
BuenTALA & WALTER (1958) 1 comparing the results of myvestigations with
Bibisclectan, Telepaque, Tenidax, Baygnosul and Biligrafin in groups of 100
patients came to the concluston that Biligrafin was the preparation of chorce for
the demonstrition of the bile ducts

After reports on side cffects ind complhications (HoRNYRIEWYTsCH & STEN
pER, THEANDER, SALTZMAN) 1nd, occastonnlly fatnl sequetie (FrovnroLp &
BrapAND) from the usc of Biligrafin, more 2ttention was pud to peroral chole

~ph
grl\?cwz/ contrast media for peroral cholegraphy werce put on the marhetin 1959
Bilyodon Natrium (AB Leo, Halsingborg, Sweden) and Bilopun and Solu
Biloptin (Schering AG, Berlin, Germany) In the sxme year the first reports on
Bilyodon Natrium appeared from GUNNARSON, SALTZMAN and VIRTAMA, and on
Biloptin 1nd Solu Biloptin from HarwART ct coll, Bocatzni, CRECELIUS,

MULLER & SIELAFF
k!;')):fl;'?;cnt methods of admimstermg Biloptin and Solu Biloptin have been
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described Many authors (Bravvas et coll  BuewTais, Crecrints FEUSER,
Gosyazre hever heve & WriGHT Maston Spuon et coll Wnme &
Frcier) mostly employedasingle dose Afractionated admmistranon of Bilopum
and Solu Biloptin was used by Bocarznr Goerre hewe & WriGHT MURRAY
ScAcuert WWaLtner and Wmrresioe Most of these authors give the first
dose 1n the evening and the second 1 the morming while some guve Brlopun as
the evening dose and Solu Biloptm or Biligrafin as the mormng dose

A double dose of Bilopun or Solu Biloptin was gisen by Boris & Sue
Gorvaere Givozpavovic & hatrar Ronter & Howstt Lunns & Latenes
AUER VMULLER & Sterarr PeroscnEE Romnsow, Sawtzstan and exceptional
1y by WALTHER and WhITEnDE the medium was given on an empty stomach
ROWER, as well as Ricuter et coll administered 2 double dose after a meal
Bauvuann et coll gave Solu Biloptim mtraduodenally and N styorF rectally
Zustatre and CAPANDEGUY combined a single dose of Bilopun with the in
jection of morphine and vitamin G

The method of admumistration thus varies conaiderably and 1n view of the
differences 1n the structure of the matenal as well 1t1s obvtous that 2 companson
of results 1s somewhat difficutt

Terminology Simultaneous mmvestigation of the bile ducts and galibladder 1s
stll descnbed by different terms Cholecysto-cholangiography  (Bocarzar
Buenrata Rona Wartner), cholangio-cholecystography (Lupns & Lat-
cueNaLer) and cholecystangiography (GoERke hareatr, Murray) The
last appears unsuitable as suggesung angography of the galibladder The
present wnters believe the most conventent word to be cholegraphy (Suerapr
Gunwarson SALTzMAN ViRTAMA, GrozDANOVIC & hatvrar) and comparable
(o the term urography The terms peroral cholegraphv and oral chole
graphy are both used to describe the mvesugation performed with the orally

admimstered contrast media (SnEHADI STAMATAKOs & TaBer Twiss et coll
WHITESIDE)

Chemustry Biloptmn 1s the sodwm salt of # /3 dimethylamino-methy lenamino-
2 4 6-tr 1odophenylf proprosic acd while Solun Biloptin 15 the calcium salt of
the same preparation The chenucal structure and the expenimental mnvestt
gavons of the pharmacologic propertes of Bilopun and Solu Bilopun have been
widely reported (SaLtzvan Rrysee & LanoEckEr Rowier & Howstr) and

paricutarhy by Bocatzar Creceris RWART -
(ARW.
" H. ART et coll and Lupiy & T v

Tral of methods Our myes
tigations were wmaugurated late 1n 1939 Th:
primary 23 W23 10 establish the stmplest and safest method for the ambulator:
f the h It
! o y system as a funcu
n employing Bilopun st was hoped (ro arord the unfavourable eﬂ!:crvl.salo;n]g:l‘l-
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grafin, 1¢ the danger of side effects and complications, but 2t the same ume
sccuning the 2dvantages of pnmary fillhing of the bile ducts and gallbldder
addition to 2 short duraion of the examnation It was decrded to exclude the
combined 1pplication of Biloptin 1n the evening and Biligeafinin the mormng,
mtraduodenal or rectal ndministrations, and nssociated njections of morphine
and vitumn G from the v esugntion

Three methods therefore remuned (1) the ndministration of 1 double dose
of Biloptm or Solu Biloptin to the fasting subject, (2) the rdmmstration of 1
double dosc of the medin after 1 menl, and (3) the fractionated Admimstration
of the medi in the cvening aind morning The method of dmimistering 2
double dose of the contrast medium on an empty stomach, called in this paper
the ‘stand-rd method’, seemed from the beginning the most convement

Comprative studies of the standard and fractionated methods were per
formed 1n 8 patients The filling of the gallbladder by the fractionated method
wns cstiblished to be no better than by the standard method, wiule the dem
onstrition of the bile ducts was less certan, side cffccts were not less common
and the durwton of the exammation was extended to 15 to 18 hours The
standrd method and the ‘double dose after breakfist techmque were com
pared in 10 paients The Jatter method yielded results equal to those with the
standard mcthod, but the eximination Insted for 6 to 9 hours becruse of the
slowcer emptyng of the stomnch, while the disturbances were not less thin when
the medium w s given on n empty stomach, furthermore, the gallbladder 1p
peared to be hypertonic and smaller than with the standard method

Routine procedure adopted

The results of the comparatne examinations prompted the 1doption of the
following routine procedure the contrast medium was dmmistered to the
fasting subject 1t 6 1m, in doses of 12 capsules of Bilopun or two doses of
Solu Biloptn suspended m 2 dl tapwater Roentgenograms were obtuned at
3, 4, and 5 and 1 hall hours after the mgestion of two cgg yolhs the films were
obtauncd 1 both erect nd prone postures Tomography was widely employed
The examination was prolonged, 1f necessary, up fo 24 hrs n selected c1ses

Matertal In totnl, 219 examimations with the double dose fisting techmque
were performed, 14 of these mvestigations consisted of controls m healthy
subjects Thirty five of the patients hnd undergone cholecystectomy  Biloptin
was used 1 228 exammtions aind Solu Biloptin n 21

In addition, 8 wmvestigitions by the fractionited method, and 10 by the
double dose post carnis techmque were earried out n the sume materinl

One hundred and fifty two of the prtients were women nd 97 were men, the
average ges bemng 45 and 47, respectinely The youngest patient was 14 years
old and the oldest was 81 Torty six patients (30 females and 16 males) were
over 60 and 9 of these were over 70 years
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Table 1
{nalysss of galtbladder flling wn 200 peroral chalegraphies showing wnctfence of stones
Pats nts Nerygood  Good Poor Sbaent Filed
ot 34 9 63 137
200 a1s) (1651 8 ($29)
47 7 45 313 635

s~ Stones

Peroral cholecystography with tn or disodized contrast media was per
formed i 112 pavents before the exammnauon with Biloptm or Solu Blopuin
A contral examination with Bihigrafin was made 1n 64 patients after the one
with Biloptm or Solu Biloptin

Results

The results of the demonstration of the gailbladder and bile duets are
sigmified as very good good poor, and ‘absent Tomography was often
necessary for the analysis of the fithng labelled as 'poar  and stones were found
m the galibladder 1n 8 and 1 the bile ducts in 2 of these exarminations Stones
are sigmfied by s and dilated bile ducts by 4 1n the 1ables

Poth the galibladder and bile ducts were outlined inali the 14 healthy subjects
examned fasting with a double dose of Biloptin the demonstration of the gall
bladder was very good m {1 good 1n one and poor in two patients, and of the
bule ducts 1t was very good 1 4 good 1n 6 and poor 1 4 subjects The ages
ranged from 18 10 22 years The side effects consisted of navsea m one vomiting
m one and headache in one subject Residues of the medium were noted 1n
the stamach 1n 3 examimnations and 1 the small intestine 1 one examunanon

The gallbladder 1 200 patients filled 1n 137 (68 5 °,) and containcd stones
14 the gallbladder failed to fill in 63 panents (31 5 °,), 1n 11 of whom stones
were evident Stanes were thus present in 56 of the 200 patients (Table 1)

The bile ducts filled 1n 180 instances (90 %) 1n the 200 paents with gall
bladder they were difated 1 19 and contained stones 1n 6 pauents Neither
the gallbladder nor the bile ducts were demonstrated 1 20 patients (10 %)
An analysis of the results of the filing of the ile ducts 1s Ppresented 10 Tablcl 2

Table 2
Analys s of brle duct filing sn 200 peroral cholegraphies shoumg mexdence of stones and dilated ducts

Pat e Vevgod  Goud Tocr Abment Filed

32 99 42 20

180

00 (i a 41 139) My 5a (Fs 194

1t 95 %5 10 %0

St nes

4 Diaed b1 ducy
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Table 3
Analysis of brle duct filling in 25 peroral cholegraphtes n patients who had undergone cholecystectonn,
Patients Very good Good Yoor Absent Tilled
3 18 8 G 29
35 (3s 74 (5 d) (3s 12
850 514° 2280 172° 82 8¢,

s = Stones
d = Dilated bile ducts

The bile ducts filled, but the gallbladder faled to do so, 1n 43 pauents Ths
could be 1ssumed to be due to 1n obstruction of the cystic duct or to the gall
bldder being pached with stones In these, the bile ducts were dilated m 12
and contuncd stones 1n 5, m 10 patents of this group the site of the obstruction
m the cystic duct was located

The bile ducts were demonstrated m 29 (82 8 %) out of 35 patients who had
undergone cholecystectomy They were dilted in 12 1nd contuned stones n 3
(Table 3)

The bile ducts were demonstrated m 223 (89 6 %) of the total matenal of
249 subjccts, including the controls They contuned stones 1n 9 1nd were dilated
m 31 Nather the gallbladder nor the bile ducts could be demonstrated in 26
cases (104 %) (Table 4)

Only 1n 137 of the total materinl of 249 subjects could the dingnosis be
cstablished by means of the contrast medin previously used in cholecysto
graphy, filling was lso obtuned 1n all these with Biloptin and Solu Biloptin
This number should be even smaller, as practice has shown that 1 certun
percentage of the gallbladders that filled with Bilopun or Solu Biloptin fuled
to do so with other contrist medin It was possible however to earry out analyses
by the admumstration of Biloptin or Solu Biloptin in another 73 patients (43
with functionl cholecystectomy 1nd 29 with surgicnl cholecystectomy ) m whom
primry demonstrition of the bile ducts was achieved, although the gnll
blrdder did not fill

By gving n double dose of the cholegraphic mediy on n empty stomach,
the diagnosis was possible 1 223 out of 2 total of 249 subjects examined

Table 4

Analysis of bile duct Sfithng 1n the total material ncluding the controls of 249 peroral cholegraphies
shotwing the incrdence of stones and dilated ducts

Verygood  Good Toor Alsent Filted
Tatents 41 121 6l 26 223
249 (1d) (7s 20@) (25 10d) 9s 314d)
165° 485° 216 4 1040, 896
s = Stones

d = Dilated bile ducts
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Fig 1 Comparau ¢ ¢ am nations with Bil grafin and Biloptn 1n one and the same pavent ) 3 hours
after the smgrction of 20 ml Biligratn fo te. Only the upper two-thirds of the gallbladder are filled wath

the medium simulating normal findugs good fill ng of the bile ducts b) Tomogram of (2) o gall
stones visible

A control exammation with Bihigrafin was performed n 64 patients The
findings were 1dentical 1n 39 panents (61 %) The gallbladder that filled well
with Biloptin failed to do so with Bihigrafin in two nstances and in three pa
tients the demonstration of stones 1n the gallbladder was more successful with
Biloptin than with Biligrafin (Figs 1 and 2) On the other hand the gallbladder
mn 10 patients filled well with Bibgrafin while 1t failed to do so with Biloptin
09 of these 1t contained stones The bile ducts that did not fill with Brloptin or
Sotu Bilopuin were demonstrated with Biigrafin m 13 instances and contained
stones in three Only 1n one patient was no demonstration of the gallbladder
and bile ducts obtained with Biloptin while Bihgrafin produced normal filling
This was probably due to disturbances mn the resorption

“The results of examimations by means of Biloptin and Solu Biloptin 1n 84 pa
tents m whom the galibladder had completely farled to fill m carher attempts
with the routine technique for peroral cholecystography are shown 1n Table 5

It sill be seen that 1n 49 pauents (58 3 %) the gallbladder which had not
been demonstrated with other contrast media was now filled It contaned
stones 1n 25 patients while 1t appeared to be without obvious changes n 24
The b:’lr: ducts 1n the same 84 patents filled with the cholegraphic medra 1n 71
1845 °,) were dilated 1n 11 and contained stones n one patent In 17 pa
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Fig 2 Same pattent as in fig 1 but two weeks later and 5 hours after double dose of Biloptin on
empty stomach A large number of gallstones are evident 1n the fundus and Iower third of a trabeculated
gallbladder poor filling of the bile ducts b) Tomogram of (a) Excellent defimition of stone sizes
{Venfied at operation }

tients, 1n obstruction of the cystic duct could be assumed, and n 51t was possible
to localize 1t In only 13 patients (154 %) from this group had attempts to
demonstrate the gallblndder and bile ducts by means of the peroral chole
graphic media met with faulure

Side ¢ffects Constderation was pud to side effects 1n 222 subjects Of these,
126 (56 75 %) had no symptoms, 65 (29 2 9,) had nauser, 16 (72 °,) had
diarrhoen, 10 (45 °4) had vomiting and 4 (18 %) headache One patient
(04 9%) showed 1 moderately strong allergic reaction The nausen wns severe
1n only 3 instances

Table 5

Analyss of 84 peroral cholegraphues tn patients in whom previous routwne peroral chole,raphy had.  farled to
produce filling of the gallbiadder or brle ducts

Patients Verygood  Good Poor Abscnt Filled
Gallbladder 28 15 6 3 49
(10's) 9s) (65) (255)
84 3330 178 710 417 583
Bileducts 9 49 13 13 71
(1d) (7d) (Is 3d) (Is 11 d)
106° 583 155 155¢ 845
s = Stones

d = Dilated hile ducts
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Table 6

ts teho had nor undergone
bladder and ble duct flling tn 178 peroral cholegraphies in patien
sy of eltedls endb ;rt‘:aﬁ operation with reference to side effects

1 Galibladfer

lled
Side offect Patents Verygood  Cood Poor ;\‘bwn( ;‘;
100 45 9 5
Rorcton 11 (09 (49 29
5 19 5 e 63
\aiisea 53 % 6 3 16 :i'; N
(69 (3% (39 {
52 13 5F 302, 68
1 13
D 14 9 3 3
e (29 (19 (19 (43)
6t 2 7 7 982
Yonung 9 3 2 [ 4 sl
(13} (19
33 . 2> 0 45 25
Hadacle 2 2 0 0 [ f
(1 (19
00 100
B B le ducts
Al 100 1t} 56 20 10 90
e (1s 74 {1s 24} (2s 9d)
4 3 £ 10°, 2
Nausea 23 1 2 5] 5 48
(14 (3s 2d) (2dh (3s 54)
07° 41 83 85 4 E
D arrhoea 14 2 8 3 o 14
(14 (1d)
I 276 284 0 00
Vom tng 9 o 4 h 1 M
2 9e 14 11 228
Headache 2 1 @ o o »
50 50 0 0 100

Sto s
4 Dil ted ble duct

Absorpion. The absorption of the media was checked 1 all 249 cases No
residue of contrast medium was found 1n the nght hypochondnum m 154
cases (61 8 °5) Small quantities of medium were present in the stomach and
duodenum at 3 1o 5 hours 1 74 pavents (296 %) and n the small intesune
at 5 to 8 hours 1n 21 (84 %) In no instance did the residues of medwum ap
preciably interfere with the nterpretation of the films The remains of the un
absarbed sedium were easy to disinguish from the bile contaiming the ex
creted medaum i the duodenum and smali 1ntesune

Influence of side effects on the results of peroral cholegraphy It was considered that
an amahsis of the results of the examinations with special reference to the ac
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Table 7

Analysis of duct filling 1n 30 peroral cholegraphies in patients who had undergone previous cystectomy with
reference to side effects

Side effect Tatients Very good  Good Poor Absent Tilled
No reaction 15 1 9 3 2 13
(1s 5d) (24) (1s 7d)
cce 0°, 20°, 134° 866 4
Nauser 12 2 7 0 3 9
(24d) (2d)
166°, 5832, ¢ %5°%, 75°
Diarrhoca 2 0 2 0 0 2
(2d) (2d)
100°, 100°,
Headache 1 0 0 1 0 1
100 100°
s = Stoncs

« = Dilated bile ducts

companying side cffccts would be of practical value Nausen was by far the
most frequent side effect 1n the matertal A proper evaluntion of this disturbance
15, of course, difficult and by some authors, ¢ g, RENcK, was not 1ttempted

Side eflects were registered m 178 patients who hnd not undergone operation,
and these are shown in Table 6

Minimnl differences in the percentage of filling of the gallbladder and bile
ducts were evident 1n patients with no disturbances, with nauser, headache
and even with dinrrhoer In 9 patients, who vomuted part of the medum  the
gallbladder filled only 1n 5 (55 5 %), whereas mn 8 (88 8 %) of these 9 patients
the bile ducts were outlined with four good and four poor results

An annlysis of the filhng of the bile ducts in 30 patients who had undergone
cholecystectomy with reference to side effects 1s shown m Table 7

The differences n the filling of the bile ducts were mmmmal excepting that
nausea produced rather less frequent filling

Influence of medwum resorption on the results of peroral cholegraply The filling of the
gallbladder and bile ducts naturally also depends on the ume the resorption of
contrist medium begins Optimal filling of the bile ducts was obtuned 2t 3
hours 1nd of the gallblndder at 5 hours 1n this material, provided the stomach
cmpticd normally An analysis of the results with special regard to the emptying
of the medium from the stomach and resorption n the intestine mn ll the ex
aminations 15 shown 1 Table 8

1t will be scen that the highest percentage of demonstration of the gl
bladder was recorded m the group in which no residues were found 1nd com
be supposed A poorer filling occurred when remnants of

lete resorption could
h e n the small intestine, and poorer still when residues Iny

medum were cvident 1
1n the stomach
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Table 8
Influrn ¢ of resorptian of the contrast medums on the yesults of pevoral cholegraphy
200 P hents {n operal on)

[ Remans of Verygood Good Poor Absent Filled
tens  med um
13 None Callbladder 6% 20 6 33 g(: ,
{155) Qls) (53) (313
57 F2EIN 18 7. 3
112
Biledwes 23 59 30 1
et {23 9d) (1s 44) (3s 133
136 479 743 9 8t
63 Stomach  Gallbladder 2% 12 2 23 38
3—5hrs (43 (49 (23 {1bs)
36 19 3t 397 3,
Buile ducts 8 30 16 9 54
(14 (2s 2d) {19 (3s 38y
127 76 253 143 857
i+ Small Gallbladder 7 1 1 5 9
mestn 123 (1 (1s) (43
3 Bhrs 50 71 71 3280 642
1 ducts 1 10 3 o 14
t1q (1d (2d)
71 714 214 0 pr
32 Panents ( follow g cholegystectamy}
2t Nove B le duct 2 14 3 2 19
(2 5d) f2d) {2s 74}
95 &e 143 9r 504
8 Swom b 1 2 4 1 7
3—5hns (it (zdy {1s 24d)
15 235 30 123 875
6 Small 0 2 1 3 3
et ne IRE (1d) {39
5~8 bry [ 323 6 20 50
s Stones

4 Ditacdbledut

The demonstration of the bile ducts was poorer if there were residues 1n the
stomach whereas if they were found 1n the small intestine the filling of the bile
ducts m pauents with mtact gallbladders was 100 %, and i those who had
undergone cholecyvstectomy was 50 ®, In chose in whom no residues of mediam
were apparent the percentage filling of the bile ducts was very good

Analysis of resulls n patients ozer 60 The relability of peroral cholegraphy 1n
elderly subjects i whom the risk of admimistening Biligrafin 1 greater (Savrz
MAN) was considered 10 be of special interest The results of nvestigations m 46
pauents aged from 60 to 8) years werc separately analysed five of these had
been subjected 1o cholecsstectomy  The results are shown in Table 9
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Tahle 9
Arabysis of the results of 41 peroral cholegraphues 1n fatients orer 60 years of age
Paticnts Verygood  Cood Poor Absent Filled
Callbladder 13 5 [ 17 24
(23 (35 (55) (10)
317°, 227° HGe 41 5°, 585°,
41 Bile ducts 7 19 1 4 37
(1d) (4d) (1s 3d) (1s 84)
179, 46 3° 268°, 98 907 o

s = Stones
d = Iilated bile ducts

The gallblndder was filled 1 58 5 % and the bile ducts 1n 902 %, of the pa
tients Stones were found 1n the gallbladder i 10 and 1n the bile ducts 1 one
pattent The bile ducts were demonstrated well i 2 and poorly 1n one of the
five patients who had been subjected to cholecystectomy

Perorl cholecystography had previously been carried out 1n 30 patients of
this group The filhing of the gallbladder was very good 1n 2 and poor 1n one,
while 1n 27 patients (90 %) 1t was not demonstrated In 14 (51 4 %) of these
27 patients the gallbladder was filled by Biloptin or Solu Biloptin with the
standard method Stones were found in 8 of these 27 patients, 1nd the bile
ducts were demonstrated 1n 23 (85 1 %)

A control examimation with Biligrafin was carried out in 17 patents over
60 years of aige The findig was 1dentieal m 13 patients, although Biligrafin
produced 1 better contrast density of the gallbladder 1in 3 and of the bile duets
m 7 patients The findings with Biligrafin rather differcd 1 4 patients 1 onc
the grllbladder, which had not been filled with Biloptn, was outhned with
Biligrafin and was scen to contun stones, while 1n 3 pauents the hile ducts
were well filled with Biligrafin and mn one contaned stones that hid not been
shown with Biloptin

Side effects were carcfully 1nyvestigated m 40 patients Nauser occurred
12 pautents (30 %), diarrhoen 1n 3 (7 6 %) and vonuting 1n one patient (2 5 %)
Twenty four prtients (60 %) had no disturbances

Contrast residues were studied in all 46 pauents They were found n the
stomach i 12 panents (26 %) and m the small intestine 1n 5 (10 8 9,} Nonc
were evident m 29 pauents (63 %)

The gallbladder 1n the patients over 60 wAs thus filled with 10 9% lower fre
quency than i the total material, or 135 %, compared with the results of
filing 1n the group of patients under 60 The percentage filing designated
od was also a little Iower Turthermore, the gallbladder was filled

¢ 0
n“l(l:l]z;l Pfnm‘c frequently by the standard method with Bilopun or Solu Biloptin
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than with the media and the techmque used for the common peroral chole
¢ystography The results of the filling of the bile ducts were practically identical
with those m the younger patients except 1n those who had undergone chole
cystectomy 1n whom they were not so good The side eflects and resorption 1n
the older subyects did not differ from the average abtaned n the whole group

It 15 felt that these facts argue for the exhibition of peroral cholegraphy as the
examnaton of choice m elderly subjects

Causes of fatlure with peroral cholegraphy The gallbladder and bile ducts were
not filled 1n 26 patients of the matenal 6 of whom had undergone cholecystec
tomy Damage of the excretory function of the liver could be established 1n
12 paents of this group The conditions for filling were unfavourable in 4 pa
tients due 1n two to changes brought about by operative procedures 1n one to
an nternal fistula between the galibladder and the colon and i the fourth
patient to caranoma ventriculs with pyloric stenosis No explanation for the
non filling was forthcoming m 7 pauents of the matenal

Side effects were studied 1n 21 patients of this group Thirteen (62 %) had
no disturbances 7 had nansea and only one (4 7 %) vonuted contrast medium
These figures are within the average Iimits except that there was no report of
diarthoea 1n this group

Contrast residues were investigated 1n all 26 patients Residues were evident
1 the stomach at 3 to 5 hours 1n 9 (34 6 ;) and 1n the small intestine at 5 to
8 hoursin 3 patients (11 5 %) No remnants were found in 14 patients (53 8 %)
The slow emptying of the stomach and disturbances 1n resorption may have
contnbuted to some of the non filling 1n this group

A control with Biligrafin was carned out 1n 10 patients (two of whom had
undergone cholecystectomy) with evidence of slight to severe damage of the
Irver The gallbladder was filled 1n only one and contained stones although
the bile ducts were demonstrated 1n 7 of these patents and 1n 2 contamned
stones morphine was njected 1n one of the latter pauents

Filling of the gallbladder was successful with Biligrafin only 1n one of 6 pa
tients (two of whom had undergone cholecystectomy) with no evidence of
Iver imsufficiency  The bile ducts filled with Biligrafin 1n all 6 patients 1n one
aﬁe\r mo&phl;’)c s}tloncs were revealed 1n one of these

ccordingly  the gallbladder was filled with Biligrafin only in 2 while the
bile ducts were fil
s mopif: in 13 of the 16 patients m whom no filling had been ob

Disturbances of liver funcuon and of
bined with the obstruction of the C)gu::(sl?:rcl:l:::yogehcasc:::cadﬁ::;dmllln u;zm
¢ause of the complete failure with peroral chol Inth et
Biligrafin proved 1o be only a Little rr:mrc celiable 10 :he ﬁll':nl f)sfet;‘l itblad

e gal
;;::.l;-m the demonstration of the bile ducts 1t has shown tgo be dfﬁm(:?y ‘::lr
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Discussion

Biloptin w1s mostly used 1n this materal One of the advantages of Solu
Biloptin over Biloptin 1s that the suspension 1s more c1sy to tahe than the
capsules (GolRRE, Sartzman, WaLTHER) SALTzuan stated that only 11 of his
61 patients found Solu Biloptin unpleasant Most authors belive that side
cffccts are not so frequent with Solu Bilopun although Murr 1y reported more
vomiting nd dirrhoea with Solu Biloptin than with Biloptin

Of 21 of the patients of the present matenal who were examined with Solu
Biloptin, stx had nsen, two diarrhoen nd one vomiting, which coresponds
to the nerage observed with Biloptin The evacuation of Solu Biloptm from
the stomach seems to be faster than that of Biloptin (honter & Housti,
Gorrny, Prroscnrn), while the resorption m the small mtestin~ 1s slower
(Prroscuck) Wiirrsior, n hus matenal of 120 examunations performed with
the fractionated method, found residues of the second dose of Solu Biloptin i
the stomach 1t 2 to 3 hrs in 12, and residues of Biloptin 1t 3 to thesn 6 m
stances The present matena! of 21 panents has revenled residues of Solu
Biloptin 1n the stomach i 5 and 1 the smnll ntestine 1n 6 patents The
percentage of residues i the small mtestine 1n this small group 1s much gher
(23 8 95) thanan the whole matennl (8 4 9,)

The percentage of 685 9, filled gallbladders m the present maternl 1
Ingher than those of I ubiv & Lavenrsaver’s (59 ©,) and Rorivson s (57 ©,)
and nearly the same as that of Prroseni’s Better 1esults were achieved by
Gormiet e (84 °4) 1n 2 maternl of 26 panents, by hosacr (86 ©4), and by
Rictrrer et coll (83 5 °4) who examimed only out patients The authois who
used the fractionated method have 2 lugher average of filled gallbladders than
thnt obtuned n the present material (heve & Wricnt 94 1 95, WiitesipF
with Bloptin (I) 90 9, wnd 1 combination of Biloptm and Solu Bilopun (II)
77 %, WaLTHER 794 °,, Murray 743 ©.) 1xceptionally, SciactEeRL pub
hshed 2 figure of only 62 9,

The present writers consider that the percentage of filhng of the gallbiadder
m their materal mny be parunlly conditioned by the selection of patients, be
cause espeertlly m the Inst 18 months Biloptin and Solu Biloptin have been
mostly used when cholecystography has fuled to demonstrate the gallblhdder
It may be that the relatn ely long period between the adnimistrtion of the
medium and the obtuning of films, which s charactenstic of the fractionated
method, may, 1s the contrist bile becomes more concentrated by the loss of
water, be some factor mn the demonstration of the gallbladder Bilopun nd
Solu Biloptin are however excreted fiom the Iner m high concentration, and
the dchydration in the grllbladder 1s consequently not so importint Turtha
more, nearly the sume conditions s those of the fractionated method may
be achioved, 1f necessary, by prolongntion of the ex ymnntion

Like Winrrzsipe and Rewe & WricnT, the present uthors found that the
diseased gallbladder was easier to fill by Biopun wnd Solu Bilopun than by
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any other oral contrast medium There are however some divergent opinions
Wame & Fiscuer using a double dose of Oragrafin (the trade name for
Bilopun m the USA) stated that demonstration of the gallbladder 15 not more
frequent than with a double dose of Telepaque Rosrvson stated that uang the
3 hour Solu Biloptin method nonopacification 1s not an acceptably rehable m
dication of gallbladder pathology

Far reaching conclustons on the state of the mucosa of the gallbladder the
diagnosis of cholecystiis based upon the ntensity of the contrast medium
hardly appear jusufied This appears to hold for cholegraphy as 1t does for
cholecystography (BucuTaLa and WALTER)

The percentage of outhned bile ducts 1n the present matenal (90 %) 1s
nearly the same as that of Savtzvav s and Koner & Howsmis (92 96} The
filling of the bile ducts 1n the present matenal was good 1n 495 %, poor
12459 and very good 1n only 16 % of patients while the bile ducts were not
represented at all 1n 109, SaLTzman who used morphine reported diag
nostically adequate contrast density 1n 82 °  not distinct enongh for chagnosis
1 10 % and ‘not visible 1n 8 9 of panents Konrer & Hotstt designated
only 7°, as excellent 32 % as good and 52 % as poor The percentage of
filling of the hle ducts with a double dose 1n works of other authors 15 lower
Lebn & Lavenenaver 62 °, Rosivson 57 % Boris & SiLeo 74 9, MULLER
etcoll 75°, Kok 742 %, and Rrcurer etcoll 533 8 %, The fracuanated
method produced the following results W nrTEsIDE 86 % out of 120 patients
Goerke 70°, BooaTzai 659, good and 269, poor Scuacuert 54 9,
while Morray reported only 38 (19 %) clear demonstration of the bile ducts
and 44 (22 %) poor a total of 82 {41 %) out of 198 examinations

WartHER succeeded 1n filhng the bile ducts with the double dose m 5 of 8
patients who had had cholecysttciomy Goerse produced filhng 1n 3 out of
5 and Kovaer 1n 3 out of 8 such patients The results of filling of the bile
duets i similar panents m the present matenal (29 out of 35 or 82 8 %,) and
the relayon between the groups are considenng the quality of the demonstra
on only shghtly poorer than 1n the group of non operated patients

It may be stated 1n general terms that the filing of the bile ducts achieved
with 2 double dose of Brlopun or Solu Biloptin s quite rehable Should the
gallbladder not be outlined filling of the bile ducts wil be evidence of normal
resorpuion from the intestine and of good excretion from the ner and the
diagnosis of obstruction of the cystrc duct may be made 1n such cases with mo:
CDY’lrr;ld(‘;lCC than in peroral cholecystography e

e fractionated method appe:
B i e e T o S 1 o bl
uon of Biloptin and Solu Biloptn 1n the bile ducts occurs m 3 hrs only one

dose — the morming one — ta},
T ool oporming one dos:ofcif::al: :::dflillmg by the fracuonated method

ducts 1n the standard method um produces the filling of the bile
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Although all nuthors agree that the side effects and complications with
Biloptin wnd Solu Biloptin are not so frequent as with other mediy, reports on
their percentages would nppear to vary Boris & SiLLo 1nd ScHARCHERL re
ported no side effects ind MuLLER & StevLarr, Ronmsox and GOERKE de
scribed only minor symptoms Other authors mentioned the following side
cffects nausea (using double dose) Lupiv & Laucnenauer and Sartzmaw
22 %, Wimre & Tiscner 20 %, Konier & Hotstr 86 %, (fractionated
method) Wriuresioe 1 35 9, and II 13 3 9, Murray (Biloptin (1)) 326 %
and (Bioptin 1ind Solu Biloptin (II)) 366 %, Wartuer 149, Kewr &
Wrient 15 %, diarrhoea Winte & Tischer 26 9%, LupiN & LAUCHENAUER
7 %, WinTesoE (I) 12 % and (II) 6 6 %, Murray (I} 51 % and (II) 22 %,
WAaLTHER 3 %, hese & WricnT 5 %, while SaLTzMAN and honver & Houstt
reported no case of dinrrhoea, romifing Savtzman 16 %, honier & Hotsti
5 9%, hovner 29, Winresioe (I} 12 % and (II) 6 6 %, Murray (I) 639
and (II) 14 6 %, hemp & WrieHt 77 % and WaLtier 2 % Onc allergic
reaction was reported by Brannan et coll , by Lubiy & Lavcnenauer, and by
KEenp aind PeLoscnek, while WinTestpe reported two such reactions

The side eflects were nearly the same with the frictionated 1s with the
standard method 1n the present comparative examinations It would appear
that the percentages of side cffects mn the present material — nausen 29 2 %,
diarrhoet 7 2 %, vomiting 4 5 %, headache 1 8 % and allergic reaction 04 9,
— do not constitute contra indications for the employment of the standard
method, especially 1s such symptoms do not materially affect the demonstration
of the biliary trct

Resorption of the contrast medium 1s not discussed 1t length 1n the Iiterature
Lupiy & LaucnenNaurr found residues m the abdomen 1t 7 hrs 1n 48 % of
pitients while Konner reported residues m 50 9 Perosciien mentioned
remnants of Biloptin in the stomach at 4 3/, hrs 1n 23 8 % and of Solu Biloptin
1 8 7 % of patients, while 1t the same tme he found residucs of Biloptin 1n the
small intestine 1n 23 9 % and of Solu Biloptin 1n as many 1s 47 8 %, of patents

The present results (residues 1n the stomach at 3 to 5 hrs 1n 296 % and m
the small 1ntestine 1t 5 to 8 hrs in 8 4 %, of patients) correspond to the 1verage
The long pertod of evacuation from the stomach and the slower resorption m
the small mntestine affect more the demonstration of the gallbladder than the
bile ducts, 1s the 1nalysis shows

Comparative eximnations made by Lubin & LAUCHENAUER, PELOSCHER,
wartier 1nd Scracuern established that the filling of the gallbladder was
only shghtly more rehable with Bibgrafin than with the peroral cholegraphe
media Kovner 1nd RICHTER et coll found no differences 1n the demonstration
of the g1llb1addcr with Biligrafin and Bilopun LupiN & LAUCHEMAULR suc
ceeded 1n filling the bile ducts with Biligrafin 83 °, 1nd with Biloptin 1 only
62 % of paticnts, the percentages of very good filling for Bxhgr'lﬁnl bct;nlg

32 9, and for Biloptin only 7 % kourer & HotsTi managed to show the bile
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ducts with Biligrafin designated as excellent 1n 53 % but with Solu Biloptn
only 1n 7 % of patients the percentages of filling 1n 61 patients bemg 96 %, for
Biligrafin and 92 9%, for Solu Biloptin WALTHER was able to demonstrate the
bile ducts with Biligrafin 1 14 mstances m which they had not been filled with
Bilopun while m 5 patients no filhng was obtamned

The findings at control with Biligrafin were 1d 1 with those
of the peroral cholegraphic contrast medza in 61 % of the patients of the present
matenial Gallbladders that were not demonstrated with Bioptin were out
hned with Biligrafin 1 10 patients while the opposite occurred on two o¢
casions The bile ducts that were not filled with Biloptin wese outhned with
Biligrafin 1m 13 patients It would appear that these results jusufy the employ
ment of Bihgrafin 1n those pauents 1n whom the gallbladder s not filled with
Biloptin especially af the bile ducts are not, or only poorly outhmed Tt i
evident that peroral and intravenous cholegraphy are not separate but com
plementary methods The high percentage of filled bile ducts in the present
matenal —— 90 % 1n non gperated patients and 82 8 % mn those who had had
their galibladders removed — jusufies the use of the peroral cholegraphic
contrast media admunstered by the standard method when selecting the ma
tenal for subsequent exarmnanon with Brhgrafin

Conclusions
The method of admimstenng a double dose of a peroral cholegraphic
contrast medium on an empty h produces 1 filling of the

gallbladder and bile ducts, or of the Jatter alone 1f the galibladder 1s occluded
or has been removed As these contrast media are excreted from the lver 1n
tugh the d of the galibladder 15 quite mdependent
of the abshty of the mucous membrane of the gallbladder to concentrate 4
pathologrally changed gallbladder may consequently more often be hiled by
this method than by peroral cholecystography The success of the exammation
depends first and foremost on Iiver function the resorption 1n the intestines
and the patency of the bile ducts may be cheched roentgenogriphically

The side cffects are muld and except somiung do not influence the results
of examination

The ume of examination 1 reduced to 3 to 5 haurs
The method of gving a double dose of Biloptn or Solu Bilopttn on an empty
stomach 15 the most sastable ane for use 1o out patient examnations and most

dependable  alth
“0;:“ able although other methods may be indicated under certamn conds

Peroral cholegraphy appears t
o o o aphy Bsssz;n 0 be the method of choice 1n older subjects
1t may be said that the density of 6
mantravenous cholegraphs wih Baly

Hhng of the le ducts 1s somesw hat greater
grafin and the demonstrauon of the stone

VRS R4 Doy § ey
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filled gnllbldder rather more dependable However, by controlhing the course
of the exammtion, and with the help of tomography, the results obtamed with
Biloptin or Solu Biloptn m1y be further improved so s to approtch more
closely those achieved with Biligrafin The employment of mtravenous chole
graphy may be accordingly reduced =nd confined to cases mn which the peroral
cholegraphy has fuled

The hepatobilinry system must be considered 2s 1n entity and any functional
and morphologic changes 1n the gallbladder and bile ducts regarded as aber
ratons 1n 1 system It would appear, therefore, that peroral cholegraphy will
gradunlly replice peroral cholecystogrphy

SUMMARY

The results of 249 peroral cholegraphies performed with a double dose of Biloptn or Solu
Biloptin are reported  The influence of side effects resorption of the medim and 1ge are dis
cussed Peroral cholecystography and peroral and intravenous cholegraphy are compared and
the conclusion 1s reached that peroral cholegraphy may be expected gradunally to replice
peroral cholecystography and also tn many 1nstances make intravenous cholegraphies super
fluous

ZUSAMNMUFINFASSUNG

Is wird uber 248 perorale Cholegraphien mach Verabrerchung emer Doppeldose son

Biloptin oder Solu Biloptin berichter Der Emfluss von Nebenerscheinungen Absorption des

tels und Altersdifferenzen werden besprochen Perorale Cholecystographie und

perorale und intrivenose Cholegraphie werden verglichen mit dem Resultat dass die perorale

Cholegraphie wabrschemnlich allmhlich die perorale Cholecystographie ersetzen hann und
cbenso 1n manchen Fallen intravenose Cholegriphien uberflussig macht

RESUML

Les auteurs présentent les résultats de 249 cholégraphies orales fartes avec une double dose
de Biloptin ou de Solu Biloptin IIs studient I mnfluence des eifets secondures de a résorption
du moyen de contraste et de 1 age Ils comparent la cholécyvstographee orale et la cholégraphie
orale ct intraveincuse et concluent que sans doute la cholégraphte orale remplacera gra
lucll lIa choléc phte orale et en bien des cas rendra mutile 11 cholégraphie

intraveineu €
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LEAD COATING OF THE TRICUSPID VALVE IN DOGS
by

Erin Carisson and Jack W Love

The purpose of this studv has been to develop @ method of applying a thin
coating of an adhesne plastic impregnated with radiopague matenal to the
endocardral surface of the dog s heart which would be compauble with survival
and well tolerated This would provide an approach for studying, with the ard
of uneradiography on long term basis and under physiologic conditions the
dynamucs of the cardiac valves and changes m volume and shape of the four
cardiac chambers 1n the dog recosered from thoracotomny

A method for long term studies of the mtncately coordinated function of the
valvelar leaflets ostial rngs chordae tendineae myocardium and papillary
museles 15 not asarlable at the present tme Information about the function of
the cardiac valves obtamed by a number of other examination methods 1s 1n
completc because the methods are indirect non physiologic or not suitable for
long term observations Intracardhac pressures pbonocardiography measure
ment of flow and electrokymography have been used to study the function of
the valves but these methods are all indirect

\isual demonstraton of the function and morphologc features of the cardiac
valves has been made possible with the aid of angiocardiography after mjection
of contrast medinm 1nto the cardiac chambers or 1nto the large juata cardiac
vessels but only under fasorable condinons do the valvular leaflets appear as
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defects m blood nd contrast medium muature In dinstole the normal rortic
and pulmonic valves have been studied by the mjection of contrast medium
Just above the valve The function of normal tricuspid wnd mutral vilves, how
ever, cannot be studied with analogous methods Information 1s also Ay ulable
about stenotic valvulwr discase by ngrocardiography as the blood stream s
held up for some time it the site of the obstruction and the contour of the
valvulnr leaflets ean thus be delmeated As « method for long term studies of
the function of the cardine valves and related structures, 1ngrocardiography 1s
not suttable, for several reasons The ime 1w ulble for study of the valvalar
action 15 1oo short beciuse of the fast passage of the blood contrast medium
mrxture The repeated adnmstrition of Iarge amounts of contrast medium
hns profound cfficts upon the cardiovascular function, and 15 toxic Sumulta
ncous studies of the right and left side of the heart are not possible Tilling of
the crdine chambers with carbon dioxide has been used for the study of cardine
valves (Orervirmar et coll 1956) Alany of the drawbachs mentioned 1bove
apply lso to this method

To overceme the dificulties, 1ttempts have been made to mike visible the
cardine valves and study thar motthity with the ud of cineradioginphy
RusuMeR ot coll (1956) tried to demonstrate the mural valves m dogs with
Liprodol mjecuon ind study the v ilbvular function with eineradiography This
method was not successful They then tried silver clips, which were attached to
the mutral valves during open heart surgery, and the valvular funchion was
studied with the ud of cmeradiography This method, however, did not
cnable )l structures involved an the valhular function to be demonstrited
simultineously

Chletfications m the cardine valves m humans makes the study of the valves
possible by cincridiography (BarTLEY 1958) Such studies hw e obyious Jumta
tions
1 urthermore, motion picture studies of the valvular action of hearts perfused
with saline cannot be performed in the intact ammal Under these conditions
1t 15 unposstble to measure the amplitude of movemints of the mvolved struc
tures (McMiLran 1955)

Prchimmary nvestigations have been an progress i our laboratory m n
cffort to develop 2 plistic adhesive contauming 11diopaque material which
could be 1pphied to the cardire valves and mtricrrdine structures of dogs The
adherence of this radiopaque adhesive to the endocardinl surfice makes 1t
possible to demonstite the cardinc dynamics with anetadiography 1 the
ntact closed chest amimnl on 1 long term basis and under 1 great varicty of

expenmentnl conditions

Method Srx mongrel dogs weighing between 15 and 25 hg werc anesthetized
mbutal and subjected to total body perfusion with 1 Inbortory pump

with ne hors (Love 1962) Hypothermin of 30 to

oxygenator designed by one of the utl
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b

Fg 1 2) The tneuspd ostum and  alve 1 a dog coated with lead powder and adhesive The contrast
med um accumulation covers a part of the inner surfzce of the nght ventricle b hours after operation
by 10 days after operat on The surface coating 1s essentually the same as tn (a) The projection and ob-
Jeet Blm d stance a ¢ somewhat d flerent

32 C was used to permmt aorue coss clamping for 5 to 10 mmutes Cross
clamping of the aorta interrupts the blood flow through the coronary vessels to
the night atium  The blood flow from the venae cavae was directed through
the pump oxygenator and re entered through the femoral artery
the necessary dry field for contrast med ppt was ob
posure was accomplished 1n each case through a right atniotomy The contrast
medium was applied with small cotton swabs to the tricusprd valve No meas
ures were taken to prevent thrombosis The contrast medium was a mixture of
fine lead powder and Eastman 910 Adhesne (Eastman hodak Company
Rochester \ew York) The lead powder grains measured 200 mesh or less
Chemucally 1t consists of methy 1 ¢yano-acrylate whichis modified with a thicken
ing agent and a plasucizer This adhesive has been used by HEaLEy et coll
1962} for the nonsuture reparr of blood vessels It 1s self stenlizing and the
setung of the adhesive does not depend upon evaporation or heat cure No
catalyst 1s needed Polymenzation occurs spontancously when the adhesne
forms a thin taver Lead powder and adhesive were mixed only a few minutes
before the application 1n order to avoid premature polvmenzation About five
hours afier the operation and then at varying mtenals the dogs were ex

In this way
d Ex
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Fig 2 Section from the valve shownn fig 1\ Irge collection of lead

powder 1s enclased by newly formey 24 daysafiertheapp
tion of lend The 1mount of lead adhesn e mixture shown 1s many times
larger than the one necessary for 1n 1dequite roentgenographic demon
stration of the valve

amined with cineridiography and serl cardiogriphy The ammals were
neeropsied 6 to 24 days fter the appheation of contrast medium and the valves
were examined microscopically 1n 2 dogs, 14 1nd 24 days after operation

Results and Discussion

Three dogs succumbed, one from arreversible ventricular fibnllation durning
the cardiotomy, one from large blood loss 1t operation, and one from bleeding
1nto the pleura in the postoperative course In all dogs, 1 conting of the tricuspid
valve w1s obtned, which could not be washed off with sahine

The three surviving dogs were hilled 6 14, and 24 days after the application
of the surfrce conting contrast medium  Microscopic eximination of the tn
cuspid valve was performed in the two dogs sacrificed I4 and 24 dwvs after
operation

Sections of the heart salves showed 1 non spealic, acute and chromc m
flammatory rcaction, with early fibrosis completely surroundmg the lead
adhesive mixture Foreign body giant cells were not a prominent feature An
endothelal Inyer formed over the lend adhesive muxture and s associnted
reaction (Fig 2) (Dr Saltzstein from the Department of Pathology examined
the specimens grossly and microscopically ) Thrombosis was found ndjacent to
the lead ndhesive mixture but 1n one of the dogs 7 thrombus had formed under

the septnl leaflet of the tricuspid valve
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All dogs were subjected to ton of the heart and the three
sumvi of were also e d with ¢ d phy and senal cardiography
The tmovements of the tncuspid rng and the leaflets were well seen {see Fig 1)

The lead adhesie muxture forms a brittle substance which breaks i areas
where there 15 gross movement Ideally the mixture should form a flexible
substance to give a true picture of the valvular movements If however the
muxture 1s applied 10 a thin layer the drawbacks of the bnttleness ace reduced
and the lead adhesive mixture will move with the valves

In the studies described above the lead adhestyve mixture was apphed 1o the
tncusprd salves by opening the heart after resection of a prece of the nght
auncular appendage If possible the application should be made without

d by catheter duced from the neck or gromn Expeniments using
this method are i progress i our laboratory Atempts are also made to
produce stenosss of the pulmonic aortic, trcusprd and mutral valve leaflets by
application of the lead adhesive mixture

Surface coating of the imtracardiac and meravascular structures of the ex
penmental ammal with contrast medium offers a new approach to the study of
the ntncate tracardiac dynamics under normal and abnarmal conditions

SUMMARY

A lead adhesive mixiure has been apphed to the tricuspid valves i dogs alter cariotomy
arder extracorporeal circulation The dogs were studied with ctneradiogr.phy at varving
@ ruals from 5 hours to 24 days after operation The {ead adhesive mixture was fixed to the
endocardial surface and cosered by endothehum

ZUSAMMENFASSUNG
Eine adhasic Blemmuschung wurde auf die Trikuspidalilay
H
Frelepung und unter O dcs Kreslants aufcizapen D Hunde s domn
i oy Qo o e Siheone B s s b 21 Tagen
ne Bles
R Oprraon, untercht muschung verblieb auf der Herzklappe und

RESUME

Les auteurs ont appliqué sur les val ules tricu
spides d

urcvlanon extra-corporelle un meétange adhésf Cl;nlmz:g :;L"’r“;m:[l”fﬁ c(:ar:;otomu- sous

sxam nés par cinésad ograpiue & desintens ales allanc de 5 heures 3 25 jours apre. 1 aon s e

Le mélange adhésil au plomb étawt fivé & la susface endocardique or fia oo P TAIAN

1 endothél um rdique et étaie recouvert par
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FROM THE RADILM CENTRE FOR JUTLAND {DIRECTOR PROF § KAAE)} AND THE
ROENTGEN CLINIG OF ARHUS MUNICIPAL HOSPITAL (DIRECTOR E MOSERILDE)
ARHUS DENMARK

INSTRUMENT FOR INJECTION URETHROGRAPHY
IN WOMEN

by
M J F Aspersen

A number of different methods of

retrograde urethrography in women have
been described stnce Tromsex {1930)

published the first reports (sce references)
The major technical defficulty has always been to obtam complete closure round
the external urethral onfice’ An mstrument on a princrple different from that
hitherto published has therefore been constructed
The nstrument consists of a main part and 8 cannulae with end plates of
he proximal end of the cannula 1s threaded
connected with the mamn part by a second

The patient lics supine more or 1.
table The external urethral onfi

Submutted for publication 2 January 1963
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ment and the tlung table 1s rased approximately 15 degrees, air 15 removed
from the urethra by a prelimmary inyection of the medium, and the necessary
TO! are then ot d under fluoroscopic control

The author has tested the mstrument m 100 cases (in subjects of from 19 to
/8 years of age) with carcinoma of the genital tracts and found the method
effectne Some difficulty was encountered 1n two cases on account of the
absence of sufficient tissue at the antenor commussure of the onfice and m a
further three cases by reason of carcimomatous wnasion of the onifice

One frontal one lateral and two oblique views are usually obtamed Uro
grafin 76 %, has been found to be a satusfactory contrast medum and no patients
have complained of discomfort from 1ts use Average exposure factors with 6
valve apparatus filter Al 3 mm focus 09 mm focus/film distance about 60 cm,
field 8 to 10 X 12 to 15 cm frontal 80 kV 32 mAs oblique 80 LV 50 mAs,
lateral 120 kN 140 mAs

‘The mstrument ensures effective closure of the onfice (Fig 2) and no local
anaesthesia 1s required Dysuna following the mvesugation has never lasted
more than 24 hours and no case of necrosis to the tissue of the external onfice
has been encountered

The nstrument 15 mvaitable from W hawser AfS Vestergade 5 Arhus C Denmark

SUMMARY

\ simple instrument for female urethrography 15 descnibed It has been tested 1n 100 cases

and has proved to ensure effective closure of the external orifice with hittle discomfort to the
Ppatient

ZUSAMMENFASSUNG
Ein einfaches Instrument fur die Urethrographie von Frauen wird beschricben Das In
strument wurde 1 100 Fallen benutzt es prod
Srumens n 10 Fa :nu' he p o uzljnc etnen guten \ erschluss des Onficlum
RESUME

Descripuon d un instrument s

le pour I uréu
dmion & an tostrument smple pour | uréirographie chez la fnme 1 a €1 ewaye

nt le méat et cause peu de gene a la patiente
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BOOK REVIEWS

\fverocrarity By Robert Shapiro Year Book Medical Publishers Chicago 1962 278 pages
236 Mustrations Price 11 dollars

This book 18 based upon the dictum that pantopaque constitutes the best all purpose
medium available although it 1s admtted that gas and water soluble contrast media may
t possess ad A ly 1t 1s hy that 15 mainly de
seribed and other contrast medta only briefly The author s reluctance to use gas myelo-
graphy may be explaned by his deseription of ats techmque ‘The importance of complete
deamage of the cercbrospimal fluid and the necessity of high pressure to dstend the subarach
noid space are for example not d The tech n myel with |
on the other hand 13 described 1n great detad 1t would seem to the reviewer that msufficient
emphasis 13 placed upon the main pninciple e that the heavy pantopaque mamly collects
mn the lower part of the subarachnoid space and that consequently the upper part 1s often
onty ncompletely Hiled Tis true that it 1s mentioned later that an examnation in the supine
position 15 also adwisable in certain cases The normal anatomy 1s clearly and adequately
described and the normal p
of a faulty technique are

P g with ats t as well as the results

d'in a number of reprod of Tt s
however somewhat astomishing to read in the legend to Fig 71 that the extradural ol may
be seen to coat the periphery of the cauda equina  The more or less typical changes evident
n P ! 1n vanous l d (tumors mal traumat
1 and inflammatary lesions) are covered by a fairly large number of sllustrations many
of them borrowed from vanious papers only a few examples of gas myclograms are included
Dusk hermrations are dealt with 1n a spectal chapter but it would appear that many of theallus
trations ndirectly d the

of Aubl

contrast media 1 2 study
of fumbar disk hemiations In the description of cervical disk lesions the author apparently
tnes to differenuate between disk hermation osteophytic spurs lipping of the vertebral
body and bulging of the aucleus with an wtact annulus fibrosus Tt would appear hardly
possitle and of himited practical smportance to divide up these vanous manifestations of
duk degenerauon The important question 15 the extent ta which they affect the nerve roots
and the spinal cord The last chapter 13 devoted 1o diskography 10 the lymbar and cervical
regon The signsf cance of reproducmg the patents symptoms at the injecuon 1s only
briefly mentioned

Shap 1o s book may be of some help to these usine pantopaque 1 myelography since it
desceibes and s trates more tompleiedy than ordmary textbooks the vanous lestons that
may be demonstrated with this technique It would appear howeser 1o be of htde value to

rad ologssts using gas and water soluble ontrast media although the farrly extenstve hst
of references at the end of cach chapter may prove usefal

Ingmar 15 1ekboms
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DITFERENTIALDIAGNOSL SELTLNER LUNCENERARANKUNGEN ™t RonTGEnBiLD Finv ATras
Herausgegeben von K Musshoff und J Wenreich 205 Seiten und 112 Abbildungen
Springer, Berhin 1962 Price D\{ 108
This atlas illustrates 112 cascs of pulmonary disease the majority of which may be deseribed

2 rare, some would be considered by many worhers as very rare while others such as sarcor

dosis and bullous emphysema would perhaps be regarded as farrly common The cases have

been assembled from no less than 46 different sources a fact that may explun the shight lackh
of umiformity 1n the quality of the films which munly consist of routine frontal views The
authors have however obviously endew oured to ilustrate different aspects of the pulmonary
changes with the aid of roentgenograms of special details as well as with bronchograms and
tomograms The strength of thus book Itcs in the concise yet surprisingly full text accompanying
cach ¢case which 1n nearly every 1s Tuded with a on how the hustol
diagnosts was obtuned A detailed alphabetic Iist of diagnoses s well as a short list of refer
ences are included

Biorn Nordenstrom

DIAGNOSTIC PRATIQUF DES CARDIOPATHIFS CONGFNITALES Par Jean Bret 152 pages et 107
lustrations L Lxpansion Pans 1962 Price 33 NI'

It 15 commonly acknowledged that the simple physical examination at the bedside forms
the dingnostic basis m the clinical investigation of congenital heart discase In the present
work which mamnly appears to be addressed to the cardiologist the author holds the view that
the precordinl leads 1n the I'CG should be utilized for the purpose he 1s however forced to
make many modifications when applying this onginal theory in practice The descriptions
of the findings i chest g ims and from angocard; phic ex are
strkingly incomplete and do no justice to these metheds The Irge number of suitably
sclected schematieal drawings llustrating the morbid anatomy and altered haemody namics
in all the ordinary congenital heart defects 1s 2 ferture that seems to be of greatest mterest

to the radlogist

Ulf Rudhe

Tus Roentornorocicat Asrect oF Non PENETRATING Cnest INjuries By John Riley
Williams and Fredenick J Bonte 135 pages 31 allustrations and 4 tables Charles C Thomas
Springficld M 1962

The book 1s a review of our present knowledge of non penetranng chest injuries presented
1n a short 1nd practical way

Some historical notes arc given 1 the mtroduction n which it 18 stated that Morgagni in
1761 described the first case of lung contusion as 2 result of a (Il The mechamsm of mjury n
non penctrating truma of the chest 1s discussed both from expertmentat and chimieat view
powts The different topographic areas of the chest are dealt with i scparate chapters nd
entities such as pul y and draphrigmauc herma tracheo eso
phageal fistula aortic aneurysm and cardiac septal lesions are described The fact that some
non penetrating chest injuries are apparent soon after the trauma while others will be demon
strable only weeks or months Iater 1s stressed The account of possible injurtes 1s almost com
plete but the reviewer noticed that 1n the sectton on arterial rupture and aneurvsm formation
lesions of the subclavian arteries and the brachio cephalic trunk were not mentioned

“The book 1s made up of 131 pages and 78 roentgenograms and mcludes an extensive bl
ography (34} yeferences) In view of the mc'rtasmq and unending number of traffic ;’:\C;?Idcn)ls
the need for rapd nd accurate roentgen and the P absrnc;: of 1 ;;\ r:;)]c
yant information n the ordinary textbooks malke this compact and handy book 1 valuable

contribution to the subject of 1ts tutle

Frik Carlsson
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cents 1904 Price Sw Kr 25 —

111 Lars Wovpzres and Jouanwes Zonmr  Cholesteatoma of the myddle car 1954 Price
Su Kr 20 —

M2 Guwar Mal of thel, 1954 Prce Sw
Kr 25 —

113 K A Hurrsorn The causal relationship between benugn epithelial tumors and adeno-
caranoma of the calon and rectum 1954 Price Su Kr 15 —

14 Georo Freprix S, The n the con
gcm:}l malformations of the heart and great vessels in adults and juvemles 1954 Prce
Se Kr 25 —

115 Casz Depen Cancer cells in unnary sediment 1954 Prce Su Fr 20 —

1§ Seventh I 1 Congress of Radiol The 1nvited papers The Radiobiology
gymposxum i Arhus and The Reports from the International Commussions 1954 Price

w Ar 40 —

N7 Reports d to the 1 C on Radiol, 1 Units (ICRU),
Copenbagen July 1953 1934 PnceSw Fr 25 —

U8 Svex Urisera Studies on the dutnibution and fate of §* labelled benzylpensailin i
thebody 195% Prce Sw hr 25 ~

13 Fors Devik A study of the local roentgen reaction on the skin of mice with speaal
reference to the vascular effects 1955 Price Su Kr 15 —~

120 Ove Mattsson Pracucal hic problems i with special reference
to bagh voliage techmque 1955 Pree Su Kr 30 —

121 Drzeo Caristrow  ray crystallographuc studies on apatites and calefied structures
195 Price Sw Ar 25 ~

122 Inosar Frrssrrow Arteriography of the utertne artery Its value in the diagnosss of
utenne fibromyoma, tubal pregnancy adnexal tumour and placental site localization sn
cases of intra utenne pregnancy 1955 Prue Sw Ar 30 —

123 hmtrva Exeaores Roentgenographic diagnosss of gemtal tuberculosss m the female

‘2:““ foentgenographit effects of antibiote therapy 1955 Price Sw Fr 30 —

K. A Huursorn O Monates
rectom. 1995 ot So. By 020 ol and R. Romaxts The so-called shelf tumour of the
125 Bo Lovostron  Roentgen ab
\"?95 Png Sw Kr 30 —
Laxs-Granar Larsos Studies on radiood b .
reference to the behaviour of the radiorodine tracer tests lDSSorPru: Sw Kr 25 “._.“h speaal

127 Quar Perrrsex Precanc
prroeal caranoma 195 é,",‘,’,‘“;,,“‘;’%“;}‘ the cerieal eputheliu 13 selation to manfest
8 Dovce WoRTHLEY Jomy T
radiotherapy 1955 Fras Swoo’;z {gm_ Brow~and Rozerr M Fry Dosage estimation in

Y 1 ytock y




N

AN LIST OF SUPPLEMENTS TO ACTA RADIOLOGICA

LXNX Akt Livopos Arteriosclerosis and arterial thrombosis 1 the lower hmb A roent
genologieal study 1950 Pnee Sw Ar 15 —

LXXAT Anpres Sovesson Qdontogenice cysts and eystic tumours of the Jaws A rocntgen
d and patho study 1950 (Out of print )

LAXNII Jounw Lino Heart volume 1n normal infants A roentgenological study 1950
Price Sw hr 15 —

LANXIIT Anpreas Hover Abd V| and 1 actraty foll g lapar
otomy 1950 Price Su Kr 15 —

LXANIV Ovor Norwan Studies on the hepatic ducts 1n cholangiography 1951 {Outof

punat )

LXXAV (85) Arne Frantzewr Soft tisue radiography Technical aspects and chmical
applications 1n the examunation of imbs 1951 Price S Ar 20 —

LANAVI (86) Incrmar Hesstn Roentgen exammnauon of pleural flnd A study of the
1 ofd 1

1 of free efli the ] of flud and

s under physiological d 1951 Price Su Ar 20 —

LN\NXVII (87) Stio RADNER Vertebral hy by cath 1on A new method
employed 1n 221 cases 1951 Price Sw Ar 20 —

LXN\\VII (88) Lars Lownersrap Transit tme through the small mntestine A roentgeno
logic study on normal variabiity 1951 Price Su Ar 20 —

LXXAIN (89) Gunwar Jonsson Bror Bropgw and Jonan RArnert Thoracic aortography
with special reference to 1ts value mn patent ductus arteriosus and coarctation of the aorta
1951 Pnice Su Ar 30 —

XC (90) Jeawn Pierre B Lésions nouvelles du poignet Pseudohysts
Kystes par hermations capsulaires Arthnite chromque dégénérative par ostéochondrose
margmnale 1951 Price Su Ar 20 —

XCI (91) Jan Aserunp The utenine cervix and isthmus under normal and pathological
conditions A chimcal and roentgenological study 1952 Price Sw Ar 20 —

ACII (92) Arne Linpert. Carainoma of the uterme cervix Incidence and mfluence of age
A statistical study 1952 Price Sw Ar 20 —

XCIHII (93) Ermx Onesrap Contributions to the theory and techmique of quantitative auto-
radiography with P32 with special reference to the granulosa tissue of the Graafian follicles
mn the rabbit 1952 Price Su Ar 20 —

XCIV (94) Sven Oror BrarroArp and Horcer Hypén Mass hipids, pentose nucleo-
protemns and proteins determined 1 nerve cells by X ray mucroradiography 1952 Price
Su Ar 15 —

XCV (95) Orario Morares and Racnar Romanus Urethrography in the male with a
Iighly viscous water soluble contrast medium, Umbradit Viscous U 1952 Price Sw Ar
20 —

XCVI (96) Svexn Oror BRaTTeARD Themportance of adeq it for the ck 1

of retinal 1 cells dunng early post natal development. 1952 Price

pay

r 20 —

Xé‘(’ll}‘(W) Lucto Dt Guetizrao and Mar1o GUTTADAURO A roentgenologic study of the
coronary arteries in the hving 1952 Price Su Ar 20 —

NCVIIE (98) Stovarp haae Radiotherapyin cancer of the breast 1952 PmeSx: Rr 20 —

ACIX (99) Rorr honrer I on backflow in de pyel y A roent
genological and chinical study 1953 Price Su Ar 20 — o

100 Gunnar Gorton Post irradiative prophylactic p : n
carcinoma of the utenine cervix 1953 Pm;e Su Ar 20 — ) i

101 Herman Loomy The value of m of the v broncht

w Ar 20 —
loégssav:;"ngwm Microangiography 1953 Price S Ar 20 — s
103 INGEMAR BORSTROM Principles of vertebral tomography 1953 Price Su Kr 20 —
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tics
scnsv b ramor transplants A histochermical study on the enzvmic charactensts
of Je derent tumor cell types 1957 Price Sw Kv 30 - e A N
i x N d renal aneuryyms
sedvafbe pormat ludney expansise renal and suprarenal lesions and rel
1 Pz Kr 30 —
14 3ot Wermsous, Expenmental studies on radsoactive zinc w the male reproductve
aqzoftherat. [958 Price Su Kr 30 —
LusEac Lagsox  Radiation doses to the gonads of patients 1o Swe:;h“:t:}c‘n;g;:
dapxsucs. Studies on magmutude and vanation of the gonad doses toged]
rdiang measures 1958 Price Su Kr 30 ~—
1 I'hxi‘ Awmsoy Angocardiographuc observations in mutral disease With special
roece 0 1olume vananons in the left atnum 1908 Price Sz Kr 30 — 1958 Pre S
19 2 Oouax Percutancous selective angiography of the coehiac artery
I3

15 Joary Encronese Stucies on the effect of thyrotropic hormone on the thyroid function 1n
o2 198 Prue So Rr 50 —
P Goviz T The vascular anatomy of long bones A radiological and hastological
& 1938 Pree S Kr 25 —
1 Toreres Woes Renal angiography during and after umlateral uretenc occlusion A
02326t expenmental study 1n dogs 1908 Price Su Ar 30 —
¥ Laae Gesrar Heravorn, '\ep?}‘ogmplnc effect and renal artenographic damage An
a3l study 1928 Price Sw Kr 30 —
" H Guionmore Congental atresa of the small mtestme A roentgenographuc study of
Y38 1908 e S Ke 25 —
1 Baur Brovew and Jowan harvert, Coarctation of the sorta Aortographic studies of
12¢ 20113 before and after operation 1958 Prwe Sw Ar 30 —
1% Eux Acxex Radioactn e sulphur as bennidine sulphate A methodological study swith
Pecial refererce to 5% Iabetled penscillin 1o oral surgery 1958 Price Su fr 30 — datayed
¥ M5O Bewo and Martr Livooren Time dose relationship and morphology of delay:
T2diation lesians of the brain 1 rabbits 1958 Prce Sw Ar 30 —
. Our Ajecrores The radiation reacton 1 the vagmal smear and its prognostic signif’
?ﬂfﬁf Studies an radiologically treated cases of cancer of the utenne cervix. 1938 Pruz
 Kr 35 . X
1 Ber Sorevsen Late results of radvom therapy 1 Aclimcal
¥dy 01798 patients treated at the Radium Centre, Copenhagen during the penod 1922—
199 1958 Pree Sw Kr 25 —
® Martey Livporav On tolerance of bram tssue and sensitiaty of bram tumours to
madiation 1958 Prae Su Ar 25 —
U1 Otov Dare. and b, J Vizrerror Dose dutabutions in arc therapy m the 200 to 250
W range § m b with the beam direcuon
Perpendicular to the oscuiation axis 1958 Prue Sw Rr 35 ~ (This monograph 15 1n two
152 Toglah and German)
Pe2 Obsax and Jax Prraagpsan. Aortic valvalar discases studied by percutancous thorace
v ortography 1958 Price Sw Ar 25 —
73 R Oursiap Bjomy Westre and Sves ERix Evorown Disappearance measurements
. Theoretcal techmucal biologial and medical aspects 1959 Price Sw Kr 30 —
in é—n‘u Brurng and Emik Severiy Shpping epiphyss of the hip A roentgenological
chiny -
A

cal study based on 2 new roentgen techraque 1929 Price Sw Kr 35
5 Ay Havnon

!;hryhc aad (P

e Studses on the distnbution and fate of Gt and T labelled p-amino-
\S) 1 the body 1959 Price Suw Fr 25 —

K A“ ?}uu Cineradiographuc studies on the Fallopian tubes 1n rabbits 1959 Prce
c Rr 25 —
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129 Grecers Trowusty Hintus hermia in chldren 1955 Price Su Ar 25 —

130 Ang Gioruwp Development of apparatus and methods for rocntgen studies 1n haemo-
dynamcs 1956 {Out of print )

131 Akz AnerLunp Gosta Forssell 1876—1950 To the memory of hus hife and work 1956
Price Su Ar 15 —

132 T W Lkzrs Asscssing the curability of cancer 1956 Price Su Ar 20 —

133 Curr Lacrroren Biophysical investigations of urinary caleuls 1956 Price Su Ar
25 —

134 Urr Rupsie Llectrohymography with special reference to valvular pulmonary and
nfundibular stenosis 1956 Price Su hr 30 —

135 Sven Erin Ingtunp Obseriations on the migrition of some labelled substanees between
the urinary bladder and the blood in the rabbut 1956 Price S Ar 25 —

136 Hans Ipnourv  Renal phy 1n exy 11 hydronep! 1956 Price Su
Ar 20 —

137 Vipar Bacarusd Uber die Technik der ! Telefilmpl hie 1956 Prce
Su Ar 25 —

138 Smic Faccroers Tomographie studies on the normal and njured knee 1956 Price
Sw Ar 30 —

139 Tauno ManntA On parallax and vanations in the stercoscopie image with a view to
stereofluoroscopy 1956 Price Sw Ar 25 —

140 Torcwy GREITz A radiologic study of the bran circulation by rapid serial angiography
of the carotid artery 1956 Price Su Ar 30 —

141 Herce Hertz and Tiomas RosenpAL Roentgen changes in the cramum n 153 in
tracramal tumours 1n cinldren aged 0—15 years 1956 Price Su Ky 30 —

142 Torsten ANDRE  Stodies on the distnbution of tritium labelled dihydrostreptomyen
and tetracychine in the body 1956 Price Ste Ar 25 —

143 CarL Ever Gupp) Bronct Radiol
operative treatment 1957 Price Su Ar 25 —

144 Bjorn WesTIN ELxperimental studies on the disappearance of radiosodium 1ons from
local deposits sn the cavity and in the wall of the vagma of the rat 1957 Pree
S Ar 30 —

145 O G A BercoreN Demogriphic studies on carcinomn of the uterine cervix in Sweden
1957 Price Su Ar 30 —

146 Smic Bacaman The proximal end of the femur Investigations with special reference
to the ctiology of femoral neck fractures 1957 Price S Ar 35 —

147 G F Banur Changes in hiver cell cl dunng lated protem synth A cyto
chemical study 1957 Prce Su Ar 25 —

148 harw Axe Ouncir Quantitative roentgenologic studies on changes in mineral content of
bone in vivo 1957 Price Sw Rr 25 —

149 Per WestuinG KuURT SUNDRERG and Gunvwar RG S r loendothelial
granuloma 1957 Prce Su Ar 25 —

150 Treatment of malignant blood discases by radioactine phosphorus P I—II Incmar
BercstroM and Erik LinoGreN P I Chnicnl aspects 1957 Price S Ar 25 — INGMAR
Berostrow P II Hematological aspects 1957 Price 8w Rr 25 —

151 Er L Radio! e of the brain and spinal cord 1957 (Out of

print }
152 Carw Gusrav Hr

1 d and p after

ranprr and Anc LivpooM  Primary tumors of the pelvic bones A
roentgen diagnostic study of eighty three cases 1957 Price Sy KAr 25 —
Vork

vosmanen  Uber das V von Hiatush und hard o
lﬁ?n Sgcxﬁung mut Pleuraschwarte 1957 Price Sw Ar 20 —

154 B Svivinand H MALMGREN The histological d of and pep
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177 PrakA VuoriNen The roentgenographic shit methods A survey and analyss of procedures
based ontheuseof a narrow bundle of rocntgen rays (scanography) 1959 PriceSuw Kr 25 —

178 BenoTH O Rosencren Deterrmination of cell mass by direct . ray absorption 1959
Price Se Ar 25 —

179 S Huvtperg, O Dant, R Thoratus, K J Vikrerror and R Watstaxt Ralocune
cobalt 60 therapy at the Radiumhemmet Lquipment, techmque and dose measurements
1959 Price Sw Ar 35 —

180 Bewet Litja Motor activity of the stomach 1959 Pree Su Ar 25 —

181 Per A The d value of ¢ I radsol [e of the
heart 1n adults (Appendix by R G CARPENTER An account of the statstical analyss
of the relative heart volumes of 755 patients in various disease groups) 1959 Price Su
Ar 20 —

182 H M Truny Acoustico-cineradiographic malysis considerantons with especial reference
to certain consonantal complexes 1959 Frice Su KAr 35 —

183 Erix Boysen Angiographic studies of the matomy of single and multiple rentl artenes
1959 Price Su Ar 30 —

184 Gustar NoTTer A technique for destruction of the hypophysis using Y0 spheres Aradio
logic endoenne and histologic study 1959 Pree S Ar 35 —

185 BenoT Liuequist The subarachnord eisterns An anatomic and roentgenologic study
1959 Price Su Ar 35 ~—

186 BenoT LitteQuist Ponune angle tumour Encephalographic appearances 1959 Prre
Sw Ar 30 —

187 Horozr Snorosory On the design physical properties and practical application of
small condenser 1omzation chambers 1939 Price Su Ar 30 —

188 Jens Nietsev Anno Actatis Suac L\ Papers dedicated to Jens Nielsen professor of radio-
therapy at the University of Copenhagen, on his sixticth anmversary December 19 1959
Prce Sw hr 40 —

189 Orov Dant and RARrw Joitan VikTERLOP Attamnment and value of precision n deep
radiotherapy Some fund. is with special reference to moving beam therapy with
200 to 250 kV roentgen rays and cobalt 60 gamma radiation 1960 Price Sw Ar 35 —

190 Ru~e Soremark Distnibution and hinetics of L de tons 1 the han body
Some expertmental mnyestigations using Brt®® and Br8? 1960 Price Sw Kr 30 —

191 Urr Borett and Inovar T'ErasTROv Radiologic pelvimetry 1960 Prie Su Kr 30 —

152 Nis Linovait Renal papillary necrosis A roentgenographic study of 155 cases 1960
(Out of print )

193 Paut Epnown The tomogram Its formation and content 1960 Price Sw Rr 30 —

194 Ramo Rivicvoro Pleural cal asar ) sign of non occupationat
endemic anthophyllite asb (M \! ppendix by Oravi hvovo) 1960 Price
Su Kr 25 —

195 Sven Scnetier R hic studies on epiphysial growth and n the

knee 1960 Price Sw Ar 35 —

196 A A HuvTsory and Bo TornsErG Mammary carcinoma The bologic character of

mammary carcinoma studied 1n 517 cases by 1 new form of malignancy grading 1960

Su hr 35 —
19‘;”‘5/\1:: R Hotstt The mutotic and radioprotective effect of eystenc and lysine n rat.
Sw Rr 30 —
19;96855’(;;.::3 BarTLEY Theisometric relaxation phase of the left ventricle An electrokymo
aphic study 1960 Price Sw hr 35 —

5 GuNNAR WiLLER VESTEBY Vaso seminal vesiculography in hypertrophy and carcinoma
199 h state with special reference to the ejaculatory ducts 1960 Price Sw Ar 35 —
2000r IBJ:r}z;ONonnznsmou Contrast of the card lar system duning increased

ntrabronchial pressure 1960 Price Su Ar 30 —
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"} GrovasstDi Crro RISA enceg hy and 1 diologc methods
A comparatne study 1961 Pne Sw Ar 35 —
27 Lass Bjorx Velopbaryngeal function i connected speech  Studies using tomography
1nd cmeradiography synchronized with speech spectrography 1961 Price Sw Fr 25 —
203 Besct O Nyrss Cleft palace and speech A surgical study including observagions on
velopharyngeal closure dunng connected speech using synchronized cineradiography and
sound spectrography 1961 Price Sw ¥y 25 —
204 $ R Kpeurerc B Noxoewyraom U Rupwe V O Bjork and G \Marustrom
Cardioangiographic studies of the mtral and aoruc valves 1961 Prce Su Ar 30 —
205 Grwar Caresercer  Rimencs and I of rad cobalt ad d
the mammaban body 1961 Prce Su Ar 30 —

06 HAxs Mofrr Kadney size and 1ts deviauon from normal in acute renal fadure A
roentgendiagnostie study 1961 Prcs Sw Fr 25 —

207 Lerr Rtro Haxsey M hy with senal
An opinran on the value of the method 1961 Pruce Sw Ar 30 —

208 Foov Lunowart. Cancer of the vuiva, A chimical review 1961 Prce Sw Kr 30 ~—

209 [utarr Lyspores A ! and studies of tubercul
B8C, d and non d subjects with b 1
1961 Prue S Ar 25 ~

"0 Per Erik £ Bzroner The sigmficance of certam tracer kinetical methods especially
h;h espect to the tracer dynarmic defimuon of metabolic turnover 1962 Prze Sw Ay
30 -

211 P Viorrven P Antrita U Weoens A kaupeina and E Rorvito  Renal cortical
mdex and other renal 196” Price Sw Fr 25 —

212 Lans AspréEv Pelvic mstabihity 1n newhorns with speaial teference to congemstal dise
tocation of the hip and hormonal Tactors, A roentgenologic study 1962 Price Sw Ar 30 —

213 Nus-Magaes Omssov Left heart and aortic blood flow 10 the dog Precision motion
;ﬂm of hugh speed (270 fr A h dingy 1962 Prce Sw Kr

to

n
of calaified foct

214 Bexor Tyemweere Lymphography An ammal study on the duagnoss of VX2 car
tnoma and inflammavon 1962 Prce Sw ¥r 35 —

215 Paavo Rpasr Penarthros:s calcarea of the shoulder jount. Its differentiation from other
suff and paiful shoulders 1962 Price Sic Ar 30 —

216 P Eonour I Ferwsrroa b Livoeros and § I Seiomicer Roentgen television in
pracice with special regard to puncture exammatons 1962 Price Su Ky 35 —

U7 Foree sk Carcinoma of the vulva. An analysis of 560 patients with hstologically
venfied squamous cell caranoma 1962 Prue Siw K 30 —

218 P Solta, M Grovroos O hatppia und L Pyyrovey Waseerlosliche viskosierte
wasseslésliche und jodélige K 1 sn der ¥ 0 hee \esglechend
Untersuchungen. 192 Prce S Ay 25 —

219 5TI0 SANDMARK Hiatal

Studies on h

and
t00 for huatus herma ang gustro-ocsophageal reflux 1963 Prwce Sic ¥r 25 —
279 Max Lisoerre Free moy dibu

oy 1968 P 17 5 the temp dornt. A anradiograp
271 Axe NoRruAGEN Selective an
grography of the t epatic verns Expenmental

! l;:u] C":;‘:“‘”'Y dynamies 1963 Prce s Ar 3? - penmental tavesiigasons
2 LG Hasnes

1963 Price S& Ar _'7!5"02““ Genetcally significant radiation doses in diagnostic radiology

3 AsRo froiur koyg),

and clincal study 1963 posy

of examuna

hecrols and their use

1o radsation treatment
e g e An expenimental
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177 Pexra Vuoriven The roentgenographic shit methods A survey and analysis of procedures
basedon theuscol a narrow bundle of roentgen rays (scanography) 1959 PriceSuw Ar 25 —

178 Benet H O Rosencren Determination of cell mass by direct \ ray absorption 1959
Prce Sw ke 25 —

179 S Hurtsere, QO Dant, R Tuorarus, ' J Vikterior and R WaLstan Ralocune
cobalt 60 therapy at the Radium} q , technique and dose
1959 Price Su Ar 35 —

180 Brnot Liga Motor actiaty of the stomach 1959 Prce S Ar 25 —

181 Prr AmunpseN The diagnostic value of conventional radiological exammation of the
heart 1n adults {Appendix by R G Careewtir  An account of the stastical analyss
of the relative heart volumes of 755 patients in various discase groups) 1959 Price Su
Ar 20 —

182 H M Truny A ! phic analysis consid with especial reference
to certain consonantal complexes 1959 Price S Ar 35 —

183 Lrin Boysey Angrographic studies of the inatomy of single and multiple renal artenies
1959 Price Su Ar 30 —

184+ Gustar NoTrER A technique for destruction of the hypophysis using Y#9 spheres A radio~
logic endocrine and lustologic study 1959 Price Sz Ar 35 —

185 Jrncr Liuequist The subarachnoid cisterns An anatomic and roentgenologic study
1959 Price Su Ar 35 ~

186 Bevor Lmazuist Ponune angle tumour Encephalographic appearances 1959 Prre
Sw hr 30 —

187 HoLcer SnoLpsorN On the design physical properties and practical application of
small condenser 10mzation chambers 1959 Price S Ar 30 —

188 Jens Nicisen Anno Actatis Suae L\ Papers dedicated to JensNielsen professor of radio~
therapy at the Universtty of Copenhagen on his sistieth anntversary December 19, 1959
Price St Ar 40 —

189 QOrov Dant and RAre Jouan Vistertor Attainment and value of precision m deep

diotherapy Some fund: ls with special reference to movng beam therapy with
200 to 250 AV roeritgen rays and cobalt 60 gamma radiation 1960 Price Sw Kr 35 —

190 Rune Soremark Distnbution and kinctics of brormde 1003 1n the mammalian body
Somic expermental 1 sstigations using Br¥®™ and Br® 1960 Price Sw Ar 30 —

191 Urr Borert and Inevar TernsTrOM Radiologic pelvimetry 1960 Pree Su Ar 30 —

192 Nits LinpvatL Renal pamllary necrosis A roentgenographic study of 155 cases 1960
{Out of print }

193 Paur Lonowst The tomogram Its formation and content 1960 Prece Su Ar 50 —

194 Ramo Rwirvoro Pleural calaf as a 1 sign of non occupational
endemic anthophyllite asbestosis (Mineralogic appendie by Oravt huovo) 1960 Pner
S hr 25 —

195 Svcn Scugrrer R aphic studies on epipt
knee 1960 Price Su Ar 35 —

196 R A Hurtpory and Bo Tornsere Mammary crrcinoma The biologic character of
mammary carcinoma studied an 517 cases by a new form of malignancy grading 1960

Sw Ar 35 —
msnzml: R Hotstt The mutotic and radioprotectrve effect of cystemne and lysine 1n rat

Price Sw Ar 30 —
;gslsg%m’;;z BartLey Theisometric relaxation phase of the left ventricle An electrobymo-

dy 1960 Pnce Sw Ar 35 ~—
ggrag:’:,;‘: \)"vm.m Vestpy  Vaso seminal vesiculography in hypertrophy and carcinoma
! he prostate with special reference to the ejaculatory ducts 1960 Prics St ke 35 —
20?)f ;}]‘;}:NNORDENHRDM Contrast ex of the card lar system duning increased
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224 Care Oror Ovexrors Pul y interstitial h — An
gen-diagnostic study 1964 Price S Ar 35 —

225 Georg Tueanper Vanation in shape of gallbladder dunng cholecystography 1964
Price Su hr 30 —

226 Huco BocreN The composition and structurc of human gallstones 1964 Price Su
hr 30 —

227 Lars NorpQuvist The sagittal diameter of the spinal cord and subarachnoid space
dilferent age groups — A roentgenogriphic post mortem study 1964 Price Su Ar 25 —

228 LENNART Wl(rrORN Bonc resorption n cases with complete upper denture — A quan
titatn ¢ roentg 1 study 1964 Prce Su Ar 30 —

229 Arnrinn Exci sr:-r Irradmtmn of Iymph nodes and vessels — Expeniments 1n rats with
reference to cancer therapy 1964 Price Su Ar 30 —

230 Lars Horrenper Determuining the clements of the mterior onentation in roentgeno.
graphy 1964 Price S hr 30 —

231 Hang Heveie Howst The hydrodynamices of micturition — Examinition by means of
micro manometer and uroflowmeter of the hydrodynamic conditions m normal subjects
and 1 patients sufferine from obstruction 1n the posterior part of the urethra 1964 Price
Su Fr 30 —

232 Enne Crocrouist Chmeal apphcation of whole bodv counting of ®8r and #7Ca in
patients with and without widespread mahgnant sheletal disense 1964 Price Su Ar
30 —

Y 1 rocnt







