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EDITORIAL

With this 1ssue Acta Radiologica begins publica
tion wn a new form after having had the same ap
pearance and been produced by the same processes
ever since 1t was founded i 1921 by Gosta Forssell

for use m radwlogic publications Thus the change
to offset was not made untd comparative tnals had
brought conviction that the new method for image
reproduction has reached a stage gving results

The design of the cover for the nd b
has however been changed the table of contents
betng moved 1n 1951 to the front page in order to
make 1t easier for readers to obtam mformation on
the articles in the 1ssue without having to open 1t
And 1n 1963 the Journal was divided 1nto two series
one on diagnosis and one on radiation therapy
physics and biology

It 15 of great importance that the illustrations 1 a
penodical presenting radiologic matenal should be
of the highest quality If a reader is able by examm
tng thellustrations  to satisfy himself that the author
has interpreted the images correctly he will also find
it easter to evaluate the conclustons drawn 1 other
words form a better opinion regarding the value of
the article Even with blocks of high quality it has
sometimes been necessary because of the size of
the journal to present illustrations which mn some
cases have been too small with the result that some
of the details could not be readily distinguished
With increasing refinement of the wnagmng tech
miques and as ever smaller details have proved
to have diagnostic significance a sense of dissatis
factton with the format of the journal has gradually
developed A change overtoa larger s1ze has in fact
been under constderation for several years but has
been deferred until a change to a more modern
method of d could be eff d at the
same time

As from the present issue the Journal will be
produced by means of modern p

ble to those ob with the old block
making system
Apart from the change n appearance and the new
method of production the principles of the journat
will remamn unchanged This means that the two
senes will continue to be published also m the fu
wre The diagnosis senes will as before be ajour
nal of general radiology with sidelines on some spe
cial fields such as newroradiology and pediatric
radiology In the future as in the past considerable
attention will be pad to the layout in order to en
sure that the articles are presented m a clear and
esthetically attractive form
One of the reasons why Acta Radiologica was
instituted was the desire to have a forum where
expenences and results of research in radiology and
allied fields 1n the Nordic countres could be pub-
lished so that read:ly available information could be
b trends and future
prospects in these countries As the speech com
munibes covered by these countnes are small the
articles had to be published 1n one of the mayor
languages of the world if they were 1o be available
to readers in other areas In the beginung papers m
English German and French were accepted How
ever English has gradually become the dommant
‘nternational language m the medrcal world holding
a position almost comparable to that of Latin in the
world of science durng the Middle Ages and the
Centunies immediately following that penod and the

dine d
T g de

phototypesetting and offset prnting Other penod)
cals have earlier adopted the offset technique but in
the opimion of the editors of this Journal images
produced with this process have only recently at
vd'l" tuned a qualty that can be considered acceptable

1wty

Journal thy bsequently adopted the policy of
publishing arnicles only in English Summanies 1
German and French were retamed but from ths
Issue onwards they will be abandoged since it may
be considered hardly possible these days to follow
developments 1n any branch of medicine without a
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knowledge of Enghsh Acta Radiologica will there
fore from now on be published exclusnely in Eng
Iish

Although the journal was onginally intended to be
a forum mamly for the Nordic nations 1ts pages have
always been open to authors from other countries as
well Many important articles by non Nordic writers
have also been gratefully accepted for publication It
15 hoped that these contnibutions will not only con
finue but also mcrease 1 number Problems will
thereby recerve more all round treatment and com
pansons with other ponts of view facilitated which
should be to the mutual advantage of both Acta
Radiologica and 1ts readers

In recent years new diagnostic methods based
on maging techmques have been mtroduced ul
trasound scintigraphy computer tomography and
possibly still others such as magnetic 1 e will

one method alone the methods are supp!
to each other as well as to conventional
Thus the most suitable way to achieve this s
assemble them all at one msutution In accordz
with this opinion  Acta Radiologica has publish.
and will continue to publish articles on all imar
procedures In order to emphasize more clearly th
previously the fact that the diagnosis section ther
senies 1S a yournal of medical imaging nform.t |
to this effect has been added to the first page oft.
cover It further appears that the journal will 2
accept reports on physiologic sequences analysa
by radiologic methods 1o the widest sense

Like other chnical specialities oncology neud
the methods offered by diagnostic radiology b
otherwise they have hittle ;m common They shoul
accordmgly be practised by different speciahists A
a of this Acta Radiologica as the o

appear 1n the foture Opimons differ 1t 1s true re
garding the appropnate speciality to which these
methods should belong Acta Radiologica holds

radiologic peniodical has run and will contmue t

run two senes one dragnosis and one oncology &

latter compnsing not only radiation therapy but als
herapy and physics and brology

most emphatically that afl Z tec

shonld be concentrated to the radiologic depart
ments where the basic shills are centered Fur
thermore the methods are as a rule such that the

solution of a d12gnostic problem 1s seldom gamned by

With this declaraton of its programme Ad
Radiologica 15 presented 10 the readers i s ne
form
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ANGIOGRAPHIC DETERMINATION OF SPLANCHNIC BLOOD FLOW

B M T LanTz D P LiNk J M FOERSTERand] W HOLCROFT

T of bowel 1sch surgery
Unfortunately the results are poor Embolization of
the superior mesentenc artery leads to a mortahity
rate of 30 per cent Ischem:a due to atheromatous
‘obstruction may result m a 60 per cent mortality
(JACKSON 1963 PURDUE & SMITH 1970) A major
impediment to successful therapy 1s the lack of dia
1 gnostic techmiques which can identify reduced blood
flow causmng bowel ischermia Recently 1t has been
reported that 70 per cent of bowel infarction 1s due
to non-occlusive disease with venous occlusion ac
counting for a further 10 per cent (BERGAN 1964
WILLIAMS et coll 1967) A high incidence of
splanchme atheromatous disease further comph
cates the picture because 1t may not necessanly
cause 1schemia DERRICK & LOGAN (1958) reported
a narrow ed coeltac axis mn 44 per cent of their autop
sy senies  Unfortunately the surgeon at laparotomy

may be no more successful than the radiologist at
determimng the presence of reduced vascular perfu
sion (MARSTON et coll 1966 WILLIAMS et coll )
The conmiderations mentioned suggest that a dia
gnostic meastre of splanchme blood flow 1s needed
With the appl of videod: y dunng
standard visceral anglography it appears that such a
measure 1s now available

The splanchnic circulation can be defined as the
blood supply to the liver spleen gall bladder pan
creas and the g tract h smail

two different sources of blood for the liver exist the
venous return from the gastromntestnal tract pan
creas and spleen which 1s collected in the portal vem
provides the hver with 70 to 75 per cent of its total
blood flow (ROWELL 1975) and the remammg 25 to
30 per cent s supphied by the hepatic artery a
branch of the coelac artery

The splanchmuc blood flow recenves about 20 to 25
per cent of the resting cardiac output (BRADLEY et
coll 1953 GRAYSON & MENDEL 1965) The blood
volume contamned 1 this region serves as a reservour
for maintenance of the cardiac output dunng stress
for regulation of the systemuc blood pressure Large
blood volumes can be mobihized by constriction of
the veins which have a large network of sympathetic
mnervation (MELLANDER & JOHANSSON 1968 RosS
1971) Vasodilatation may be nduced duning eleva
tion of the systemic blood pressure and dunng diges
tion Thus splanchnic vascular reststance seems to
be an important regulator and effector of the circula
tory dynamucs triggered by a vanety of phystologic
receptors (RORNER et coll 1967 BROOKSBY &
DONALD 1971)

The total splanchnic blood flow can be estimated
using the Fickh ple 1e the fi
technique onginally described by BRADLEY et coll
(1945) Clearance rates and hepatic extraction of
ndicator mjected as a single bolus can also be used

and large bowel) The arteral supply to the splanch
mec region onginates from the coehac supenor
and infenior mesentenc artenes The entire blood
flow returns to the general circulation through the
infenor vena cava via the liver and the hepatic vens
In this respect the total splanchnic blood flow canbe
regarded as a single hypothetical organ  However

or of the hepatic or the splanchnic blood
flow (ROWELL 1974) Utilizing drug infusions or em
bolization of selective branches of the mesenteric
artenes 1t 15 possible to decrease or block part of the
splanchnic circulation 1n patients with gastromtest:
nalbleeding However to date there are no clical

Submutted for publication 74 Augnst 1979



Fig. 1 Diagram of the canine mode! Flow 1n the ascending sorta
(EM  and 1n the supersor mesenienc artery (EM,..,) was meas-
ured using elect etic prof hic catheter were

B M T LANTZ ET COLL

The videodensitometric system 1s charactenzed
high sensitivity and a rapid dynamic response 1
Iike con ] dilution tect no saryp”
catheters are needed After injecting 1odine cortz
medium 1nto the circulatory system and seco®
the angiography on videotape cassette in const.
fluoroscopy with fixed hV and mA dilution cun
can be obtamed by placing a videodensitome
cursor of appropniate size over any artery displas
on the momtor

The concept of refative flow has previously b
described 1n depth by LANTZ(1974) It 15 based vy
the principle of companng flow at two sites of L.
circulation where contrast medwm has been £
sected  The integrated areas of the two diluw
curves are mversely proportional to the flow at t
sites of imection If for example the flow m t
supenor mesenteric artery 1s to be estimated as
fraction of the cardiac output two contrast Ime
tions should be made one m the ascending aor
where total cardiac output passes and one n b
proximal part of the superior mesenternc artery B
recording both dilution curves downstream at ar
stte of the mesentenc artery the relative flow can't

po ttioned i the ascendmng aorta and sn the superior
astery (SMA) The wideodensitometne recosdings and measure-
ments were performed over a branch of the superior mesentenc
artery (Viden) Blood pressure (BP) was recorded via 4 carotd
€annula and pressure transducer

Iy usefu) methods for measunng regional blood flow
n the splanchnic region

The objective of the present investigation s 1o
validate a new method of determming blood flow m
single splanchme arterses as 4 per cent of cardiac

d ding to (LANTZ 1975)
Q 1, A,

Q M. A
where Q, and Q, are the flows at the sites of ¢
tion M, and M, are the amounts of contrast medis
mjected at the two sites and A, and A, are th

d d 1c areas 4 from 1
densi ic dilution curves at the same $%

output utihizing d ry The tech has
been compared to electromagnetic flow readings m a
canme model and 1s intended to be used as a simple
chnical method dunng routime abdonunal angio
graphy
I rincaples of videod, The wvideod:

sitometnic method of estimatin,, relative blood flow
has previously been described by LANTZ (1974
1975) and has proven to be highly accurate m 4
hydrodynamic model Application of the method has
recently been tested m animal expeniments regard
ing the renal esrculation (Liny et coll 1979) and in
humans with artenovenous fistula (LANTZ et coll
1979) The denstometer records density changes mn
the televivion image caused by myected intravascular

downstream in the peripheral vessel

Matenal and Methods

The blood flow 1 the supersor mesenterc aneff }
the hepatic artery and the splemic artery was &
mated as a fraction of the cardiac output 11 an®
vivo camne model (Fig 1) Estimates obtamed ¥
the videodensitometnic method were compartd ¥
the corresponding electromagnetic flow readings *
4 mongre} dogs wesghing between 22 and 27 kg ﬂ:
dogs were anesthetized with 30 mgfkg of 5°d‘J
pentobarbital and were ventilated with 2 Han®
pump on room air

Elect et

contrast medium  In this respect 5t 1s a ulatory
sndicator dilulion technique (WOOD et coll  1964)

¥
flon The cardac outpst v

enttal €

ty ded by 4
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" Fig ® Videodenstometng flow calculation m supenor mesen
. tenc antery as a fraction of the cardiac output Top curve repre
s 1seats the recording obtaned over the artery after imjection of
contrast medsum 1nto the ascending aorta Bottom curve repre
1 sents the recording at the same site after selective injection nto
¢ the artery Theflow Q 15 calculated from M (amount of contrast
medium mgected) A (mtegrated densttometnic area shaded) and
k (calibration factor for radiation mtensity) according to Q=M/A
a k The flow in the supenor mesentenc artery as a fraction of the
a cardiac output 15 1 787 05=2§ 2 per cent

tromagnetic flow probe around the ascending aorta 2
to 4 cm above the aortic valve Similar flow probes
were attached 1o the proximal part of the supernor
mesentenc artery the splenic artery and the he
patic artery All probes were connected to elec
tromagnetic flow meters (Statham SP 2200) The

=7 sy blood pi was 1
3

i

)
a

ly re
corded from the left main carotid artery by an mtra
artenal cannula attached to a Statham P23DB pres
sure transducer
Videodensiometric flon The blood flow m a
splanchnic artery as a fraction of the cardiac output
was calculated from the videod 1c dilution
curves denved from a bolus mjection of sodium
¥ 1othalamate (Conray 400) through a 7 French pigtat
1+ catheter with its tip i the ascending aorta and from
! a second bolus myection through a 6 French selec
@ uve catheter with its tip 1 a splanchnic artery With
or? respiration suspended and the dog in a fixed pos:
W8 hon 10 ml of contrast medm was imjected mto the
71 ascending aorta followed by an ijection of 1 ml
'“d’ contrast medium 1nto the splanchnic artery The
3B selective iyections were performed manually and
the aortic injection by pressure myector {Cordis IT)
“Lq Eighteen senes of imjections were performed each
P

contaming one aortic ingection followed by one or
more selective myections at different time mtervals
Duning yjections i the aortic arch and selectively
into the splanchmc artery the video 1mage was re
corded on video cassette with the rmage intensifier
m a fixed p over the h vessel
d Before each recording performed in con
stant fluoroscopy with fixed LV (65-80) and mA
(3-5) a 10 mm aluminium filter was used for calibra
tion of the radiation ntensity The left postenor
oblique position of the dog was used to separate a
major part of the mamn branch of the splanchmc
artenes from interfening smaller branches The vid
eodensitometnc dilution curves were displayed at a
later time by replaymg the cassette A videoden
sitometer with an output voltage proportional to the
toganthm of the incident radiatron was used (T
Strand Siemens Elema Sweden) Integration of
the videodensitometric mass tume curves was per
formed by plamimetry
Recording equuprment The video image was re
corded on a Sony Umatic video cassette recorder
The data from the electromagnetic probes along
with the artenal pressure was recorded on an Elec
tromes for Medicine DR 8 photographic recorder
and sy d with the vid T dmng of

p

the contrast medum passage dunng fluoroscopy
R A

generator (C G R 1215 1200 mA) was used The
fl P p luded a cesium jodide
image intensifier with a plumbicon television camera
(Coronanx C arm C GR  trple field :mage nten
sifier) The four mnch (10 cm) mtensifier iput was
used n all expenments

Results

Eighteen sertes of measurements totaling 34
paired ratios of splanchnic flow to cardiac output
were by the videod 1c and elec

hods The d 1c 1 1
from a typical data pair s Mustrated n Fig 2 Ex
trapolation of the densitometnic curves from the aor
ticingection (Fig 22) and the selective injection mto
the supenor mesentenc artery (Fig 2b) was re
quired because of remamning contrast medium 1n the
tissues which prevents the curve from returming to
baseline Thisss an accepted techmique 1n other dilu
ton methods

Superior mesenteric artery flown Twenty two
pawred data companng the flow in the supenor
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Table 1

Twent) two measurements of the superior mesenteric artery flon as a fraction of the cardiac autput were
recorded by tlectromagnenic and videodensiometric methods Each of the 12 series represents one infection of
contrast medwm nto the ascending avrta followed by one ur more subsequent selective infections into the
supenor mesenteric artery at different intersals The difference in percentage between the two methods ks

displayed in column E

Senies n Time Electromagnetic flow Electro- Videodensito  Difference
{mn) {ml/mun) magnetic metric ratio DC
-—_— 1atio (per cent [{%)
Cardiac Sup mes {perent sup mes
output artery sup mes artery flow)
(A) flow artery flow) (D)
®) ©
1 0 2400
1 ! 250 104 s 14
2 [ 2370
2 2 306 129 1“3 14
3 3 298 126 122 ~04
4 s 242 102 134 32
3 0 229
s 2 250 109 19 10
6 4 282 123 1o -13
4 0 189
7 1 508 %8 261 -07
8 3 500 %64 268 04
s 0 1744
9 1 524 300 286 -4
6 0 1786
10 1 524 23 58 w35
1 Py 308 284 %5 -19
7 0 1720
12 2 442 256 244 -2
13 3 426 248 25t 03
g 0 1770
14 2 519 293 284 -09
15 4 473 267 292 -25
9y 0 1927
16 3 473 245 27 02
1Y 0 460
7 1 197 428 390 -38
18 2 176 381 402 "
u [ 754
19 1 228 304 20 ~24
20 z 210 20 292 12
12 o S
a1 ] 251 230 291 ol
n 3 243 Y 127 19
fw-022

Sp=200
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x~114 Before epinephrine
M

Fig 3 Effect of epmephnne One mi Conray 400 was nyected
Into the supenor mesentenc artery (top curve) gving a calculated
videodensitametric flow of 0 219 _The absolute flow recorded by
the electromagnetic method was 279 ml/muin Through the cathe

ter 4 ml epmephnne (10 pag/ml) was injected Fourteen mim later
another 1 ml Conray 400 was myected 1nto the artery The calcu

lated flow usmng videodensitometry (bottom curve) was then
0127 The comesponding electromagnetic flow was 163 ml/min

The decrease of flow caused by epinephnne was 41 6 per cent by
the electromagnetic method and 42 0 per cent by the videoden

sitometnic method

mesentenc artery and the cardiac output were ob-
tamed (Table 1} The mean difference between the
electromagnetic ratio and the videodensitometnc
ratio was —0 22 per cent (SD=2 00) This confirms
the high accuracy of the videodensitometric method
pared to the el m the
individual case The supenor mesentenc artery/car
diac output ratio vaned within the range of 10 to 40
per cent Higher ratios were found in expeniments
where the cardiac output was extremely low indicat
ing tnverse proportionality the larger the cardiac
output the smaller the supenior mesentenc artery
flow However wn the mdividual expenments the
videodensitometnc ratio did not differ from the elec
tromagnetic one by more than 2 per cent This 15
Wustrated in the change of flow mduced by ept
nephnne infusion 1n the supenor mesentenc artery
caustng a decrease m the flow of 41 6 per cent by the
electromagnetic method compared to 42 0 per cent
by the videodensitometric method (Fig 3)
Hepatic artery flon  The hepatic artery flow 1n 7

Video Flow
600

o 1 Il 1 1 |
[} 100 200 300 400 500 €00

Electromagnetic Flow

Fig 4 Correlation between blood flow simultaneously deter
tmuned by the and methods m
34 measurements 1 splanchnic arteres (r=0 985) The sohd line
15 a Jeast squares regression lne

expeniments was calculated as 10 2 per cent by the
electromagnetic method and 8 66 per cent by the
videodensitometnc method (Table 2) The mean dif
ference was —1 54 per cent (SD=1 08)

Splenic artery flow Five pared data of the splenic
artery flow ratio were calculated comparng the two
methods The mean splenic ratio was 7 02 per cent
with the electromagnetic method and 8 6 per cent
with the videodensitometnic method Thus the
mean difference between the two techmques was
1 58 per cent (SD=0 58 Table 3)

Companison between the electromagnetic and
videod 1€ hods The splanchme blood
flow m absolute units (ml/mm) was calculated 1n
each of the 34 expenments from the videoden
sttometnc ratio and the electromagnetic readings of
the cardiac output according to
gx {cardiac output)=splanchmec blood
% ;

ow 1n ml/min

where

Qs

N 1s the videodensitometnc splanchnic flow ratio

The splanchnic flow 1 absolute unsts ded by
the two methods (Fig 4) correlated well (r=0985)
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Table2
The hengue artery flow a5 a fraction of the cardiae outpat obtaired from 7 measurerments in 7 senes nas
estimz ed by the electromagrenc ard the videodersiomernc methods D  Jererce in percer.are of card or
ourout between the methods ts disnlared in column E

Semes n Time Electromagaete fow Electro- Mideodensto  Difference
tmm) tml fun) oapets N 1200 »Cc
120 percent (E}
Cardlaz Hepen tpercert henanz
oy aren herat, artery flow)
A fow zr2ery fiow) D)
®) ©)
13 0 100
3 2 119 139 95 -2
24 4 109 109 76 -33
3 o 107
2 2 19 13 95 -18%
2 3 12 127 n3 -14
15 o 1345
27 1 14 g5 76 —09
® 6 m 2 -2 -19
3 - 1% 79 79 00
2=102 x=B & x=-3154%
5D=19% SD=1.49 5D=10%
Table3

Tre peric arten fow mas measured as @ fracs or of the card cc owput by electromagnenc and videoden-
TF e senes comainrg 5 pared deterriraiors w percectore of cardie outnd 2

soomernc metkods "
& smuned wun the & Fererce betweenthet omethodsnco'vmn E

Sen-y ) Time  Electromapnetc flow Electro- \idcodensro-  Difference
(mrn) (! wmoy rapnet. metn 100 DL
z23 {nerpent (E)
Cerdia. Snlem (prreent «=Jemac
outeent zrtery smieoa zmten flow)
<A firw znen Gow) D)
@& ©)
1% 0 L]
hid ! < 66 £6 20
31 ) = ~1 91 2
" [ 10
32 1 6t 3 “6 L5
33 “ P <= s 18
* o ~y
had 3 . 9¢ 102 (13
i=@ 1=36 =158

SD=15¢ SD=112 SD=D..8
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Discussion
Several factors should be serously considered
vhen using the videodensitometric technique for
1ccurate flow measurement 1n selective arienes In
he clinical settmg one catheter alone might be used
or contrast medium inyections 1 the aortic arch and
n a selected splanchnic vessel The catheter should
ontain at least 3 or 4 side holes close to the tip of
he catheter to obtain a high mjection rate m the
ascending aorta It s then advisable to wait at least
five minutes to avoid flow changes in the splanchnic
regton caused by the contrast medium Then the
catheter will be withdrawn from the aorta and placed
with its tip 1 the proximal part of the artery to
be examuned It 15 important that the side holes do
not spill contrast medm directly nto the abdom:
nal aorta durning the injection of contrast medwm If
this happens the densitometnc area recorded from
the selective myection will be spuriously low due to
the spillover of contrast medium

During the ijection nto the ascending aorta the
contrast medrum will be well mixed with the blood
flow at the site of injection However the selective
mjection m the splanchnic vessel should be per
formed manually over at least two seconds Previ
ously (LINK et coll ) 1t was found that an important
error n the videodensitometric method 1s mtro
duced when the imjection rate approaches the blood
flow at the site of ijection Thus when the injection
flow rate was greater than one half the artenal flow
rate there was an abvious discrepancy between the
d 1c and el hods It

has also been shown that perfect mixing of the con
trast medium with the flow does not seem to be of
great importance dunng selective mjection tto the
artery since the videodensitometnic window meas
ures the total amount of contrast medium over an
artenal cross sectton rather than local

used to compare the effects of different drugs  the
supenor mesentenc artery (Fig 3) The relattonship
among the flows 1n the splanchmic asteries can be
compared by makmg a reference ijection mn the
aorta above the ongin of the coeliac axis not neces
sanly in the ascendmg aorta The wideo camera
would be positioned 11 a field covering the supenor
mesentenc hepatic and splenc artenies Then the
same reference injection would be compared with
each selective injection into these artenes In the
present investigation the hepatic artery flow was
estimated to about 10 per cent of the cardiac output
and the corresponding figure for the splenic artery
flow was 7 per cent On the other hand the flow m
the superior mesenteric artery vaned over a wide
range (10-40%5 of the cardiac output) Ths could be
due to a block of the compensatory mechanisms 1o
that region caused by the extensive surgery required
to attach the electromagnetic probes Dissection of
the supertor mesenteric artery tn its proximal part in
volves the ligation of multiple splanchnic nerves and
this may destroy regulation of the blood flow

The videodensitometnc method seems to have
several advantages over the previously described
spillover techmique (OLIN & REDMAN 1966 GIAN
TURCO et coll 1970) With this technique the blood
flow 111 the superior mesenteric artery 15 eshmated at
angiography by increasing the rate of uyection nto
this artery until spillover of contrast medum ap
pears on the films Multiple mjections of ligher and
higher dose can be ime consummg and may subject
the patient to more nsk from the injections of con
trast medium than the benefits gamed from the flow
measurements Other methods using dye dilution
techniques wvolve cathetenzation of the supenor
mesenteric vemn as well as artenal catheterization
Venous cathetenization can be performed through

"

tions of medium within the vessel The effects of
contrast medium after selective myection nto the
splanchnic vessels can be neglected as they occur
after the densitometric curve has been obtamed over
a main branch of the arteral tree If a repeated
into the splanck vessel 1s d d it
ts again advisable to wart several minutes 10 obtamn
baseline flow
The objective of this snvestigation was to compare
the accuracy of the videodensitometric method with
a hnown standard the electromagnetic method The
ndividual expenments showed an extremely good
correlation (r=0985) The techmque can easily be

tr: } or by cathetenzation of the

bilical ver Both pi carry some adher
ent nsk and are time consuming

The present mvestigation proposes the videoden
sitometnc method as a simple clinical tool for es
timatmg flows m splanchnic arteres as a fraction of
the cardiac output The simplicity of the method
mahes 1t well adapted to flow measirements during
routme abdominal angiography and will gve impar
tant functional data of the splanchnic flow not read:
Iy available by other means With the aid of a den
sitometer and a videotape or cassette recorder the
measurements can be performed by the radologist
duning routine angiographic procedures
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SUMMARY

A new videodensitometnic method of measuting blood
flow 1n the splanchnic arteries as a fraction of the cardiac
output was compared to electromagnetic flow readings in

JacksoN B B Occlusion of the supenior mesenter
tery Monograph 1 Amencan Lectures 1n St
Charles C Thomas Springfieid Whnors 1963

KORNER P 1 CHALMERSJ P and WinTES W *©
mechamsms of reflex coatral of the circutaton by

dogs A pl regarding the y of
the method tn vitro was extended to prove that the vid

d 1c que was highly also n
vivo The licity of the tech that the

videodensitometric method could be used to estmate
blood flow 1 splanchmic artenes durng routine angto
graphy

ACKNOWLEDGEMENTS

The authors wish to express their smcere thanks to
C G R Medrcal Corporation for their support of a con
stant potental generator to Mallinchrodt Inc for supply
ing contrast media and to Steve Wilkins and Jane Ken
dnick for generous The
was partly funded by the Medical School University of
Calforma Davis

Request for reprnmts Dr B M T Lantz Diagnostic
Radiology FOLB 2 F3 4301 X Street Sacramento
Califorma 95817 USA

REFERENCES

BERGAN ] J Recognition and treatment of intestinal 1s
chemia Surg Clin N Amer 44 (1964) 71

BRADLEYS E INGELFINGERF ] BRADLEYG P and
CURRYJ ] The estimation of hepatic blood flow n
man J chn Invest 24 (1945) 8%0

— MARKS P A REYNELL P C and MELTZER] The
crrculating splnchnic blood flow volume in dog and
man Trans Ass Amer Phycns 66 (1953) 294

BROOKSBY G A and DoNaLpD E  Dynimic changes in
splanchnic blood flow and blood volume 1n dogs during
activation of sympathetic nerves Circulat Res 29
a9ty 227

DERRICK ] K and LogaN W D Mesenteric artenal
msufficiency Surgery 44 (1958) 832

GiANTURCO € SHivizu T STEFFERDA F R and
TAYLOR R P Measurement of blood flow by angio
graphy with increasing rate of injection Experimental
study Invest Radiol 5(1970) 361

GraysoNJ and MENDEL D Physiology of the splanchnic
circuliion Witliams and Wilkins Balumore 1965

ymp adrenal system Circnlat Res 20 21 ()8
Supp! No 3 p 157

Lantz B M T A methodologic investigation

gen videod 1 of rels

flow Untversity of Califormia Press Davis 1974

— Relatve flow by gen videod ‘
ry in hydrodynimic model Acta radiol Dragnoss
(1975) 503

— HOLCROFTJ W FOERSTER] M LiNn D P
REpM H  Determmation of blood flow through
tenovenous fistulae and shunts Acta radiol Diagne
20(1979) 727

LINkD P LANTZB M T FOERSTERJ M HOLCK
J W and REED M H New videodensitomt
method for measuning renal artery blood flow
routine arteriography Validation in the canme mo
Invest Radiol (1979) 1 press

MARSTONA PHEILSM T THOMASM L and MoR!
B C Ischaemic coliis Gut 7(1966) 1

MELLANDER § and JOHANSSON B Control of resistar
exchange 1nd capacitance functions wn the penph
circulation Pharmacol Rev 20(1968) {17

OLIN T and REDMAN H  Spillover flowmeter A prel
nary report Acta radiol Diagnosis 4 (1966) 217

PURDUEG D and S\iTHK B Intestmal ischerma du
mesentenc artenal disease Amer J Surg 36 (19,
152

Ross G The regtonal circulation Ann Rev Phystot
(1971) 445

RoweLL L B Dye techniques for estimating hepa
splanchmc blood 1n man In Dye curves The thee
and practice of non diffusible indieation difui
Edited by D A Bloomfield Umversity Park Pret
Baltimore 1974 ]

— The splanchmc circulation /n The penpheral circt
tion p 163 Edited by R Zehs Grune and Stratto
New York 1975

witLiams L F ANastasi L F Hasioms € A B
NIAKM A and BYRNEJ J  Nenocclust e mesentef
infarction Amer J Surg 114 (1967) 376

WoobE H STURMR E and SaNDErsJ J Daiaf®

cessing n cardiovascular phystology with ramcc‘;‘“:
to d y May Cb

Proc 39 (1964) 849



Acta Radiologica Diagnosts 21 (1980) Fasc 1

‘ROM THE PEPARTMENTS OF DIAGNOSTIC RADIOLOGY (DIRECTOR PROF T OLIN) AND OBSTETRICS :ﬁD
| GYNECOLOGY (DIRECTOR PROF § KULLANDER) MALMO ALLMANNA SIUKHUS S 21401 MALMO SWED!

ANGIOGRAPHY IN UTERINE AND ADNEXAL TUMORS

S KArLsSONand P H PERSSON

sy and without previous history of

i Angrographic evaluaton of gy and
“Iobstetric lestons was troduced mn 1952 by BORELL
et coll followed by several later publications
i (BORELL & FERNSTROM 1953 1954 BORELL et coll
;11955) The appearance of the uterme artery and 1ts
~sbranches 1n cases of pelvic masses was descnibed by
FERNSTROM (1955) At that time the common an
™ mographic technique was aortography and the diag
Nnosm: accuracy was poor Later the ang h

gynecologic tumors These 63 have been presented
previously (RARLSSON & PERSSON 1979) Inall pa
tients ultrasound examination confirmed the pal
pated mass before pelvic angiography All of the
patients were operated upon and microscopic diag
nos:s of the tumors obtained The age of the patients
vaned from 27 to 80 years mean 55

The h was the same as de

s techmque smproved and the value of bilateral selec
tive 1nternal 1liac angiography was pomted out by
¢ ALTEMUS (1968 1969) y of the

scribed previously (KARLSSON & PERSSON) Lum-
bar aortography and selective bilateral internal thac

ovarntan artery was mtroduced by KAHN & FRATES
¥ (1968) and FRATES (1969)

However angiography s seldom performed i the
preoperative evaluation of adrexal tumors although
LANG (1967) stated The single most mmportant
4 advice toward an accurate preaperative diagnosts m
¢* the assessment of pelvic tumors can be attnbuted to

\ the introduction of pelvic angiography to the diag
nostic examnations of this area

Since then ull d has come 1to ¢ use
and later to some extent also computer tomography
They are both easy and non invasive procedures
but they fall short in differentiating between mahg
nant and bengn tumors

The and the usefull
of angiography m patients with a pelvic mass were
mvestigated 1n a prospective series and the results
are now reported

N

=
-z

Matenial and Methods

The matenal consisted of 106 females with a
palpable pelvic tumor 63 of these bemg non

phy were performed m all 106 patients
selective cathetenzation of the ovanan artery was
performed in 8 The diameter of the artenes of in
terest was measured with a scale lupe with 10 tumes
magmfication

Results

Anatonc considerations One great difficulty n
angiography of the uterus and the adnexa s that they
recewve therr blood supply from four sousces 1e
both ovanan artenes and both uterne arteries (Figs
12

At aortography the ovaman artery was dem
onstrated on one side or both n 66 of the 106
patients (62%) the ongins of the ovanan artenes
could be determmed 1n 85 (Table 1) When bilateral
ly demonstrated (29 patients) the ongins were not
separated 1n height by more than I em except i one
case 1n which the ongin of the left artery was at the
Ievel of the upper border of L2 and the nght at the
upper borderof 13 1e a difference of about 3 cm

Submtted for publicaton 6 March 1979
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3
Fig 1 Drawing of normal uterus and adnexa 1 Ovanan artery
2 Utenne artery in its parametnal course 3 Junction of para

metnal and margmnal parts 4 Uterne artery tn its marginal
course 5 Fundal branch 6 7 Tubo-ovarian branches

The orgm of the following main branches of the
mternal iliac artery could be determmed the
superior and the ifenor gluteal artery and the inter
nal pudendal artery the three groups suggested by
NILSSON (1967) could be distingurshed  The origin of
the uterine artery the vesico vaginal artenes and
the middle haemorrhoidal artery coufd not be de
termined but these artertes could be identified by
thetr typical course i the pelvis The obturator ar
tery had its ongin from the external thac artery in 33
cases (30%) 1n 16 cases bilaterally in 11 from the
nght and n 6 from the left side In 2 cases an acces
sory pudendal artery was d

Fibromyomas were found 1n 34 patients aged 31
to 78 years mean 56 The vasculanty of the tumors
1s given 1n Table 2 In 28 of these 34 cases rregular
tortuous vessels combmed with arched capsular
vessels typical for myomas (FFRNSTROM 1955) 1p
peared The remaining 6 cases had no intnnstic ves

ated

Table 1

Level of ongin of the ovaran artery ob
sened at gortography

Fonst tumbar vertebra 3
Second lumbar vertebra 0
Ihird lumbar vertebra 18
Right renal artery hd
01 renal srtery 2
Fotal L33

Fig 2 Branches from the normal hac artery 1 Svperior]
artery 2 Inferior gluteal artery 3 Utenne artery 4 Obt
artery 5 Internal pudendal artery 6 Vesical artery 7 !
haemorrhoida] artery

sels at all but 1n 5 of them loss of tortuosity o
marginal segment of the uterine artery and la
displacement of the parametnial-marginal jum
ndicated enlargement of the uterus (ALTE
1969) In one patient the utenne arteries were
demonstrated depending on severe atheromat:
Intramural and subserous myomas occurred .
patients pedunculated myomas i 4 and one pal
had an intraligamenta! myoma (Fig 3) The ar
graphic appearances of all these myomas were
same except n one of the patients with a pedut
lated myoma 1n whom a typical pedicle was d
onstrated

The width of the uterine arteries could be mi
ured tn all patients but one (TAble 3) The sum of
width of the two utenine artenies increased with
size of the myomatous uterus The two artel
sometimes differed markedly 1n diameter on the !
sides the wider artery supplyng the myor parl

Table 2

Degeee of vascul inty of the myomas related 1o 51 ©

Size (cm) of wierus/myom s Intemsic vessels

— -
Muany Few b
-49 3 1 t
50-99 6 2 »
10 3 3 3
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Fig 3 Bilateralmtemalhac anpography na patieat aged 59 with
an intrahgamental myoma 2) Early and b) late artenal phase
Vessels of the normal uterus (—) left utenne artery stretched in
¢

fihe myoma In 7 of the cases the ovarian artenies
pwere demonstrated at aortography m 3 of them
Jbilaterally The diameter of the ovanan artery vaned
_from 1 0mmto3 0mm In S of the patients a small
sovaran cyst on one side was also revealed at opera
tion One case with a 22 cm myomatous uterus had
s pilateral small endometral cysts which were not
demonstrated at angiography A stalked myoma was
» emoneously considered as an ovanan carcinoma
.r One patient had besides the myoma pathologic
vessels at the site of the left ovary Operation
proved this to be an old mflammatory lesion
Benign orartan tumors were found in 32 patients
", aped 27 1o 80 years mean 56(Table 4) 3of themhad
I: bilateral tumors At aortography the ovaran artery

'
"
1

Table 3

S & of the myomos relased 10 the sum of she diameters of both
utenne a tenes

~ Suze (cm) of Width tmm) of the utenne artenes

s 1 34 5 6 7 8
s ~49 1 11

50-99 f 1 o 3 3

100~ 1Y 6 8 o 1 1

its parametnal course (+) The myoma 15 outlmed by arrows
m (b}

was demonstrated in 19 patients 1n 17 of these on
the same side as the tumor and 1n 11 cases bilateral

ly The artery on the tumor side was at least 0 5 mm
wnder than the contralateral one 1n all but one case

In 17 cases with an ovaran artery supplymng the
tumor a tubo-ovarnan branch from the utenne artery
on the same side was observed in 15 at selective tlac
angiography In 24 patients a tubo-ovanian branch
from the uterne artery supplying the tumor was
demonstrated often as a single non tortuous
branch stretched and arched along the surface of
the tumar (Fig 4) In 10 of these 24 cases the branch
supplying the tumor had a drameter of less than 1
mm tn the remamung cases 1 mm or more In 6

patients with tumor t 1 tub nan
Tabled
Bergn ovanan tumors
Dragnonss. No of  Sue Contrast
cases (cm) accumulation
1n tumor
Cystadenoma
Simple and serous papillary 14 12 3
Mucwmous 7 50 2
Teratoma 4 413 0
Endometnoud cyst 4 12 2
Fibroma 3 -5 0

— -



14 S KARLSSON AND P H PERSSON

Fig 4 Simple cyst 6 cm m drameter 1t the left ovary of a stretched The left ovartan branch (+) 1s supplymg the o
42 year-old woman [ntemal iliac angtography a) Early and b) which 1s not outlined
late arteral phase Uterine artenes (—) of normal width the left

Fig 5 Woman aged 40 with a § cm endometrioid cyst of the left artenial phase The normal uterus 15 shightly displaced to the g
ovary not demonstrated at 1ltac angtography a) Early and b) late a single and tortuous ovanan branch (~+) on the left side

branches were demonstrated the one on the side of same 1n sohd and cystic tumors (Fig 5) In 6
the tumor bewng wider in afl but one case No ap tients 2 with simple cysts 2 with mucinous o
preciable relationship was found between the width  and 2 with fibromas no branches supplyms .
of the branches and the size or nature of the tumor tumors were demonstrated Four of these pati<”

nor was further branching of the main stem of any had a severe atheromatosis while 2 hd normal [¢

significance  The appearance of the branch was the vIC artenes
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. 6 Ihac angiography 1n a 57 year-old woman with aleft sided
;%ugn cyst. In the late arterial phase the shape and size of the
yst (—}1s observed because of accumulauon of contrast medium
1 ats wall

Tumors larger than 6 to 7 cm m diameter as a rule
caused elongation and stretching of the parametrial
course of the utenne artery on the same side
Ovanan tumors larger than 6 cm always displaced
the uterus over to the contralateral side In2casesa
change of caliber of the vessels and urregulansties of
the type usually assocrated with mahgnancy were
observed One of these patients had a localized fatty
necrosts close to the left ovary and the otherhad a
small benign endometriond cyst

Accumulation of contrast medwm withmn the
tumor occurred in 7 pattents Inthe capiliary phase a
faint nm of contrast mediim n part of the tumor
capsule was demonstrated (Fig 6) The tumor was
, well circumscnbed 1 2 cases with the nm clearly
i circumsenbing the whole ovanan tumor The drain

Table 5

k Malignant ovanan tumors

Dragnosis Suze
; (em)

Pathologie vasculanty

Fig 7 Inoperable bilateral ovanan carcmoma in & 58-year-old
wlgman np:: left utenne artery (+») 1s mfilirated the nght
occluded by the carcinoma Abnormal vessels onginating from
the ovaman branch (=)

ing vens were demonstrated m § cases (n 6 bilater
ally with the same contrasting effect on both sides

No difference was noted between cases of sohd and
cystic tumors

Malignant ovanan tumors were found in 28 pa
tients bilaterally in 8 The age of the patients vaned
from 29 to 77 years mean 58§ Type size and vascu
lanty of the tumors appear i Table §

In all cases but 2 an ovanan artery was dem
onstrated on the side of the tumor at aortography
Bilateral ovanan artenies were found 11 12 cases 4 of
which had bilateral tumors When bilaterally dem
onstrated the ovaran artery on the tumor side
was always wider than the one on the contralateral
side In2 cases with bilateral carcinomas the larger
carcinoma d6and9cmind respec
tively while the contralateral malignant ovary was
of normal size In these 2 cases only the ovanan
artery on the side of the larger tumor was dem
onstrated Pathologic vessels were filled from both
the ovaman artery and from the tubo-osaman
branch no pathologic vessels were found 1n the two
malignant ovanes of normal size Four of the bilat

Rich  Medsum Sparse None
eral
Adenocarcinoma 430 4 6 10 5
' Struma ovany 717
? Teratoma cystic ~0 1

were large measunng 20 to 25 cm
and 3 of these had no pathologic vessels from either
the ovanan arteries or tubo ovanan branches The
fourth of these large bilateral carcinomas obtamed
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pathologic vessels from the tubo ovartan branch
Fg T
Of the 20 cases with umlateral carcnoma tubo
ovartan branches were demonstrated bilaterally in 4
cases 1n 2 of these it was wider on the tumor side
and 1n one case wider on the side of the normal
ovary In one case the tubo ovanan branch had the
same width on both sides In 3 cases further branch
g of the main stem of the tubo ovarian branch was
demonstrated all in tumors smaller than 10 cm one
of them cystic Two cases had pathologic vessels
from a wide ovanan artery (Fig 8) the other 16 from
the tubo ovanan branch
Pathologic vessels were sparse in 10 cases and
absent n 5 (Table 5) Four cases had a nch vascu
lanty which was not related to degree of malignan
cy size or nature (solid-cystic) of the tumor (Fig
9 In 3 cases with extensive tumor growth
pathologic vessels from the infernor mesenteric ar
tery or the muddle haemorrhoidal artery were dem
onstrated In no case was infiltration of the bladder
arteries observed
The diameter of the ovarian artery varied from
less than | mm to 35 mm The diameter of the
tubo-ovanian branch as measured at the uterme
cornu also varied from less than 1 mm up to 3§
mm No relationship could be found between the
width of the ovanan artery or the tubo ovana
branch and the size of the tumor or degree of malig
nancy
In 7 patients the dramming veins were well ab
served 1n 6 bilaterally and with the same contrasting
effect Another 3 cases had a faint venous phase No
obvious early filling of the veins was demonstrated
Tumors of uncertain mahgnancy Whether the
tumor was malignant or benign could not be estab-
hished with certainty 1n 6 patients The age of these
patients vanied from 50 to 73 years The tumors were
3 serous cystadenofib d and 2
mucinous cystomas At fine needle aspiration biop-
sy preoperatively in 2 of these cases malignant cells
had been found Both cases had serous cystadeno
fibromas and the ovarian tumours were bilateral
both cases Angtography showed pathologic vessels
from the tubo-ovanan branch on only one side m
both these cases The other 4 cases had no
pathologic vessels 3 of them had a tubo ovanan
‘branch supplying the tumor but it was not nfiltrated
One patient had a severe atheromatosis not permt
ting anv diagnosis
Inflammatory lestons and nuscellaneous Two pa

1cy

gy
&
.
) S o §
v
¢y
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Fig 8 Large malignant cystic teratoma in a 35 year old wom
Solid excrescences with abnormal vasculanzation i part of
tumor

tients had old hematomas One measured 5 cm anf
was encapsulated after bilateral salpingo oopht
rectomy 3 years previously The other one was?
descended rectus sheath hematoma and at palpati??
considered to be an ovaran tumor The angiographt
was normal in both

Two patients had unilateral sactosalpinx measy’
ing 5 and 8 cm respectively In both cases
ovanan artery was wide on the same side 1 5an?
mm respectively Both these lesions were neh
vasculanized with a marked accumulation of €°*
trast medum 1n the caudal part of the sacs 1L
vessels had the same appearance as 10 2 maligaat
lesion but the vasculanty was more extenstve that
n ovanan carcinoma In these cases an early &
terio venous shunting to the ovanan vein was dear
onstrated

Two patients had leiomyosarcoma Ol
from the small intestne both at palpation €0

ginatrt
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9 Large carunoma in the left ovary of a 54-3 ear.old woman
Internal thac angiography Turor vessels filled b) Selecuve

4" ered to be ovanan carcinoma Both tumors had a
" rch vasculanty with pathologic vessels from the
nfenor mesentenc artery One case had a pormal

ovaman angiography More evtensnve fillng of the vessels
ovanan artery markedly widened

ovanan artenes ongmated from a renal artery No
case of double ovanan artenes was observed The
difference between findings at autopsy and at an

ternal tliac hy and gy ongm

. could thus be excluded (Fig 10) The other patient
o +had pathologic vessels from the lateral sacral ar
" teres as well as trom branches of the glureal ar
o tenes The ongin of the tumor n this latter case
WJ could not be determmned as uterus and the nght
¥ adnex were mvolved in the large tumor mass

Py
It DMiscussion

ot The ovaruan artenes gencrally take their ongin
¢* from the antero-lateral part of the aorta but may
u!lf’“ ongmnate from one or both renal artenes most
% commonly the nght In autopsy matenals this s
937 reported to occur 1n 6 ta 12 per cent by GERARD
o (1913} HASELHORST (1926) and JOACHIMOVITS
27 (1931) but by ELISKA(1961) 1 22 per cent In2to 10
Np* per cent two Of more ovapan artenes onginate

from the aorta on one or both sides (GERARD
% JOACHIMOVITS) In the present matenal only 4 of 85
Lot

hy may be d by the fact that the

ovanan artery 1s small and usually insufficiently
filled partly due fo layenng of the contrast medum
partly to fow flow 1n the narrow artery

In the present matenal an ovanan artery was dem
onstrated tn 62 per cent of the cases as compared
to BORELL & FERNSTROM (1954) who reported only
20 per cent Technical factors may account for this
dnfference Possibly aortography performed int prone
position of the patient might improve the informa
tion

Fibromyomas  The results (Table 3} confirm
those of FERNSTROM (1955) In cases of lagrge myo-
mas he fornd an arched and fon-tortuous course of
the utenne artery m the parametnal and margimal
part ALTEMUS {1969} ponted out that the junction
of the parametnal and margmnal portions of the ute
nne artery becomes laterally displaced i ¢ases of
utenne enfargement and that this abnormality was
pathognomeme  These findings were confirmed m
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Fig 10 Leiomyosarcoma of the small bowel in a 63 year old
woman Aortography large amount of pathologic vessels
ongnating from the mesentenc artenes (—)

the present matenal In cases of very large myoma
tous uten the part of the mamn trunk running along
the lateral pelvic wall looked shortened and the
artery then took a direct course 1n latero cramal
direction without the general honzontal course tn
the parametries The utenine artery 1s often wide and
divides directly into few and non tortuous arched
vessels In none of the 5 cases with very large 20
cm or more myomatous utert was the vasculanty
nich the trinsic vessels were few 1n 2 cases and
absentn 3

As FAULKNER (1944) noted and FERNSTROM con
firmed the two utenne artenies often differed in
width the wider artery supplying the major part of
the myomas According to ALTEMUS (1969) extra
uterine pedunculated myomas charactenstically
have a umlateral dilatation of the parametnal and
marginal portion of the utenine artery unaccom
panied by enlargement of the uterus Two of the 4
cases with pedunculated myomas in the present
matenial had this appearance while the other 2 had

lated myoma falsely considered to be an ovar
carcinoma had an angiographic appearance ind
g myoma at re examination of the films

A nich vasculanty occurred mn 22 myomas oft
(65%) but with increasing size, a tendency tole
vascularity was found In such cases the diagne
may be d by a lateral displ of
parametrial-margal junction only or, if &
onstrated alateral displacement of the margunal pa

Ovarian  tumors  Detatled demonstration ¢
ovarian and adnexal lesions requires demonstrate
of the tubo ovarian branches of erther the ovan
artery or the utenne artery This 1s not adequatd
obtained 1n aortography (DE DOMINICIS et ¢
1964 MARANTA et coll 1964 LANG 1967 Sur
1971) FERNSTROM described tubo ovanan branch
1n 42 of 71 cases with adnexal tumor the demonst
tion not being related to size or type of tumor ¥
could relate the presence of a non tortuous &
arched branch to the size of the tumor and the wit
of the branch to the nature of the tumeor, sd
tumors having wider branches than cystic om
Further branching of the mamn stem of the tub
ovanan branch was present more often in cases
solid tumors  In this material no correlation betwet
the width or the appearance of the tubo ovam
branch and the size or nature of the tumor w
found However branching of the tubo ovam
main stem 1s more often present in cases of sok
benign tumors and n cases of malignant ovan¥
tumors

With pelvic angiography the size and shape of*
benign ovanan tumor s only rarely demonstrated
FERNSTROM obtamned good demonstration of the
whole adnexal tumor tn only one case 4 richly V&
culanized ovaran fibroma In the present matenal !
bemign ovarian tumors were entirely demonstrated
both were simple cysts and had a nm of contra
medum 1n the wall in the capillary phase A satisf
tory estimation of the size of the tumor but not i
shape was given when the tubo ovarian branch ¢
circled the tumor to at least half the circumferen®®
which occurred 1n about one fourth of the ben®
cases

An ultrasound exammnatton 1s mandatory to s
the exstence of an ovanan tumor and to deterns”
its size shape and nature These last three qun!m:’
were ble to eval 5 hically 1 70
the 32 patients with benign ovanan tumors 1 ¥
present material

In with

1 t tumors the ovanst¥

utenne artenes of the same width The ped



ANGIOGRAPHY IN UTERINE AND ADNEXAL TUMORS 19

Atheromatotic abnormalities 1 the pelvic vessels
occur first 1 the utenne artery probably due to
I utenine mvolution Such a lesion m

1 Table 6
- Reluabthity myomas
-2 No of Carrect False
m) patients dizgnosis negative
-5 5 4 1
*6-15 10 g 1
6 19 19 -~
Total 3 32 2
Table 7
t Reliability benign ovarian tumors
Size No of Correct False
Aem) patients diagnosis negative
-5 < 8 1
Rt 18 I 1
16~ 5 5 -
Total 2 30 2
Table 8

ie
L]

Relabihuy oraran carcingmas

vSize No of Correct False
ylem} patients diagnosis negative
|
. =5 3 2 ]

615 v 16 1

16~ 3 5 3
Total K} B 5

tery on the tumor side was more frequently dem
onstrated than in patients with benmign lestons
However netther the diameter of the ovanan artery
nor the diameter of the tubo ovanan branch s of any
sigmificance 10 the differ bet:
and benign ovanan tumors  ALTEMUS (1969) noted a
marked dilatation of the vessels compnsing the
ovanan arcade i 4 cases of ovanan malignant
tumors all sohd and extremely vascular He noted
wregular distnbution of contrast medim within a
TUMOT 11 One case A alignant ovanan teratoma
The only cntenon of malignancy 15 the presence
of pathologic vessels whereas other angiographic
parameters typical of malignancy such as accumn
lation of contrast medwm early artero venous
shunting wrregular distnbution of contrast medum
within a tumor etc are of much less importance

:he vlerne artery must not be considered as malig
nant infiltration  both conditons having the same
angrographic appearance

In this matenal 3 of 4 cases with bilateral ovar
1an carcmoma and large tumor rasses had no
pathologic vessels and this was probably due to
tumor necrosts In 2 cases of ynilateral tumor one
being a 9 cm cystadenocarcinoma and the other a 5
cm adenocarcinoma no pathologic vessels were
demonstrated but both these pattents had advanced
atheromatosts Irregular distnbution of contrast
medwm within the tumor was observed i one of the
malignant tumors (Fig 9) any obvious early ar
teno venous shunting was not observed

Thus 5 patients had malignant tumors which were
considered bemgn 2 having advanced athero-
matosts and 3 a large and necrotic tumor In 6 pa
tients with large benign cysh¢ tumors no tumer
vasculanty was demonstrated 4 due to advanced
atheromatosis These two factors atheromatosis
and tumar necrosts appear to be the mamn reasons
for erroneous diagnosis at angiography m gyne
cologic tumors  Alse the size of the tumor 15 of
mmportance In 2 cases carcinoma was found m an
ovary of normal size and shape and without
pathologic vessels The smallest anglographically
diagnosed carcinoma tn the present matenal meas
ured about 4 cm i diameter and had a sparse vascy
lanty

Inflammatory lesions may simulate malignant
tumors Two patients with sactosalpmx hid nch
vasculanzed twnors The vascular appearance
could not be distinguished from that i cases of
malignancy

The of the hic di
pears 1t Tables 6to 8

Thus taken together of 68 patients with ovanan
fesions 38 benign and 30 malignant S false negatlvc
and 4 false positive d, ST y
were d the h y be
coming 87 per cent Of the 34 myomas 2 correct
diagnosis could not be reached n 2 (6% %)

In 21 of the 106 patients (209%) the vascular ap-
pearance did not allow a defimtive diagnosis wheth
er the tumor was ovanan or not However § of
these had wideming of the parametnial-margmal

Jjunction and a utenne enlargement suggesting
myoma

ap-
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These figures show that angrography 1s a valuable

1on and a good i t to ultrasound

exammation for differentiating malignant and bemign

lestons and to discnminate between uterine and
ovarnan tumors

SUMMARY

A senies of 106 patients with utenine or adnexal lestons Is
presented Builateral selective mtemal iltac angiography
proved to be valuable in the preoperative diagnosis of
gynecologic tumors regarding their ongin and 1n the dif
ferenuial diagnosis between malignant and benign tumors
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ANGIOGRAPHY IN ANGIOMATOUS LESIONS
OF THE GASTROINTESTINAL TRACT

U NYMaN E BouseN C LINDSTROMandJ E ROSENGREN

Angiomatous lesions of the gastromtestinal tract
ave rarely been encountered n the past GENTRY et
oll (1949) reviewed 1400000 case charts at the
fayo Clime and found 106 cases of gastrointestinal
ngomatous lesions A review of the hiterature cov
ring the last century by DWYER & STEINLAUF
1964) revealed 200 cases Dunng the past 15 years
n increasing number of vascular abnormalities have
seen diagnosed with angiography (BAER & RYAN
1976 MOORE et coll 1976 BOLEY et coll 1977 b)
The stated intidence 1n the previous reports obvi
ously reflects a lack of recogmtion rather than the
true incidence  since many of these vascular lesions
are too small to be d d by trad 1 hod:
and may easily escape detection at surgery and au
topsy

The term angiomatous lesion 1s used to encom
pass terms like angioma hemangioma hamartoma
ngiodysplasta  phleb and tel
which are frequently used discnmemnately and in
terchangeably in the Ierature

These lesions may cause mechanical obstruc
tion of the bowel intussusception perforation of the
bowel and consumptive coagulopathy (kasabach
Memtt syndrome) but hemorrhage sometime
massive 1s the major complication which may occur
n 25 to 50 per cent of the cases (GENTRY et coll
CALEM & JIMENEZ 1963)

This report presents the expeniences of gastro
wntestinal angtomatous lesions at these hosputals
draws attention to some conditions 1 which such
lesions affect the bowel and emphasizes the value
and I of visceral
tic tool

phy as a diagnos

Matenal and Methods

Angrography was performed m 20 patients with
gastromtestinal angiomatous lesions 11 females and
9 males rangmg m age from 3 months to 28 years
Their data are summarized m the Table Two pa
tients were referred for angiography to evaluate the
extension of anglomatous lesions already diagnosed
The remaming 18 were referred because of un
explaimed gastromntestinal hemorrhage 16 because
of chronic mtermuttent low grade blood loss and 2
because of brisk rectal bleeding In the group of
chronic bleeders the duration of symptoms ranged
from 5 months to 12 years (median I year) Repeated
banum examinations and endoscopy had failed to
reveal the bleeding source 1n these cases No unre
warding explorative laparotomy had been performed
1n any patient before the angrography

Results

Angiomatous lestons were found at angiography
mn all patients but 3 n whom lesions were sub
sequently found at surgery (cases 2 4) and autopsy
{case 1) In most patients the lesion was one cm or
less 1n drameter

Surgery following angiography (14 patients)
Exeision of the lesion was performed i § pattents
and bowel r¢ m38 The
tous lesions were visible on the serosal surface of
the bowel m 4 patients on the mucosal surface in 4
when the bowel had been opened according to the

Submutted for publication 20 Decermber 1978
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Table

Data on 20 patients with gastrontestinal angiomatous lesions

Case  Sex/age*
No

At the ume of the first angrography

Durattonof Type of

Site of lesion

Exira

3yrs

6 mos
| mo

3yrs

6 mos

lyr

5 days
2yrs

2days
6 mos

6yrs

9 mos

$mos
6 mos

6 mos

12yrs

Cec

Ao

Ce

Ce

Cc

Ce

Ce

Ce

Ms

Ms

Ao

Ms

Ms

Ms

Ms

Ms
Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

Ms

M

M

M

M

M

Ms Mi Ao

Angiography

Jeyunum and
tleum

Rught colon
leum

Teum
Ileum and
nght colon
Cecum
Cecum
Cecum
Cecum
Cecum
Cecum
Cecum
Cecum
Cecum and

transverse colon
Transverse colon

Rectum and
sigmoid colon
Rectum

1 F/82
2 M/61
3 Fi3 mos
4 Fis6
5 Fl62
6 M/a7
7 Fis7
8 Fla4
9 M/47
10 M/SS
11 M/61
1 M0
&) M3
14 F7a
15 M7
16 Figt
17 FI76
18 F167
19 M58
20 F/58
Banum
Nofurther

py surgery or

Other methods**

Esophagus stomach
Jejunum ileum
and nght colon
Jepunum
Jeyunum and
leum
Jeyunum and
slevm

Jejunum and
sigmoid colon

lleum
leum

Cecum
Cecum

Cecum
Cecum
Cecum
Appendix
Cecum
Cecum
Cecum and

transverse colon

Rectum and
sigmoid colon
Rectum

Aorc angiography

Cc = Celiac

Ms = Supenor

mamfestation

Tongue lungs
kiver and bone
marrow

Skin

Skin

Tongue

Skan hver
pancreas and
spleen

Tongue

Skin and nght feg

Surgery

Segmental rese™
of jejunum
Diagnosue
laparotomy
Segmental reses
of jeunum and?

Segmental rewc*
of jejunum and
sigmord colon

lleocecal re
section
Segmental resc
of ileum
Excision of lesv
Excision of Jesi

Excision of lest
Right hemicolet
Excision of leset
Right hemcolee
Excision of les”
fleo-cecal resec?
Right hemicolec'
and later colect”
Lagation of bax
from middle &
artery
Resection of

sigmond colon

13
Mt = Infenor mesentenc anpos
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Table (cont )

Tosis Follow-up

Died from recurrent
bleedings after 5 yrs

ple angiectasias
er s disease)

zctasias in submucosa and
:0sa bleeding
1Croscoprc specimen

Recurrent bleedings
Recurrent bleedings
omatosts Groups of angiectasiasin 3 yrs
Tecosa and mMucosa
wofibromatoss)

ectasias in submucesa and mucosa
ler’s disease)

Recurrent bleedings

ectasias 1n submucosa and mucosa
sler s disease)

Recurrent bleedings

dilated branch of the middle colic artery was per
formed The bleeding episodes continued and an
giography was repeated 2 years later but the prevy
ously observed lesion i the transverse colon could
not be found

Nine patients have not bled agam postoperatively
8 of these having been followed up for more than 2
years In one of them (case 8} a nephroangtography
was performed 4 years later because of hyperten
sion Though the pattent had no symptoms from the
bowel superor mesesnteric angtography was cammed
out to control the operative result A renal artery
aneurysm and an angomatous lesion of the nght
colon were demonstrated (Fig 1¢) A review of the
films from the first angiography did not reveal any
abnormality mn the nght colon despite the high qual
1ty of the films

Blood loss continued m 3 patients followmg
surgery (cases 2 17 18) In case 2 no bleeding
sousce has been found despite a repeat laparotomy

ectasias 1n submucosa and mucosa  Died p )
smic stncture orgamzed thrombr Syrs *
fibrosis (thrombocytosis)
ectasias in submucosa and mucosa Syrs
ectasias in submucosa and mucosa 3yrs

£s and ectatic vessels i subserosa
ectasias in submucosa and mucosa S yrs
rding
tic vessels in submucosa 6 mos
istble A V fistula
\ectasias 1n submucosa and mucasa 6 yrs
omatous lesion in mucosal diver 4yrs

Hlum a1 base of smal] appendix
tectasias i muscosa and fumunal
tof submucasa

iectasias wn submucosa Possible
vfistula

rectasias (Osler's diseasc)

Died postoperatively
2yrs

Recurrent bleeding died
after ?nd operation

MICrOSCopic specimen Recurrent bleedings

emous angroma 10 submucosa
h phleboliths
mICroscopic specimen

Byrs

Recurrent bleedings

angiographically determined location In the remain
ing 3 the lesion could only be identfied 1n seral

sections of the resected specimen In one patient
(case 18) hy d dan

d g | barrum an
giography and pic p es One patient
{case 17) had a nght hemicolectomy because of an

phically d d lesion
1n the cecum A year later bleeding recurred and an
emergency hy d
of contrast medwm 1n the transverse colon and early
contrast filling of dilated vems from that region
corresponding to several small vascular lesions con
firmed in the resected spectmen The early contrast
filling of dilated veins had been overlooked at the
previous hy but was not p and
no extravasatton had occurred The pauent died
from postoperative comphcations Another two pa
tients (cases 7 15) who were poor surgical nsks
also died postoperatively

No surgery following angiography (6 patients) In
a 3 month-old girl with rectal bleeding and an
gomatous lesions of the shin 2 diffuse vascular
abnormality involving two thirds of the Jejunum and
entire leum (macroscopically regarded as a capillary
hemangioma) was found at laparotomy (case 3) A
subsequent angrography confirmed the extension of
the leston and no other organs were found to be
mnvolved (Fig 2) The bleeding episodes gradvally
subsided dunng a 3 year follow-up penod on med:
cal treatment

A second patient (case 19) was at 38 years of age

ated ex:

lesion in the transverse colon At laparotomy no
gross abnormalities were found and hgation of a

d for a bleed leston (mcro-
scoprcally regarded as a cavemous hemangroma)
diffusely mfiltrating the sigmoid colon Now 20
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years later recurrence of the disorder 1n the rectum
and distal part of the colon was found at a routine
frectoscopy followed by 4 double contrast colon
examnation (Fig 34) No symptoms were present

At angiography poor contrast filling of the vascular
fesson occurved slow circulation in the affected part
of the bowel and several phleboliths were visible
dlong, the bowel wall (Fig 3b) This patient also had

U NYMAN I BOISEN C IINDSTROM AND J F ROSENGRE N

b

Fig 1 Case 8 Patrent with thrombocytosis intestinad her
rthages and attacks of abdominal pain 4) Superi>r mewenict
angiography enlarged ileal artery and filling of dil sted veis 45
tng ateral phase (~) b) Microphotography of ischemic ﬂnﬂl:’:
mesentenc vessel occluded by organized thromb, () wmcre?
vasculanzation i the vicity (++) Weigerts elastin ”
¢} Superior phy (1 viewhd 30
Later Angiomatous Jesion 1n the right colon not present at PP
ous angiography  slow filling of dilated vems begining @ &7
artenal phase

angiomatous lesions of the night leg with sane
since childhood including soft tissue and b
hypertrophy changes consistent with the Kl'ﬂ’"’
Trenaunay syndrome .
In a third panient (case 1) the angography *
without evident abnormality but at aumpi)’-’)ﬁ;Y
Jater numerous angiomatous Jesions were fou
the gastrontestinal tract
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g 2 Case3 Infant with diffuse angiomatous fesion of the small
testine Aortography ) Artenal phase enlarged supenor
esentenc artery (—) same width as the lumbar aorta b) Capil

In a fourth patient (case 5) resection had been
arried out of the jeunum and sigmoid colon be
ause of angiomatous lesions When the bleeding
pisodes d postop ly ang y
vas performed but no bleeding source was ob

lary phase Contrast accumulation within vascular spaces n
seyunum and sleam and early filling of supenor mesentenc vem
{=») and portal vem (+»}

and all but one had similar abnormalities 1n other
organs

Discussion

erved Two years later hy was
lemonstrating early contrast fillng of dilated veimns
ning the nght colon but the bleeding was not
“evere enough to require surgical intervention
+ A fifth patient (case 6 previously reported by
NYMAN 1977) had a small angiomatous lesion tn the
“leum The low grade gastromtestmal hemorrhage
could also have emanated from angiographically ob
served multiple anglomatous lesions in the liver and
pancreas
A sixth patient (case 20) had a rectal lesion found
*at endoscopy and angiography but it was not con
fsidered to represent the bleeding source
¢ Among all 20 patients a solitary angiomatous le
ston in the gastrointestmal tract was found i 13 and
<only one of these had ssmilar vascular abnormahties
¢in other organs Muluple lesions or a diffuse 1n
tvolvement were present :n the remaining 7 patients

A {eswons of the gastromtestinal tract
are solitary or multiple They may vary 1n size from
a few mm to pedunculated or polypoid masses pro
Jecting mto the bowel lumen or diffusely mfiltrate
large segments of the bowel wall adjacent soft tis
sue or organs (WooD 1967) The bowel lesion may
be only one mamfestation of a widespread vascular
disorder with muluple organs mvolved such as
mn hereditary hemorrhagic telangiectasia Rendu
Osler Weber disease (SMITH et coll 1963 HALPERN
et coll 1968) blue rubber bleb nevus syndrome
(BarER etcoll 1971 HAGooD & GATHRIGHT 1975)
Maffucer s syndrome (LEWIS & KETCHAM 1973)
Kapost s sarcoma (HAYLOCK 1963 K ANTER et coll
1968 PALMER 1972 MANN 1974) Klippel Tre
naunay syndrome (GHAHREMANI et coll 1976) and
diffuse neonatal hemangiomatosis (HOLDEN &
ALEXANDER 1970) Cutaneous angiomatous lesions
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are not seldom found concomitant with visceral
ones In the collective review of RISSIER (1959} this
occurred 1n 30 per cent of the patients with intestinal
lesions and in a pediatnic age group the correspond
ing figures were 49 per cent (ABRAHAMSON &
SHANDLING 1973)

Varnous classifi of lesions in

Fig 3 Case 19 Klhippel Trenaunay syndrome 4) Double ¢
trast examination of rectum and distal colon with namows
ampulla rect: and flat indentations of the antenur aspectd
bowel wall representing angiomatous Jesions b) Infenor 7%
tenc anpiography Filling of widened vascular spact N
phicboliths along the bowel wall (+») ¢} Microphotogrdf
resected specimen 20 years previously groups of cavemout

scls (—) n the submucosa with cafcified thromby Hemat

eosm x17

graphic charactenstics and clnical behaviour &
combination of these (hAUSER 1936 GENTRY
coll Woop MOORE et coll ) RissiER pornted®
that any classification 1s of hmited value becas
the great overlap between vanous type P
thermore the etiologic and pathologic factor?
probably multuple Varous theorics have N
| lesions may represent

the gastromntestinal tract have been 1 based
on macro- and MICroscopic appearances angio-

prop
o
sted disorders congenital defects neoplast!
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ig 4 Case 10 Angodysplasia of nght colon a) Vascular tuft
\Th b) filtmg of a ditated submucosal vem dunng astenal phase
-

srohiferation vascular proliferation in y

In with the | the most com

tates or be the result of a degenerative process of
1ging mucosal 1schemia functional shunting or an
wgiogenesis factor (HANSEN 1948 SHEPHERD 1953
ROBINS 1968 WARNER & O LOUGHLIN 1975 BAER
% RYAN BauMm et coll 1977 BOLEY et coll
1977b)
:: The most common type observed at angiography
s the angiodysplasia in the night colon (GENANT &
"RANNIGER 1972 SHEEDY et coll 1975 BAER &
#RYAN BAUM et coll BOLEY et coll 1977b
# ATHANASOULIS et coll 1978) They have the follow
‘;lng features mm common (1) they occur p

mon location of angiomatous lestons n the present
senies was m the nght colon (12 patients) In 8 of
these no vascular lesions were found outside the
right colon and all 8 exhubuted angiographic findings
of angiodysplasia (Figs 4 5) 1¢e a slowly emptymg
dilated and tortuous intramural vein a capillary ac
cumulation of contrast medium or vascular tuft or
early contrast filling of a dilated vem (BOLEY et colt
19773) Though n one patient (case 14) the vascu
lar abnormality proved to be confined to a short
retrocecal appendix adherent to the colon at the

nantly in patients over the age of 55 (2) are not

assocated with vascular lesions of the skin or inter

nal organs (3) may produce chronic low grade or
¢ intermittent brisk rectal bleeding (4) are small
\* usually 5 mm or less and can generally not be 1den
1* tified at surgery or at examunation of the resected
It spectmen unless spectal myection techniques are
+" used and (5) cannot be detected by banum exam:
¢’ nations and are only rarely 1dentified with colono-
¢ scopy Angiography is therefore the pnmary method
¢ for thewr detection

o~

hol thereby a cecal
angiodysplasia at angiography A stmular case was
reported by FOSTER et coll (1971)

In the rematning 4 patients the nght colon lesions
were associated with vascular lesions n other parts
of the bowel and n other organs and they
probably represent angiomatous entities differ
ent from nght colon angiodysplasia Three of these 4
patients had hereditary hemorrhagic telangiectasta
They belonged to the same age group as those in
whom angiodysplasia of the night colon occurs The
angragraphic features of the nght colon lesions 1n 2
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Fig 5 Case 12 Angiodysplasia of the night colon a} Late arten
al phase filling of a dilated submucosal ven b} Magnification
view demonstrating the vascular tuft not seen in {a)

of the patients were the same as those described for
angiodysplasta This emphasizes the importance of
detatled coelhiac supenor and mfertor mesentenc
angiography even though a typical nght colon an
plodysplasia has been found In additton BAUM et
coll reported that wgiographic abnormalities con
sidered to be angodysplasta were presumably
caused by cecal carcinoma i 2 patients ind segmen
111 nght colitis n one Stmilar difficulizes occurred In
one patient with 1 cecal carcinoma not included in
the present scnies

When bleeding 1s sufficiently severe and all
exammatons are normnl except for an anglographic
dingnosis of angiodysplasia of the night colon
surgery ts recommended If no other lesions arc
found to account for the hemorrhage at laparotomy
a nght hemucolectomy 1s the mode of therapy since
angiodysplasia can be multiple within the night colon
(BOLEY et coll 1977 b)

A diagnosis of hereditary hemorrhagic

15 per cent of the patients with Oslers dis
{SMITH et coll ) No famly history could be obta
tn 3 of the present patients with this disease F
ever this does not exclude the dingnosis which
based on the macro and microscopic appears!
of the angiomatous lestons and the muluple o
volvement At visceral angiography these les!
appear as single multiple or diffusely seattered
cular tufts of varous sizes and with artend
nous shunting (HALPERN et coll LANDE ¢! ¢
1976 NYMAN) Early contrast filling of dilated \¢
may be the only angrographic finding indid
telangiectatic lesions as m one of the present &
Previous bowel resections because of telangre
lesions a previous normal angtography andat
mal double contrast colon examination i {his!
tient support the concept that the early filling ¢
drammg the nght colon were due to diffusely €
tered telangiectases which per se were too ST

be d i at anglography Artenove®

tasia was made 1n 4 pattents  This disorder 1s prob
ably due to congenitnl defects within the walls of
small vessels resulting tn angiomatous lesions with
arteriovenous communications  Any organ in the
body may be affected and hemorrhage from gas
tromntestimal telangiectasia occurs in approximately

fistulas and arterial aneurysms are other fcatv™
the disease

The presence of two angiomatou
renal artery aneurysm jn one case W
diagnosts of Osler s discase On the other
patent used oral contraceptives throm

s lestons 1
ould sUSE“"
hand *
by ™
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ts present and the exammation of the resected
al ated an 1sch stricture
th fibrosis and orgamized thrombi Thus throm
isis with mfarction of the bowel wall and inflam
atory reactions could have caused abnormalities
at hically had an ¢
g 1)
) Angiomatous lestons of the bowel 1 patients with
(ippel Trenaunay syndrome have ravely been
scumented (GHAHREMANI et coll ) The predomn
nnt form of the vascular abnormality i these cases
ems to be a so-called diffuse cavernous hemangio
a of the colon The vascular abnormality 1s con
ed to the venous side with sluggish circulation
rough the pathologic vessels where thrombi may
velop and calcify appeanng as phleboliths along
'Ye bowel wall (BEAN 1967) In one of the cases
‘Lscribed by GHAHREMANI et coll a 9 year-old
Y1d selective inferior mesentefic angiography
1owed slow circulation and marked retention of
ntrast medium within the vascular spaces The
ctent of the lesions was well demonstrated Slow
rculation was also noted in the present case as well
phleboliths but only a few vascular spaces were
1tlimed at angiography The bowel lesion had sum
r angiographic features as those of the nght leg
* ¢ femoral angiography WESTERHOLM (1967) de
* ribed 2 patient with a diffuse cavernous hemas
*,0ma of almost the entire colon where hy

q

coll 1 their seres of 88 patients with chronic gas
tromtestinal bleeding of obscure ongin found 22
patients with angromatous lesions at anglography
With anglography 1t 1s possible to determine not only
the site of the lesion but also its extension and the
presence of multiple lesions which mfluences the
therapeutic approach It 1s usuaily not possible to
d bleeding in terms of extra: of
contrast medmm from angromatous lesions since the
hemorrhage generally 1s sparse

Though angiography 1s the pnmary method to
detect angiomatous lesions of the gastrointestmal
tract 1t 15 not possible to observe the vascular ab
normality or its full extension 1n certam cases This
may occur with diffuse cavernous hemangioma of
the colon The difference noted between the cases
with this disorder may be due to a more advanced
thrombus formation 1n the lesions with increasing
age In such cases endoscopy and banum examina
tions may better demonstrate the extension of the
vascular abnormality

In the present series no evident abnormality was
found tn 3 angiographic exammations In one case
angtography was performed 5 years before the de
tection of numerous telangiectatic lesions in the gas
trointestinal tract at necropsy Since bleedings had
been present for 8 years 1t was considered lihely
that the vascular lesions were present at the time of

rate

¥ as without evident abnormality while cavography
Fesulted 1n retrograde contrast filling of the vascular
bnormality
X Patients with bleeding from angiomatous lesions
1% the gastromtestinal tract have often been sub
Yected 10 unrewarding abdominal explorations and
#lind bowel resections with a poor result since more
Jraditional dragnostic methods have failed to dem
Hasirate the lestons and they could not be iden
~aified at surgery (KLEIN et coll 1971 BRUUSGAARD
¢ % JUHL 1574 SHEEDY etcoll ) When there 1s reason
#0 anticipate that an angiomatous lesion may repre
yg>ent the bleeding source angrography should be car
[frned outaf bleeding 1s of such seventy that surgery 1s
£ lated This 1s ind d I patients with
o known angiomatous lesions of external or mternal
pOrEans or with a famuly history of such abnormal
ties even though other lesions have been found to
account for the hemorrthage and n patients with
hrontc or intermittent bnsk blood loss when
¢-meticulous barum  exammations and endoscopy

o
" have failed to reveal the bleeding source SHEEDY et

.
¢

the phy but were too small to be diagnosed
In 2 patients angiomatous lesions with a diameter of
approximately 1 cm were found at laparotomy fol
lowing the angiography In one of these no abnor
mahuies could be wdentfied on the films even 1
retrospect in spite of the high quality of the ex
amination In the other patient 2 lumbar aortography
had been performed since cathetenization of the su
penor mesentenc artery failled

If coelrac supenor and mfenor mesenteric an
gography reveal no abnormalittes special tech
miques at the examination of the supenor mesen
tenc artery are recommended The use of 50 to
60 ml of contrast medium (60% meglumine salt)
tnjected at a rate of S ml/s with films exposed over a
time of 25 to 30 s magnification or coned down
views especially of the nght colon or any other area
that was not well demonstrated on 1tial films may
1mprove the information

In 3 patients of the Ppresent senes vascular abnor
malities enlarged or developed between two angro-
graphic examinations over a peniod of one 2 and 4
years In addition recurrence of the vascular disor
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der occurred after previous resection at the same
site 1 one patient This sometimes progressive
character of angtomatous disorders h the

of the intestine  Therr role as a source of hemork: | ¥
Arch Surg 86(1963) 75 ‘v
DwYER W and STEINLAUF P Surgical implicatioss Py

value of repeated angiographic examnations if no
bleeding source 1s found at the first one or if bleed
ng recurs after resection of such lesions

SUMMARY

Twenty patients with vanous angiomatous lestons of the
gastrowmtestinal tract such as right colon angiodysplasia
and mamfestations of Rendu Osler Weber disease and
Klippel Trenaunay syndrome are reported During the
past 15 years an increasing number of such lesions have
been reported diagnosed mainly by angiography The
major complication from these vascular lestons 1s bleed
g Angrography 1s the pnimary method for their detection
because of therr often small size and 1s a prerequisite
before surgery when reason ewusts for anticipating an
angtomatous lesion as the source of bleeding However n

certain cases hy will farl to d the vas
cular abnormality or its full extent
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ANATOMY OF THE PANCREATIC VEINS

A post mortem and chinical phlebographic investigation

W REICHARDT and R CAMERON

Selective cathetenization of the pancreatic vemns
r chinical apphcation can be performed usmg the

or the t ap-
oach to the portal vemn (GOTHLIN et coll 1974)
Pancreatic phlebography s rmportant i connec
sn with blood sampling for hormone assay 1n en
senine tumours of the pancreas (INGEMANSSON
177 LUNDERQUIST et coll 1978) and 1s also of
e m the morphol of

a penipheral tnbutary of the superior mesentenc
vein Preferably the ileocolic ven was used as this
vessel 1s easily dissected without jury of other
portal vein tnbutaries The tip of the catheter was
advanced to the estmated position of the confluence
of the supernor mesenteric and splenic veins and the
catheter was tied with a hgature Inyury of other
portal vemn tributanies was carefully avoided

ry pancreatic disease and exocrne tumours
REICHARDT et coll 1978) The description of the
enous anatomy of the pancreas i textbooks 1s
chematical and bnef and often contradictory PE

REN (1929) gave a more detailed description of the
ancreatico-duodenal venous anatomy but mainly
he pyloric and duodenal dramage With the increas

ng frequency of pancreatic surgery in the early fif

1es teports on the anatomy of the blood vessels of
tus regron appeared (DOUGLASS et coll 1950 FAL

ONER & GRIFFITHS 1950 DOEHNER et coll 1955)

FALCONER & GRIFFITHS described the anatomy of
the entire pancreas in 50 specimens matnly from a
surgical pomt of view

The aim of the present report 1s to descnbe the

venous anatomy of the pancreas and 1ts vanations to
provide a gide for selective cathetenzation for
blood sampling and to outhne the normal selective
phlebography of pancreatic vens

Post mortem phiebography

Matenial and Methods
The matental compnsed 22 human adult cadasers
without signs or history of pancreatic disease
Injection techmque At autopsy a polyethylene
catheter with a diameter of 3 t0 4 mm was inserted in

3 Basg37

A modified Schi buffered 10d d gelatin
wyection agent (HALES & CARRINGTON 1971) was
prepared Barium sulphate was used as pigment and
the sohdification time was adjusted to about 30 min
As rapidly as possible 150 to 200 ml of the agent was
mjected by hand since the consistency increased
after only a few minutes Filling of smaller gastric
vems and superficial vems of the Iiver and spleen
indicated as a rule also filling of the pancreatic vetns
The agent was allowed to sohdify for 45 min The
abdomunal and retropentoneal organs were then re
moved en bloc The portal vein was cut off at the
hilum of the iver The main tributares of the portal
vem were identified and subsequently slep by step
the andits d 3§ vems were &

In some early cases the abdomnal and retro
pentoneal organs were removed en bloc before
the catheter was nserted into the portal vein 1 the
hilum of the liver or nto the splenic vemn in the hilum
of the spleen The perphery of the supenor and
mfenior mesentenic veins was ligated In these 1n
stances st was difficult to avoid leakage of contrast
agent Injection of the contrast agent before removal
of the organs was later found to be preferable

Radiographe techmique In some instances sur
vey films were exposed y after

Submitted for publication 2 Tuly 1979
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Fig I Radwgraphy of pancreaticoduodenal specimens PV =
portal vein SPV = splenic vetn SMV = supenior mesentenc
vemn IMV = infenor mesentenc sem ASPD = antenor supenor
pancreaticoduodenal vein PSPD = postenor superior pancre
aticodvodenal vein PIPD = postenor infenor pancreatico-
duodenal vein  AIPD = anterior infenor pancreaticoduode
nal vein CV = coromary vein 2) In this specimen veins of

A
the body of the pancreas drain to the coronary ':: N
of the tail of the pancreas dram to the splenic f‘lh:b“
1his specimen 2 vein (~») drams a ventrocranial part o) et
the pancreas and the cranial part of the duodc! o T
vem Inflow of the vemn not filled with contra:
dotted fines demonstrate 11s course as found by d :
pullary shape of the penphery of duodenal veins (+
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g 2 a) Dorsal aspect of dissected spectmen Small posterior
pertor vern (#+) dorsat pan
eatic vem (+») An arcade runs in the pancreaticoduodenal

f the contrast agent However as the radiography
quipment of the autopsy room did not allow
dequate examnation quality films were later on
posed only after isolation of the pancreatic issue
{/nh the specimen in contact with fine gramn films
In two mstances only survey films with the pan
reas n situ were obtamed As the specimens were
before ) hd 10n of the 1njec
Lmn agent filling of the pancreatic veins was incom
lete 1n some cases after dissection However in
{hese cases the vems could be 1dentified by dissec
1on and documentation of the anatomy was made
1oy drawings or photographs
1

| Results
j Veins of the head of the pancreas The antenor
faspect of the head of the pancreas was drained main
lly by the antenor supenor pancreaticoduodenal vein
1n 19 cases (Fig 1) This vein jomed the gastrocolic
1lrunk which ended in the nght lateral wall of the
rior mesentenc vemn within 1 to 3 5 cm (average
i! cm) off the confluence of the splemc and superior
1c vem (in the foll g text named conflu

ence)
¢ Inone case only tiny vems ran to the gastrocolic
# trunk and the main ventral drainage was by the
santenor wferor pancreaticoduodenal vem to the
) superior mesentenc vem Anant mnf vem was iden
»4 ufied 1n 12 cases The vemn ended 1n the first jejunal
" vemn in 7 mstances n the supenor mesentenc vemn

sulcus caudally ending m the first jejunal vein (=) b) Ventral
aspect at the hepatoduodenal higament CHV = choledochal
vems PV = portal vem GB = gallbladder P = head of pancreas

4 and was a tnbutary to the anterior superior ve1n
11 one case

The dorsal aspect of the head was usually drained
by the postenor supenor pancreaticoducdenal vemn
running directly to the portal vein withm 1 5to 3 ¢m
(average 1 8 cm) off the confluence The post sup
vein was identified 1in 21 cases These veins draintng
the dorsal part of the head opened mto the dorsal
circumference of the portal vein In 2 mstances a
ventral vemn (Fig 1b) dramned the cranioventral part
of the head and ended in the ventral circumference
of the portal vern 3 2 and 3 5 cm respectively from
the confluence These veins dramned even the cramal
part of the duodenum and probably the pylonc re
gion (the pylorus was already cut off before radto-
graphy) In 8 mstances a dorsal pancreatic vem was
observed draiming the mediodorsal part of the head
and ending 1n the dorsal wall of the confluence In 3
cases the dorsal pancreatic veln was the dommant
vein of the dorsal aspect of the head (Fig 2a)

In 2 mstances the dorsal pancreatic vemn formed
an arcade together with the post 1nf pancreatico-
duodenal vemn runmng i the pancreaticoduode
nal sulcus without changmeg its cahber (Frg 2a) In
most cases only smaller collaterals between the
post sup and the post mf pancreaticoduodenal
vemns were observed The post wf pancreatico-
duodenal vemn could be identified tn 9 cases Inser
tion mto the first jejunal vem was observed 1 6
mstances 1nto the supenor mesentenc vemn mn one
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Fig 3 Dorsal aspect of dissected specimen body of the pancreas

removed  Small post
post inf
the first yejunal ven

sup pancreaticodyodenal vem (-»)
1 vein (++) draming to

Fig 4 Dorsal aspect of dissected specimen Duplicated post sup
ven (=} vein (+2)
draming 1o the sup mesentenc vein (SMV) near the confluence

Fig 5 Antenor aspect of dissected specimen Pancreatic tissue
antenor 10 the confluence 1s semoved PV = portal vem GCT =
gastrocolic trunk Coronary vein (#=) transverse pancreatic vein
(++) Vens of the body draiming to the coronary vein (—)

case nto the second jeyunal vein in one and the
post nf pancreaticoduodenal vein was a trnibutary
1o the dorsal pancreatic in one The post inf pan
creaticoduodenal vein was the dominant vern of the
dorsal aspect of the head 1n one case (Fig 3)

Veins of the body of the pancreas The tiny veins
of the p body were 1n mam
branches with ly varying ter
The transverse pancreatic vein running along the
infenor border of the body of the pancreas could be

dentified 1n 16 Its ter was the

infenior mesentene vemn n S cases the supenor
mesentenic vewn in 3 (Fig 4) the confluence 1n 3
and the splenic vemnin 5
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Veins of the body running to the post sup e
creaticoduodenal ven were found in 3 mstances
the ant sup veinin one

Collaterals to the coronary vem werc
strated 1n 8 specimens (Figs 1a 5}

In 2 cases where the pancreatic body was loc
cranio-ventrally to the confluence several 7™
veins drained 1nto the cransal wall of the reg®
the confluence A

Veins of the tail of the pancreas dramned as "
directly to the splenic vein entering ndo K8
trocaudal circumference As the tail of thchr
creas was usually n close connection ‘"‘e i
ventrocaudal wall of the splenic vem 1
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6 Normal phlebography of the head of the pancreas a)
4jection wto the ant sup pancreaticoducdenal vemn Via collat
$s filling of the dorsal pancreatic vein (—) the dominant vem
the dorsal aspect the ant inf (+») and the post inf pan
nal vein {#+) Filimg of vemns in the hepatoduodenal

i
H

ems were very short and embedded in pancreatic
1ssue
¥ The number of tail vemns draming to the splenic
vemn which could be identified vaned from 3 to 9
average 6) In cases with a large transverse pan
reatic ve n which also collected veins of the tail
#the number of vems draimng to the splenic vein were
ipless In one specimen the transverse pancreatic vein
was also the main vemn of the tail collecting §
¢tnbutanes Two tail veins draming to the lower po-
lar vein of the spleen were demonstrated n 2 cases
_!\L(Flg 1b)
o The inferior mesenteric vern was denufied m all
«tbut one case It terminated 1n the splemc vein at the
most 3 6cm (average | 8 cm) from the confluence in
,~ 15 cases In one specimen the confluence was the
m,JP"'"‘ of inflow and in 5 1t ended in the supenor
dlm:scmenc vein at the most 1 5 cm (average 0 9 cm)
"¢ from the confluence

&

Iigament ¢#+) b) Ingection into dorsal pancreatic vemn almost
identical appearance Ant sup () ant wf (+)and post inf
(#+) pancreaticoduodenal veins and veuns m the hepatoduodenal
higament ()

The coronan 1ein could be demonstrated in 21 of
22 specimens In 9 cases this vem draned to the
cranial cir of the mn 6 cases
to the splenic vein within a distance of 2 5 cm (aver
age 1 1 cm) from the confluence and 1n 4 cases to the
portal vein within 2 5 cm (average 1 7 cm) from the
confluence In 2 specimens the coronary vem
draimned directly to portal vemn b h
of the left lobe

Further observations All mam veins of the head
and body of the pancreas were observed on the
surface of the organ or only partly covered by a very
thin layer of pancreatic tissue The veins embedded
m the tissue and connecting superficial dorsal and
ventral veins were iny Only the veins of the tail had
no or only ashort extrapancreatic course

No special interest was paid to the veins of the
common bile duct which were often visible at clint
cal phlebography of the veins of the pancreatic head
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Fig 7 Phlebography of the body of the pancreas a} Injection into
a vemn draming to the splenic vein Filling of another vein ending
1n splenic vein (~) and filling of transverse pancreatic vein ()
b) Inyection into transverse pancreatic vein Filling of the same
vens as in (a) and of two veins of the tail (—)

Fig 8 Injection into a vein draiming to the splenic vein Collater
als to coronary vein (—) and to post sup pancreaticoduodenal
vein (+}

However 1n one instance the choledochal veins
were dissected Several collaterals existed to ventral
veins of the head and to an arcade running along the
dorsal pancreaticoduodenal border The veins and
their tnibutanies could be traced to the hilum of the
liver (Fig 2b) Collaterals or inflow to mtrahepatic
portal veins were not observed

Chinical phlebography

Matenial and Methods

Duning 1972 to 1978 selective pancreatic phlebo
graphy was performed 1n 140 patients at this Depart
ment of Diagnostic Radiology Dunng 1972 to 1974
41 p were e d using the tr lical
approach to the portal vein Later only percutane
ous transhepatic puncture of the portal vein was
used
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In 61 patients the indication for portography *
portal hypertenston suggestion of metastatic les”
of the hver or mahgnancy of the gastromtest
tract and pancreatic phlebography was perfor
en passant

In 32 patients the examination was pcrfnmlﬂ”'
blood sampling and hormone assay In these &
as many vems as possible were cathetenzed
success rate increased duning the peniod In genett
at least 4 veins of the pancreas were cathetenzed?
this group

A possible tumour n the regton of the P““mx‘
was the indication m 55 patients and select
cathetenzatron was himited to the area of 101¢%"
usually the head of the pancreas <

The technique of percutaneous transhepaic ’;‘
tography 1s descnbed in detail elsewhere (GOWT
etcoll 1974 HOEVELS et coll 1978 REICHAD
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a

g 9 Normal phlebography of the tail 2) Injection intoa vein of
body Filling of vens of the tail Various pomts of mflow of

YGEMANSSON 1980) therefore only a short descnip-
bn 1s given here The puncture was performed with
s> cm needle coated with a polyethylene catheter
D1 6mm ID10mm Surgimed Denmark) With
catheter i the portal vem 2 0 9 mm guide wire
15 introduced for further catheterization of the
ncreatic vemns The tp of the gurde wire was
ding ta the and duced

b

veins of the tail mto the splenic vein {-») b) Injection of a vein of
the tail near the hilum of the spleen

ence were present these were also filled by ijection
into one of them Collaterals to the body of the pan
creas were mfrequently demonstrated In these 1n
stances usually a branch to the mam stem of the
post sup vem was present Flow of contrast
medm from the post sup or ant sup vem to the
transverse pancreatic vemn was not observed Dem

1to a pancreatic vein The catheter was then pushed

. the gude wire 1nto the ven

Phlebography was camed out by manual injection
¢ 2 to 10 ml of Isopaque Coronar 370 mg 1/mi
Nyegaard Norway) The volume was adjusted to
he size and flow of the mjected veins Eight films
vere exposed at a rate of 2/s

The catheter should not be allowed to advance
nto sub branches m order to obtain a proper filling
>f the pancreatic and duodenal vens Injection into
senpheral tnbutaries results 1n incomplete fillng
and the appearance of the films may mimic and ex
panding lesion Injection of too large volumes of
contrast medum resulted 1 extravasation mn 11
cases

Phlebosraphic findings
Selective injection of contrast medium nto the
post sup pancreaticoducdenal vemn usually caused
filling of the majonity of the duodenal branches The
ant sup vetn was also filled via collaterals 1n the
parenchyma of the pancreas and vice versa (Fig 6)
1f several vews deaming to the portal vein or conflu

of the ant 1nf or post mnf vemm by
nyections 1nto the ant sup or post sup vemwasa
frequent but inconstant finding probably depending
marmnly on the size of the mferior vemns Vemns in the
hepatoduodenal | with appr ly the
same diameter as the main vewmns of the head were
not constantly filled In one case an ant inf vemn
draiming to the supenor mesentenc vein was cathe
terized selectively

The night coronary vem was filled by injection
nto the post sup veinin 4 cases In these instances
the nght coronary vem had a smaller diameter than
the post sup one Increasing 1 size in 115 course
along the minor curvature of the stomach

The shape of the penpheral branches of the
duodenal and proximal jejunal veins was usually
ampullary

Veins of the body of the pancreas Selective
exammation of the vems of the body was often dif
ficult to perform as the majonty of these vens were
tnbutanes to veins draming other organs (coronary
vemn mnferor mesentenc vein) or to vems of the
head of the pancreas The transverse pancreatic
vein was easy to cathetenze when draining directly
to the splenic vemn to the supenor mesentenc vem
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or to the inferior mesenteric vein near its inflow to
the supenor IC veln or fl (Fig )

Injection into the transverse pancreatic vemn usu
ally resulted in fillmg of the vens of the body
positioned to the left of the superior mesenteric
vein demonstrting the inflow nto the splenic ven
and—if present—nto the coronary vem (Fig 8)
Collaterals to the post sup pancreaticoduodenal
vemn were filled 1n a few cases

Selective phlebography of veins draming to the
coronary vein was not performed and appears to be
difficult due to their position and direction of
flow

Veins of the tad of the pancreas Injection into a
vein of the tatl usually resulted in the filling of some
minor branches and via collaterals the inflow of one
or two adjacent veins was demonstrated (Fig 9)
Collaterals to the transverse pancreitic vemn were
observed

The great number of separate veins of the tail
draining into the splenic vein was the reason why a
complete demonstration of all these vemns became a
difficult and time consuming procedure in only 1
few of the present pattents appeared the vems of the
body and the tail to be demonstrated completely

Discussion

The literature on venous anatomy of the pancreas
1s hmited A detailed description of the venous
anatomy of the pancreatic head was given by PE
TREN and of the entire pancreas by FALCONER &
GRIFFITHS In the present specimens the main ve
nous drainage of the head of the pancreas was found
to correspond closely to these descriptions and their
nomenclature was followed essentrally The drain
age of the postenor aspect of the head by one or
several posterior supenior veins and drainage of the
antenor aspect by the anterior supenor vemn was an
almost constant finding In only one case was the
main drainage of the antenor aspect by the ant inf
vemand also mone case only was the post inf the
domiating draining vetn of the dorsal aspect PF
TREN descnbed one case with two post sup veins
ending 1 intrahepatic portal veins  Also 1n the pres
ent senes the post sup ven could be duplicated
and even 3 pancreatic veins terminating 1n the portal
vein were observed Usually the post sup vem
ended in the dorsocaudal crrcumference of the portal
vewn Vemns mserting ventrally were observed twice
but these veins dratned a minor ventral aspect of the

head and may represent collaterals to pyloric vt
Veins druning to the confluence were called de
pancreatic veins i analogy to the arterial nomen
ture Because of Jack of experience previoush
erroneous concluston had been arrived at nrv
that this vein druned the body into the antr
aspect of the confluence (LUNDERQUIST & Thtt
1975 REICHARDT et coll ) In all the present sp.
mens where a vemn druning iato the confluences
found 1t ended dorsally Furthermore all th
veins druned the dorsal aspect of the headd
should be regarded as 1 duplication or vanalitl
the post sup pancreattcoduodenal vemn Thisa
responds to the findings of FALCONER & GRIFAT
who emphasized the fact that despite the clostr
Intionship of the nech of the pancrens to the pr
vein 10 no case did a pancreatic tnibutary entert
portal vetn on its antertor aspect This was alsot
n the present series regarding the region of thet
fluence

In analogy to the arterial nomenclature thed
inferior to the pancreatic body (inferior pancre
vein FALCONER & GRIFFITHS) was here o
transverse pancreatic vein

Vens of the body of the pancreas may dran
any moun tnibutary of the portal vein terminating
that region This fact must be considered wt
cathetenzation 1s performed for blood sampling
endocrine tumours Veins drainming to the corond
vein were relatively common in the present senes

The fact that the main veins of the head of ¢
pancreas run on its surface limits the diagnostic v
ue of selective pancreatic phlebography n expat
ing lestons of the pancreas

The size of exocnne tumours demonstrated ¢
pancreatic phlebography were more than 3 e
diameter (REICHARDT et coll ) This relatuvely ¥
size may be surprising but 1t may be dificult®
observe occluded veins tside the gland becaust
supenmposition by normal vessels on the surfx¢
the organ

SUMMARY

‘The venous anatomy of 22 autopsy spec
pancreas was examuned by disscction a
after ingection of gelatin agent The most Cul‘lil
were the p SUPErIor p
draming to the portal vein and the antel
creaticoduodenal vein druning to the
and supenor mesenteric vein Both vemns %
121 and 20 of 22 cases respectively All other

smens of 7%
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ant find?®
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s vaned considerably m their course The normal

HOEVELSJ LUNDERQUIST A and TYLEN U Percutane
ous portography Acta radiol Diagnosis

adings mn chaical selective p
sed on 148 exammations are described
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COMPENSATORY HYPERPLASIA OF THE HUMAN KIDNEY EVALUATED
BY ANGIOGRAPHY AND A DYE DILUTION TECHNIQUE

J GOTHLIN

Compensatory renal hyperplasta (also called
smpensatory renal hypertrophy) ts common after
1lateral kidney disease or due to hypo or aplasia
the contralateral kidney It 1s known to occur
uly n Lfe (LAUFER & GRISCOM 1971) and m old
e (ERELUND & GOTHLIN 1976) CAVINA et coll
971) performed expenments n dogs which ndi
ded that the artenes of the hyperplastic kidneys
crease i length and width and that the angwo
aphic circulation time ts reduced An mvestigation
man 1s now reported

Matenal and Methods

In 13 patients with aplasia hypoplasia or disease
if one kidney luded renal artery pyelonephntis
nultiple scars staghorn calculus) measurements of
he renal blood flow and related vanables 1n the
ontralateral kidney were made in conjunction with
nlateral selective senal nephroangiography The
wrea of the kidney of interest in a p projection was
slways at least 50 per cent larger than that of the
ontralateral one Catheters (ID/OD 1 4/22 mm)
~ere placed in the renal artery and vein respective
y A bolus of 03 to 10 m! of indocyanine green
Cardiogreen Hynson Westcott & Dunning USA)
was ijected into the renal artery while blood was
~onunuously suched from the renal vemn through a
spectrophotometer 1ts deflections were recorded on
a straight linear potentiometer wniter The analysis
of the curves was made by copying them on suff
paper cutting them out and weighing them compar
ng their weight with that of 100 standard units of the
paper The blood flow was calculated according to a
madified Stewart Hamulton formuta For details of

the techmque and mode of analysis of the curves

see GOTHLIN & OLIN (1973)
The projected kidney area thickness of the cor
tex and width of the artenes were measured with
for the The blood

p was d sphyg 1eally at
the beginming of during and after the blood flow
measurements

Results

“The results by the dye dilution method and some
of those ot d at p of cor
tex and possible lesions of the contralateral kidney)
are summarnzed in the Table

All kidneys with the diagnosis compensatory
hyperplasia had an area that was at least 50 per cent
larger than that of the contralateral kidney mn 7
kidneys also exceeding the upper normal limit of 91
cm® given by MOELL (1961) In the following nor
mal values according to GOTHLIN & OLIN wilt be
given withn parentheses

The mean diameter of the renal artery (RAD) was
7 1mm range 5 3-9 0(GOTHLIN & OLIN 5 5 range
4 5-6 8) The mean cross sectional area (RCA cal
culated from the diameter of the artery on the films
with for of the renal
artery was 39 5 mm  range 22 1-63 6 (GOTHLIN &
OLIN 23 8 range 16-36)

The mean hdney area (hA) was 89 cm range
61-123 (in normal patients according to MOELL 70—
83 SD 73-83 depending on whether the kidney
was nght or left sided male or female) The § val
ues above 100 cm? were encountered in 3 patients

hy (thick

Submutted for publication 6 Apni 1979
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Table
Vanables of hyperplastic kutney
No Sex Age Sde RAD RCA KA RBF RBF/m* VV VR MTT AT Cortex  Contralateral kidney
I M 29 L 83 540 123 840 465 115 9 83 39 13 Aplasia
2 F 27 R 67 351 107 740 455 125 8 99 40 10 Pyelonephntis
3 M 5 L 75 4 104 620 350 %0 3 89 47 N Occluded rena anen
4 F 35 L 72 407 103 445 260 65 14 87 43 13 Aplasia
5 M 3 R 78 478 101 700 440 100 n 8s 40 12 Aplasia
6 F 30 R 71 96 97 630 355 105 9 103 46 1 Aplasia
7 F 33 L 69 374 94 €05 340 100 9 100 41 1 Hypoplasia
8 M 58 R 90 636 83 495 280 75 12 89 41 9 Occluded renal artent
9 M 48 L 58 264 73 530 320 75 16 B7 42 10 Occluded renal antery
1 M & R 68 363 72 580 325 70 19 70 43 10 Multiple scarnng
11 M 55 R 56 246 68 510 300 80 2 93 45 10 Carcinoma
12 F 54 L 53 21 61 585 375 80 20 81 42 1 Staghom calculus
n 13 13 13 13 13 13 13 13 13 13
x 71 395 89 600 350 89 13 89 42 1
sD 12 164 19 108 68 18 46 09 02 12
SE 03 46 54 29 19 5 13 02 o1 03
t 21 87 17 20 19 18 04 36 62 33

RAD=diameter of renal artery RCA=cross sectional area KA=kidney area RBF=renal blood flow VV=vascular volume
vascular resistance MTT=mean transit yme AT=appearance time

with aplasia one with pyelonephrtis and one with a
renal artery occlusion 4 of these patients were be
low 40 years of age

The mean renal blood flow (RBF) was 600 m!/min
range 445-840 (GOTHLIN & OLIN 465 range 405
525 females around 30 ml/min lower than males)
The mean RBF per square meter of body surface
{(calculated according to the formula of Du Bots) was
350 mlfnun range 260-464 (GOTHLIN & OLIN 265
range 220-365) with no difference between the two
small groups of males and females

The vascular volume (VV) was calculated accord
g to the formula VVin ml=RBF m ml/inxMTT n
seconds The mean VV was 8% range 65-125
(GOTHLIN & OLIN 70 range 45-95)

The mean transit ume (MTT) was calculated as
the ume from the start of the inyection of dye to the
baseline projection of the center of gravity mn the
cut-out curve (with compensation for the delay
the analysing sampling recording  system) The
mean MTT was 89 s range 7 0-10 3 (GOTHLIN &
OLIN 89 range 6 8-11 6) In the present senes the
deviation from the mean value was smaller than in
normal hidneys

The appearance tme (AT) of dye in the renal vein
was measured as the time 1n seconds from the start
of iyjection of dye ta the point of the first deflection

of the potentiometer writer (with subtraction of
delay in the analysing sampling recording syst
The mean AT was 42 s (GOTHLIN & OLIN {
range 3 7-4 9)

The vascular resistance (VR) was calculated
peripheral resistance umits as mean artenal ble
pressure 1 mmHg divided by the renal blood flor
mlfs The mean value was 13 range 822 (GOTHU!
& OLIN 19 range 11-25)

The mean cortical thickness measured 1 B
thinnest section was 1 mm range 9-13 Reht
normal values are not available in the hterdl”
measurement of 20 norma! kidneys yrelded 2 ¢
cortical thickness of 9 mm range 7-11

The linear correlation between the followtn '
1ables was positive

RAD- VR r 0627 t 2676
KA - RBF r 0629 t 2707
KA- MTT r 0658 t 2917
KA-VV r 0601 t 2628

The r factors are above 0 6 and the ¢ values 3““
2 0 implying that the correlation s statrstically
mficant though not highly so

At angiography n addition to increase
the mam renal artery increased kidney
cortical thickness which have afready bee

d mnf
area >
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sned the width and length of the ntrarenal ar
nes ncludmg the subcortical and cortrcal vessels
_as also increased No obvious abnormality was
sserved n the nephrographic phase The intrarenal
~ s when demonstrated were wider than normal

Discussion

Compensatory renat hyperplasia (or hypertrophy)
according to LALLI (1965) the most common cause

f unilateral renal enlargement hydronephrosis be
g the second Compensatory hypertrophy occurs
' umlateral disease regardless of age (BONER et
o1l 1972 EXELUND & GOTHLIN) In dogs after
_ephrectomy ncreased volume of the remaming
dney increased artenal width and decreased cir
Jlatton time at angiography has been d ated
AVINA et coll ) In the present series increased
ze of the kidney and increased arterial diameters
ere accordant findings however the circulation
ome as evaluated by the appearance time of dye n
1e renal vein and the mean transit time of the dye
as normal The expl 10n for this d: 1S

TOWICZ (1967) reported some degree of correlation
to exist between these vanables m renal hyper
trophy however not of a positive linear type The
mean total renal blood flow tn the present senes was
defimitely higher than normal 350 ml/m* as com
pared with a normal mean of 265 ml/m? Glomerular
filtration and tubular secretion are more or less de
pendent upon renal blood flow The RBF thus to
some extent reflects the increased function of the
hypertrophied kidney which 15 known to occur
(hROHN et coll 1966 LARSSON et coll 1975)

Beanng 1n mund that the groups are small 1t s
interesting to note that the distnbution of RBF/m
values 1s stmilar i males and females This may be
merely concidental however RBF/m 1s likely to
offer a better means of mtenndsvidual companson
than does total RBF because of the wide vanation
1n body size

The cortrcal thickness 1s difficult to measure In
the present senes the thickness was increased over
that of normal control kidneys With a special an
giographic technique (HEGEDUS 1972) 1t 1s possible

obably that due to the larger amount of contrast
yonedium transported through the umlaterat dog kid
g €Y PET umt time CAVINA et coll were able to
p.etect it at an earhier stage than 1 normal kidneys
“he increased RBF in the present series should
mnamly be attributed to an increase in flow volume as
~he AT and MTT were within normal imits  This
" Ane of reasomng 1s supported by the fact that the
“[ncrease m width of the renal artenes was propor
~ 10nally greater than the lengthening
. A slightly positive correlation exists between the
*“VV 1n mi and the kidney area m cm? and thus to the
H increase 1n kidney volume {(nfermng that the in
®hrease n kidney area to some extent reflects the
¥ increased vascular volume) Some degree of correla
t1on between the vascular volume and the cross sec
b tional area of the renal artery 1s to be expected as in
normal kidneys (GOTHLIN etcoll 1973) The reason
why the correlation in the present senes 15 only
shight may be that the matenal 1s small or that the
enlarged kidneys m several of the patients to some
extent also were diseased despite absent angio
graphic evidence of disease In diseased kidneys no
(i correlation between RCA and VV has been dem
o onstrated (GOTHLIN et coll }
No positive lear correlation was found between
&rdlhe diameter or cross sectional area of the renal
ki’(‘ artery and the area of the hyperplastic kidney Wos

@

T A

to the volume of the cortex In most cases
1t corresponds to an crease in the thickness of the
cortex A correlation has been reported between the
cross sectional area of the renal artery and the cor
tex volume and vascular volume (GOTHLIN et coll )
and between an increased cortex volume with the
ensung longer and wider vessels and the function of
the cortex (KROHN et coll LARSSON et coll ) All
these vanables reflect the increased function of the
cortex in the kidney with compensatory hyperplasia

The Linear correlation between RBF and VR mm
plies a lower penpheral ressstance mn cortical ves
sels probably widened The artenes demonstrated
atangiography are comparatively large and do not to
agreat extent influence the resistance thus a change
in VR 1s plausibly elicited distally to the angio-
graphically demonstrated artenes Short cirewits as
the cause of a decrease in penipheral resistance are
not compatible with the normal appearance time and
mean transit time

In concluston compensatory hypertrophy of the
kidney 15 charactenzed by (1) increase 1n renal
blood flow kidney area (nfernng also increased
volume of the hidney mcluding the cortex) renal
artery diameter and vascular volume all reflecting
an increased function of the hidney (2) decrease n
the vascular resistance and (3) normal circulation
time of the blood through the kidney increased flow
volume and probably also increased flow veloaty
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SUMMARY

The renal blood flow and related vanables were as
sessed with a dye dilution techmque 1 conyunction with
anglography of the enlarged kidney n 13 patients with
unilateral disease hypoplasia or aplasia of one kidney
The total renal blood flow the width of the artenies the
kidney area the vascular volume and the thickness of the
cortex were all increased The vascular resistance was
decreased The circulation time through the kidney was
normal but the flow volume and most likely also the intra
renal flow velocity were increased
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BALLOON CATHETERS

: In vitro expenments on pressure influence and

, nisk of rupture

g K JEXKELL N E PETTERSSON and § SANDQVIST

¢ “ Balloon catheters have been used 1n angiography
T more than three decades NORDENSTROM (1962
F2966) elucrdated the chical of balloon
atheters JENSEN & OUIN (1972) it antmal expent
ients demonstrated that with the use of balloon
atheters angiographic results can be achieved
vhich are impossible to obtamn with ordinary cathe
ers However balloon catheters have not been nsed
xtensively probably due to techmical difficulties
ind nisks JENSEN & OLIN (1979) reported that
animals balloon catheters may damage artenies and
STRAUBE (1968) also in ammal expeniments found
balloon rupture within a blood vessel When balloon
catheters are used 1n order to control haemorrhage
or to diminish the blood flow m highly vasculanzed
tumours tnjury to blood vessels caused by the cathe
ter can be accepted 1f this treatment 1s of vital
wnportance  When used for diagnostic purposes
higher demands as to safety must be required The
nisk with the balloon catheter techmque appears to
be considerable a fact not suffictently emphasized
previously The aim of the present m vitro expen
ments was to evaluate the nsk in two respects
1} the forces exerted on the walls of a tube in which
the catheter 15 nflated and (2) under what condt
tions rupture of the balloon occurs

Material 2nd Methods

The expenments were made with single Jumen
balloon catheters The catheter lumen was directly
connected with the balloon 1e through side hales

m the catheter The balloons were inflated with wa
ter either placed mside plastic tubes or free i the
air The volumes of the balloons were measured at
the time of occlusion of the tube and at rupture In

with the of ball mside the
plastic tubes the pressure m the balloons (the m
tralummal pressure) was measured and also the
pressure exerted by the balloon on the tube wall (the
lateral pressure)

The catheters were made of polyethylene and the
external diameter was 2 8 mm  The balloon matertal
was latex rubber its elastic properties are given
Fig 1 The balloons (manufactured by Nordiska
Latex AB Torekov Sweden) were made of latex
cybinders with an nner diameter of 30 mm and a
length of 8 mm The wall thicknesses of the balloons
were 01 03 or 05 mm Some expertments were
made with fusiform fatex tubes with a wall thickness
of 0 I mmand a length of 20 mm The balloons were
mflated at a rate of 20 ml per mmute

The plastic tubes were made of transparent ac
rylat with inner diameters of 9 15 and 23 mm

The pressure was recorded with a Mingograf with
two amphfiers EMT 311 Two Statham pressure
transducers model P 23 DB were used measuring
pressures up to 160 and 173 kPa (1 kPa=7 5 mm Hg)
The intral I p was d nside the
catheter and the lateral pressure as illustrated in Fig
2 The volume or pressure figures presented are
mean values of at least 3 measurements

Submutted for publicanon 29 Janvary 1979
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Fig 1 Elastic properttes of latex balloons used in the expen
ments

Results

When a balloon catheter 15 inflated mside a tube
two stages are of importance (1) when the tube 1s
occluded 1 e when the shape of the balloon 1s trans
formed from a sphere to 1 cylinder and (2) when
the balloon 1s at the pomt of rupture The balloon
volume at (1) 1s called rdesl and 1t (2) maximum
volume (Table 1)

The maximum volume of a balloon ts smaller in
side o tube than free 1 air and 1s reduced consider
ably m a narrow tube The volume difference be
tween 1deal and maximum balloon volumes de
creases when the d of the tube 1s d hed

Table 1

Expansion capaciy of balloons free in awr and inside plasuc
tubes ax ideal and b= maximum olume (mf)

Walt Volume (ml) Tube diameter

thickness of balloon

of balloon wmair 9 mm 15 mm 23 mm
(mm} —_— _—

a b a b a b

o1 30 10 18
03 » 10 20

30 60 75 130
3o 70 75 -

pressurs tranide

— e flud

membrane

plastic tube

balloon

Fig 2 Apparatus for measunng lateral pressure

The friction properties of the tube wall ply
important part when the mside of the tubess
treated with silicone lubricant the maximum volt
of the balloon wns increased by approximateh
per cent The length of cylindrical latex tubes
cntical When tubes of great length were inflae
only a short segment of the balloon w s dilated!
first The dilated segment rolled over the rest of &
balloon thereby hindering further inflation b
compression of the undilated part of the balet
When the balloon was mnde of a fusiform latext™
1t was also possible to dilate long batloons

Table 2

Lateral pressures (4 a) of balloons inside plastic tubes € 17
pressure at ideal' volume and d=lateral pressure 2! man

volume
Wall thickness Tube diameter
of balloon
15 o
(mm) 9 mm mm /7
< d [ d ¢
'
01 n s
03 ” e 1
A ri7s -



BALLOON CATHETERS 49

A

— Time

3 Intraluminal pressure (—) and lateral pressure (~=-)
asured simultaneously duning 1nflation of balloon within 2
se O balloon reaches tube wall X balloon rupture

The latera! pressures at 1deal and maximum bat
Jon volume appear in Table 2 Typical curves of
stralumnal pressure and lateral pressure are illus
ated in Fig 3 The highest lateral pressure over
73 kPa was obtained immediately before rupture of
 balloon with a 0 $ mm membrane thickness 1 the
5 mm tube With a balloon of a membrane thickness
£0 1 mm n the same tube a highest lateral pressure
{51 kPa was obtamed

The relationship between the intralummnal pres
;ure and the lateral pressure 1s given in Table 3
. Table 3

of and lateral pressure
APa) on inflation of balloons wnside plastic tubes e=intralum;
nal pressure and c=lateral pressure at ideal volurae

t Mall thickness  Tube drameter

»f palloon
7 mm) 9 mm 15 mm 23 mm
4 e 3 3 c e <
01 3 "9 16 o 16 =0
03 % N » 37 13
<X} - - 91 40 - -

! only one measurement
]

+
4 %0 837

Fig 4 Inflatton of balloon marked with equidistant dots of the
same size a) Unmflated balloon b) inflated balloon free 1n air
c) nflated balloon mside tube

The mode of stretching of the balloon wall by
flation instde a tube can be demonstrated by mark
1ng the balloon with equidistant dots of the same size
(Fig 4) When the balloon 1s inflated free in air the
greatest expansion and thereby the greatest increase
of size of the dots occurs in the mud section of the
balloon If the same balloon 1s flated 1nside a tube
the dots increase n size only as long as the balloon
does not touch the tube wall Since the mid section
of the balloon reaches the tube wall first the dots
ncrease 1n size in this part of the balloon less than at
the ends where the distension 1s not hindered

Discussion

The maximum volume of the balloons 1s smaller i
narrow than i wide tubes This 1s due to 1m
mobilization of part of the balloon wall that occurs
when the balloon s inflated and reaches the tube
wall In a narrow tube a great part of the latex mass
of the ballon 1s immobilized already when a small
volume 1s injected As a consequence the intralum:
nal pressure will increase quichly and the tension at
the free ends of the balloon will soon reach the rup-
ture it of the matenal The high pressure values
In tubes with small diameters can be explamed by
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Fig 5§ Relation between tension (T) pressure (P) and radius (R)
n cylindncal balloon (law of Laplace) T=PXR

the law of Laplace (Fig 5) As the tension in the part
of the balloon wall tmmobilized against the tube
cannot increase dunng further inflation the increas
ing mtraluminal pressure 1s transmitted to the tube
wall 1e the lateral pressure The difference be
tween the mtralummal pressure and the lateral pres
sure at a pomt at random 1n the contact surface
between balloon and tube 1s therefore equal to the
ntraluminal pressure tn the balloon when 1t reaches

this point

‘The discussion raises the questions whether
(1) the ntr 1 pressure indicates the lateral
p! 2) the intral | pressure ind a

risk of rupture of the balloon (3) a suitable size of
the balloon 1n relation to the diameter of the tube
mimmzes the risk of high lateral pressure and simul

taneously reduces the nish of balloon rupture and
(4) the nisk of high lateral pressure and balloon rup

ture 1s mummized by giving the balloon a valve func

tion

Ad (1) The lateral pressure can be determined by
measunng the intralumenal pressure at the moment
the balloon reaches the tube wall When this pres
sure 1s known the difference between the ntralumi
nal and the lateral pressure 1s also known and the
lateral pressure can be calculated It 1s difficult to
determine when the balloon reaches the tube wall if
the procedure 1s controlled by the eye the determi
nation of the pressure 1s then uncertain

When the balloon reaches the tube wall and 1its
spherical shape 1s transformed to a cylindncal one 1
change of slope on the pressure curve occurs This
change of slope 1s observed only when the inflation
of the balloon occurs inside the narrowest tube
d 9 mm Onp curves from balloon
inflations 11 15 or 23 mm tubes a change of slope
does not appear Thus ntraluminal pressure curves
can be used for measurement of the lateral pressure
only 1n certain cases

Another method for determimng the mtralun.
pressure at the moment the balloon reaches then
wall would be 1ts calculation from the properus
the balloon material the dimensions of the ballx
and the drameter of the tube Several mathem®
models g 1nfl of ball havel:
described (TAYLOR & GERRARD 1977) alik
valid only when the relative change of the radw
the balloon 1s very small This 1s not vahl
balloon catheters the radws of the umnfs
balloon normally being increased several tme
the occlusion

Ad (2) If the radwus of the tube 1s known the!
ston 1n the balloon wall can be calcutated by the
of Laplace The maxunum tension of the bdf
material 1s supposed to be known It 1s then pos
to determine the intraluminal pressure that$
not be exceeded without risk of rupture The
permutted traluminal pressure (Ppa,) canbe®
lated with the same degree of certainty as tht
by which the radius of the tube 15 estimated thr
underestimation of the radius by 30 per cent &
an overestimation of Py, of 30 per cent

Ad (3) The nisk of high lateral pressure 1s smd
when a balloon 1s inflated 1n a wide tube (Tab
The difference between ideal and maxsmum beh
volume 1n such a case may be small resultngt
rupture already at low intraluminal pressure

The resistance to ruptare 1s greatest when '
balloon 15 mflated n a narrow tube When the¥
restricts merease of the balloon diameter the te*
1n the free ends of the balloon first reaches ¢
values at high intralumnal pressure At the s
time a high lateral pressure 1s reached

Thus there 15 a reverse relation between thet
mand of protection agamst high lateral prcssm!f
that of avoiding rupture of the balloon The cbe
of balloon size must be a compromise where the®
factors are weighed against each other

Ad @) Balloon catheters with single '“’"‘“;
end hole have a valve function The use of catht
of this type involves great difficulties of b
The inflation of the balloon must begn “"“d
tnttial 1yection pressure to dilate the balloot
the pressure must be decreased i order 1o kel
nflation constant If the inflation 15 made & »
and under eye control the injection pressurt o
vaned as desired On the other hand if the i
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» made with an injector with constant injection
-ressure the balloon may be ovennflated with rish
or high lateral pressure and rupture Injections with
fonstant high myection pressure were successful
 nly when the tube had a diameter of 9 mm as the
alloon 1s then very resistant to rupture However
us could only be achieved at the price of a high
mteral pressure In wider tubes it was possible to
(btam the necessary vanation of the injection pres
yure by using two mjectors With the first igector a
,mall volume was njected with a pressure high
" nough to mflate the balloon The inflation was then
ontmued by the second imjector at a lower pres
are which was adjusted so that the balloon volume
7as constant
The difficulty of balance can be avoirded by the
se of a single lumen catheter with a balloon of such
size that the amount of contrast medium necessary
o d P 15 small in with
1¢ balloon volume The quently can

19

tugh as that 1n the wall of the artery When the
balloon was mflated to maximum volume a lateral
pressure of 165 kPa was reached This pressure cor
responds to a tension m the tube wall which 1s more
than 13 ttmes as high as that m the artery at normal
blood pressure

The Iateral pressures measured during the pre
sent expenments cannot be directly applied to
physiologic conditions In blood vessels a move
ment may occur between the balloon and the glossy
intima of the vessel Thereby the lateral pressure ts
reduced as when the plastic tubes were treated with
alubncant In addition the vessel walls are elastic
and unlike the plastic tubes distend on increasing the
balloon pressure causing a decrease of the lateral
pressure The elastic properties of the blood vessels
vary The diameter of the vessel and the age of
the patient also play an important role Veins have
great elasticaty and can be distended considerably

4 ¢ made at high pressure and continued inflation of
“1e balloon 1s tolerated dunng the short time the
" tagnostic iyectton 1s given (STRAUBE & DOTTER
m%}) This method reduces the nsk of rupture but
1ay result in a high lateral pressure
Balloon catheters with single lumen with pressure
®:lated valve function can be made by piving the
% atloon calibrated exit holes This type of catheter
™ yorked excellently in certam cases while in others
®upture occurred even at low njection pressure
-{ERBER (1976) described 1njections i patients with
@' mgle Jumen catheters with a reinforced hole 1n the
¥salloon He pawts out that the nisk of balloon rup
gwsure exists if the injection pressure 1s too high A
o 11 b hmique for with
¢ $alloon catheters with valve function has not been
4 ound mn the present expeniments
w* Clinical applications Balloon catheters are used
4 lmrcally to occlude blood vessels from the size of
o the aorta to that of small arteries 1n the bram (SER
_WBINENKO 1974) The dimensions of the plastic tubes
v used 1n the expenments corresponded to dimenstons
of mam artenies BURTON (1951) gave an account of
#the tenston n the wall of blood vessels of different
‘,,Idnmensmns at normal blood pressure Thus 1n an
¢ fartery with a diameter of 10 mm the tension n the
H,,,:vessel wall 1s 60 N/m In the plastic tube with ap-
P y the same d (9 mm) a Jateral
5 pressure of 29 kPa was caused by the 0 I mm bal
L ) foon at1deal volume This pressure corresponds taa

ﬂfncnsmn in the tube wall which 1s about 2 5 times as

ﬂ‘

Ath lerotic artertes have very little elasticity
and even a small dilatation may cause ureversible
damage o the vessel

Even if the lateral pressures i vivo are lower than
duning the expenments 1t must be considered that
balloon catheters may cause dangerously high later
al pressures JENSEN & OLIN (1979) showed n
ammal expeniments that artenies with a diameter of
=4 mm cannot be dilated more than 20 per cent
without mjury to the walls

Balloon rupture should not only be considered as
a technical complication dunng angiography but
also as a medical nsk When a balloon ruptured
duning the expenments fragments of latex were of
ten tom off An intravasal rupture of a latex balloon
may thus cause rubber emboh

Conclusion

A continuous recording of the intraluminal pres
sure makes 1t possible to estimate the highest con
cewvable lateral pressure smce this 1s always lower
than the p If the intral 1
pressure 1s not allowed to exceed an acceptable level
for the lateral pressure harmful lateral pressures
can be avoided

The nsk of balloon rupture can be reduced by
determmation of the pressure at which Tupture oc
curs preferably with the balloon free i arr This
procedure means extra safety because the balloon

will rupture at Jower pressures than when contained
1n a vessel

P
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In order to avoid high lateral pressure and balloon
rupture the follow ing factors must be known (1) the
1deal volumes of balloon catheters m vessels with
different diameters so that a switable balloon size
and inflation volume can be chosen (2) the highest
permissible lateral pressure in the vessel to be mn
jected (3) the intraluminal pressure at the time of
rupture of the chosen balloon free in air The
intraluminal pressure must not exceed the pressure
levels given under (2) and (3)

Balloon catheter techmque 1s a valuable tool 1
angiography but the risks involved must be con
sidered significant and difficult to handle Those
who use balloon catheters must be aware of
the specific mechanical problems connected with
catheters of this type

SUMMARY

Balloon catheters with latex balloons were inflated
plastic tubes of different diameters The volume at rupture
of the balloons was measured The pressure inside the
balloon and that caused by the balloon agamst the tube
walls were recorded Measures to avoid high pressure on
the vessel wall and balloon rupture are discussed
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IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS

1 Interventnicular septum dunng the systolic contraction

G KvaMm

A The shortening of the muscnlar
interyentricular septum

Idiopatine hypertrophic subaortic stenosts (IHSS)
also referred to as asymmetnc septal hypertrophy
ASH) hypertrophic cardiomyopathy with or with
1t obstruction hypertrophic  obstructive  Car
omyopathy muscular subaorhic sienosis  and
symmetric  ventncular hypertrophy (GLICK &
RAUNWALD 1977)

Disproportionate hypertrophy of the interven
neular septum s the diagnostie feature of the dis
ase (HENRY et coll 1973) although not absolutely
pecific (WIGLE & SILVER 1978) The septal dimen
1on can be measured on echography (SHAH 1977)
Jowever disproporhonate septal hypertiophy s
10t pathognomonic as 1t may also occur in patients
with concentne hypertrophy and mn some normal
ubjects

THSS 15 a g Iy tr d disease g
2oth sexes It may be asymptomatie  Patients with
ymptoms may or may not have subaortic obstruc
on CLARK et coll (1973) observed at echography
hat septal hypertrophy was present in 48 per cent of
sarents i 55 per cent of siblings but w only 30 per
ent of children of the patients and concluded that
the disease 1s inhented as an autosomal dommant
trait with a fugh degree of penetrance The reason
for the discrepancy between the observed rates in
children and among the other relatives 15 probably
that a0 patients genetically destined to have the
disease septal hypertrophy 1s not always present in

hildhood but d ps gradually and 15 d 1 at
echography only wn later years However they do

not exclude that the reason might be techmeal dif
ficulties when examning the children

The disproporttonate septal hypertrophy of IHSS
1s ¢combmed with normal sized or small ventricular
cavities If the thickness of the septum/free wall
ratio exceeds 13 the most hkely diagnosts 1s
sdropathic  hypertrophic  subaortic  stenosis  but
ABASSI et coll (1973) have required a septum/free
wall ratio of 15 for the diagnosis of JHSS The
normal average value 1s 095 and m hearts with
hypertrophy due to other causes the ratio 1s about
098 on the average

ROBERTS (EPSTEIN et coll 1974) found 1n 40
hearts from patients with 1HSS that i all cases the
ventncular septum was thicker than the part of the
left ventncular wall located directly behind the pos
terior mitral leaflet

The tree left ventncular wall wa THSS 15 generally
also hypertrophic In patients with subaortic ob-
struction at rest or after provocation the left ven
tricular wall directly behind the posterior rmtral
valve ss hypertrophic as the rest of the free wall In
the nonobstructive form of the disease on the other
hand the myocardium 15 unevenly thickened Thus
the portion of the left ventricular free wall directly
belund the postenior mutral leaflet 1s always of nor
mal thickness even when major portions of the left
ventncular wall may be greatly thickened (EPSTEIN
eteoll)

The myocardtal microarchitecture of the hyper
rophic septum 15 bizarre with fibre disarray and

Submutted for publication 14 March 1979
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cardiac muscle cells coursing in various directions

gtving a swirhing appearance The myocardium has a
similar appearance also n other cardiac diseases
with probable 1sometnic contraction (BULKLEY et
coll 1977a) Foct of such disarray may also occur in
normal hearts (BULKLEY et coll 1977 b)

Also 1n patients without obstruction myocardial
fibre disarray 1s observed 1n the free left ventricular
wall while in contrast 1n patients with obstruction
the myocardium forming the free wall 15 more nor
mal (MARON et coll 1974)

HUTCHINS & BULKLEY (1978) descnbe the left
ventricular septal surface as catenoid like convexin
the longitudinal and concave in the transverse direc
tion They seem to be of the opinion that the septal
abnormahties 1n IHSS are caused by 1sometric con
traction secondary to the tension distributron across
the septal surface because of 1ts specific shape

The THSS left ventnicular cavity s distorted by
the hypertrophic myocardial masses Generally 1t
has a flattened S shape with reduced depth down
wards from the hypertrophic septum to the free wall
(EPSTEIN et coll )

When intraventricular obstruction occurs  the
stenosis 1s regularly located between the dorsally
bulging septum and an antertorly moving antertor
mitral leaflet in the left ventricular outflow tract
(Ross et coll 1966 HENRY et coll 1973) The
reason for the systolic antenor movement s prob-
ably the shallow cavity outflow tract and malaligned
papillary muscles secondary to cavity distortion al
lowing antenor suction or forward pushing of the
antentor Jeaflet by the blood stream during systole
(HENRY et coll 1975) or both in combination

MARON et coll (1978 a) report outflow obstruction
due to systolic antenor mitral valve movement in S
patients with concentric hypertrophy 3 of these
without signs of IHSS indicating that this kind of
obstruction ts not absolutely pathognomonic

Sometimes the intraventnicular obstruction may
be midventnicular between the protruding muscular
masses which occurs when the hypertrophic pro
cess predominates at the midventricular level
(FALICON & RESNEROV 1977)

The most common symptoms are dyspnoea an
gmnoid pains syncope and left ventncular falure
Sudden death may be the first defimtive manifesta
tion of cardiac disease (MARON et coll 1978 b)
Generally the natural history of IHSS vanes with
some patients improving some deteriorating and
some remaining stable (GLICKk & BRAUNWALD)

The intraventricular obstruction mn 1HSS sy
present may change between examnations ores
from beat to beat reflecting the dynamuc obstruer
mechanism This obstruction being related o
contraction 1s subaortic and evolves progresun
duning the course of each cardiac systole Thy
obstruction exists mitially but the early shap
teral pressure upstroke falls rapidly as the o
uon develops An increased resistance to ventn
filling from the left atnum 1s reflected mn ancles
ventricular and dastolic pressure A reduced
ventnicular comphance leads generally toap
venous pulse with a promment a wave (ROss 19

The cardi iphic app has bees¢
scribed by BRAUNWALD et coll (1964) COHEY
coll (1964) BOURDARIAS et coll (1968) and S
(1968) The shallow left ventricular cavity i dizt
1s recogmzed n the 30° nght anterior oblique p
tion The hypertrophic septal bulge 1s also 1dertf
by a concave night heart border and regularly s
a small concavity cranally on the left heart bor¢
this projection The shallow diastolic left ventn
cavity 1s not so easily recogmized in the 60°r
postenor oblique posttion The dorsally protné
upper part of the septum in diastole appearng
nverted cone together with the anterior mitral
let dunng the streaming 1n of non contrast co
ing blood may however be recogmized

In systole the dorsally bulging septum m
the anteriorly moving anterior mutral leaflet
recogmzed A concomitant mtral regurgnd
usually moderate has been reported n shghty
than half of the patients i

What appears to be a very forceful contrxt
with a high systolic ejection fractron 1s regls’
observed 1 both views GOTSMAN & LEwis ¥
report an average ejection fraction of 0 87 (SDO"
among their patients with IHSS Nevertheless l;
ly several reports based on echographic meas=
ments conclude that the mterventricular sep?*
THSS has a clearly reduced systolic thichen™® ‘:
therefore 1s hypo or non contractle (Rossf;"
coll 1974 CoHEN et coll 1975 CaTEetcoll !
On the other hand they regularly measur e .
creased maximum rate of the systohc lhlckﬂ"C:
the posterior wall COHEN et coll (1975} and ¢
et coll also found mcreased absolute values B9,
thickening The increased ejection fraction 27 .
early emptying of a farge fraction of the st ‘{(
ume 1n 1HSS (HERNANDEZ et coll 19690 ¥ ©
sequently considered to be effected by extd
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Fig { Papillary pont wdeauficanan 30° night antenor oblique
left cineangiography n a patient with THSS a) in dustole and
) systole and a fontrol patent c) 1 dastole and d) systole

ous contractions of the free wall (COHEN et colt
1975 CaTEet coll)

s Starting an exploration of the systolic contraction

sprocess m THSS a cardioangtopraphic analysis of
the degree of shortening of the interventrnicular sep-

Jlum 15 now reported

55

Arrows indicate the upper part of the attachment of the postenor
papillary muscle

Matenals Methods and Results
Left ventnicular cineangiographies 1n the 30° nght
antenor oblique projection at 75 frames per second
from 4 THSS and 15 contro!l patients were analysed
The 4 IHSS patients all males and aged 24 to 64
years had a subaortic chamber with gradients regrs

cm—
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Fig 2 Composite drawing of the outline of the ventncular cavity
of a patient with THSS in diastole (dashed line) and 1n systole
(solid hine) It demonstrates how the diastolic and systolic tnan
gles were drawn (thick dashed and thick soltd lines respectively)

Fig 3 The composite diastolic/systohc tnangles drawn a} from
the 4 paticnts with [HSS and b) from 6 controls The diastohe

tered at rest from 35 to 130 mmHg Al had el
left ventricular end diastolic pressure 3 of the.
negligible mitral regurgitation

The control patients were 7 males and 8 fem
aged 23 to 64 years, examined because of anyr
pain but with normal coronary angrography ands
no elevation of the left ventricular end disi
pressure

The cardioangiographic appearance in the If
group was charactenstic In the control group {
left ventncle appeared normal m all the pate
without abnormal contractions

In every patient a heart beat not preceded b
extrasystole was analysed An end diastolu r
subsequent end systolic frame were identified T
end diastolic frame chosen had the largest obsen
area of the left ventricular cavity before any cor
tion could be observed Correspondingly thet
systolic frame was 1dentified as the one with
smallest observed area of the left ventncular &

3

——————

R
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v
The onentation of ¢

and systoltc heights are also drawn o hown Fs

gles relative to the ventncular cavitics are
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Table

Analysis of The composite distoliclsystolic trangles from patients w 1th JHSS and from the controls
Stgmficance 15 at the 0  per cent level

IHSS group Control Sigmificant
group difference
Apico papillary distance 0058 0757 Yes
Systolic shorteming Range 0 047-0 155  Range 0 083-0 429
SD009% SDo 083
Paptllo-zortic distance 0235 0185 No
Systolic shorterung Range 0 081-0 390 Range 0 032-0 274
spo 27 SD 00729
Apico-aortc distance 0137 0188 No
Systolic shortening Range 0 (480203 Range 0 087-0 25¢
SD0 068 SD 0061
Heght 0150 0318 No
Systolic shortening Range 0 136-0 609 Range 0 018-0 565
SD0 068 SDo128
Diastolic height 0102 0255 Yes
As fraction of Range 0 012-0 156 Range 0 170-0 330
diastolic apico aortic distance SD 0064 SD 0050
Systolic height 0089 0212 Yes
As fracuion of Range 0 013-0 140 Range 0 156-0 279
systolic apico aortic distance SD0 06> SDO 046
Lengthwise papillary point movement 01 0102 No
Distance between heights divided by Range 0 053-0 207 Range (0 036-0 191
diastoli¢ apico-aortic distance SD 0068 SD 0050
Lengthwise papillary point movement 0130 0127 No
Distance between heights divided by Range 0 060-0 745 Range 0 032-0 217
systolic apico aortic distance SD 0086 SDO 063

|

*fore any ventncular dilatation could be observed
he upper part of the attachment of the postenor
wpillary muscle (papillary point) was identified both
dastole and m systofe (Fig 1) The inner apex
1d the middle of the aortic nng were also ydentified
oth in diastole and i systole Diastolic and systolic
tangles were measured (Fig 2) The systolic tnan
les were drawn on top of the diastolic with the
ntres of the aotuic nng exactly on top of each

shortening = (14— 1,14 where 14 = diastolic meas
ured value and 1 = systohc measured value

The diastolic height was calculated as a fraction of
the diastolic apico-aortic length The corresponding
systalic height to apico aortic length fraction was
also calculated

The distance between the drastolic and systolic
heights which reflects the movement of the papil
lary point 1n a direction along the apico aottic avis

ther with the systolic and the di lic aorto-apical
ne runming in the same direction Normals were
rawn from the systolic and the diastolic papiltary
omnts to the common apsco aort hne (Fig 3)
These normals were called the systolic and diastol
= heights of the ventncular cavity These heights as
vell as the distance between them were measured
The systolic shortening of the sides of the trian
les and of the cavity height was calculated by divid
ng the difference between the drastolic and systolic
neasured value by the diastohic one thus Systolic

was d as fraction both of the diastolic and
of the systole apico-aortic lengths These values
expressed as mean values range of values and stan
dard deviation for the two groups of patients are
given mn the Table An abvious difference extsts
between the registered apico papillary shortemng in
the two groups  The probability that the apico papil
lary shortening in the 4 THSS pattents come from the
same population as the control apico papillacry val

ves us less than 0 1 per cent assumng normal dis
tnbution
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Fig 4 Percentage of total stroke volume ejected dunng the

systolic time span expressed as percentage of total systohc

tme_clapsed Interpolated average values — IHSS group
Control group

A difference between the heights of the ventricu
far cavity also exists expressed as a fraction of the
aprco aortic distance both in drastole and 1n systole
as significant as the other difference mentioned

No clear difference between the other measured
parameters was found (cf the Table)

In each patient the relative ventricular volume
was measured according to the area length method
(R ASSER & KENNEDY 1969) from the end dastolic
and the end systolic frames The systolic ejectron
fraction was calculated EF=(V4-V,)/V4 where
Vy=relative diastolic volume and V,=the corre
sponding systolic ventnicular volume In the IHSS
group EF averaged 0 85 (range 0 82-0 88) while in
the contro! group EF averaged 069 (range 0 63-
079) Three of the IHSS patents had only a very
slight mitral msufficiency Thus no sigmificant cal
culation error 1s made by equating left ventncular
volume reduction 1o the amount of blood passing
through the aoruic valve

The ventricular relative volume was also meas
ured for every third frame between the end diastolic
and end systolic frames From these relative vol
umes and from the number of systolic frames the
fraction of the stroke volume passing through the
aoric valve by every 10 per cent of sy stolic time was
calculated by interpolation Mean values at every

systolic time interval were calculated and ¢
mean values are presented as systolic ¢
curves for the IHSS patients and the controlp
respectively (Fig 4)

At all systolic time intervals between the st.
the end of systole a larger mean fracton of
stroke volume had been ejected m the IHSS -
When half the systolic ime had passed thel
patients had ejected an average of 74 per cent
stroke volume (range 67-8]12) The corres
mean value among the controls was 50 per
(range 42 5-57%)

Discussion

The difference between the heght of the &
1s merely areflection of the well known septalit
tation of the left ventricle in IHSS (BRAUNWAL
coll )

The postenior papillary muscle anses froz
posterior ventricular wall close to the groot
tween the muscular septum and the postenof
The hypertrophic septum of THSS tmpinges
this region of the postertor wall as can be o
from the indentation deformuty Non or hy,
tractility of the muscular septum will rest
movement of this region of the postertor wall
systole The degree of systohc shortening
apico papillary distance 1s most probably ant
but reliable assessment of lengthwise septal s
ing dunng systole The individual values fof
systolic shorteming were —0042 -0 005 L
and +0 155 1n the THSS group The reason ot
negative values probably is that the walls ot
ventricle encroach upon each other i late s5**
resulting 1n a twisting of the ventncular geo
when the contractile posterior wall drags the®
upwards using the bulgmg septum as @ e
chlion Because of the patient posttion 1a relt
the longest axis of the heart the effect of ths*
differ from patent to patsent In some 1t will
in overestimation of the systolic shortent-
others the effect will be the opposite that l:
length of the apico-papillary distance ©
systole occurs 15 unhkely On this basis xheK:
systolic shorteming of the apico paptilary d“u*
the THSS group supposedly lies somewhert ‘Im
the observed value but the mdividual data
overestimation of the deviation from this :
value There scems 1o be no reason fof 7’];‘
systematic error of observation 1n the contr! -
These considerations do not ms atrdate the st
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c1g 5 Late systolic lateral tapenng of left ventncular cavity in
58 30° nght antenor oblique view from * patients The arows
} dicate the outer limuts of visible contrast medm a) Streaked

tyaluation given concerning the difference between
She groups because in the relevant calculation the
jumber of patients and the anthmetic mean value of
She IHSS group were used and the anthmetic mean
? hould be approximately correct
1t was shown that the THSS septum shortens 6 per

« ent on the average in the longitudinal direction
#xhich must be compensated for by an increase of 6
sper cent i thickness f the septal volumes 1s to
(emarn constant
4 An average systolic increase in septal thickness

lateral tapenng between the muscle bundles b) Magnification
¢) Lateral tapenng with a more homogencous appearance
d) Magnificauon

from 93 to 225 per cent ;n IHSS has been re
ported (ROSSEN et coll COHEN et coll 1975
CATE et coll } If the order of magmtude of these
observations s correct the septum cannot shorten
much transversely

This can be observed as a lateral tapering of the
ventnicular cavity towards the end of systole As the
relatively non mobile septum does not bend away
from the ventncular cavity 1t acts as a suspender
the free wall encroaching upon 1t duning the systolie
contraction (Fig 5)
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Fig 6 a) Transverse section of a hypothetic left ventncle with
semuctrcular outlime flat stiff septum (the diameter) and zero wall
thickness When the sermarcular free wall contracts from the
diastolic phase 1t changes into a segmental arc  The volume
{represented by the area) 1s reduced rather fast the cavity being
obliterated when the tength of the wall outhne 1s reduced to the
same length as the diameter b) Transverse section of a hypothet
1c left ventncle with circular outhne and a concentne contrac
tion The volume 1s reduced slower relatve to the reductron m

Consequently it may be concluded that the short
ening of the septum 1s marhedly reduced also 1n the
transverse direction

The high systolic ejection fraction and the early
systolic expulsion of a large part of the stroke vol
ume comncides well with the observations made by
HERNANDEZ et coll and GOTSMAN & LEwis The 4
analysed THSS patients are representative m these
respects

Conclusion The analysts presented supports the
views of ROSSEN et coll and others that the muscu
lar intenentncular septum 1n IHSS s non or
hypocontractile in the sense that septal shorteming
1s markedly reduced mn erther direction duning sys
tohic contractton

B Analysis of the protruding
non bending muscular
interventncular septum

HUTCHINS & BULKLEY descnbe the transverse
outline of the IHSS mterventnicular septum as con
cave towards the left ventncular cavity Towards
the end of systole however alatera! tapenng of the
cavity occurs only the axial part remaining some
what more open (Part A) This 1s most probably due
to the fact that contraction of the myocardium
around the septal circumference reduces the thich
ness of the lateral parts of the septum 1¢ by reduc
ing the thickness of the septal attachment This 1s
compensated for by some mcrease i thickness of
the more awal parts of the septum the septal vol
ume remamng constant Thus the left ventncular

3

length of the contractile wall The wall outhne musti
before the cavity 1s obliterated ¢) Transverse secue
hypothetic left ventncle with a semucircular outlme &
and with zero wall thickness The septum represcaicd
astole by the diameter and dunng contraction by the
arc 1s depicted cunved but it does not contract Evead
duction of the contractile wall length to zero a coisé
cavity persists

septal surface loses more and more of its trar
concavity dunng the contraction thereby cot'
tng to the Jateral tapening of the ventricular ¢

As a simplification the diastohc transvers
tion of the THSS left ventnicular cavity mas|
garded as a half circle the diameter represert
septum which the free wall encroaches dur
systolic This 1 on B2
allowed as transverse sections of the feft ven™
cavity in specimens from cases with THSS res
half circles the diameter being the septal s
the transverse concavity of the septal surfz ¢!
quite modest relative to that of the free walll
RER BROWN 1977 HUTCHINS & BULKLEY)

In IHSS a large fraction of the left ven™
strohe volume 1s ejected dunng the first halfel
tole and the ejection fraction 1s high The !
ventncular septum shortens very hittle Theref
has been reasonable to suppose that the fasts
volume ejection and the high ejection frt”
effected by extra vigorous contraction of e
left ventnicular wall Echography has showd L‘ﬂ;
ncrease 1n thickness of the postenor walln
occurs faster than normally some authors e
port that the increase 1s greater as well (RoSS®
coll ConeNetcoll 1975 CATEetcoll)

These different aspects represent 2 e .
enigma If the free wall 15 attached to the tdf’:_
septum which 1n pnnciple may be regard~d 3%
flat and immobile and the transyerse SRS,
cavity 1s about half circular calculations sho f
the percentage ex volume per umt "_:5,
shortening 1s if the cont™
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7 Paneat with THSS Composite drawing from which dorsal
al movemest was measured The aortic width (A) was meas
| along a hae drawn from above the postenor sunus of Valsal
¢t nght angles to the apposite 20r0C e distance (D)
veen perpendicutars to thus ine and tangental to the dorsally
Tuding septum in diastole (broken line) and wn systole (sohd
} was also measured 'The fraction D/A was used as estimate
orsal septal movement dunng systole Prolapsing mutral valve
7) and dorsally protruding septiim m systole (S)

icentric This principle 1s illustrated for the sim
" theoretic case of zero wall thickness n Fig
P
:f the septum curved towards the night ventricle
ng systolic contraction a practically non short
e septum combmed with vigorous contraction
the free wall would be easier to understand On
other hand a high systolic ejectron fraction
uld then be rather difficult to account for blood
suld collect 1n 2 pocket between the contracting
"¢ wall and the septum bending towards the nght
'en with 2 reduction to zero of the transverse di
‘ension of the free wall (Fig 6 ¢)
An analysis has been performed to find out
hether the wterventricular septum bends towards
e night dunng the systolic contraction and the
sults are now presented

Matenials Methods and Results

' Films at left v

Fig 8 Patient with THSS Composite drawing from which ven
tral acrtic movement was measured The duastolic and systolic
figures were drawn on top of each other as they acrually were
observed while viewing the cine film The systohc aortc width
{A ) was measured along a ine drawn between two points located
sust above the diastolic pestenor and antenor stouses of Valsalva.
‘Along the same line the forward movement (f} of the antenor
contrast delineated aortic contour durmg systole was measured
The fracuon ffA was used as esumate of antenor 201H¢ move
ment Systohc prolapse of mutral valve {MV) membraneous 1
terventncular septum w systole (M)

ufied as the ones with the Jargest and smallest area
respectively Tracings of the mner surface of the left
ventricle 1 systole and n diastole were made as
well as of that of the ascending aorta above the
smuses of Valsalva

The tracings were redrawn on top of each other
care being taken to draw the diastolic mner antenor
aortic border exactly on top of the systolic On this
composite drawing 2 normal was drawn from the
mner wall of the aorta just above the dorsal sinus of
Valsalva to the opposite wall Perpendiculars to this
normal were drawn tangential to the muscular sep-
tum 1n diastole and 1n systole where 1t bulged back
wards (Fig 7) The distance between these two per
pendiculars expressed as a fraction of the diameter
of the aorta along the normal drawn first was used as
an estimate of the dorsal septal mosement

In late systole the aortic root has a shight ventral
movement A new composite dastohc systolic
drawmng was made where the aortic root movement

1 the 60° night postenor oblique projection from the
‘ male patients with obstructive THSS and from 10
{ the control patients descnbed 1 Part I were
nalysed as cme films had been exposed n the 60°
1ght postenor oblique position only i 10 (5 men and
' women aged 23 to 60 years) of the 15 controls The
*0° nght postenor oblique cine films at 75 frames per
ccond were obtamned simultaneously with the 3¢°
1ght antenor oblique cme films analysed in Part A
The end diastolic and systolic frames were iden

was not p d for Thus on this drawing the
diastohc and the systohic tracings do not correspond
exactly A lme was drawn immediately cranial to the
antener and postenor dastolic smus of Valsalva and
along this hine the diameter of the systolic aorta was
measured Along the same hine the distance between
the anterior nner margin of the aorta in diastole and
1 systole was measured (Fig 8) The latter distance
was calculated as a fraction of the systohc aortic
diameter and used as an estimate of the anterior
aoriic movement dunng systole

o~



.
NIPR

62 G KVAM

Fig 9 60 right posterior oblique cine frame from a patient with
THSS a) 1n diastole and b) 1n systole Antenorly bulging mem
branecous septum (~+) with its continuation below in the upper

Dorsal systolic movement of the septum in the
IHSS group averaged 0 324 (range 0 234-0 453) In
the control group the dorsal systolic movement av
eraged 0 097 (range 0 044-0 177) with SD 0 038

Systolic ventral movement of the ascending aorta
averaged 0081 in the IHSS group (range 0 054-
0 104) In the controls the corresponding value was
0 189 (range 0 145-0 250) with SD 0 035

For both parameters the probability that the four
THSS patients came from the same population as the
controls was less than 0 1 per cent assuming normal
distnibution

Discussion

The ncreased backward/downward movement
1nto the left ventncular outflow tract of the bulging
upper muscular mterventncular septum s a well
known mechanism of the subaortic stenosis in
THSS This systolic movement ts quantitated by the
method used

The anterior movement of the aortic root during
systole 1s less marked tn the IHSS patients than in
the controls This 1s probably related to the dorsally
moving and bulging interventncular septum Inall 4
THSS pattents 1n agreement with images and trac
ngs of images previously published by BRAUNWALD
etcoll and COHEN et coll (1964) the upper anterior
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muscular septum The convexity 1s more prominent
than 1n diastole because of the dorsally moving scf
prolapsing mitral valve in systole (++)

margin of the left ventricular outflow
antenior bulge in the steep night posternor
projection (Fig 9) However this anterior
protrusion 1s an illusion When the antenor
systole 1s put exactly on top of the anteror
drastole the systolic upper bulge does not
in front of the corresponding diastolic structy
upper muscular septum 1s drawn bachwards
contracting walls of the left ventricle and th
cular septum 1s 1n turn dragging the membr
septum with 1t The membraneous septum ¥
attachments 1n turn keeps a dorsal pull on the
root its anterior movement thereby being rest
The antenior bulge 15 formed by the dorsally
muscular septum above the most dorsally pret
muscular ndge and its continuation mnto the
braneous septum which 1s pulled antenorly |
aortic root The restricted aortic root mo*
indirectly imphes that the septum does not
anteriorly to any sigmificant degree An ani¢
bending muscular septum would not pull the
braneous septum dorsally

The shortening of the muscular interve
septum 1s markedly reduced 1n IHSS dunfé ¥
(Part A) and 1t does not bend duning systoli® M‘
tion HUTCHINS & BULKLEY have shov? (h;
septal surface 15 convex Jongitudmally and ‘°|
transversely 1n IHSS They are probably M

entr
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Sposing that the shape of the septum causes an
etnc contraction Their argument however
-ty upon assumptions which can hardly be sup-
“ed They use a model composed of mfintely
1 walled structures (soap bubbles) and with 1deal
wetric surfaces and they seem fo believe the
ssure distnbution across the septal surface to be
cause of the 1sometnc contraction However 1t
nore likely that a surface with zero net tenston on
“ier stde 15 the consequence of the forces at work
1 not the cause of such forces
[herefore an alternative explanation 15 brought
,ward The contracting longitudinal septal muscle
tes tending to out the } dnal
vexity work against the contracting transverse
Ascle fibres which tend to move the septal surface
ards the cavity centre These two contractile
‘nponents of the septum then have the net effect
\t the contracting IHSS septum 1s locked tn oppos
; isometrc contraction They necessanly balance
h other because shortening in one direction
stches the myocardial fibres in the opposite direc
n therby 1ncreasing the opposing force according
oo the Starlng pninciple until an equhbnum s
_iched and vice versa
'—r The basic defect of the disorder thus most prob-
~ly 1s an anomalous shape of the muscular nter
™ ntneular septum  as assumed by HUTCHINS &
"LKLEY leading to 1sometric contraction and sec
idary hypertrophy of the septum The septal mu
T ostructural abnormalities are thereby accounted
¢ (WIGLE & SILVER)
# Conclusion The analysis supports the 1dea that
e THSS hypertrophic muscular septum ts relatively
“gid and non bending dunng systole
I The abnormality of the septum 1s most probably
*n anomalous form leading to 1sometnc contraction
i, stiff septum with markedly reduced systolic short
»ung and with an active myocardial wall attached
¢ round 1t acts as a suspender An ordinary degree of
~nyocardial fibre shortening by the free left ventncy
var wall will expel the stroke volume faster and also
gave & higher ejection fraction than in an ordinary
vieart which has a more concentnc contraction
+¥hether this explanation s sufficient or whether 1t
1S necessary to suppose a more vigorous contrac
#tion of the IHSS free left ventnicular wall 1n addtion
yn order to explan the high ejection fraction and the
fast stroke volume ejectton of the disease 1s open to
:dlscussmn
« Echographic observations certamnly seem to sup-

Y

port the 1dea that hypercontractility of the free wall
1s also mvolved even though this 1s not the only
explanation 1n a later communication ths problem
will be analysed by using cardioangiographically de
termmed parameters as mput m geometnc models
n order to determune the actual fibre shortening of
the free wall of the THSS left ventncle

SUMMARY

Biplane left ventncular cineangtographies 1 4 patients
with typical obstructive diopathic hypertrophie subaortic
stenosis (IHSS) and m control patients with normal left
ventricles were analysed In the protruding hypertrophic
muscular interventnicular septum of IHSS a markedly re
duced shortening occurs 1n either direction dunng the
systohc contraction It does not bend towards the nght
ventncle It 1s suggested that the septum of THSS acts as a
suspender dunng the systolic contraction thereby ac
counting for the fast stroke volume ejection and the high
ejection fraction of THSS
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: RADIOGRAPHY OF THE SMALL INTESTINE WITH LARGE
o AMOUNTS OF COLD CONTRAST MEDIUM

M BIRGITTE BRUN and VIKTOR HEGEDUS
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xa;'\lthaugh hods for radiol ex films of high quality. However this method does not

arination of the small bowel have been described
“ng the last half century (PANSDORF 1937 WEIN
7\ AUB & WILLIAMS 1949 GOLDEN 1959 MATTSSON
dcoll 1960 SELLINK 1974 1976 MARSHAK &
IDNER 1976) no method has been accepted as a
D Tndard procedure and many departments are still
"‘“"need of a simple and rapid method for daily rou
e The examumation af the small bowel 1s often
irformed as a contmuatton of a gastric senies with
mrela!lvely small amount of banum contrast me
wsam This method gives only segmental demonstra
n of the small intestine and the contrast medium
unds to pool after a couple of hours m 1ileal loops
¥ the lower part of the abdomen (Fig 12) The dia
10stic value of the examunation 1s doubtful and the
W ansit ime 1s long Lattle mformation on the anato
y of the small bowel 15 obtamed and the appear
#ce of the mucosa 1s seldom demonstrated In addi
5 *on the protracted examination is tinng to the pa
2* ent often uninspring to the radwiologist and dis
bs other fluoroscopte work
Forty years ago 1t was pointed out that the use
f large amounts of contrast medium 1mproves the
uality of the examunation and reduces the transit
me (WELTZ 1937) At nearly the same time 1t was
ported that cold fluid leaves the stomach sooner
nd passes more rapidly through the mntestine than

eals at room_temperature (GERSHON COHEN et
oll 1940)

Thus acombination of these methods 1 e the use
*fa large amount of cooled contrast medwm _shodid
ive rapd d of the small and

seem to be umversally used (PIERCE personal com
murication)

Matenal and Method

Dunng 1976 and 1977 203 exammnations of the
small bowel with a large amount of cold contrast
medium were performed m 170 adults and 33 ¢l
dren Indication for the exammation findings
transit ime  and total examination time were re
corded Furthermore in 25 patients two examma
tions were performed with an interval of 1 to 6 years
the first one bemg a follow through after gastric
exammation at the second one 500 ml cold contrast
medium was used The difference 1n transit ime
b the two was ded

Techmgue Adult patients were given 500 ml
Mixobar (Astra Denmark) 1 g/m!m a30% dilutron
children somewhat less The contrast medum was
mixed with tap water cooled to approximately 5 C
After the barium meal the patient was placed 1n the
nght lateral position Fluoroscopy was performed at
short mtervals especially at the beginning of the
examination Films surveys and spot films were
taken when the various parts of the mtestine were
wellfilled The examination was concluded when all
segments of the small intestine had been satisfac

tonly demonstrated The exposures were made at
120 LV

—¥OMY
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a

Fig 1 13 year-old gl with ulcerative coliis a) Small bowe!
examination with a small amount of contrast medium pooling
1n tleal loops in lower part of the abdomen This film has no
diagnostic value b) Almost the entire Jength of the small bowel

Results

The indications for the examtnation are given n
Table 1 and the findings tn Table 2 A diagnosis was
reached 1n 189 patients Well defined lesions were
found mn 71 cases no abnormalities 1n 118 The
group named others represents a broad spec
trum of conditions such as jeyunal diverticulosis

Table 1

Indications for small bow el exanunation

No of
ratients
Malabsorption and diarthoea 64
Crohn 3 disease 48
Pamn and dyspepsia 38
Gastromntestinal haemorrhage 8
S ibaleus n
Abdominal tumour 14

Others 9

b

demonstrated on one film with a large amount of col!
mednlum The filling 1s uniform and the appearance of thet
visible

Meckel s diverticulum sequelac to intestina
tion 1nternal herma (Fig 2) In 14 patients
was b or 1

Six of the 203 examinations were excludeds
the series cither because the transit time &
examination time was not recorded or becav¢
examination was concluded before the ¢
medium had reached the caecum [n the rem
197 cases the transit ime to the caccum ¥
than one hour 1 56 between 1 and 2hm 7
between 2 and 3 hin 87 per cent

The exammation was completed 1 less
hours 1n 89 per cent of the 203 c1ses 1 3 K7
tn less than one hour In 118 cases no abnor™
were found In this group the transit tme *
caecum was less than 3 hours n 95 per “mﬂ‘
examination was completed 1n less than 3 "“‘«
93 per cent A comparnison of the transit ume ‘”‘
25 patients examned by both the com¢®!
follow through examination and the on¢ wit :(
amount of cold contrast medium showed ',~
mean transit time was reduced from 267 0!
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2 43 year-old man with mtermuttent intestinal obstructions
lowed by spontaneous rehef smce childhood Examumation
4 a large amount of cold contrast medium duning an attack

ealed a paraduodenal herma a) A p view Mesentenal mal
«

d

Discusston

The atm of a radiologic examination of the small
Itpwel should be the demonstration of the entire
y#ngth of the jeunum and deum Contrast filling
ould be uniform and make it possible to evaluate
wetalls 1n the mucosa Since SELLINK (1974 1976}
4% wtroduced double contrast examunation of the
#*mall intestine it has been increasingly realized that
+ his part of the gastrointestmal tract requires just as
st areful an exarmnation as the stomach and colon
#ELLINK used a duodenal tube through which large
4 1mounts of barium plus water or air were uyected

fhis method demonstrates the entire small bowel
jymucesa excellently and rapidly However a method
more comfortable to the patient giving adequate
elmcal information without duodenal mtubation 15
ypreferable The large amount of diluted and cooled
gcontrast medium was well accepted by the patients
» both adults and children
As early as 1937 1t was pointed out by WELTZ
“ that the quality of small bow el examination depends
ﬁ(mpon the degree of filling In recent years MARSHAK
’% & LINDNER tn particular have emphasized the

"

rotation  Arr filled small bowel loops m left side of abdomen
b) Lateral view Contrast filled ileal loops dorsal 1 the hernral
sac the neck —

importance of large quantittes of contrast medium
which stimulates gastric emptymng and reduces the
transit time (CALDWELL & FLOCH 1963 KIM 1968
MARSHAK & LINDNER) The Jarge volume gives um
form filling of the intestinal loops and protects the
banium meal from the disintegrating influence of the
gastric and mtestmal contents The effect of water
absorption from the dleum is reduced when the
volume ot the contrast medium 1s large and the
transit accelerated

Table2

Radiologic abnormalities

No of

pateats
Malabsorption 17
Crohn s disease 13
Adhesions 22
Ascites 2
Space filling lestons 6
Malrotation 2
Others 2



Fig 3 Two cases of biopsy proven celiac disease a) Floccula
tron of small amount of banum at follow through examination
Evaluation of the mucosa not possible b) The appearance of the

Supenmposition of small bowel loops may con
stitute difficulties when a large amount of contrast
medium 1s used By diluting the contrast medium
and by the use of high kilovoltage and compression
films these difficulties can usually be overcome

GERSHON COHEN et coll found that an ice cold
meal leaves the stomach much faster and passes
more rapidly through the small intestine than meals
at room temperature or heated meals WEINTRAUB
1n 1941 observed (WEINTRAUB & WILLIAMS 1949)
that iced drinks after a meal increased the motility
of the contents  the gastrointestinal tract and re
sulted in diarrhoea After several expeniments these
authors presented a rapid method for examination
of the small bowel They used tsotomic saline at
room temperature and afterwards ice cold physio-
togic saline They reported good film quality and a
short transit time with this method but dnnking this
flind cannot have been pleasant for the patients

In the present sertes Mixobar was diluted with
cold tap water and the patients were given 500 m!
of this suspension The contrast medium was easily

mucosa demonstrated with the use of a large amountd
contrast medmm

accepted 1n this form Mixobar has proved a sk
contrast medium which does not flocculate &
during long lasting examinations or in cases of &
absorption The transit time was constderablt:
duced by changing the baruum meal from 3¢
at room temperature to 500 ml cooled contras
89 per cent of the patients the examnation #28 o
pleted 1n less than 4 hours However many of
patients had pathologic conditions n the smal#
testine which per se may increase the transit b
Therefore a group of examinations without abee

I was Jered ly In thest &=
the total examnation time was less than 3 0%
1093 per cent The comparison of the two daf™
methods 1 25 patients revealed that the ust
large amount of cold contrast medmum reduced®
transit time by about one half

From a diagnostic point of view th
sented has also proved an advantageé
of contrast medmum 1s too small the ba

wln

tendency to accumulate m mtestinal foops -
\mpossible to identfy and thus gives Il diog?

e method b
If the amd
um £
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3 4 17 year-old gl with Crohn s disease in terminal ileum
13 m and ascending colon Displacement of testinal loops
licates extra intestinal extent of the disease

yoeformation (Fig 1a) The use of a large amount of
« "ld contrast medium affords umform filling of the
patestmal loops and often makes 1t possible to dem
(o mstrate the entire small mtestine on one film (Fig
4r'b) Changmng the patient s position and the use of
| Ompression can disclose even minor ab \|

1 the mucosa

and the transit tune were analysed 1n 203 patients The
quahity of the examinattons was good The transit time
was reduced compared with conventional methods

ACKNOWLEDGEMENTS
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¢# In pauents with ption the ge of

he method 15 obvious (Fig 3) When a large amount
+ 'f cold contrast medwm 15 used flocculauon and
Acgmentation of the contrast meditm rarely occur
’L«he mtestinal mucosa 15 well coated with banum
'"ind the appearance of the mucosa well demon
* trated Furthermore n patients with locahzed
e welling of the intestinal wall indentations tn the
& surroundimg loops indicate the extent of the lesion
Y (Fig 9)

¢ SUMMARY

A rapid method using a large amount of cold Mixobar
ﬂ‘b for radiography of the small bowel without duodenal mu
bation 1s presented  The diagnostic value of the method

oF

E Denmark
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M THE DEPARTMENTS OF DIAGNOSTIC RADIOLOGY PATHOLOGY AND SURGERY MALMO ALLMANNA
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RADIOGRAPHIC APPEARANCES IN CROHN S DISEASE

111 Colonic lesions following surgery

J HipeELL C LINDSTROMand A WENCKERT

Considerable mterest has been given to analysis of

problem of recurrences followng operation for
ohn s disease (VAN PATTER et coll 1954 CoL
CK & VANSANT 1960 STAHLGREN & FERGUSON
51 BARBER et coll 1962 ATWELL et coll 1965
ILL et coll 1969 DE DOMBAL et coll 1971a b
JLIGHER et coll 1971 WALLENSTEN 1971
ENCKERT 1971 NUGENT et coll 1973) However
+ attempts have been made to analyse the exist
ice and localization of the recurrences 1n relation

both the preoperative distribution of the lestons
1d the operative methods employed Neither have
currence in the small intestine and recurrence
1¢ colon been considered separately

In previous reports radiographic features of
onoperated patients with Crohns disease were
onsidered with special reference to minor lesions
Part I HILDELL et coll 1979) The purpose of the
rresent communication 15 to describe the postopera
wve radiographic appearance of the colon The find
ngs are also correlated with the preoperative dis
nbution of the Iesions the operative procedures
mployed and the appearance of the new distal
leum

Matenal and Methods

The same matenal as in Parts T and I was used
(HILDELL et coll 1979) The postoperative films of
all patients m whom the disease preoperatively
was located in the distal ileum the distal ileum and
the colon or the colon alone and in whom the entire
or large parts of the colon were left behind at re

1 d

were d The sertes con

sisted of 317 small and 247 large intestine examina

tions performed m 114 pattents The postoperative
appearance of the colon and the small mtestine was
recorded and correlated with the preoperative
distribution of the lesions and the operative proce

dures employed (Fig 1)

Results
Postoperain e appearance of the colon

In 86 of 114 patients no abnormahty was found In
the remaining 28 patients vanous types of Iesions
were recorded

Postoperative submucosal edema (12 patents)
The patients had no chnical evidence of recurrent
colonc disease (Fig 2)

Postoperative colitis (16 patrents) a) Superficral
fluctuating cohiis The patients had no definte chin
cal evidence of recurrent disease m the colon (7
patients Fig 3) b) Colitis with clinical evidence of
recurrent disease in the colon (9 patients Fig 4)

Comp bety

npre and p
appearances

Colonic lesions were left behind m 14 patients
(D-F Fig 1) The occurrence of postoperative
colitis was strongly related to the existence of
lesions m left behind at op-

eration (Fig 5) Of 16 patients with postoperative
colitis 13 had preoperauve lesions while 1 3 pa
lients no relationship with preoperative lesions was

P e
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Radiographic appearance of the new distal
1leum and the colon after operation
for Crohn s disease

Abnormalities charactenistic of

recurrence
Extentat Nore Distal Distal Colon
umeofop  current dleum leum and
Op methods disease colon

Al

B

B
J
N

(@)

Inky
T H 5

m

s

1
62 36| 13

1,
=

i

>

Fig 1 Correlation between the extent of disease at the time of
thy and the

c 0p! p
tive appearance of the colon and the new distal leumn

found More detailed formation 1s given in Fig 6

The different types of postoperative colonic lesions

are correlated with the preoperative distnbution of

the lesions and the operative procedures employed
In the p with p b

edema no correlation with preoperative lesions was

ative

tive colonic lestons while 1 3 of 100 patients
no such relationship was found The differe
sigmificant (p<0 001)

Postoperati e lesions in the small intesine

Different types of lesions were observed 2

the small intestine (more detailed iformations”
available n a forthcomting report}

(a) Edema Broadened and irregular r
folds but no ulcers and no local progression
patients had no chinical evidence of recurrence

(bj Radiographic recurrence Abnorma
actenistic of recurrence 1n asymptomatic

(c) Recurrence Radiographic and chnicd
dence of recurrence

The two latter groups are referred 10 as posty
tive tlettrs

The rel hip between postor
lestons and the postoperative appearance of i
distal fleum appears 1n the table

Of 16 patients with postoperatne coliis IV
had a postoperative ileitis Two of these went
ated upon with segmental resection of the ke
m Fig 1 VI Fig 6) and both ileal and &
lestons persisted postoperatively Another2p™
(FinFig 1 VIILin Fig 6) were operated upot®
resection of the rectum and the aboral colot
neither pre nor postoperatively had any
sions In the remaming 12 patients a presu™
normal tleal segment was operatively comnt
with a colonic segment that was postopen”
(and m the majonity of the patients also preo
tively) involved by colitis In II of these 12p22
(929) recurrence had developed in the new S
tleum 1n addition to postoperative colitis

In 31 patients a postoperative iletts was fo
the deal segment (Fig 1 B C) that was®~

)
ative (¢

found In 3 of the 16 p with p ative
colitis no correlation with any preoperative lesion
was found No preoperative examination of the co
Ton was performed n one of these 3 the second was
examined only once The quality of the films was
unsatisfactory and possible existence of munor le
sions could not be evaluated In the third patient a
resection of a hissing leston n the sigmoid colon
was performed n addition to an sleotransverse co
lostomy In the rematning 13 patients lesions were
recorded both pre and postoperatively

Thus n 13 of 14 patients (93%¢) a relationship
evisted between postoperative colitis and preopera

d to a preoperatively normal segment ©
colon (3 patients accounted for above beﬂ’SS
cluded B Fig 1 Il and V m Fig 6} I8¥
of these 31 patients was any postoperatve &
found

Thus 1t appears that linear extenston 0
across an tleocolic anastomosts was S0 'ﬁl‘r
more frequent n oral (92%%) thwn 1 abord {
direction (p<0 001)

Also n 12 patients with postoperatis o0
edema 1n the colon a high rate of additioe®
lesions exsted 7 patients had postoperatne ¢
and 3 had edema (I + 11n Fig 6)

f e
.

e submic”
P
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7

an 2 2) Postoperative submucosal edeéma In the transverse
n m a patient with an ileocolic anastomosis b) Detail of
Uisverse colon

i Management of postoperative colitis

«Of the 16 patients with postoperatne coliis 13

\2re reoperated upon 8 of 9 patients with chinical

.aidence of recurrent colitis and 5 of 7 with superfi
al coliis In 7 of the 8 patients colectomy and

. ostomy was performed None of these patients

had another recurrence In the remaming patient the
distal lleum was anastomosed with a shightly dis
eased rectum This patient soon had another recur
rence

Of the 7 patients with superficial coliis 5 were
operated upon with resection of the new distal ileum
and a new ileocolic anastomosis was performed

. Table
y Retanonship between postoperatne colomc lesions and the postoperatne appearance of the new
’ distal lenm
Colomic lestons No of Postoperative appearance of the new distal fleum
patients —_——
¢ Normal Edema Postaperative ileitis
—_—
. Radigraphic Recurrence
fecurrence
v Submucosal edema 12 2 3 3 4
Postoperative colitts
' Superficial ? 1 6
, Recurrent 9 2 7
Total n s 3 3 17
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B

Fig 3 a) Postoperative superficial colitis n a patient with
tleocolic Multiple l ulcers m the

The indications were recurrent disease in the distal
tleum and the colon was normal to mspection and
palpation at operation Microscopy of the resected
colonic revealed y lesions All
patients had a second recurrence 1n the distal leum
and the colonic lestons persisted

Tworp of I3 withy p ve sub )
edema 1n the colon were operated upon because of
recurrent disease 1n the new distal sleum In both
patients microscopic examination of the resected
colonic segments confirmed the radiographic dia
gnosis of edema

Discussion

In the hiterature recurrence of Crohn s disease ts
accounted for 1n different ways in regard to both
frequency and localization In most reports recur
rence of the disease 1s prncipally correlated with the
operative methods employed and the focalization of

colon and extensive lesions in the distal ileum b) Dets
verse colon Multiple punched out and aphthoid ulcers

recurrent disease 1s not further specified (BA
coll ATWELLetcoll BRILLetcoll pDEDO
coll 1971 b) Some authors however hav
such a specification but have not correlat
localization of recurrent disease with the prt
ttve distnbution of the feston of the operatii¢
dures employed (DE DOMBAL et coll 19712 ]
& VIGNAL 1976)

Still others provide information concern:
currence rates correlated with the postoperat!
tnibution of the lesions but further particul2f
ceming operative procedures and locahzation
current diseases are absent (SCHOFIELD 1965
LENSTEN)

In the radiologic literature little has been %
on recurrence of Crohn s disease in the oo
authors mention parenthetically that spread ¢
disease 10 the colon 1s more common after $*
intervention than before (BRAHME & “E“:
1970 MARSHAK & LINDNER 1970 BRAIVES
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T

i e

i

F

Fig 4 a) Radiographic and chmcal recurrent coliis 3 months
after the primary operation Multiple punched-out ulcers m the
descending colon Atr filled and featureless dstal ileum b) Detail
of framed area i the descending colon n (a) Multiple punched
out ulcers

1975 SIMPKINS 1976) but no attemnpts have been
made at a closer analysis The present results may
be summanzed as follows

Postoperative  No of Preoperative appearance
findings cases  and management
Recurrent 9 Colonic lesions left
colitis behind (8)
Resection of a kissing
Ieston (1)
Superficial 7 Colonic lestons left
cohtis behmnd (5)
No examnation of
colon (1)
Unassessable examma
twon (1)

Fig 5 Correlauon between postoperative colitis and the
Preoperauve appearance of colamc segments lef behind on op.  SUbMUCOSAl 12 Normal preoperative

‘eration edema colon (12)
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Postoperative lesions
1 the small bowel

A supetficial fluctuating colitis was recorde’
postoperatively In 5 of these the b

Group Extentat Postop Normal EdemaRadiogr Recur
and No time of op colomc I recur
of cases Op methods lesions

9| (52 | 2|1 |3]1]4
BRIV 21| |2
2

7
CZIRIE

I
=)
4| (D) |V )
2| 3 [ 2
| 28 5/3|3[17

Fig 6 Corrclanon between postoperative colomc lesions the

postoperative appearance of the new distal fleum the extent of

disease at the ume of and the op P

employed O Severe lesions O Svperficial lesions T Submy
ema

W

NN
| =N

Thus 1n 8 patients of 9 with climcal and radio
graphic recurrence the colonic lesions existed al
ready preoperatively Therefore the recurrence
must be considered to be due to an exacerbation of
the disease in segments left behind at operation The
mnth patient had recurrence after surgical removal of
a kissing lesion n the sigmoid colon The cause of
the recurrence mn this pattent 1s not clear In the
Iiterature only a few authors have touched upon the
problems concemning the surgical approach to kiss
ing lesions CHERIGIE et coll (1973) reported the
same expenence 1n 2 patients after resection as was
encountered 1n onc patient mn the present seres
SCHOFIELD had m § patients 2 recurrences and one
operative death This does not prove that there 1s a
causal r between of a kissing
leston and recurrence of the disease mthe colon but
the possibility must be considered

existed preoperatively and were left behind at
tion In one of the remaining 2 patients no
testine exarmnation was perfcrmed preoper
and 1n the other only one which was notes*
with regard to minor lesions In this particu
of the disease the mucosal lesions have au
to appear intermuttently and therefore it1s
abie that the colon n these 2 patients wasm
also preoperatively

Hence 1f colonic lesions were left behmde
eration 2 significantly high nsk of postop
recurrence of the disease mn the colon eustt
the other hand 1f no lestons were left behind®
was low no matter whether poslopemmclw
were found m the new distal tleum or not
probably reports on postoperative spread
disease to the colon (BRAHME & WENCKERT
SHAK & LINDNER BRAHME & FORh SN
may be explamed by the fact that colomc}
were overlooked at the preoperative exam
and duning operation

Submucosal edema 1s not specific for Crolt
ease but appears 1n any type of colitis Its pt
m 12 patients n this seres 1s difficult to eval
may be representative of the basic disorder (
other hand the lesions did not progress whi'
mndicate that the edema rught be a nonspectf
tion to for example diarrhea caused by con!
rary 1leal lesions or malabsorption

It 1s hard to explan the high rate of recur
1he new Gista) deum that was recorded m 288
postoperative colitis (13 of 16 patients)

One explanation may be that ileal lestons w&"
behind at operation and hence that the posti
tive ileal lesions represented an exacerbation®
disease However considering the results ol
uve treatment for recurrent disease thS ¢
seems less plausible After reoperation patiert
erated upon with colectomy obviously dilfes
patients with a new tleocolic anastomos!s 3
former patients no further recurrencc dNH(
while in the latter (1 e patients with suP“ﬁml
tis) another recurrence occurred tn the new
sleum 1n addstion to persistent colonic drseas

More plausible 1s that recurrence 1 the pe*
tleum was caused by spread of the diseast fre”
colon a spread that was made possible by the ;
tvely accomplished anastomosis This th e §
vored by the results of operation for recv
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It should also be mentioned that recurrence
“zloped m the distal ileum of several patients (not
=uded in this senes) after an operative connection
=3¢ 1leum 10 a shghtly diseased rectum However
“us theory 1s true there 15 no reason why the
« ase should not spread m the opposite direction
from a diseased distal ileum to a nondiseased
m As s obvious from the results this did not
»pen An 1 for this ph might
.afforded on the basis of the theory of lymphatic
ad that was postulated previously (Part II) A
, diseased deum and a diseased transverse colon
g have ther lymphatic dramnage through the
, enor mesentenc system of lymphatics and the
;wm has no alternative way of dramage On the
» trary if a diseased tleum 15 connected to a non
I:,_a\sed transverse colon this has an alternative
7 of drainage through the inferior mesentenc sys
- of lymphatics
" Jhatever theory 1s correct patients in whom co-
dC lestons are left behind at operation run a high
| of developing recurrent disease in the colon and
new distal tleum Thus 1s also true in patients in
0 the mucosal lesions have regressed or the
. ILlls mantfests 1tseif only i the form of superficial
ot osal ulcers The capricrous and fluctuating na
of colomc Crohn s disease should always be
¥t 1n mind and temporary healing of mucosal le
S s should not be regarded as permanent healing
1) patient once has been proved to have lesions in
it entire colon he should always be regarded as
ving 1} The p P e 18
i*3bably the same whether mucosal lestons are
3*1nd at the time of operation or not
ol It 1s obvious that a careful preoperative evali

currence 1n the colon was 1 13 patients of 16 due to an
exacerbation of the disease n segments left behind at
operation Recurrence m the new distal iteum n addition
to persistent colonic disease occurred m 11 patients of 12
This was probably due to the operative connection of the
ileumn to a diseased colon
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RADIOGRAPHY IN PRIMARY TUMORS OF
THE SMALL BOWEL

OLLE ERBERG and SVEN EKHOLM

The preoperative diagnosis of tumors in the small
wel 1s still not satisfactory The symptoms of the
nor are vague and unspecific and therefore often
mlocked by the chimcian Consequently the pa
at will not have any proper radiologic examna
n (SILBERMAN et coll 1974) These tumors have
ow frequency and a correct radwologic diagnosis
hought to be rare even on those occastons when
tumors are observed on the films (VUORI &
JORI 1971) The present mvestigation was per
‘med 1o find out the frequency of pnmary tumors
the small bowel and to what extent radiology was
nsulted 1n these hospitals which are referrmg
sspitals 1 Southern Sweden A retrospective
aluation was also performed to assess how often
correct radiologic diagnosis could be made and the
1portance of different radiographic methods

Matenal and Methods

The files of these two hospitals and of other hos
itals m the region were reviewed for patients who
n operation or autopsy were found to have tumors
f the small bowel dunnga penod of 7 years {1971~
977) Only tumors of the jejunum and ileum were
neluded The ducdenum was omutted because the
xamination of this region was felt to be less contro-
tersial beng 1 luded 1n banum

barium contrast examimations of the small bowel
and angiwgraphy

Results

The mean annual number of mhabitants i the
area was 1424282 A total of 133 confirmed primary
small bowel tumors were found which corresponds
to 2 mean annual mcidence of 133 per 100000
Of these 133 tumors 118 were available for further
climcal and radiol evaluation Rad hy was
carmed out m 63 patients (539%) and of these 30
{47%) were correctly diagnosed as small bowel
tumors (Tables 1 2) Of the tumors 28 were benign
and 90 mal with a prepond of
tumors  lelomyomatous tumors and adenocar
cmomas {Table 1)

Patients exanuned radiologically In no case did
abdomunal survey films give reason to suggest a
tumor however one of the carcmoids contamed
caleific deposits Obstruction of the small bowel by
ileus was present mn 19 patients

Acute conventional follow through examinations
durning episodes of obstruction were carried out m
21 patients and the tumors were then diagnosed 1n
7 of these (33%) In 2 patients 1his examunation was
regarded as normal In the remaiming 12 patients the

ton of the stomach It 1s also possible to explore
his region via y Pnmary lymph of
“he small bowel have been excluded from the ma
tenal because of the difficulties n separating them
from secondary lymphomas even on autopsy Ex
amnations of mterest were abdonunal survey films

d d the of h 1
obstruction but no abnormalities indicating tumor
‘were present

Small bowel examinations performed on 36 pa
tients by oral admunistration of the barum penods

Subrnitted for publication 6 February 1979
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Table 1

The matenal classified according to tpe of tumor

Type of tumor Radio- Noradio- No of
graphy graphy patients

Angiomatous leston 3 5 8
Unspec granuloma - 1 1
Polyp 2 - 2
Fibroma, - 2 2
Fibrohpoma 1 - 1
Lipoma - 3 3
Peutz Jeghers

disease 2 - 2
Leiomyoma 3 6 9
Leiomyosarcoma 12 7 19
Adenocarcinoma 9 9 18
Carcinod 29 2) 50
Neurofibrosarcoma 2 - 2
Malignant mesenchymal

tumor - ! 1
Total 63 55 118

with no chinical or radiographic mdication of ileus
disclosed 18 tumors (50%) These tumors had a
mean diameter of 4 cm and the overlooked ones 2
cm but in some cases larger tumors were over
looked In these cases the examimations were ham
pered by wnadequate separation of the bowel loops
or poor quahty of the films Nor could the tumors
be observed at a review of the films In 2 cases of
large letomyosarcomas the ntraluminal part of the
tumor was less than 2 cm 1n diameter

Six of the small bowel examinations were per
formed via duodenal intubation and 1n 5 of these the
tumors were disclosed The overlooked case was a
carcinoid tumor with a diameter of 3 cm  without
desmoplastic reaction The films were of high
quality but the tumor could not be identified even at
review

Angiography was performed n 32 patients Most
of them had letomyomatous tumors (9 cases) and
carcinoids (15 cases) (Table 2) All lelomyomas were
observed In 4 cases with carcinowds angiography
did not disclose the small bowel tumor but in 3 of
these cases were d ated which
led to a comrect dragnosts

Patients not examuned radiologically  Of these
55 cases 16 were available for further chimcal evalua
tion to find out why no radiologic examation had
been performed Acute laparotomy was carned out
m 7 pattents due to hfe threatening bleeding or

Fig 1 Charactenstic desmoplastic reaction with retract
Mmesentery (=) 1 a patient with small carcinold e
distal part of the ileum

pentonmtis Three tumors were incidentally |
gynecologic operations when a palpated ab
tumor was thought to be of genital onigm
maming 6 patients had symptoms for up
years but during this peried no patient hac
medical care These tumors were incidental
at operatton (4 cases) or autopsy (2 cases}

Letomyomatous tumors (15 cases) wer
both 1n the jeyunum and in the ileum but !
creasing frequency n aboral direction The
examnation demonstrated the tumor n ¢t
case of benign lelomyoma examined and |
sarcomas and angrography 1n all 9 patet
amined

Adenocarcinomas (9 cases) were found ¥
creasing frequency 1n aboral direction inthe ¢
and in only one case in the ileum The small
barum examination was diagnostic m the
(67%) 1 which the examination was of
quality Angiography demonstrated the tumor
3 cases exammned vessels were displaced 30
trated but no tumor vessels were found

Carcinotds existed only i the dleum and
increasing frequency 1n aboral direction Mo
cinoids were found in the distyl part of the?
OF 29 small bowel barium cxaminations 104
filling defects 1n the contr ist medim with of
out a charactenistic desmoplistic reactron {
Fig 1) while 11 of of 15 angiographres \\crt{
nostic (7397) The desmoplastic reaction “:
traction of the mesentery seen it the banum
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Table 2

{ Diagnostic outcome of different examunations tn primary tumors of the small boy el

<= of tumor Abdomsnal sur Acute follow Banum ex Angiography No of
1 —_— patents
i v o O Tumor Noabn
‘ Tlews Noabn Tumor Ileus Noabn Temor Noabn
homatous lesion 2 2 i
p 1 1
olipoma 1 1 1 :
2 Jeghers disease 1 2 1 ;
\ myoma 1 1 1 1
myosarcoma 4 H 3 5 E 12
{ notarcinoma 6 2 2 4 2 9
mnowd 7 1 2 6 8 1 n 4 8
rofibrosarcoma, 1 2 2 "
9 4 7 12 18 18 2 8 63
1ons was well correlated with the stellate forma Discussion

of the vessels on the angiograms One patient
1 small carcinoid tumors in the distal part of the
oL had submucosal edema and cobblestone
40 78000 together with a marked deformuty of the
m This led to the radiologic diagnosis of
;r s disease (Fig 2) On operation the carcmaoid
a10fs were found together with a marked desmo
o UIC Teacton with fibrosis in the mesentery and
sel wall The tumor had spread locally to the
*'ym When the tumor was Situated 1 the most
S',::AI part of the ileum the ileo cecal valve was
" mtnent (3 cases)
» , wo netrofibrosarcomas in patients with known
klinghausen's disease were mcluded in the
1es In both the banum exammnations were nor
¥ L while angiography disclosed the tumor
I'wo patients with known Peur, Jeghers disease
f reditary ntestinal polyposis and melanin pig
t® ntation of the skin) had multiple polyps at barm
¥ amnations
$One patient had symptoms and signs of obstruc
 n by ileus At operatron adhesions were found
% ether with a smooth polyp with a di of 1

Carcinoma of the smali bowel 1s rare 1t accounts
for only 3 to 6 per cent of all gastrointestinal neo-
plasms and less than I per cent of all malignant
tumors {(EBERT & ZUIDEMA 1965) In this region
of Southern Sweden all pathologic exammations are
performed at a few hospitals In spite of this fact
a few tumors may have been missed and thereby
the figure of a mean annual incidence of 133 per
100000 mhabitants may be low

The diagnosis 1s difficult to make preoperatively
because the condition 1s uncommon n clinical prac
tice the possible existence of such a tumor thus not
being taken into account and because the symptoms
are vague and often unspecific (SILBERMaN et coll )
Although tumors of the small bowel are rare 60 per
cent of all gastromtestinal sarcomas are located 1n
the small bowel (SKANDALAKILS et coll 1962}

In a senes of 659 cases from the Mayo Chnic
equal numbers of benign and malignant tumors were
found | y {includ 1e )

13 3

and carcinoid tumors made up 23 per cent each

1 The polyp had not caused the obstruction
 One patient had intermitient melena and severe
¢ etma Banum exammations of the stomach small
“hwel and colon were considered normal as was
. pography of the supenor mesentenc artery At
« ploration a tumor with a diameter of 35¢cmx 55

n was found 40 cm distal to the igament of Treitz
phe tumor had a small atralummal part At micro
& OPIC examination the tumor was found to be a
N brolipoma

o

13 per cent (GooD 1963) In the
present senies carcinords preponderated (43 2 of all
the tumors) The number of malignant tumors was
also higher than expected from other senies when
compared with the benign tumors

The frequency with which the small bowel tumors
can be correctly diagnosed before operation ot
autopsy vanes In a review of the hterature SAN
DERS & AXTELL (1964) found 828 carcinoid cases
and concluded that these tumors could only excep
tionally be diagnosed preoperatively and that the
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Fig 2 Infiltration of the distal part of the dleum (+) and marked
edema in proximat parts of the tleum (—+) with cobblestone forma
tion Marked edema and deformity of the cecum The lesion was

majonty was found on autopsy or imncidentally at
operation In other senes the preoperative diagnosts
varied 1n frequency between 21 and 63 per cent
(PAGTALUNAN et coll 1964 STRAUCH 1964 OSTER
MILLER et coll 1966 VUORI & VUORI)

MOERTLER et coll (1961) in their survey of 209
carcinoid tumors had only 15 preoperatively per
formed radiologic examinations of the small ntes
tine of these only 6 revealed some kind of occlusive
tumour In companson with their series the present
one contams a significantly higher proportion of
radiologic examnations and also a higher proportion
of correct preoperative diagnoses The poor results
reported by MOERTLER et coll led them to conclude
that radiologic examinations yield only negative or

leading results a that 1s not valid ac
cording to the result in the present senes

Radiologic examinations with banum have been
proved to reveal a distinct appearance of abnormali
ties 1n neoplasms of the small bowel (Goop MAR
SHAK & LINDNER 1976) According to DARLING &
WELCH (1959) these appearances are so character

imtially diagnosed as Crohn s discase At operation
was disclosed and a marked desmoplastic reaction was

diagnosis could be made n 84 per cent of ther
of small bowel tumors This 1s tn contrast
present series where only the adenocarcinom®
carcinords exhibited a charactenstic app
while other types of tumors could not be [lis
ated with any degree of certainty R

It appears that selective visceral angiog™
mandatory m order to achieve a diagnostic &
of the level of DARLING & WELCH

A correct preoperative radiologic diagnos*’
banum contrast exammations was achiet
of 66 patients reported by SILBERMAN €t coll
matenal consisted of 32 malignant and ¥
tumors They found a higher preoperative d”f;‘
rate among malignant tumors This »as 35‘"#
the fact that these more often caused 5)”;1,
leading to an exammmation of the small h’“,\
their benign tumors 16 were found mudﬂ;‘;’
autopsy Also in the present sencs a b o
portion of correct preoperative dragnoses |
10 the group with malignant tumors comp

the bemgn group PO
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~closed often have a considerable size (RAMER
~oll 1971 KAUDEetcoll 1972) The angiographic
pearance of the lelomyomatous neoplasms are
her and can be d rated by selec
e visceral angiography (BOUSEN & OLIN 1964
WMER et coll KAUDE et coll ) The discrepancy
tween barim examinations of the small intestine
d angiography m letomyomas has been pointed
t by RAMER et coll who reported 4 cases with
stromntestinal hemorrhage The banum examna
ns fatled m spite of the fact that they were re
ated while angrography revaled the tumors their
te and localization Thewr poor result with banum
aminations 1s 1n contrast to that of RAUDE et coll
ho recogmzed small bowel letomyomas m 9 of 11
ses examined with banum In all reported 13 cases
giography revealed the tumors These latter
ures are m accordance with those in the present
nes
! Carcinosd tumors are often small when diagnosed
1e carcinoids have a charactenstic angiographic
pearance (BOUSEN et coll 1974) In the desmo-
1stic tissue imtrated by the carcinoid tumor cal
1m deposits may appear (BOUSEN et coll BAL
" IAZAR 1978) but are not pathognomonic as they
atcur also m leiomyosarcomas (KAUDE et coll } In
s senes one carcmoid tumor contained calofic
posits The great vanety of the appearances of
wrcinord tumors found at barium examunations has
n>en pomted out by several authors (SKANDALAKIS
1t coll BANCKS et coll 1975 SCHLANGEN 1976)
x he carcinord tumors which were diagnosed pre
gperatively w the present senes had a strong desmo-
m(""lS\IC Teachion
The adenocarcinomas anse from the mucosa and
14m)cluce Iike therr counterpart tn the left colon a
ocalized stncture Therefore unhhe letomyomas
nd carcinoids  they cause early obstruction while
‘uleedmg 15 a late sign
" 1t 15 apparent that small bowel tumors are more
N asly detected m the jeunum  Adenocarcinoma is
d[ilso relatively easy to diagnose This can be due to
:lhelr ability to cause obstruction in contrast to leio-
ﬁ‘myosarcomas which often have an extralumnal
tmode of growth However the letomyosarcoma
;‘lusually bleeds which favors early climical detection
;A 15 the of choice for
> demonstration of the exact tumor size and 1t is also
* accurate 1n predicting the specific type of the tumor
& Angiography should be used in all patients with un
¢ explained hemorrhage from the gastromtestinal tract

-

"

(SHEEDY et coll 1975) Chronic complaints of ab-
dominal pain even if these are unspecitfic also con
stitute an indication for angiography (RINKHAB
WALA & BALTHAZAR 1978)

The present series indicates that the climcal and
radiologic dragnosis of small bow el tumors ts not as
discouraging as was presumed

SUMMARY

‘The value of radiography in pattents with tumors of the
small bowel was assessed retrospectively in 63 patients
who had been subjected to radiography tn a sentes of 118
patients treated for such tumors Thirteen of 17 jeyunal
turmors (76¢2) and 19 of 46 deal tumors (41 %) were diag
nosed preoperatively Elective banum examnation of the
small bowel was performed in 36 patients i whom
the tumors were diagnosed mx 18 When the smal) bowet
examnation was performed dunng obstruction 7 of 21
tumors were diagnosed With the banum examination
adenocarcinomas and carcmord tumors were often diag
nosed correctly In 32 patients angography was camed
out and the nature of the tumor was disclosed m 24
75%)
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- CISTERNAL ABNORMALITIES PRODUCED BY CLINICAL
‘ TUMOURS IN THE POSTERIOR CRANIAL FOSSA

1 Cerebellar tumours

M LINDQVIST

Jew ds for of the
arachnord cisterns have been introduced during
last few years eg computer tomography
JUNSFIELD 1973) computer cisternography
EITZ & HINDMARSH 1974 GREPE & GREITZ
7) conventional radiography of the cisterns

ng water soluble contrast medium (GREPE 1975
BERSON et coll 1976) These methods have
ualized the need for a systematic detailed analysis

the cisternal abnormalities n different tumour

ations 1n the posterior cramal fossa

Since the d of lumbar y
OBERTSON 1941 1957 LINDGREN 1949) the distor
n of subarachnoid cisterns has been used in the
agnosis of postenor fossa tumours mainly i order
define extraaxial tumours and to distinguish these
om intraaxral tumours (LINDGREN 1950 CASTEL
ANO & RUGGIERO 1953 FALK 1953 RUGGIERO
156 LILIEQUIST 1959b)

However for the diagnosis of intraaxial tumours
1sternal abnormalities have been of less importance
ven after the presentatton of the normal radio
raphic anatomy of the cisterns (LILIEQUIST 1959 a)
nd after t of the phic tech
1que by means of rotation chairs and the easy apph
aton of tomography which made it possible to
wthne details of the subarachnowd cisterns as a
natter of routine

Already 1n 1935 DYRE & DAVIDOFF reported ton
fllar hermiation and compression of the cisterna
s0nus and the cisterna magna i cases with expand
ing lesions of the postenior fossa LINDGREN & Dy

CHIRO (1953) descnibed the deformity of the aque

duct and the quadngemnal cistern tn patients with
tumours located m the posterior fossa RUGGIERO
(1957) reported on some cisternal abnormalities mn a
climcal matenal of postenor fossa tumours exam

med by means of encephalography LILIEQUIST
(1963) reported bnefly on cisternal abnormalities
assoctated with tumours in the pons and cerebellum

and he descnbed for nstance changes in the shape
of the quadr cistern for diff tumour
locations NEWTON (1968) reported cisternal distor

tton m several tumour locations m the postenor
fossa mainly tumours growing within the ¢isterns or
otherwise dwectly affecting them Some cisternal
abnormalities associated with mtra and paraven

tncular tumours of the postenor fossa espectally
the pentonsillar spaces were reported by MOLLER
(1574)

A total comprehensive and detatled description
of the cisternal changes resulting from tumours 1n
different locations has however not been gnen
Therefore a gencral survey and analysis of the ap-
pearances of the cisterns tn cerebelfar tumours has
been performed and the results are now reported
with 2 suggestion how the distortion of the cisterns
can be used for localizing the tumours

Definttions  For the onentation of the structures
of the postenior fossa the principles ntroduced by
CORRALES & GREITZ (1972) have been used ¢
antenorly-postenorly perpendicular to the chvus

Submutted for publication 15 March 1979
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Fig 1 Drawmgs of the subarachnoid cisterns a) Lateral view

b) Axnal view of the cisterns mfenor to the fourth ventncle
€) Axial view of the cisterns adjacent to the tentonal nm:h
AC

(From Lnpovist 1978 ) Labelled

fissure p ulcus it o

secondary fissure v=vallecula) C\lncxsumz v

m=mntemnal auditory meatus lPC=m\:rpeduﬂgL"
y body MC: Jullary crstern (Ir=hate”

cistern (. rant
suleus  w=wing) CC=crural astern CM=cisterna ma;

Y fissure 7\ of Magendie 1h=
mlﬂhenxsrhtnc part lnnhxcnl extension pif=posterolateral

supenorly and infenorly at nght angles to this per
pendicular This means among other things thata
beam direction paralle! to the clivus ts termed the
axal projection N lature and a sch 1c
sunvey of the normal anatomy of the cisterns are

y part) PC=pontine cistern

bellar cistern Qthuadngemmal cistem (}'dr
fissure) SCC=supenior cerebellar cistern re=tuber
to=tonsil

presented 1n Fig 1 Patients aged 010 15¢
termed children patents aged 16 years o7
termed adults

The ventnicular 5y
(@) i adults i the

1s classified 8 *
ndex as
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of
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0-15 16~30 31-~45 46-~60 E1-75
age

2 Sex and age distnbution of 65 cases of cerebellar tumours
nales O females

NDGREN s more than 0 33 or in cases where the
mtal horn index cannot be evaluated the width
the third ventricle 18 more than 12 mm (LINDGREN
>1 LONNUM 1966} (b} it children 1f the frontal
m index 1s more than 0 30 or the width of the third
ntricle more than 8 mm (LODIN 1968)

Material and Methods

The matenal consisted of the cerebellar tumours
a senies of patients with posterior fossa tumours
[
<amned by encephalography at the departments of
uroradology at the hospital of Umea and Karo
nska Sjukhuset Stockholm during the period 1969
> 1975 Patients previously operated upon m the
ostenor cramal fossa were not included
W The examunation techmque was the same at both
lepartments and duning the whole period The pneu
nographic examnation started with a lumbar en
hal Y 1n with the de
scnbed by LINDGREN (1949) and later modified by
GREITZ & GREPE (1967) In cases with mcreased
“untracranial pressure a prophylactic burr hole was
i’made and sometimes a ventricular catheter was
: nserted The examinations were camed out usinga
¢Mimer stand with rotation char and tomography
*In addition to standard films with varymg magnifi
€attan factors tomography of the postenor fossa
with a constant magnification factor of 14 was
# carned out mn the axial and lateral projection m
+ almost all cases In the magonty of cases with 1a

sufficient passage of gas to the ventricular system
!

i

Table 1

Cerebellar tumours an chnldren and adults

Type of tumour Children  Adults Total
©-18 {16years
years)  ormore) No of Per
cases cent
Juvemle astrocytoma 17 & 25 385
Hemangoblastoma
(Lindau) 1 9 10 154
Metastasis 0 8 3 123
Ependymoma 3 4 7 108
Medulloblastoma 5 K 7 108
Memngtoma [} 5 5 78
Astracytoma poly
morphous 0 2 2 31
Angloma 0 1 1 15
Total 26 39 65
1 Yy ventr hy was also per

formed usually on the same day
The total number of patients was 76 and of these
only those cases have been included 1n which the
type and position of the tumour was confirmed at
surgery or autopsy For bemign tumours a time inter
val of 6 months between encephalography and
was pted for mal, a
maximum of 2 months A total of 11 cases were ex
cluded 4 cases in which surgery was not performed
because of old age or complicating disease 5 cases
with multiple tumours multicentnc tumour growth
or for other reasons not defimitely determmed loca
tion one case with too long an interval between
encephalography and surgery one case in which
Hal

hy failed pletely for

reasons

The remaming 65 cases form the basis for the
present evaluation The sex and age distribution of
the matenal appears m Fig 2 and the types of tu
mours i Table 1

The size and position of the tumours were finally
established by two experenced neuroradiologists
who had access to all neuroradiologic exammations
surgical and autopsy reports

Of the 65 cases 44 have been classified as cerebel
lar tumours according to the defimtions vsed by
CORRALES & GREITZ 15 cases as paraventricular
tumours accordng to the definitions of MOLLER and
6 as extraaxial cerebellar tumours Po,
tumours were not included

Many of the paraventricular tumour positions are

ntine angle
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Table 2

Cerebellar tumours dnvided into 8 groups according to therr

positions
‘Tumour position No of
cases
Al (Al Ta) 1
Midhine tumours or All (A2 [la A2ex) 5
tumours of the verrus Alll (A3 Illa 1 9
fa 2 A3ex)
Totat 25
Bi (B! B1+B2) 7
Lateral tumours or BII (B2 B2 ex) 7
tumours of the Bill (B3 Vald 12
hemusphere BIV (B4 VIa) 9
C {C Cex) 5
Total 40

by defimmon 1dentical or almost so with the cor
responding cerebellar positions and have therefore
been grouped together The positions of the extra
axial cerebellar tumours have a close relation to
those of the comresponding mtraaxial tumours and
have therefore been treated in common

After these regroupings the following tumour
positions were obtained 3 groups of midlme tu
mours called AT AIl ATII roughly corresponding
to tumours n the supentor postenor and nfenor
vermis respectnely S groups of Jateral tumours
termed BI BII Blil BIVand C C corresponding
10 the lateral part and B to the medial part of the
cerebellar h heres with p B1ad; to
the tentonal notch BII adjacent to the infenor sur
face of the tentonum BIII adjacent to the occipital
bone and BIV adjacent to the ponune angle In
Table 2 the number of cases in each position 1s re
corded and the onginal positions according 10 COR
RALES & GREITZ and MOLLER are given 1n paren
theses

The films were reviewed with regard 1o fitling and
distortion of different cisternal structures and also
filling and size of the ventncular system Distortion
of the cisterns was graded as none mummum mod
erate or marhed The recorded changes in cisternal
size and shape were related to the different tumour
postions by computer analysis For technical rea

zation the predominance was treated as if ¢
night sided

Results and Discussion

In Tables 3 4and S the frequency of fil
average distortion of the most important a
structures are given for tumours in the
the cerebellar hemispheres In Table 6 sor
ternal abnormalities for tumours with ddferer!
tions mn the vermus and the cerebellar hems
are summanzed Only cisternal structures fil
least 20 per cent of the cases and regarded
formative as regards the Jocalization of the
have been included in the tables

Cisterna magna

Distortions of this cistern are <
Table 3

Tonsillar hermation below the foramen: -
was present in the majonty of cases and thew
tion was as a rule more marhed with slowly s
tumours e g juventle astrocytomas than withr
ly growimng tumours such as medulloblaster
metastases The shape of the herniated v
seemed to be of less importance n differee--
these types of lesions

With tumours of the vermus tonsillar her-
was present i 90 per cent of the cases the ¢!
tions conststed of cases of intra and extracen”
tumours m position Al m which the tonsis’
separated by the tumour so that they could
hermate through the foramen magnum

With tumours of the cerebellar hemuspheres!
sillar hermation was present mn 87 per cent
cases the exceptions consisted of a few cac
tumours tn position BIII m which the tumo!'
placed the cerebellum with the tonsts supencr

Tonsillar hermiation caused by tumoufs ¥
postenor cramal fossa was descnbed by Dy
DAVIDOFF and has ever since been regarded “‘
dicatne of expanding lesion in the poslcnorﬂ'-_
fossa RUGGIERO (1957) for instance found 2 ¢
hernation 10 all of hus 25 cases of cercbt”l"
mours LILIEQUIST (1960} and 4 ICKBOM & HY
FEE (1963) pomted out that the herniation asaf
was more marhed in slowly growing tumours

The centeal medulla was n the majonty o{BV

sons all lateral tumours m this ¢ were
treated as of situated on the nght side and m all
cases of midhine tumours with a tendency to lateralt

displaced anterorly below the foramen ";
but n a few cases postenory mstead (Fif o
reason for tlus postenor displacement ¥
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Table 3

Filhing and distortion of the cisterna magna wn cerebellar tumours AN hemuspheric tumours treated as

if sttuated on the right side Symbols and abbi 1

P ipe!

R=nght L=left O=no change (¥)=nmummal change or increase +—mnde!all change or increose

++=marked change or increase (=)=nummal decrease —=moderate decrease —— =marked de
crease open spaie=structure not possible 10 evaluate
Tumour position Cerebellum
Vermus Hemisphere
Fillng  Distor Fillmg  Distor
“) von ) ton
Cisterna magna
1 Extracramal past lat proj 100 100
tonstltar hermiation ++ ++
ap displacement of cervical medulla al+} al(+)
2 Interhemsphenc part lat proy 92 97
s1 diameter - b
3 Foramen of Magendie lat proy 20
ap displacement at+ a+
4 Vailecula axwl proy 52 0
width ) -
lateral drsplacement 0 L++
5 Retrotonsillar spaces lat proj 12 1
ap digplacement
« s1 dnplacement
f 6 Cerebellomedullary fissures
a nght side axal proy 2 17
ap displacement 0 a++
feteral dsplacement R(H) L4+
b left side axtal proy 4 20
ap displacement 0 0
lateral displacement Li+) L++
7 Paravermuan sulcr axal proy 2 24
width of wafenor verms ++ 0
lateral displacement of mfenor vermus 0 L++

ndent—it may as was pomnted out by JIROUT
959) be the consequence of a downward herma
on of the brain stem in the foramen magnum

The wnterhenuspheric part of the cisterna magna
as n the lateral projection usually compressed
gamnst the occipital crest However 1n a few cases
f tumour 1 position BIII the cistern was widened
Fig 4) due to an upward displacement of the
=nor vermis by a very lasge tumour

The compresswon of the Cisterna magna agawmst
he occipnal crest in the case of cerebellar tumnours
vas ponted out by DYRE & DAVIDOFF and hRAU
JOVA & JIROUT (1963) but the paradovic widening
1 some Bl tumours has not been descnbed pre
‘iously

The foramen af Magendie was displaced antenior

ly w all tumours of the verrms With tumours in the
cerebellar hemispheres the foramen of Magendie
was seldom rdentified When vistble it was marked
Iy displaced antenorly with tumours n the B 11 post
tion and shightly so tn the BI and BTIL posttions and
usually not displaced at all 1n the BIV and C po-
sittons (Table 6)

The rallecula could not be 1dentified m the axml
projection 1n more than half of the cases Axal
views with shightly varying beam direction and axial
tomography were often necessary for defimte xdenn
fication of the vall and for dist g it
from supenmposition of the mterpeduncular cistern
or the antenor part of the mterhemusphene fissure
Poor filling of the vallecula was most common 1n
cases with tumours 1 the postenior and mfenor
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Fig 3 Large tumour m the BIV position Postertor displace
ment of the cervical medulla (=) below the foramen magnum

Fig 4 Larre tumour in the BIII position with marked supenor
displacement of the mfenor sermus (—) a) Axal projection b)
Lateral projection Marked lateral displacement of the infenor
vernus {(++) (X=soft tissue tumour of unknown ongin not ex

plamed by the exammation or m the surgical report )

parts of the vermis (positions A Il and AIII) Widen
mg of the vallecula was unusual and was only ob-
served 1n some of the cases with a tumour 1n the
infenor vermus (position A 11y and m a few cases of
paraventneular tumours n posiion BII with
filtration of the bram stem In all other cases the
width of the vallecula was reduced or normal

A defimte lateral displacement of the sallecula
towards the contralateral side regularly occurred mn
hemisphene tumours (Fig §) In tumours of the
vermus situated in the midline the vallecula was not
laterally displaced On the other hand with asym
metnc tumours of the vermmis some lateral displace
ment of the vallecula was obserned but 1n such
cases the degree of displacement was as a rule less
than 1n cases of hemisphenc tumours

Both RUGGIERO (1957) and LILIEQUIST (1963)
have pointed out that lateral displacement of the

| X
o ¥
. 4
St
Fig 4a
! j
- X
f ;
t S
PUNUIUUE. | A -
Fig 4b

vallecula 1s an important indication of Taters
tumour m the posterior fossa However m .
GIERO s senies of 25 cases the vallecula cout
identified 1 the awial projection i only la
MOLLER has reported widening of the \allh"JA
cases of intra and paraventncular tumours ¥
mfenor part of the postenor fossa .
The cerebellomedullar fissures were oﬂ!”f
rated 1n cases of tumours of the vermis C‘l";
tumours of the infenor vermis In her ‘b
tumours the cerebellomedullary fissur "’“5
sides was displaced towards the cummlax:rﬂ“
on the tumour side also in the antenor direct™
The parasermian sulet imdicate the width "
inferor vermis A definite widenmg of ¢,
\ermis was present In most cases of\tm's:‘:‘
without any definite difference between "'1“
the supenor and the infenior sermis Inbhe™™
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@ 5 Tumour of the rght cerebellar hemisphere position

311 a b) Encephalography Compression and fateral displace
#nent 10 the left of the vailecula (—) and the interhemusphenc
part of the cisterma magna (++) Tonsillar hermiation (#+) and

t
3

' tumours the verms was shghtly widened with tu
" mours in the positions BI and B1I In the remaining
' positions the width of the vermis was normal or
¥ reduced In many cases of hemisphernic tumours also
¢ a definite lateral displacement of the vermus was
¢ encountered (Fig 4a)

¢ Widemng of the inferior vermus m cases of intra
b

-
!
L3
b
[ J— ~
i y
2
i
o ..»"w) ~y
» 4/ +®

marked compression of the pontine and medullary cisterns ¢-+)
¢ d) Ventriculography No filling of the fourth ventncle Only
the supratentorial part of the aqueduct 15 outhined by gas t+)

and paraventncular tumours of the fourth ventncle
was described by MOLLER

The ret Har spaces p | fissures
and secondary fissures were so poorly filled mn most
cases of cerebellar turmours that they could not be
analysed 1n detail

The lateral extension of the intracramal part of
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Table 4

Filling and distornon of the medullan cistern pontine cistern and the pontocerebellar cisterns i
cerebellar tumonrs Tumour position symbols and abbrevtations as in Table 3 Additt mal abbresiations

Ra=right side rotated (]

1 side rotated

Tumour position

Cerebellum

Vermis Hemisphere

Filling Distor Filling Distor
(%) tion o) ton

Medullary cistern
Premedullary part lat proj

ap diamecter

Lateral recesses

a nght side axial proy

ap diameter

lateral extension

left side axial proy

ap diameter

fateral extension

Diameter of medulla oblongata
ap dameter lat proy
transverse diam  avial proj
Lateral displacement of medulla
oblongata axial pro)

Rotation of medulla oblongata around
aws parallel to clivus

~

T

-

IS

“

Pontine cistern lat proy
ap diameter
tendency of superior part of pons
to recede from clivus

Pontocerebeilar cisterns
1 Right side axual proy
width of Iateral part
width of medsal part
Left side avial proy
width of lateral part
width of medial part

v

the cisterna magna was defined i the axial projec
tion on one or both sides 1n 15 per cent of the cases
If umlateral filling sometimes occurred on the tu
mour side sometimes on the contralateral side
These structures therefore have no value for the
localization as was also pointed out by RUGGIERO
(1957)

Medullan cistern
Distortions of this cistern are summanzed n

Table 4
Comp of the pr dullary part of the

46 55

80 87

!
medullary cistern was 2 very constant feald®

all tumour positions In most cases of tumours
vermus the medulla oblongatt i the aual g€
tion was moderately widened without Ialtﬂ\]‘:’_
placement or rotation In the ¢ we of hem'® ™
tumours a shght wideming of the medulla othe &
occurred 1n some cases of B1 wnd BIL xum“l":
also 1n paraventncular B 111 tumours with infi [m
of the medulla oblongata In practreally all "x -
hemisphenc tumours m which the medullan ‘J,,,
could be eviluated n the awnl projection 1\»""
displacement of the medulla oblongata ¥3* tm‘
Antenor rotation of the medullh oblongts
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6 Tumour of the night cerebellar hemsphere posttion BII
1al tomography through the vallecula and medulla oblongata
tesal displacement of the vallecula (—) reduced a p diameter
the nght lateral recess (+) and of the premedullary part {+)
the medullary cistern Medulla oblongata displaced to the left
d rotated antenorly on the tumour side

g 7 a) Tumour of the nfenor vermus position A 111 Supertor
(=) of posteror part of supenor strface of the pons b) Hems-
herie tumour position BIIT The superor part of the pons
cedes from the clivas (+}

mour side occurred m most cases of tumour 1 the
)1 and BII position (Fig 6) but not with other tu
nour positions (Table 6)

Compression of the medullary cistern 1s an impor
antindication of an expanding lesion 1n the postenor
ossa and has been pownted aut by RUGGIERO (1957)
\RAUSOVA & JIROUT and LILIEQUIST (1963) but
he other distortions of the medullary cistem tn
‘erebellar tumours have not been reported in detail
previously

Pontine cistern
Distortions of this cistern are summanzed
Table 4
Compresston of the pontine cistern aganst the
clhus was a constant finding for all tumour post

K
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tions The supenor and the infenor part were com
pressed to the same degree i all cases of mudhine
tumours and 1n most cases of hemispheric tumours

A tendency of the supernor part of the pons to
recede from the clivus occurred 1n some cases of
hemuisphenie tumours (Fig 75) but not 1 vermis
tumours

Also compression of the pontine cistern 1s a well
known sign of an expanding lesion m the postenor
fossa (DYKE & DAVIDOFF RUGGIERO 1957 KRAU
SOVA & JIROUT LILIEQUIST 1963)

Pontocerebellar cisterns

Distortions of these cisterns are summanzed m
Table 4
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Fig 8 a) Paraventncular tumour on the left side position BIII
Marked (=) of the

cistern The contralateral cistern (++) 1s not distorted b) Tento-
nal memingioma on the left side positon C Widening ()

The pontocerebellar cistern was filled almost
twice as often on the contralateral side as on the
tumour side both in cases of hemisphenc tumours
and m cases of asymmetnc tumours of the vermis
When they were filled bilaterally the cistern on
the tumour side was usually more compressed than
on the contralateral side and the compression was
1n most cases the same 1n the lateral as in the medial
part of the cistern (Fig 8a) Widening of the lateral
part of the pontocerebellar cistern with compression
of the medial part occurred in one case of extra
avial menmgioma in the C position (Fig 8b)

Poor filling or marked compression of the ponto
cerebellar cistern on the tumour side has previously
been reported by LILIEQUIST (1963} and PRIBRAM
(1966) RUGGIERO (1957) found that the pontocere
bellar cisterns were often compressed or poorly
filled 1n cases with cerebellar tumours and that 1n
cases with unilateral filling 1t was sometimes filled
only on the side of the tumour sometimes only on
the contralateral side On the other hand KRrAU
SOVA & JIROUT claimed that the pontocerebeliar
cistern was usually wider on the tumour side than
on the contralateral side but they did not clearly
distinguish between intra and extraaxial tumours

Interpeduncular cistern
Distortions of this cistern are summanzed in

Table §
The infenior limut of the nterpeduncular cistern

/

i |

‘o |

S | Joa s
b

of the lateral part of the pontocerebellar cistern on thet
side Marked compression of the medial part of the et
and of the whole contralateral pontocerebellar cistem (=t

1s made up of the supenor surface of the port
the posiion of the pons can be used as art
of the degree of upward displacement m f¢
torial notch This displacement which deper®
the size and position of the expanding lesion®
posterior fossa can be counteracted by a K¢
of the supratentonn! part of the ventricular ¥
even to such an extent that an expected U*
displacement 1s paradoxically replaced by 24
ward displacement (Fig 9)

The degree of supero inferior compressxond
mnterpeduncular cistern depends not only ©
upward displacement of the pons but lo the
extent on the width of the third ventricle 1%
with widening of the anterior part of the thind!
tricle the tuber cinereum may cause a marked®
p of the mtery cistem (ml
In some cases especially in children ths €
sion was sometimes total or ne uly total 2"
cistern then often took on a rabbuts ears &
ance (Fig 11) the filling defect between the f
parts probably compnising the ocu}omotornﬂ"t

The degree of supero mferior compressen®
terpeduncular cistern was nppruumm:]y lhw‘
for both hemspheric and vermus tumours @
diameter of the cistern was reduced 1 ’”"n”
mours as a rule more m medial than 1 fate “
mours With medsal tumours the ap “’mrr‘:
was more marked 1n tumours 1 the SUP‘"O;: o
(A1) than n the infenior vermis (Alll Tab
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Table 5
Filling and distortion of the interpedunclar cistern ambient cistern and quadrigeminal cistern in cere
bellar tumours Tumater position symbols and abbreviations as 11 Tables 3 and 4 Adduional abbrevia
tions  fr=frontally sag=sagutalh 1 a =mfenor end rotated antenorh tp =inferior end rotated

posterorhy
Tumour position Cerebellum
Vermus Hemsphere
Filling Distor Filing Distor
“) ton (%) ton
Interpeduncular cistern
Lat proy 80 95
ap dameter - =)
st dameter = -
51 displacement of pons 5+ s+
s t mclination of the posterior part
of the supenor surface of the pons. s+ s(+)
Ambrent cistern
Cireum mesencephatic part axtal proy
2 width of postenor past
nght side 42 0 57 0
left side 50 0 47 ¢
b width of antenor infratentonal part
night side 12 12
left side 21 15
< width of antenor supratentonal pant
night side 29 o 42 o
left side 33 o 41 [
4 rotanon around sagntal axis per
pendicular to clivus
nght side fr(+) fr(+)
left side fr(+) sag(+)
Quadngerunat cistern
1 Body of cistern Iat proy 2 &
ap displacement 0 0
kinking of quadngenunal plate ++ ++
rotation of infenor end of quadn
gemunal plate n+ 1+
2 Precentral fissure lat proy 44 49
ap displacement a+ a+

iteral tumours the a p compression was moderate
1 positions BI and BII shight 1n the C position and
bsent in postions B I1 and BIV (Table 6)

Upward displacement of the pons was observed
oth 1 the case of hemisphenc and vermian tu
nours but the degree of displacement vaned greatly
ind was not obviously correlated with the tumour
sosition

The supenor tlt of the postenor part of the supe
10r surface of the pons was as a rule more evident

with vermian (Fig 7a) than with hemisphenc tu
mours
A widening of the third ventnicle as the cause of
p of the d cistern was re
ported at autopsy by SPATZ & STROESCU (1934) and
was demonstrated tadiographically by EPSTEIN
(1951} RUGGIERO (1957) found an upward displace
ment of the pons mn most cases of cerebellar tu
mours and in many cases also a compression of the
Interpeduncular cistern However he did not dis
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Fig 9 Astrocytoma of the infenor vermis position AIIL a b)
First examination  Lateral ventncles of ordinary size ¢ o)
Sccond exammation 9 months later Ventncular dilatation In
spite of inereasing size of the tumour shght infenior hermation
in the tentonal notch of both the pons and the third ventnicle
¢) Combuned drawng of b} (dotted kaest and di (continuous
c

fines) T=tumour
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1s$ the significance of the widening of the third
ntncle  RUGGIERD & CASTELLANO (1953) de
ribed a measuning method for determiming an up-
ard displacement of the postenor part of the third
entricle 1 cases with tumours of the postenior
2ssa However also with this method the results
Ivere influenced by the width of the antenior part of
the third ventricle

Ambient cistern

Distortions of this cistern are summanzed m
fable 5
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Fig 10b

Fig 10 Tumour of the left cerebellar hemusphere position BIII
a) Encephalography m the sitting posttion lateral view b) Ventn

culography m supine position lateral view The mterpeduncutar
cistern compressed by the dilated third ventricle (—) In the sit

ting pos:tion the cistern of the lamma terminals (+) and the
pericallosal cistern () are also filled

Fig 11 Lateral view sitting positton 3-year-old patent with a
huge tumour m the nght cerebellar hemisphere posttion Bl
The nterpeduncular cistern almost totally compressed and
resembling a pair of rabbits ears because of a filline defect
probably caused by the oculomotor nerves (—)

The circum mesencephalic parts were seldom
filled infratentonally especally on the tumour side
The supratentonal parts were filled approximately
equally often on both sides but as a rule without
appreciable changes tm width In vermis tumours
sometimes a tendency to fromtal rotation of the
ambient cistern on both sides was noted while
in hemisphenc tumours a frontal rotatton on the
tumour side and a sagital rotation on the con
tralateral side were sometimes observed (Fig 12
regarding this complex rotation cf also LINDQ IST
1978) However cases also existed with sym
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Table 6

Cisternal abnormalities that can be used to distinguish betneen
cerebellar tumours of different locations Symbols and abbre
viations asin Tables 3 10 5

Tumour position

Al Al AIN

‘Tumours of the vermis
Cisterna magna
Extracranial part lateral
projection tonsillar
hermation ++ 4+ +
Interpeduncular cistern
lateral projection
ap diameter -— - =)

‘Tumour position

BI BIl  BII BIV C

Tumours of the hemispheres
Cisterna magna
1 Interhemisphenc part
tateral projection -— - -) - -
2 Foramen of Magendie
lateral projection
ap displacement a+ a++ a+ o o
Medullary cistern axial
projection ap rotation
of the medulla oblongata

on the tumour side a+ a+) 0 0 0
Interpeduncular cistern

lateral projection

ap diameter - - 0 0 -}

metnc ambient cisterns in spite of lateral tumour
positions

RUGGIERQ (1957} stated that unilateral filling of
the crreum halic part of the amb cs
tern was of no use for localizing postenor fossa
tumours LILIEQUIST (1963) reported that the infra
tentonal part of the cistern on the tumour side was
usually more compressed often not filled at alt but
that this change was subtle and not reliable for pur
poses of localization

Quadnigenunal cistern
Distortions of this cistern are summanzed n
Table 5
Displ; t of the quadr ! cistern and the
quadngemmnal plate was seidom observed appre
ciable distortions appeared instead as a hink n the

1
e -
. RS ,
O 3 ~ "'j
) ~ __& ¢ V‘La.)h‘

: AT

b

Fig 7 in the ngh phere P00
Axial view 2) without and b) with tomography
frontal rotation {—) of the circum mesencephalic
ambient cistern on the tumour side and to sagittal o8
on the contralateral side

-
pat

quadnigeminal plate often combined with aﬁ“':
anteniorly or posteniorly of the infenor pﬂﬂh
quadngeminal plate The width of the fouﬂ‘t
tncle and the aqueduct preatly influenced ¥ A
pearance of the quadnigemnal cistermn Cﬂ“‘ﬂ
approximately the same tumour positions
extibit quite different deformities of the qU“""‘;
nal cistern depending on whether the fourth £
cle and aqueduct were widencd of compres® o
13) Widenng of the fourth ventnele 39 “‘i_“
1s present n most chses of intraventaculd?

in the fourth ventncle due to obstruct
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13 Two cases of tumour of the infenor vermis a) Fourth
mele and aqueduct compressed Abrupt reduction of the
th of the aqueduct (~») where it passes through the tentonal

“ h The infenor part of the aqueduct and the quadngemnal

ebrospinal fluid flow from the ventricle caused by
t tumour
A similar widening of the aqueduct and the fourth
tricle also occurred in several cases of paraven
ular tumours in the inferior part of the postenor
sa marmly in the ATII position but also mn some
»es with poswwons BILL and BIV (Fig ¢ d)
1¢ deformty of the quadngemmnal cistern 1n these
ses was stmilar to that usually caused by

plate are rotated anteporly b) Widening of the fourth ventncle
and the aqueduct The wfenor end of the quadngemnal plate 15
somewhat rotated postentorly

tion 1n which the quadrngemimnal cistern could be
evaluated no kinking of the quadngeminal plate

occurred in 3 cases and shght kinking in one case
The deformuty of the aqueduct and the quadn
geminal cistern was reported in detail by LINDGREN
& D1 CHIRO for different types of postenior fossa
tumours as also the postenor rotation of the inferior
part of the quadrnigeminal plate i cases with a
g of the di and the fourth ventricle

the fourth ventacle 1 ¢ the quadr ! plate
as more or less kinked and its infertor part was
imewhat rotated postertorly if rotated at all The
ecentral fissure was in these cases usually dis
“ aced superiorly but not antenorly
_ With all other cerebellar tumour posttions both the
-~ Jueduct and the fourth ventricle were compressed
* smetimes with an abrupt reduction of the width
“f the aqueduct at the tentonal notch (Fig 14b)
“hese cases also exhibited the well known and char
ctenstic kinking of the quadngemunal plate with
_Antenor and supenior displacement of the precentral
. 1ssure (Fig 142) The displacement of the lateral
L,mns of the precentral fissure was sometimes greater
. han the displacement of the aqueduct
The kinking of the quadngerinal plate was well
“ sortelated to the presence of ventnicular dilata
*1ion 1n 28 cases with ventricular dilatatton t which
! the quadngemmal cistern could be evaluated the
¥ quadngeminal plate was definstely hanbed m 22
+ cases shghtly in 4 cases and without kinking n

#'2 cases Of the 4 cases without ventricular dilata
.

"

for m cases with tumours of the infenor
vermts LILIEQUIST (1963) and PRIBRAM also de
scnbed this app of the quadr 1 cistern
1n cases of tumours 1 the inferor vermus and 1n the
fourth ventncle

Remauning cisterns

The crural cisterns were filled on one or both sides
1n 40 per cent of the cases approximately as often
on the side of the tumour as on the contralateral
side and the appearance of these cisterns did not
seem o be correlated with the tumour positions

The cliasmatic cistern was filled 1n approximate
Iy 90 per cent of the cases It was moderately com
pressed by the antenor part of the third ventncle
in most cases of ventricular dilatation but was other
wise without specific distortion

The cistern of the lanuna terminalis was filled 1n
15 per cent of the cases also without dragnostic
appearance

The superior cerebellar cistern was wdentified n
the lateral view 1n 40 per cent of the cases It was
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Fig 14 a)E hy and b) v of a tumour
n the BIV posiion Compression of the fourth ventncle typical
ki and antenor displacement of the infenor part of the quad
ngemmal plate (=) and the aqueduct (=) ¢) Encephalography

often difficult to distingwsh from supenmposed
supratentonal structures such as the calcanne and
the posterior paneta! fissures The shape of the
supenor vermis could be evaluated in 26 cases 17
of which exhubited a bulging of the superior vermis
as 1n tumours of the postenor compartment n 3
cases the appearance of the supenor vermus was
normal

In the axial view the supertor cerebellar cistern

-

b
!
| ®
i
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s A :
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and d) ventnculography of another tumour in the BIY r;)
Dilatation of the fourth ventrcle Infenor pant of DS
genminal plate 1s nol rotated antenorly (—) because ok
the fourth ventncle and the aqueduct

could be evaluated m approxmately 20 per < ,:
the cases With lateral tumours st was Sf’m“..
more often filled on the contralateral s1d¢ > .
the tumour side In a few cases eutraavial U';,
were surrounded by gas in the supenor ¢
cistern (Fig 15)

Bulging of the superior cerc
described by RUGGIERO (1957) ¢
cerebetlar tumours

pellar estern >
n 4 of 25 &7
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3¢ 15 Tentonal memngioma on the nght side a b) Tomo-

! faphy before arr filling of the cisterns The aqueduct and the
111 furth vemincle are deformed a5 with large tumour of the pontine
J

¢ The pencallosal cisterns were filled on one or
'»"':mh sides in 40 per cent of the cases In the axial
Lw0jection the wings of the ambient cisterns were
sbserved 1n approximately 50 per cent of the cases
and the cisterna velt tnterposii n approximately
"0 per cent of the cases All these cisternal struc
3 , lures were often marhedly dilated 1n cases with
g featncular dilatation but of normal size or only
+shightly dilated 1n cases without hydrocephalus Um
¢ laterat filling did not correlate with the tumour side
In no case was any rotation or lateral displacement
of the cisterna veh nterpostt observed

Widenng of the pencatfosal cisterns the cisterna

”
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angle ¢ d) Tomography after arr filhing of the cisterns The
tumour (~) almost completely surrounded by air

vel interpositi and the wings of the ambient cistern
are well known mdirect signs of expanding lesions
of the postenor fossa described by SASSAROLI
(1955) and by SCHECHTER et coll (1958) PRIBRAM
pointed out that unilateral abnormalities are not cor
related to the side of the tumour and he also reported
that the same cisternal appearances could be present
i cases of ventncular dilatation from other causes
than expanding lesions of the postenior fossa ROTH
et coll (1972) claimed that the mechamsm behind
these cisternal distortions 1s to be found m mech

amical changes of the cerebrospinal fluid crrcula
tion
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Fig 16 Drawings of some important cisternal deformities in

tumours of the vernus a) Lateral view b) Axial view of the

cisterns nfenior to the fourth ventricle ¢) Axial view of the

<isterns adjacent to the tentonal notch The normal appearance

of the cisterns 15 ndicated by continuous lines cisternal struc

t‘_gr:s possible to evaluate 1n tumour cases by shaded areas (ef
18 1)

b

Companison with cisternal distornons
caused by experimental tumours
Total agreement does not exist between the c1s

ternal abnormalities m clinical cases and those pro
duced by expenmental tumours (LINDQVIST) and
15 not to be expected Cisternal distortions caused
by ventncular dilatation and not by the tumour itself
could not be d exper lly for

h

!

?&n%

a

S L

Fig 17 Drawings of some important cisternal deforr™®
tumours of the mght cerebellar hemisphere a) Lateral "'(
Axial view of the cisterns inferior to the fourth ventricle ¢

view of the cisterns adjacent to the tentonal notch (ef F§

was no supratentonal intracranal pressure AL
displacement of the bram stem mfenorly the”
sulted 1n a passive displacement of the sur“"‘:
nal part of the brain stem towards the wnm\h’
side and thereby also a displacement of the & P
vell mterpositi Other differences are casi'\'k
plained by the fact that the :xpcnmen(al h‘d‘
tumour developed instantaneously without the .,
remodelling of the sur ding, bram structure

widening of the pencaliosal cisterns the
wings and the cisterna veli interpositt compression
of the chiasmatic cistern and interpenduncular cis
tern One of the most stnhing differences was that
the esvident contralateral displacement and rotation
of the cisterna veli tnterpositi present in almost all
cases of lateral expenmental tumours was not ob-
served at all 1n the clinical matenial This mught be
due to the fact that in the expenimental senes there

occurs 1n clinical cases 15
However in many respects a good 3!:“‘"":’ 5
found between the chmcal and the eXPN
situation This ts true of many of the Bb“omfaz
of the cisterna magna the medullary cisterm im
pontine cistern  For imnstance  the ch:ﬂlf‘;”‘
shape and position of the medulla obloE™ ©,
great importance for determining the tur
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Typical aisternal distortions caused by tumours
the vernus and wn the cerebellar henuspheres

Lateral projection

ne abnormalities are similar for tumours in the ver
1s and 1n the hemispheres In most cases the fol
wing cisternal distortions are present

-

Avaf projection

103

Important differences exist between the abnormalt
ties resulting from tumours of the verms and those
resulting from hemisphenc tumours In most cases

the followmg cisternal

distortions are present

v[mour of the vermuy

‘Tumour of the hemispheres

Tumour of the vermus

Tumour of the hemispheres

nsillar hermation
Exception Intri and extra
axsal tumaur 1 the mfenor
part of the postenar fossa
with marked separation of
the tonsils

\

ompression of the wter
wmispheric part of the
~1sternia magna 2gainst the

7F»cc|pu;u crest
f
'

/

~.__Menor displacement of the

Magendie
et
Y]
joutt ¥ ompression of the pre

nd*¥ medullary part of the
medullary cistern

Compression of the pontine
cistern

Moderate supentornferior
compression of the inter

o peduncular cistern

(«‘m especially in cases with

', ! hydrocephalus Moderate

™ ap compression of the cstern

¢ Menking of the quadngemmal

o~ plate

(¥ Antenor rotation of the
¥ wfenior part of the quad
" Tigenvinal plate

Exception Tumour with
s

o widening of the fourth
4
¢ vemncle

’ J\’ Compression of the supenior

cerebelfar cistern with
N

bulging of the supenar
wb verma
»
ﬂlw .

Tonstllar hermation
Exception some cases of
tumour in the nferior part of
the postenor fossa with
marked supenor displace
ment of the cerebellum

Compression of the wter
hemisphenc part of the
cisterna magna agamnst the
occipital crest

Exception Some cases of
tumour 1n the infenor part
of the posterior fossa with
marked supenior displace
ment of the cerebellum

Antenor displacement of the
foramen of Magendie
Exception Lateral
hemusphenc tumour and
tumour close to the pontine
angle
Compression of the pre
medullary part of the
medullary cistern
‘Compression of the pontine
cistern

‘Moderate supenornferior
compression of the mter
peduncular eistern
especally n cases with
hydrocephalus

Kunking of the quadngemtnal
plate
Antenor rotation of the
infenor part of the quad
ngemmnal phite
Exceplion Tumour with

widening of the fourth
veatnele

Compression of the superor
cerebellar Cistern wuth

bulging of the supenor
verms

Widening of the mfener Compression and contra
vermis fateral displacement of the
mfenor verms
Slhight compression and no ‘Compression and contra
lateral displacement of the lateral displacement of the
vallecula vallecula
Exception Tumour n the
mfenor part of the postenor
fossa may cause a widening
of the vallecula Inasym
metnc wmour some lateraf
displacement of the valle
cula may occur
Antenor and C i displ of

some widemng of the medutla
obfongata Symmetnc com
pression of the lateral
recesses of the medullary
cistern
Excepion Some asym
metry may oceur i cases of
asymmetric tumosr

Symmetnic and umiform
<compression of the ponip-
cerebellar cisterns

Exception Some asym
metry may oceur in cases of
asymmetnc tumour

Slight symmetnc rotation
frontally of the ctreum

mesencephalic part of the
ambient cistern

the medulta oblongata with
compression of the fateral
Tecess of the medullary
cistern on the contralateral
side

In cases with tumour of the
Ppostenor part of the
hemisphere sometimes an
anterior rotation of the
medulla oblongata occurs
on the tumour side

Asymmetnc compression of
he poniocerebellar cisterns
with more marked compres
3101 o1 the tumour side than
on the contralaterai side The
cisterms are psually com

pressed to the same extent

n thewr medsal and lateral

parts
Excepuon Extraaxial
tumour may cause a widen
1ng of the pontocerebeltar
€ntern on the wmour side

Shght frontal rotation of the
cireum-mesencephalic part
of the ambrent ¢istern on the
tumour side and shght
sagttal rotation on the con
tralateral side



tions The complex rotation movements of the cir
cum mesencephalic parts of the ambient cistern
were 1lso to some extent present in the chimical
material

Typtcal cisternal abnormalities i cerebellar
tumours of the vermis and the right hemisphere
respectively are listed on page 103 and illustrted
m Figs 16 and 17

The cisternil abnormalities associated with other
tumour locations in the posterior fossa will be re
ported separately with a discussion of the posst
bilities of differential diagnosts

SUMMARY

A detailed analysts of the deformities of the subarach
noid cisterns was carried out i a chinical matertal of
65 cases with cerebellar tumours examined by encephalo
graphy The distortion of the cistemns was rejated to 8
different tumour positions and the results compared with
those from a previous e mnv Typical
asternal distortions for cerebellar tumours are hsted
constituting a basis for a general analysts of the cisternal
abnormahtics demonstrated by whatever means of neuro
rdiol F e employcd com
puter tomography or cisternography with positive con
trast medium
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RADIOGRAPHIC HEALING AND REMODELLING OF CORTICAL AND
CANCELLOUS BONE GRAFTS AFTER RIGID PLATE FIXATION
Experiments 1n the rabbit

P Waris E KARAHARIU P SLATIS and P PAAVOLAINEN

‘The healing of bone grafts ofter plate osteosynthe
» has not been widely investigated radiographic
ly OLERUD & DANCKWARDT LILLIESTROM (1971)
«d HUTZSCHENREUTER (1972) showed that cortical
terposition grafts mend by pumary bone heahng
ithout evident periosteal reaction

The osteownductive capacity of cancellous bone
«ceeds that of cortical bone {(ABBOT et coll 1947
CHWEIBERER 1971) Ever since NICOLI (1956) pre

nted his method of cancellous mterposition graft
8 1t has been widely used m connection with plate
steosynthesis The cancellous graft provokes abun
ant bone formation (SIFFERT 1955) 1n connection
vith ngid osteosynthesis cancellous mterposition
srafts also seem to mend by primary bone healing
DUkiRet coll 1975)

The ncorporation of a bone graft 1s accomplished
% so-called creeping substitution (STRINGA &
MIGNANI 1967 ALBREFTSSON 1971 ENNEKING et
coll 1975) which 1s charactenzed by the simuita
Teous resorption of necrotic old bone and the forma
tion of new bone on the latice work of old bone
trabeculae This reparr 1s vivid and usually 1

bone lysed and the dellmg of the grafts
foliowed for one year
Matenal and Methods

Operatne technique The matenal consisted of
130 rabbus weighing from 2450 to 5100 g The
anmmals were anaesthesized with mebumal natn
um and ether The nght tibiofibular bone was ex
posed through a straight mcision A 6 mm long seg
mem of the tibia was cut with a double blade ar
cular saw during continuous cooling with saline the
proumal osteotomy was performed just below the
tibiofibular junction

In 70 of the rabbits the cortical bone transplant
was turmed 180 and replaced in the defect (A 10
Fig 1) In the other 60 rabbuts the defect was filled
with 2 6 mm long cancellous graft from the antenor
thac crest (B in Fig 1) Osteosynthesis was made
with a 6-hole DCP/ASIF plate attached to the bone
with 5 screws n the cortical graft senes and 6
the cancellous graft series All the screws were

n cancellous grafts (BOYNE 1970 SIFFERT 1955)
but in cortical grafts 1t 1s retracted for years and can
:_Crlr;a;n ncomplete (ALBREKTSSON ENNERING et
1¢Q
No companison of cortical and cancellous mter
pasttion grafts after ngpd plate fixation appears 1o
' have been made Therefore using radiography the
healing of cortical and of cancellous grafts were
compared concomitant changes tn the plated host

h with a calib d torque wrench which
exerted an axial force of 5 to 10 APa In the cancel
Jous graft this procedure resnlted 1 a moderate
squeezing of the trabeculae and loss of axal com
pression force 1n the cortical graft compression
was exerted on the tubular graft

After the operation the amimals wore no external
splints and were allowed to move freely in separate

Subsmtted for publication 17 January 1979
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Fig 1 Operauve techmique  A—Cortical transplant turned 180
and replaced B—Defect filled with cancellous graft

 §

)
b adef<|:

Fig 2 Diagram of the cortical bone transplant 12 weeks after
ngid plate fixation (c¢f Fig 3¢} Sites at which the radiographic
abnormalitics were semr-quantitatively recorded a) New bone
formation around the screw b) new bone formation around the
plate ¢) penosteal reaction opposite the plate d) resorption 1n
cortical host bone under the plate ¢) incorporation of the graft
) resorpion of the grafl

cages Antmals were hitled 1 3 6 12 24 36 and 52
weeks after the opertion the tibiofibular bones
removed and the soft ussues stnpped off leaving
the penosteum and all callus tissue intact

In the cortical bone graft series 20 of the 70
rabbits were excluded becausc of fmcture or loosen
ing of the implant for another 10 no films were ob
tained becnuse of technical errors In the cancel
fous grft series 5 of the 60 rabbits were excluded
becnuse of fracture 1nd no films were obtuned 1n
10 Thus for further analysis 40 antmals with corts
cal grafts and 45 ammals with cancellous grafts re
mained

Radiography of the plated bone was performed
immediately after the operation 1nd before and after
the remosal of the plate after the ammal had been
failed Agfa-Gesaert Structurix D7 mammography

film was used and exposed with 1 Machlett 8
tube at 70 kV 10 mA for 3 5 s at a focus-oby
tance of I m
Transverse specimens of the proximal and
host bone of the graft and of the contralateral
control bone were embedded 1n methylmety
and shwn nto sections of 80 um Films we
posed with 2« Machlett AEG 50 tube at 108
for 1 s at a focus-object distance of 20cm
The radwgraphic bone appearances weres
as follows (cf PAAVOLAINEN et coll 1978 F
a) New bone formation around the screws
- None
+ Endosteal bone qround the screws
++  Endosteal ind perioste 1l bone arou
screws the thickness of the ne
being less than half the thickness:
cortex
Endosteal and periostenl bone ex!
hnlf the thickness of the cortex
b) New bone formation around the plate
- None
+ Shght bone formation
++  Bone to the level of the plate
+++ Bone ristng 1bove the level of the
¢) Periosteal reaction opposite the plate
- None
+ Stight periosteal new bone
++  Subperiosteal new bonc less tha
thickness of the onginal cortex 1
sections an external layer of pen
bone
+++ Subpenosteal new bone exceedi
thickness of the onginal cortex 1
sections + marhed doublc layer conf
tion
d} Resarption in cortical host bone under the.
- None
+ Shight decrease in corticnl thekness
++  Thinning of cortex less 1hn halfthe
ness of normal bone pitchy poret™
pearance of the bone ‘
Marked porosity and thinning moft
half the thichness of normal conet
¢) Incorporation of the graft
- None
+ Visible peroste 1l or sterfragme
bone connecting the £rift
++  Bone lamellae traversing the
+++ Continuous bony cortex o3¢F
graft interf ices

4+

++4+

ntan !

osteo 7
poth
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¢

( \g 3 Corucal bone transplant after ngd plate fixation and
arresponding cross-secuons of the graft (The plate 15 situated

i the night of the graft ) a) After 3 weeks Penosteal new bone
rmation around the graft m the cross section beginming €n

Firgement of the haversian canals tn the opposite cortex and

 vewly formed subpenosteal bone b) After6 weeks Primary boue
edling i the cross section enlargement of the haversian canals

“ ) Resorption of the graft
. T None

1o Slight porosity of the graft

. ++  Porosity and thinning of the cortex of the
' graft less than half the thickness of normal

cortex

¢ +++ Marked porosity and thinming of the
cortex of the graft more than haif the
thickness of normal cortex

A

Resulls

) The healing and remodelling of the cortical and
< canellous grafts are exemphfied 1 Figs 3 and 4

< d

) After 12 weeks Porotic transformation of the host bone and the
prouimal graft i the cross secuon marked double layer d)
Afier 36 weeks Marked parosuty of the cortical hast and graft
bone underlying the implant 1n cross section almost total resorp
on of the old cortex (marked with an astenx) new subpen
osteal bone cuff enlarging the medullary canal

The radiolopic features assessed according to the
critena mentioned are summarized in the Table

New bone formation around the screns A shght
endosteal reaction to the screws appeared already
after one week n both graft series The periosteal
reaction around the screws increased up to 12 weeks
with a tendency to be more prominent 1n the can
cellous graft specimens [lowards the end of the
expeniment the newly formed bone condensed into
a dense juxtacortical bone collar which united with
the periosteal reaction opposite the plate

New bone formatwon around the plate Three
weehs after the operation new bone had formed
around the implant in haif of the cortical and m
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Table

Summary of radiographic changes in bone grafts after ngid plate fixation

Time New bone forma New bone forma Penosteal reac Resorption in Incorporation of  Resorptord
after tion around the tion around the tion opposite the cortical bone the graft the gt
oper screws plate plate under the plate ————
ation Cor Can Cor (e
(weeks) Cor Can Cor Can Cor Can Cor Can teal cellous bl ¢
tical cellous  trcal cellous  nical cellous  tical cellous
1 - 7- 7- 7- 4~ 7- 7- 6— 7- - 1
S+ 7+ 3+ 1+
3 a- [ 1- a- 5— 2- 1- - 3
5+ 1+ 4+ 2+ 6+ 1+ 4+ 34+ 44
3++ 4++ T+ 4+ 2+ + 3++ 344 " 5
6 3+ 44+ 3+ 3+ 6+ 4+ 34+ 1
544 6++ 2++ 2+ 4+ 2++ 4+ + S++ 1++ 5++ 3++
1+++ T+++ ]
1" 2+ 6+ 24 5+ 1+ 1+ LI
S5++ 64+ 444+ 1++ I+ 4 3++ 6++ 84+ 6+ + T++ 344 A
2444 3444 1444+ 244+ 244+ l4++ 1+++ L+++  1+++
2] 5+ 4+ 2+ 1+ 1+
6++ T++ I++ 44+ 6++ 444 6++ 2+ 4+ LIV |
I+++ 24++ 6+++  S+++4 1444
36 s+ 7+ 3+ 3
S+4 T++ 4+ T++ T+ 24+ t++ 244
3444 S+4s S+++ 6444 3444
5 1+ t+ !
2++ 44+ I++ I+ 1+ 4+ 444+ 1++ 444+ I++ 14+ )
1+ 44 R 1+++ T+++  1+++ 24+4+ 444+ T+++ 1

almost all cancellous graft specimens In the cancel
lous bone graft series the reaction around the plate
was greatest at 6 weeks and n the cortical bone
graft senes at 12 weeks Later the penosteal reac
tion subsided

Periosteal reaction opposite the plate A shight
periosteal reaction n the host bone occurred i the
cncellous bone grift senes already at one week 1n
3 of 7 specimens In the cortical bone graft senes
the periosteal new bone reaction was visible at 3
weeks These penostenl retctions were greatest m
both groups at 12 weeks when a double cortical
layer was observed 1n the cross sections of 5 of 7
specimens from the corticnl bone graft senies and 1n
4 of 9 samples from the cancellous bone grft seres
Towands the end of the expenment the penosteal
bone condensed without increasing in thickness

Resorption i cortical host bone under the plate
In the cortical bone gmift scries the first resorptive
changes appeared at 3 weeks when the cortex of the
host bone had slightly thinned 1n half of the spec

mens In the cancellous graft senes the resel
of the host bone did not start until 6 weeks
the operatton In both series the resorplion i
curred 1n the proximal part of the host bene
it exceeded that of the distal part m all grov
cross section specimens the resorption begit’
endosteally and progressed outwards 10 the K‘E
wall At 36 and 52 weeks the cortex was &
completely resorbed under the plate 10 hatf of
ammals 1n both series

Incorporation of the graft Three weehs after
operation incorporation of the grift #as ™

4

6 of 8 cortical bone graft specimens and ,:me
cancellous bone graft samples At this

hrough F

osteotomies healed predomnantly ¥ o
osteal bone formation In 12 wecks all the e
tomies had healed but remnants were sull Hz‘

6 of 7 cortical bone grafts and in 8 of 9 “”‘" "
bone grafts In all cases the dstal hosl—p';-‘, e
face remarmed visible longest From Auto s
both types of grafts were completely nCOTY
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'8 4 Cancellous bone transplant after npd plate fixanon and
Jrresponding cross-section of the graft 2) After 3 weeks

nosteal new bone around the screws in the cross section
“nosteal new bone b) After 6 weeks Prnimary bone healing
#dent porosity of the graft 1n the cross section eccentne sub-
enosteal new bone formation ¢) After 12 weeks Thinming of the

+ Resorption of the graft The resorption of the
-ofhcal graft first appeared after 6 weeks as a mild
hinning and porosity in the cortex of the graft while
hat of the cancellous graft was not observed until
12 weeks after the operation This resorption always
began 1n the proximal part of the graft and had a
Patchy porotic appearance with a marked thmmng
of the subend cortex In sp € d
later the resorplion was more marked in the graft
than 1n the surrounding host bone

Discussion

The results show that with ngd plating both
forticat and cancellous interposition grafts mend by

cartical host bone porosis of the host bone and the proumal
graft condensed subperiosteal new bone which m the cross
section 1s remodelling to a new tubular bone &) After 36 weeks
Marked porosity of the host bone and the graft simslar to the coru-

T senes i the Cross-section a new thin walled tubular
bone

prnimary bone healing that incorporation of both
grafts 1s followed by progressive remodelling of the
graft and the host bone and that this remodelling
causes cancellous transformation and thinning of the
cortex both 1n the graft and in the host bone

The amount of penosteal callus 1s mfluenced by
the stability of the osteosynthesis (WIESER 1964
ANDERSSON 1965 HUTZSCHENREUTER et coll 1969
ROEDI & ALLGOWER 1974) and the degree of penos
teal (KUNTSCHER 1967 OLERUD & DANCAWARDT
LILLIESTROM TRUETA 1974) or medullary (RicH
ANY et coll 1965 DANCKWARDT LILLIESTROM
1970) trauma In the present series the perosteal
reaction around the screws and the plate occurred
shghtly earlier 1n the cancellous graft than in the
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cortical graft series which suggests that greater
osteoinductive activity occurs tn cancellous grafts

The radiographic healing of both graft types was
basically the same The incorporation of the graft
started at 3 weehs by penosteal new bone formation
around the graft The healing was completed by
bone bridges traversing the host-graft interface 6 to
12 weeks after both types of grafting In all cases
the distal host-graft interface healed last This
sequential mode of healing was also noted by Zuc
AN et coll (1968) 1n trple level fractures of rabbit
tibiae stabilised with a medullary rod

The remodelling of the cortical host bone which
gradually occurred after graft mcorporation can
mainfly be attnbuted to the reactions provoked by
ngid plate (PAAVOLAINEN et coll ) Thus the re
sorption of the cortical host bone was similar to that
reported in plated mtact rabbit tibiofibular bone by
SLATIS et coll (1978) and in plated osteotomies of
rabbit tibofibular bone by GORDES et coll (1975) A
phenomenon not occumnng in simple osteotomies
but found in the present series was bone resorp
tion later n both the distal part of the graft and the
host bone (Figs 2c and 3¢} This occurrence as
well as the delayed healing of the distal host—graft
interface 1s obviously due to a less abundant blood
supply to this area (GOTHMAN 1960 TRUETA)

The remodelling of both graft types was accom
plished by the simultaneous subpenosteal condensa
tion of new bone and the progressive resorption of

This phenomenon suggests that after eraft
cedures combmed with ngid plate fixaton
plants should remam n place untit healing s
pleted but should be removed before the dekt.
effects of the implant have caused weaken o
bone However further experiences are need
fore the optimum time for implant remova! c:
determined

SUMMARY

Cortical and cancellous interposttion grafts it
plate fixation 1n the tibrofibular bones of 130 ¥t
followed radiographically for one vear The ez
grafts healed earlier but by 12 weeks both graft b
been incorporated the distal host-graft interfxce k-
last to heal Progi 1 1 ot
the graft and host bone led to an increased overs
diameter awidened medullary canal and a thinnedp
wall
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RADIOLOGIC EVALUATION OF THE PROGRESSION OF
RHEUMATOID ARTHRITIS

A DE CARVALHO H GRAUDAL and B JORGENSEN

The purpose of this report 15 to survey the degree
rheumatord jomt nvolvement based on radio
-aphy of all imb joints and to describe the relation
1p between the joint involvement and the dyration
fthe disease Previous reports have been based an
wdtography of selected jomnts It seems that no m
estigations have been carned out which show by
niform ¢ritena to which extent a particular jount of

group of patients s affected by the rheumatoid
rocess

Material and Methods

The seres consisted of 149 females and 39 males
mith classical or defintte rheumatotd arthntis (ROPES
teoll 1958) of the adult type The mean age of the
emales at the onset of the disease was 38 1 years
Tange 14-74) that of the males 42 years (range
17-62) The patients had been hosprtalized mn a
Specralized rheumatofogy unit and afterwards fol
fowed for penods of 3 to 12 years

Atleast two radiographic examinations had been
performed on each patient at an mterval of at least 3
Years On average each patient was examined 3 5
umes (range 2-7) and with few exceptions radio-
graphy of alf the limb jomts was performed on at
1‘east 2 occasions A total of 661 skeletal examma
:ms Wwere performed of these were 429 complete
m:\;tsllons of the cervical spine and the sacrothac
N“m“l" be reported separately because they

U special problems  All films were evaluated
¥ the same author (A C ) without knowledge of

chmical findings The jot mvolvement was classt
fied by grades 0 to 5 by companson with the
standard films of LARSEN et coll (1977} and ac
cording to the following definitions

Grade ¢ normal findmgs

Grade 1 shght abnormality including penarticular
soft tissue swelling juxta articular halis
teresis posstbly with shight narrowmg of
the joint space

Grade 2 early but defimte abnormalty consisting

of bone erosion and distinct narrowing of

the jomt space Erosion s obhigatorv ex

cept n the weight beanng jornts

medwm destructive abnormality with

marked narrowing of the jomnt space and

bone erosion also in weight beanng joints

severe destructive abnormahty Only

mmor parts of the articular surfaces re

mam

mutifating lesions

Grade 3
Grade 4

Grade 5

An example of stagmg of the same joint at differ
ent mes appears m Fig I Although the standard
films of LARSEN et coll illustrate regions e g
radiocarpal and carpal joints sn the present senes
each jomnt was evaluated separately with the excep-
tion that the carpal jounts the talar joints (subtalar

} boideal and tal far) and the mid
tarsal joints (including the tarso-metatarsal Joumts)

Submitted for publication 17 January 1979
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2
Fig | Staging of the same joint at dufferent dates

Table 1

Example of mapping the condition of one joinl (right wrist) by means of absolute
counts and relatn e frequencies of joint im ol ement by grades 0 1o 5 at a given ime
afier the onset of disease

Years  Grade Total
from
onset 0 i 2 3 4 5
] 5 18 14 0 0 0 37
135 436 k7R 3 o o o €2
2 8 13 3 ] 0 24
o 333 542 125 0 0 40
3 3 12 16 4 2 0 37
g1 324 432 108 54 0 62
4 4 1n 20 8 1 1 45
89 244 44 178 22 22 75
56 12 36 25 3 2 9
13 152 456 316 3 25 132
7-8 2 7 32 20 10 3 74
27 9s 432 270 135 41 123
910 1 10 2 17 16 5 70
14 143 300 243 29 7 n7
1-12 0 4 16 15 1 5 51
0 78 314 294 216 98 8s
13-14 0 5 9 12 s 3 44
0 14 205 273 341 68 73
15-16 0 2 10 7 15 5 39
L] 5t 256 179 385 128 65
17-18 0 0 7 2 18 4 3t
0 o 226 65 581 129 52
19-22 0 [ 3 8 n 7 30
[} 0 100 267 400 233 50
3= 0 o 2 10 12 15 39
o [ 51 256 308 385 65
Total 16 89 199 131 115 50 600
27 148 332 218 192 83 1000
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Table2

Jownts that may be groaped without sigmfi ~ant loss of tiformationin the deserma
of the progression of the disease The nght and lef sides huve beer groured
tovether i ell cases

Arms and hands Legs and fet
Shoulder and acromioctavicniar Hin

Eltow koee

Wenst and carpus Ankle

Carpometacarpal yomt 1 Tarsus.

Carpometacarpal jomts 2-5 Madtarsal yomts
Metacarpophalanewal yomt t Metatarsophalangeal powt §
Metacarpophalang=al yomts 2-5 Metaarsophaangeal jomts -5
Provuma mterphalzngeal ponts -5 Proumal mter~halangeal pmts
Drstal interphalangeal pomts 2-5 Dhstal mterrhatangeal omts
Interphalangeal jomt of the thumb Loterphataneeaf omt of great toe

ere regarded as umts Satisfactory control of the
formation has been effacted by random samplug
he result has been subjected to electrome data
Tocessing

Results

The results have been recorded m a table for each
f the 86 jomts exammed An example 15 given
able 1 Jt shows the percentage of jounts which was
avolved by grades 0 10 5 at a given ume after the
mset of the disease

An analysis of the v olverment of mdtvidual jomts
bowed that some jomts could be grouped together
Aitholit any essentiat loss of nformation due to a
Jadorm progression (Table 2) The groups also
‘l:de the corresponding jomts of the nght and left
side

In Figs 2 and 3 the distribution of the lesions 15
welated to the duration of the disease The figures
simmanze the classifications of 50872 joumts or jomt
umts The curves mdicate the hmuts between the
diferent grades for each group of Jomts 50 that the
reas between the curves express the relatnve fre
QuenCy of each prade The frequency of jomt tn
volvément of grade 2 or hugher after one 4 7-8 and
:_l-l: ¥ears appears i Table 3 The frequency of

Or €xample grade 445 15 not ly

volvement of the second and third carpometacarpal
Jowrs night and left was more severe than that of
the first fourth and fifth yomts The second and thrd
metacarpophalangeal jowts were more often af
fected than the fourth and fifth jomts and the m-
volvement of the first metacarpophalangeal jomt
was still smafler The mvolvement of the nght sec
ond and thrrd metacarpophatangeal jomts was more
marked than that of the left yjomts

Regarding the proumal mierphalangeal jouts of
the left hand the degree of mvolvement mereased
from the fifth to the second jomt and the second
Jomt was more mvolved than the correspondmg jatnt
of the nght hand On the nght hard the third prou-
mal mterphatangeal jome showed the hughest degree
of mvolvement and the third to fifth jomts of the
nght hand were more mvolved than the correspond-
mg jomts on the left hand

By conwast  the lateral metatarsophalangeal
Joumts especrally the fith were more severely m
volved than the medml jomnts

Discussion

The grading system of LARSEN et coll has been
found to provide satssfactory distinction between
shight defimte moderate severe ard mutilating

. use different patients appear at different tumes

0 several groups of jomnts the progression of the

dssease pever ceased

Some special features appeanng withm some of
Eroups of jomts should be mentoned The -

h d jomt 1 Thus ttisasefulasa
tool for evaluatmg the prosression of the disease
espectally dunng longer penods whereas 2 detailed
description 15 necessary for diapnostic purposes
and for evaluating the progression durme the eariy
peniod of the disease -
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LDER AND A-C

ELBOW WRIST

e 2s MCP Y

MCP 25

PP

Fig 2 Distnbution of rheumatoid arthntic lestons n upper extremity as related to years

after onset The areas between

o

~

jomt PIP Prouimal
phalangeal joints

)
the curves express the relative frequency of each grade *®
Jomt CMC C: Joints MCP M, 2
Jomnts 1P jomt DIP Distal inter T?é{g;

0 © a e

rognos”

The patients m the present senes are not represen and joint groups may be used as 1 se"e'::sp ar: <o

tative of rheumatoid disease n the population but estimate as far as hospitahzed pa“eox,mnl“’“'

probably the semes 1s farly representative of  cerned Forexample as regardsany srto s’gﬂﬁd
r

rheumatowd patients referred to Damsh hospitals phalangeal joint of the fingers afte
This imphies that the findings regarding single jonts  the disease the probability of grad

e 2 imvoliere?
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TARSUS

o

'8 3 Distnbution of theumatord arthntic lesions tn lower extremity as refated to years
om onset The areas between the curves express the relative frequency of each grade
angeal jots PIP- Prowmal interphalangeal jomts DIP- Distal mter

{TP Metatarsophal

hatangeal yomts. 1p Interphalangeal jont

»ould be 27 per cent of grade 3 1t would be 10 per
ent and of grade 4 to 5 1t would be 11 per cent It
nay be estimated whether the course m a single
alent 15 more or less senous than usual This
'Pplies both to single joints and to the total progress

2
2
3
3
25 = .
e — :
5 10 20
o i) 2 » 1) o 20 x o YEARS
1wt
Q/\N
- 1
/\/\
25
3
L s
30 1) 20 30
YEARS
or

0
YEARS

of the disease Since mn the majonty of the cases all
the joints of a patient have been examined at the
same time 1t 1s justifiable to compare the amount of
mvolvement of different Jomts or groups of jomts
after the same duration of the disease It seems that



/

120 A DF CARVALHO H GRAUDAI AND B JPRGENSEN

Table 3

I ercentac of fonts with lesions of grade 2 or lngher

No classified Years from onset
Jomts
1 4 78 u-12
Grade 2 3 4+5 2 3 445 2 3 445 2 3 448
Upper extremity
Shoulder/A Cjont 2251 2 2 0 37 6 3 39 8 1l %,
Llbow 1079 230 0 37 6 2 40 8 13 4417 1
Wnistfcarpus 2415 47 4 0 47 16 4 42 25 18 %27 M
CMC 1 1228 ” s 0 6 4 23 2 10 3138
CMC 2-5 4924 31 2 ¢ 47 12 3 45 15 15 oon
MCP) 1710 % 2 0 36 S5t 3% 12 7 » B3P
MCP2-5 4908 2% 2 0 3 8 2 41 12 12 I
PIP2-5 4905 18 1 1 29 4 2 27 10 1 LI | B U
DIP2-5 4 906 01 0 14 [ 14 4 1 21 4 4
e 1274 6 0 0 13 40 87 2 20 8 4
Lower extremity
Hip 1112 31 0 8 4 2 7 4 6 16 21
Knee 1169 1m 3 0 29 9 2 3 131 2t 1A
Ankle 1071 g1 0 25 30 29 5 4 407 9
Tarsus 1071 9 3 0 2 8 23 15 8 29 uou
Mudtarsal yoints 1198 132 0 25 40 2% 13 4 27 20 7
MTP1 Lt 16 2 0 3t 91 32 13 5 44 16 1"
MTP2-5 4553 17 5 3 3 12 7 2 17 on 2 20 1
PIP2-5 4708 510 n 1o 25 7 1 24 5 1
DIP2-5 4 681 30 0 3 10 n 1 o ) LI S
8 1198 24 2 0 5 71 45 105 49 14 5
AC A Joint CMC C: pal yjoints MCP Metacarpophalangeal jomts PIP Proximal intef
phalangeal jomnts DIP Oistal Joints [P Jomnt MTP Joints

an estimate of progressive involvement of one joint
should preferably be viewed 1n the light of the state
of other joints When the prognosis of single joints 1s
analysed the finding may vary according to a ¢casual
composition of the patrent group especially if the

group 1s not large
It1s not extraordinary that the

present findings concord with the opinion generally

held Regarding some joints the

m accordance with those reported 1n other series

Soia L

humeroscapular joints (DE SEZE et coll 1964
bows (FLEMING et coll ) proximil interphald
jomts of the hands (BROOK & CORBETT FLET
& ROWLEY) hips (JONSSON 1961 KELLGREN!
talocrural joints (FLEMING et coll

KAINEN et coll 1977) The discrepancies ™
general trend of the explained by the variability of the disease

It1s not known why some jotnts are more oft

findings have been  more severely affected by rheumatosd arthnt®

proximal mnterphalangeal joints of the hand (JACOBY hypott for the I
et coll 1973 FLEMING et coll 1976 VAN DaAM this disease based on joint anatomy

1964) knees (JACOBY et coll SOILA 1958 SOSMAN
1964) talocrural joints (FORESTIER 1964) tarsal and
ANSELL  1964) exact knowledge of the appea
rheumatoid joint involvement seems (0 be
for an understanding of some
determine a predisposition to rheumatox

mdtarsal jomnts  (FORESTIER

metatarsophalangeal joints of the feet (BROOK &
CORBETT 1977 SOILA FLETCHER & ROWLEY 1952
MARTEL 1968) As regards some other joints other

authors have found a lower or higher degree of in ment and progression

volvement acromtoclavicular joints (MELJERS 1964)

others At present 1t 1s not posstble to formul
and progressi®
vasculd

¢
chemistry function or temperature Local fa
are possibly not the only ones However 3 :
rances of the &Y

of the factors

The purpose of radiographic examin

d 1o

ation
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~umatology 1s not only to be diagnostic but also
form a basis for the therapeutic strategy and for

evaluation of therapeutic results and the prog
sis  Radiography reflects biologic

FLETCHER D E and RowteEy K A The radiological
features of rheumatowd arthntis Bnt J Radiol 25
(1952) 282

FORESTIER] Ankles In Proccedmgs of the lmcmauuna]

uch do not always conform to the social conse

_ences of the disease

SUMMARY

The seventy of theumatord arthritis 1n 20 groups of himb
nts was evaluated by means of 661 skeletal rad

on the aspects of rh
anhnhs p 105 Excerpta Medica Amsterdam 1964
JacoBY R K JaYysoNM I V and CosHJ A Onset
early stages and prognosis of rheumatoid arthntis A
clmical study of 100 patients with 11 year follow yp
Bnt med J 2(1973) 9%
JonssoN E On the prognosis of rheumatoid arthnus
Acta orthop scand 30{1961) 115
l\ELLﬂKENJ H The hip joint In Proceedings of the

amunations on 188 patients The seventy of the disease
1s classified by grades 0 to 5 i accordance with LAR
NS grading system and was related to the duration of

,# condion The result differs at several points from

f
‘

sults in other surveys
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ARTHROGRAPHIC DIAGNOSIS OF RUPTURED CALCANEOFIBULAR
LIGAMENT

1 A new projection tested on expenimental injury post mortem

M VuusT

Arthrography of the ankle 1n cases of acute distor
ns was troduced by WOLFF (1940) and has been
particular value for the diagnosis of rupture of the
eral ligaments of the talocrural joint (GLASTRUP
65 BROSTROM et coll 1965 PERCY et coll 1969
APLES 1975 SPIEGEL et coll 1975 LINDHOLMER
coll 1978 PRINS 1979) Most frequent are 1solated
Pture of the antenor talofibular ligament and com
ned rupture of this igament and the calcaneofibu
T ligament Rupture of the postenor talofibular
jament 15 nfrequent (BROSTROM 1965) Isolated
tpture of the calcaneofibular igament has been re
orted by PRINS but was not found by BROSTROM or
INDHOLMER et coll n therr sertes

The usefulness of arthrography for the diagnosis
f acute ruptured antenor talofibular ligament was
stablished by BROSTROM et coll  and LINDHOLMER
t coll found that 97 per cent of the pathol

location of the contrast leakage at the lateral mal
leolus They suggested that a leakage antenor to the
malleolus idicated rupture of the antenor talofibu
lar hgament alone whereas enlargement of the leak
age and extenston taterally tdicated rupture of both
lateral igaments In the 61 cases of calcaneofibular
higament rupture reported by LINDHOLMER et coll
the diagnosis was made m only 37 using the critena
of PERCY et coll

Other tndrcations of rupture of both lateral Iiga
ments have been suggested poor contrast filling of
the recesses of the talocrural jomnt size of the leak
age measured usmng an mdex (LINDHOLMER et coll )
and recording of low pressure at the mjection of the
contrast medim (PERCY et coll  SPIEGEL et coll )
but none of these have ganed a wider use
A new projection for the dragnosis of rupture of
the cal fibular ) 15 described i the pres

thrographies demonstrated rupture of this liga
fent However 1t 1s difficult to determine whether
Upture of the calcaneofibular igament has also oc
urred Several attempts to find valid critera for this
Aiagnosis have been made
BROSTROM et coll found that contrast filling of the
Peroneal sheath was a reliable indication of rupture
of the caleaneofibutar hgament as did FONDYCE &
Horw (1972) and PeRcY et coll On the other hand
‘me\z;m. ¢t coll STAPLES LINDHOLMER et coll
o considered such a finding less reltable In 61
cases of calcaneofibular ligament rupture operated
3x\en filling of the peroneal sheath occurred 1n only
1 (L™byoLvER etcoll)

PERCY et coll based their critena on the size and

ent report It has been tested m arthrography of
expenimental post mortem lesions

Previously projections at right angles to the lower
leg have been used 1n arthrography of the ankle
Joint These include antero postentor and lateral pro-
Jections and antero posterior projections with 20 to
30° lateral and medial rotation of the foot On such
views it may be difficult to observe the evact pos:
tion of the leakage at the lateral malleolus because
of supenmposition of bones and ntra articular con
trast medium

Therefore 1t was mmed at finding a projection
which demonstrated the ligament without such a

Submitted for publication 17 Apni 1979
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Fig 1 Position of the foot for the obhque axial projection

supenmposition of bone ntraarticular contrast
medium or of anterior leakage through a rupture of
the antenor talofibular ligament This projection 1s
now descnibed

Material and Methods

The mvestigation was performed on 14 ankle
somts from 9 fresh cadavers (average age 51 years
range 34 to 74) without lesions of the extremities
The normal trauma mechamism was imutated by
manual forced supmnation of the foot In case of

a b

Fig 2 Oblique axial projection a) The malleolar fossais located
between the calcaneus and fibula The calkaneofibular hgament
traverses the fossa with the sheath of the peroneus tendon
situated just behind b) Normal arthrography Contrast medium
1n the postenor calcaneotalar Joint No myury te the lateral Iiga
ments ¢} Maximum leakage from a rupture of the antenor

M vuusT

fracture caused by the expermental traym
ankle was excluded from the senes

Arthrography was performed by injection df,

1 hal (Conray | )
teromedially into the talocrural jout Giemsa|
stain was added to the contrast medim 1 or
compare the leakage visible on the dissected s
men with that on the arthrographic film T
1ections were used an antera posterior alated
anew one an oblique axal projection

The patient 1s in supine position with th
maximum bent The hip 1s rotated 4(° lateralh
the foot 25° faterally with the plantar surfaceo
foot kept in honzontal positton The centrel
directed 50° from the vertical plane cramalh
centered m the malleolar fossa (Fig 1)

A drawing of the oblique axial projection s
sented 1n Fig 2a Exposures with metal made
both ends of the calcaneofibular lrgament !
shown the position of the ligament m this pro!
It extends from the anterior part of the laterd
leolus through the malleolar fossa to the caks
and inserts on a promnence always wisblen
projection

Evaluation of the films The antero postendt
lateral views were evaluated using the cntem
scribed by PERCY et coll Three types wert!
distingmished

Type | Anterior rupture of the capsule wil
mjury to the lateral ligaments Contrast medur
located antenior to the tibia

d

c

tar
talofibular Ligament No contrast medwm 1 the ;‘ﬂ“,’, e
behind the ntact calcancofibutar ligament f raight borde
m the antenor part of the fossa 1t often has 3; ma uptre
ta the calcaneofibular hgament d) Leakage f80% - -eof
both Jateral Ligaments Contrast mediim behind {7E oy ot
ar ligament  Medwem lateral to the malleolus m3Y
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c

2 3 Total rupture of both lateral ligaments 2) A p b) lateral
W assessed {0 have the contrast leakage mamly anterior to the
eral malleolus c) Oblique axial view Contrast medium lateral
the mallcolus () Separated from this medium close to the
lcancus (=) s postenor part situated behind the calcaneo-

Type Il Rupture of the capsule and the anterior
lofibular ligament Contrast medium 1s situated an
110f 10 the lateral malleolus

Type I Both lateral ligaments ruptured Con
rast medwm 15 sutuated laterally and anterior to the
ateral malleol y d upwards
long the fibula and often situated around the up of
he fibula

The oblique avial view was evaluated according to
the critena defined i Fig 2 b-d
Allfilms were evaluated before the dissection

125

d

fibular hgament (between «+) d) Drawing of the dissected ankle
{same projection as in b} Two separated regions of contrast leak
age The Lined area 1s the Jeakage from the ruptured talofibular
hgament and the crossed area 1s located around the ruptured cal
caneofibular hgament

Dussection was performed 1n order to assess the
types and extension of the lesions and the leakage of
the contrast medium The tendons and the peroneal
sheath were removed and the capsule and ligaments
on the lateral aspect of the anhle yoint were exposed

Results

At the dissection rupture of the antenor talofibu
lar higament was found in 7 cases and of both lateral
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Fig 4 Rupture of both lateral ligaments a) Ap b) lateral
view Shght leakage mamly antenor to the Jateral malleolus

hgaments also in 7 cases Using the criteria of PERCY
et coll rupture of the antenor talofibular higament
was dragnosed correctly in all cases with this lesion
but of the cases with rupture of both lateral liga
ments only the antenior one was considered rup
tured tn 5 cases the other 2 cases were diagnosed
correctly On the oblique axial film using the critena
defined in Fig 3 2 b-d all cases with rupture of
antenor talofibular igament and all cases with rup-
ture of both lateral hgaments were diagnosed cor
rectly

All seven ruptures of the calcaneofibular ligament
were total Five of these were Z ruptures 1¢ a
leston where some of the fibers of the ligament are
broken anteriorly and the rest posteriorly At first
sight the lesions were thought to be partial ruptures
The fibers were held so close together by the
peritendinous connective tissue that the ligament
resisted even rather severe strain

In one case of rupture of the antenor talofibular
ligament a few fibers had remained ntact

The peroneal sheath was filled 1n all cases of rup
ture of both lateral ligaments No contrast filling
occurred if only the antenor talofibular igament was
ruptured The appearance of total rupture of the
lateral ipaments 1s illustrated 1n Fig 3 On the post
mortem films the leakage had a more well defined
outline and less of the charactenstic flame shape
than on films exposed tn vivo

- e slady
<

considered Percy type 1l ¢) Oblique axtal view Leabs}
extends behind the calcancofibular Iigament (4+)

Discussion

The extension and position of the Ieahage o
trast medium assessed on the antero postent!
lateral films are dependent not only upon upt
the calcaneofibular hgament This may expls?
LINDHOLMER et coll applying the critera of P2
et coll found 8 false positive and 24 false neg
arthrographies 1n the 61 cases with ruptures o€
caneofibular igament operated upon

The antenior talofibular igament is strongly &’
to the capsule of the talocrural jomt Therefor
rupture of the ligament 15 atways followed by?"
ture of the capsule Consequently a leakage2
to the lateral melleolus nearly always mdm'ﬁ‘
rupture of the antenior talofibular higamest
STROM et coll  LINDHOLMER et coll ) Tt1s 4
to distinguish this Jesion from the pure 2
rupture of the capsule but since such 2 pt
infrequent the problem 1s of httle pracucal &
tance

The calcaneofibular ligament 15 a cord f"‘i;
much thinner ligament and m contrast 1© wot
tenor talofibular ligament not closely rclaltd:w
capsule A varymng portion of the capsule b'wm
the ligaments may rupture together with the a::;‘r”
talofibular hgament without simultaneous y ¢
of the calcaneofibular ligament Conse‘l“‘“m
contrast leakage may vary both m emns'mm
positton 1n the tsolated rupture of the &
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N
¢ A
5 '
,L v
3 a

m"xluﬁbular ligament The volume of the talocrural
¢"ant the lesion of the surrounding soft tissue and
" "1e habitual conditton of the tissues may also mflu
¥ nce the extension of the contrast medum There
ibore the extension of the leakage 15 not a rehable
# Tdication of the rupture of the calcaneofibular liga
r>ment Extensive leakage may occur m cases of rup-
fhure of the antenor talofibular igament alone and
wfsmall leakage 1 rupture of both lateral ligaments
o (Fig &) On this figure 1t 15 difficult to deaide from
i the antero-postentor and lateral films the posterior
extension of the contrast medium Thus an isolated
iPrupture of the anterior talofibular ligament may be
~'suggested The correct diagnosts was obtaned when
E‘\Jvlcwmg the position of the contrast medium m rela
Mrhon 10 the calcaneofibular higament on the oblique
S axal fily,
r’:‘he“" Position of the leakage as determined from
* ablcal‘\'llzmposlenor and lateral films 15 not a rel
' teator of calcaneofibular ligament rupture

i

Fig 5 Isolated tupture of the antenor talofibular hgamem
a) Ap b) lateral view Contrast leakage antenor to the lateral
malleolus ¢} Oblique axial view Contrast medwm i the antenor
part of the malleolar fossa with a well demarcated postenor
border at the antenor aspect of the calcancofibular hgament No
contrast medium at the tip of the fibula d) Dissection The ntact
calcaneofibular hgament ts wisble () after removal of the
peroneous tendon and sheath Contrast medm antenor and
beneath the fibular (+)

either Most often the contrast medium spreads up-
wards along the fibula because distally the skin 1s
more firmly attached to the bone It seldom spreads
more than one cm distally beyond the tip of the
fibula If the calcaneofibular higament 1s ruptured
the contrast medium can spread backwards from the
ruptured capsule and beneath and medially to the tip
of the fibula If the ligament 15 intact the medium
stops at the ligament (Figs 5 6) In such cases it
may spread laterally and backwards around the lat
eral aspect of the fibula and the mtact calcaneofibu
lar | It 1s not possible to d h these
two types of leakage on the antero-postenor or lat
eral films For this distinction the obhque axsal film
1s necessary because only the contrast medium be
neath the tip of the fibula in the malleolar fossa
tndicates a rupture of the calcaneofibular higament
This investigation has shown that the contrast
medium in the malleolar fossa is easily observed on
the oblique axial film The results confirm that a
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Fig 6 Two obligue aval exposures from the same case with
1solated rupture of the anterior talofibular ligament a) Leakage
1 the malleolar fossa with a sharp posteror outhine b) Piece of
lead indicates the position of the calcaneofibular igament

leakage 1n the fossa behind the position of the cal
fibular | d a rupture of the

lgament However this expenmental investigatron
was performed post mortem and climcal evaluation
of the validity of the cntena defined 1n Fig 3 1s
needed The results of such an evaluation will be
gtven 1n a forthcoming report

Contrast filling of the peroneal sheath was a reli
able critenon on rupture of both lateral hgaments
This 1s at variance with the in vivo findings of sever
al authors (LINDHOLMER et coll STAPLES and
SPIEGEL et colt ) The reason for this discrepancy ts
not clear

It 1s interesting to note that 5 of 7 total cal
caneofibular ligament ruptures were Z ruptures
Neither the report by BROSTROM nor by RUTH men

M VUUST

tions this type of lesion Maybe 1t 1s only fount#
post mortem trauma on the other hand 1t came
excluded that it ts an overlooked type of lesion T
latter possibihty 1s supported by the fact th
thorough dissection 1s needed to enable detecu
the lesion Partial ruptures may 1m fact havets
regarded and treated as if they were total ruptoe

SUMMARY

A new projection oblique axial s recommendedfs
arthrography of the acute spraned ankle for the o~
diagnosis of a ruptured calcaneofibular ligament lsr
15 expenmentally confirmed
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CISTERNAL ABNORMALITIES PRODUCED BY CLINICAL TUMOURS
- IN THE POSTERIOR CRANIAL FOSSA

¥ 11 Fourth ventncle tumours

M LINDQVIST

]
f
y The preumographic diagnosis of fourth ventricle
Fimours was onginally based only on ventnculo
aphy (LYSHOLM 1935) LINDGREN & Di CHIRO
4 953y discussed distortions of the agueduct and the
““yadigeminal Cistern 1 cases with different tumour
grcations 1n the postesior cramal fossa descnbing
mong other things the postenor rotation of the
v/ mor part of the quadngemmal plate when a
% smour 1s ¢ sing difatation of the fourth ventncle
£ ILEQUIST (1963) potnted out that when intraven
. ncular tumours protrude through the foramen of
fagendie the mnfenor pole of the tumour can be
I d with hal hy
4 MOLLER (1974) on the basts of the ongmn and
* node of growth of the tumours divided tumours
f(.\nhm and adjacent to the fourth ventricle tnto 15
¢ dfferent groups For each group a detailed descrip
 lon was given of the pneumographic appearance of
e fourth ventnicle and the aqueduct as well as of
¥'some of the cisterns especially the pentonsillar
Spaces the vallecula and the pontine iterpeduncu
Vi and quadngeninal cisterns
Tn previous reports cisternal distortions produced
by expenmental tumours i the postenior cramal
fossa (LNDQVIST & MOLLER 1978 LINDQVIST
1978} and the preumographic ¢isternal abnormalities
\n cerebellar tumours (LINDQVIST 1980a) were de
seribed The purpose of the present report is 1o
Present in 3 simyjar way the cisternal charactenstics
assocated with wmours n the fourth ventricle
meD(’ﬁmmm; The onentation of the structures of
Guz:):z“e{;r’ fassa 1s that given by CORRALES &
\IOLLER( 7 2} and used previously (LINDQVIST &
INDQVIST 1978 1980a) implying that a

beam direction paralfel to the clivus 1s termed the
axial proy For lature and a

survey of the normal anatomy of the cistemns see
LINDQVIST (1980a Fig 1)

Matenal and Methods

The matenal consisted of the mtraventncular
tumours from the same series of patients with post
enor fossa tumours including the ¢erebellar tumours
reported previously (LINDQVIST 1980a) examined
by encephalography during the penod 1969 to 1975
In all cases the position and type of tumour was
confirmed at surgery or autopsy Patients previously
operated upon in the postenor cranial fossa were not
included

The p aphic has
been desctibed previously (LINDQVIST 1980a) The
imtial fumbar encephnlography in cases with un
satisfactory passage of gas to the ventncular system
was usyally suppl d by ventr phy

The total number of pitients was 34 From these
4 were excluded 2 because the position of the
tumour could not be definitely established one be
cause aphy falled letely for techm
«af reasons and in a fourth case the film matenat
was fost The remaimng 30 cases form the basis for
the present report The sex and age distribution of
the senes appears mn Fig 1 and the tumour class:
fication in Table 1

From the Department of Nevroradiology {Director B Lilie
qusty Unu ersity Hospatal 5.90185 Ume4 and the Depariment
of Neuroradiology (Director T Greitz) haroliaska Ssukhuset
510401 Stock Sweden Subs for pub 21 May
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No of
cases
10 . "
5 '
3
2
1 1
1 [] 7L
0-15 16-30 31-45 4S-By G1-75
age
Fig | Sex and age of 30 cases of ;

tumours of the fourth ventncle & males O females

As n the previous analysis of cerebellar tumours
the position of the tumours was established by two
experienced neuroradiologists who had access to all
neuroradiologic examunations surgical and autopsy
reports The tumours have been grouped in the post
tions given by MOLLER However the cisternal dis
tortions indicate that the paraventricular tumours
ongmating from the posterior surface of the medulla
oblongata are more closely related to tumours
ongmating from the floor of the fourth ventricle thin
to cerebellar tumours They were therefore included
n the present analysis while other paraventncular
tumours were grouped together with the cerebellar
tumours (LINDQVIST 19802)

The tumours were divided into the following two
main groups

(1) Tumours from the roof or walls of the fourth
ventnicle termed here tumours from the roof n
cluding the following tumour positions according to
MOLLER s classification 1b IIb IlIband VIb

(2) Tumours from the floor of the fourth ventricle
or from the postenor surface of the medulla oblonga
ta infenor to the fourth ventricle termed here
tumours from the floor including the following
tumour positions according to MOLLER s classifica
ton IV Vb1 Vb2 Vb3 Vb4

The distnibution of the tumours in the two groups
and also the distribution according to MOLLER S
classification 1s given 1n Table 2

The films were reviewed with respect to filling
and distortion of different cisternal structures and
also to filkng and size of the ventncular system The
findings were analysed m the same way as n the
previpus report on cerebellar tumours {LINDQVIST
1980a) Thus i order to facil data

Table 1

Classification of wntraveninicular tumours of the fourth ven
i eluldren and adults

Type of tumour

Chddren  Adults  Total

(©-15)  (6years
years) or more} No of P
No of No of cases o
cases cases
Medulloblastoma 8 ] 5
Juvenile astrocytoma 8 1 9 M
Ependymoma 3 4 7 m
Plexus papiloma [} 2 A
Exophytic glioma of the
bram stem 0 . 28
Hemangioblastoma (Lin
daw) 0 1 1 B
Total 19 1 0
Table 2

Intraventricutar tumonrs of the fourth rentrtlt
grouped according to thetr posuions

Tumour position

Tumour No of
positions cases
(MOLLER S

classification}

Tumours from
the roof

Total

Tumours from
the floor

Total

all asymmetnc tumours were treated as !
dommance was nght sided

The pentonsillar spaces were often bett
patients with tumours i the fourth ventn®
those with cerebellar tumours Smce 2
analysis of these structures 1 tumour

It 1
b 3
b 3
vib 3

1
v 4
Vb1 5
Vb2 !
Vb3 !
Vb4 i

0

f the P”

er flled?

Je than?
et
fourt

s of the o

ventricle was mcluded m MOLLER S 16O

have been given less attention m the prt

esent rept

Results and Dscussion

The frequency of demonstrable fithn,

d B
g and

1 istic distortion of the most 1mPe
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Table 3

viino and distortion of the cisterna mazgna in fourth veniricle

norrs Symbols and abbreviations u=antenior p=posterior

-supenior 1=inferor R=nuht L=left O=no change (+}

wimal change or increase +=moderate change or increase

+-marked cliinge or increase {~j=rmmmal decrease

wmoderate decrease ——=marked decrease open spuce=
strneture not possible to evaluate

Tmour position Fourth ventricle

Roof Flor
Fll  Distor Fill Distor
ng  tion g ton
[} 39}
sterna Tagna
1 Extracramial part
fat proy 100 95
tonsiliar herniation + L}
ap displacement of
cervical medulla al+} [ad
* Interhemisphene part
Yat proy 100 95
~ 51 diameter - )
Foramen of Magendie
lat proy 70 30
ap duplacement a+ Pt
Vallecula axsal proy % LY
- wiith +4 ++
Iaterat displacement 0 0
Retrotonsiliar spaces
fat proy ¥ 35
ap displacement P+ prt
st displacement e "
Cerebellomedullary fissures
a mehtside avial proy 80 30
ap displacement 0 pi+)
lateral displacement Ri+) Ri+)
b leltside axial proy 80 30
ap displacement 0 pi+)
laterat displacement L+ Lty
7 Paravermian suler aval
pro) 70 il
wudth of inferior vermss ++ hid
fateral duplacement of
mlenor vermis [ 0

X

t :‘cmal structures assocrated wath tumours orniginating
t:‘:r;:;:h:umnrand from the floor of the fourth ventn
i mmanzed in Tables 3 4and 5 Only struc
to:;{:’kg in at feast 20 per cent of the cases and
tnmp:mr: <;f¥alue for locating the tumour or for
curmn g the cisternal distortions with those oc
8 1n tumours with other locations 1n the pos

* tenor fossa have been ncluded
¢

a

Cisterna magna

Tonsillar hermation below the foramen magnum
was present i SO per cent of the cases with tumours
from the roof but 1n less than 20 per cent of 1those
with tumours from the floor {Table 3)

A tumour pole extending below the foramen
magnum was present tn 10 per cent of the tumours
from the roof but 1n almost half of the tumours from
the floor

Tonstilar hermation was thus much less common
n cases with intraventncular tumours of the fourth
ventnicle than m the case of cerebellar tumours In
some cases 1t was difficult to decide from the films
whether a soft tissue structure below the foramen
magnum was part of ¢ tumour or a herniated tonsi!
As pointed out by MOLLER 1n such cases it 1s impor
tant to 1dentify the position of the upper pole of the
tonsil using as a guide the retrotonsillar spaces the
posterolateral fissures and postero supenot recesses
of the fourth ventnicle In addition the vallecula
should be evaluated as a rule 1t 1s widened 1f the
tumour grows out from the fourth ventrncle mto the
cisterna magna via the foramen of Magendie

The cenical medufla was usually somewhat dis
placed antenorly below the foramen magnum but
postertor dispk was also d Ths
was especially the case with tumours from the roof
n the vicimty of the fasuigium (positon b accord
mg to MOLLER s classification) the postenor dis
placement of the cervical medulla can then be
assumed to be secondary to a marked antenor dis
placement of the medulla oblongata

The interhenuspheric part of the cisterna magna
was usually compr d against the p crest
However two important exceptions from this nile
existed namely cases where a tumour or part of 1t
was situated in the cisterna magna (posittons 1V and
Vb 3) Insuch cases the cisterna magna was usually
markedly widened (Fig 2) as has also been de
scribed by MOLLER

Filling of the foramen of Magendie was more of
ten associated with tumours from the roof than with
tumours from the floor In the former situation an
antenor displacement of the foramen of Magendie
was usually present 1ndicaling compression or an
terior displacement of the medulla oblongata while
n the latter the foramen of Magendie was instead
displaced postenorly

The vallecula was widened 1 all assessable cases
with wmours from the floor as well as with the
majonity of the roof tumours (Fig 3) In a few cases
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Fig 2 Tumour from the postenor surface of the medulla
oblongata (position 1V) a b) Encephalography Only a smalt
part of the tumour Is visible {=») above the arr flurd level in the
markedly dilated cisterna magna ¢) Ventnculography lateral
tomography The fourth ventncle 1s free from tumour except for
a small indentation from below (+») The supero infenior dia
meter of the interpeduncular cistern 1s markedly reduced )

with tumours from the roof the width of the vallecula
was normal or shghtly decreased

When tumours were situated 1n the midline as a
rule the vallecula was not displaced laterally In
cases with asymmetric tumours both from the roof
and from the floor a moderate lateral displacement
of the vallecula towards the contralateral side was
evident

The retrotonsillar spaces were often well demon
strated 1n both axial and lateral projections
especially in the case of tumours from the roof In
the lateral projection they were usually displaced
postenorly and infertorly both 1n roof and 1n floor
tumours the average inferior displacement being
more marked 1n the former location

The retrotonsillar spaces are tmportant indicators
of the position of the supenor postenor poles of the
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tonsils Deformity and displacement of each OW‘
tonsils can be evaluated by analysing these SP““’:
well as the secondary fissures i the axial prﬂjemnM
as emphasized by MOLLER this 1s oflmpof‘-""““
a detailed analysis of the origin and mode of &7
of the tumours Jicst

The cerebellomedullary fissures which ”‘" o«
the border between the tonsils nd the mfd; :
longata were scparated both 1n the roof b I(hr\
floor tumours with the latter tumour focat®®
were also slightly displaced postenorly it

The paraernuan suler which dicate Ih:iem
of the mferior vermis were more often f o
strated 1n cases with tumours from the rooﬂ’ or
\n floor tumours Widening of the vermis :s“;u
dent 1n both groups of tumours 1n all cases mmett®
ble (Fig 3a) In some cases with 3sY
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e 3 Tumour from the mfenor part of the roof (postuon 111b)
neephilography a) Avial tomography The vallecula s widened
1 Separation of the paravermian sulci (++) indicates increased
¥1dth of the mfenor vermis b) Lateral tomography Tumour

«fe (4} 1n rhe farame
Pty c;\l ) enof Magendie The interpeduncular cistern

tumours a shight laterat displacement of the infertor

\r:cmus was pbserved this bemg a more common
eature among the roof tumours

Medullany cistern

“75’1; ﬂl;;tmedullan part of the medullarv cistern
ot =]d|}' compressed m both groups of tumours
of the ": dn the avial projection the lateral recesses
ol ;ﬁullary cistern appeared bilaterally com
Testares “;h the ap and lateral extension these
bt ich were present 1n a majonty of cases

v p]-!eemj:(aup; of tumours are due to antenos dis
Torg Tl?en mereased width of the medulla ob-
 morked o s nerease in width was as a sule more
ases with tumours from the floor than in

Table 4

Tilling and distornon of the medullan cistern prnune cistern
and the pontocerebellar cisterns n fourth ventricle tumours
Ssmbols and abbreviatons as in Table 3 Adduwwnral abbrevia
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nons Ra=right side rotared anteriorle Rp=right side rotated

posteriorh

Tummour pasttron Fourth ventnicle

Roof Floor

Fll  Distor  Filt
ng  tion ng
8 [}

Distor

Medullary astern
Premedultary part
tat proy 0 0
ap dameter - —
Lateral recesses
2 nehtside aualproy 70 50
ap dameter -
tateral extension -
b lsft side axial proy S0 <8
ap diameter - -
Tateral extension - -
Diameter of medulia oblon
gata
ap dameter !it proy -
transverse diam  axsal proj +
Lateral displacement of
medulla oblongata axial
proy 0 0
Rotatan of medulla oblon
gata around axis parallel to
clivus [ ¢

3

-

++

-

[

Pontme astern lat proy %0 0
ap diameter - -
tendency of superor part of
pons 1o recede from clivus -+ +

Pontocerebellar asterns

1 Rahmde axial proy 50 0

width of lateral part ~ -
width of medial part ~ —

> Lefisde anal proy 0 0

width of lateral pary - -
width of medial port -

those from the roof With tumours from the roof the
medulla oblongata was compressed from behind
and the 2 p diameter reduced wrth tumours from
the floor the a p diameter of the medulia oblongata
could seldom be evaluated

An ncrease in the transverse width of the medulla

—
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Fig 4 a b) Intraventncular tumour from the floor (positon
Vb 1) lateral n the sitting post
non a) Before and b) after filling of the cisterns The supenor
part of the pons (~) recedes markedly from the civus ¢) Tu
mour from the postenor surface of the medulla oblongata (post
ton 1IV) lateral in the sitting
position The pontme aistern 1s umformly compressed and the
antenor surface of the pons (++) 1s approximately parallel to the
chivus The tumour (#») visible in the cisterna magna

bl in the axsal was not evident 1n

some cases of lateral tumours from the roof espe
cally 1 those with tumours onginating from the
latera! wall of the fourth ventricle (posttion VIb) In
cases with an asymmetnc tumour the medulla
oblongata was also slightly displaced laterally
Asymmetnc tumours onginating from the roof in the
vicimty of the fastigium (position 11b) and the in
fertor part of the roof (position ITIb) could also
cause an anterior of the medulla ob}
on the tumour side

Ap compression and increased width of the
medulla oblongata was observed by MOLLER 1n
some patients with fourth ventricle tumour both in
roof and n floor tumours

.
3
B
+
Y
b
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N
\
«
25
)
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Pontine cistern x
A moderate compression of the pontin¢ t"z“
was encountered n both groups of tumours ‘hc
4) In approximately one third of the cases !
ferior part of the bram stem was compressed "‘ﬁ
the clivus while the superior part %25 d:p :
posteriorly m other words the supenof pa n
pons receded from the clivus (Fig 423 b) o
remainmng two thirds of the cases the a“l‘;g '
face of the pons was paraliel to the Chwl;r:r ’
but the two groups did not seem (0 o
other respect for instance mn the stze !YW‘PM“
tion of the tumours or the degree of h)df;':mpu
Compresston of the pontine cistem 1$ ;;1: P
and 1mportant indication of tumour of t
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a

12 5 2) Intraventricular tumour from the floor (position
meesh

Vb 1)
aual view of both
antocerebellar cisterns The medtal party (—) somewhat more
ompressed than the lateral parts (++) b} Asymmetnc tumour

w0ssa (DYRE & DAVIDOFF 1935 RUGGIERO 1957
LILIEQUIST) Posteror displacement of the superior
Sart of the bram stem 1n some cases with fourth
entricle tumours was reported by MOLLER

Pontocerebellar cisterns

In both groups of fourth ventncle tumours the
pontocerebellar cisterns were moderately com
pressed on both sides In cases with tumours from
the floor the medial part of the cistern was usually
more compressed than the lateral part(Fig 52) due
1o expansion of the bram stem  In cases with roof
tumours the degree of compression was usually the
same medially as laterally and 1n the case of lateral
OF asymmetne tumours from the roof sometimes

only the cistem on the tumour side was compressed
(Fig 5b)

Interpeduncular cistern
The average a p d

of the interp
Cistern was not altered while the supero inferor
dameter was reduced 1n both groups of tumours
ore 50 1n cases with tumours from the roof (Table
5) On the other hand the supertor displacement of
:h‘ Pons was somewhat more marked tn cases with
umours from the floor The postenor part of the
Supenor surface of the pons was shghtly tlted in an
Upward direction 1n most cases in both fTOUPS
ml?r‘;:;szs in the supero infertor diameter of the
nculir cistern are due not ol to the de

PO

from the roof with nght-sided predommance {postion 111by The
nght pontocerebellar cistern compressed both medeally {—) and
lateratly (++) the width of the left Cistern normal both medially
>+)and laterally o)

gree of supero mfenor displacement of the pons but
also largely 1o the width of the antenor part of the
third ventricle 1¢ to the presence of a widened
supratentonal ventricular  system  (LINDQVIST
1980a) The a2 p diameter of the cistern depends
matnly on the degree of antero-postenor displace
ment of the bramn stem The apparent discrepancy
between the supero infenior drameter of the cistern
and the degree of upward displacement of the pons
in cases with tumours from the floor and from the
roof (Table 5} can thus be explamned by the fact that
supratentonal  ventncular  diatation was more
marked in the latter group (Fig 6) Even though the
average a p diameter of the mterpeduncular cistern
was normal great varations existed mn both groups
with cases of both increased and decreased a p dia

meter an increased 2 p diameter was noted partic

ularly in the cases in which the supertor part of the
pons receded from the clivus

Ambuent cistern

The circum mesencephalic parts were insuffi
ciently filled 1 most of the cases particularly the
mfratentonal parts in cases with tumours from the
roof The width of the supratentonal antenor part of
the cistern was possibly slightly reduced on both
sides i cases with tumours from the floor but
otherwise no distortion of the circum mesencephalic

parts of the ambrent cistern was demonstrated (T
ble 5)
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Table 5

Filling and distortion of the interpeduncular cistern ambient
custern and quadnigerminal ctstern i fourth ventricle tumours
Symbols and abbrevianons as in Tables 3 and 4 Additional ab

brestations  fr=frantalh

sag=suguttalh

ta =waferior end ro-

tated anteriorh 1 p =inferior end rotuted posteriarly

Tumour position

Fourth ventncle

Roof Floor

Bl Distor  Fill
g ton ng
{2}

Dystor
tion

Interpeduncular cistern
Lat prog
ap dameter
s1 dumeter
s U displacement of pons
s 1 nclnation of the pos-
tenor pant of the supenor
surface of the pons

Ambient cistern
Circum mesencephalic part
axtal proj

width of postenor part

nght side

left side

width of antertor infra
tentonal part

night side

left side

width of antenor supra
tentonal part

nght side

Jeft side

rotation around sagittal
axs perpendicular to
chvus

night side

left side

Quadrigenudal astern

¢ Body of crstern fat proj

ap displacement

kinking of quadnigemmal
plate

rotation of infenor end
of quadngemunal plate

Precentral fissure fat

pro)

ap displacement

S

o

o

e

[

s(+) s+

s(+) s(+)

36 0 50

10 25 0
10 25 I

pir]

50 75

++ +

p++

P4

Quadrigenunal cistern

Postesnor displ,

of the quadr cis

tem occurred 1n both groups of tumours but was as a

Fig 6 Tumour from the roof in the victmty of the
(posion 11b)  Encephalography lateral tomogrsshy ¢
suptne_posiion The antenor part of the thrd ven !
markedly dilated with compression of the intespeduncubro™
(—} No definite supenor displacement of the pons (RINF
of the sup f of the dunculsr &
Also the chiasmatc cistern 1s Compressed by the wandde
ventricle

rule more marked in the cases with tumoursfros®
roof (Tible 5) A kinking of the quadngenuﬂﬂlﬂ‘
was present 10 many cases In both groups it
also was more marked 1n the cases with m®
from the roof Anterior rotation of the mferor®
of the quadrigerinal plate was not obseredn®
of the cases whereas posterior rotation was ot
n both groups being as a rule more marked mi
cases with roof tumours

The precentral fissure was usually marhedy ¢
placed tn the postersor direction m both grovf
tumours s

As has been pointed put previously (LINDGRE 1
DICHIRO LINDQVIST [9802) the appearznce™!
quadr | cistern 1s ly related wd‘{u
the aqueduct and the fourth ventricle Intraver™
Iar tumours of the fourth ventncle cause dd;mﬂ;’"
the ventnicle (MOLLER) and as a ule a)mod‘s
agueduct This dilatation causes & posteno’ "
placement of the quadrigeminal cistema and ¢ "dn_
central fissure and the infenor part of the “:3 (
gemnal plate rotates posteriorly (Fig 73 o
cases with marked dilatatiop of the aquedvet
fourth ventnele an upward herniation of ¥ e
medullary velum below the quadngtﬂ“mhﬂm
sometimes occurs (MOLLER) In these C“m;‘m 13
central fissure 15 either totally compresse )
d) or displays extreme posterior displacemen
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8 7 2 b) Intraventnicutar tumour from the floor (positon
LRV Encephatography lateral tomography The nferor

of the aqueduct ¢ d) Tumour from the floor (posiion Vb 4)
) Encephalography lateral tomography Only shght filling of the
cistem or the fissure m spite of good

ant of the quadngeminal plate 15 somewhat rotated
) The precentral fissure () 15 moderately displaced pos

morly ‘The supenor cerebellar crstern 0~} 15 compressed and
i¢ distance between the precentral fissure and the supepor
Srebellar cistern 15 decreased mdicating a compression of
¢ subenor vermis b) Ventniculography lateral tomography
Ioderate widentng of the fourth ventrzle and shight widemng

Remamung cisterns
The erurql cisterns were filled in approimately 40
:‘0‘!‘ ;enx of the cases no specific distortions were
e
The chiasmanc crsrern was filled in all cases with
P fu:\zmours and 1n 80 per cent in the other group
cerebellar tumours (LINDQVIST 19%0a) the

filing of the crsterma veli mierpostt ¢~} and the pencallosal
aistern (++) d) Ventnculography lateral tomography Extreme
widening of the aqueduct and the fourth ventricle The antenor
medullary velum () hermated upwards below the quadngem

wnal plate

h cistern was pressed 1n cases with
supratentonal ventricular dilataton (Fig 6) The
cistern was otherwise not signuficantly abnormal
The cistern of the lamna termunalis was demon
strated n approximately 50 per cent of the cases
without specific features
The superior cerebellar cistern was demonstrated
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Tpical crsternal distortions produccd by tumonrs

Srom the roof and from the floor of the fourth
sentricle

Lateral projcction

Axvial projection

Tumours from the roof

Tumours from the floor

Tumours from the roof

‘Fumours from the floor

Tonsllar hermation
Exception Inafow cases
the tumour extends out mto
the forimen of Magendie
and the vallecula causing
separation of the tonsils In
these canes the tumour pole
instead of the tonsils may
extend below the foramen
magnum

Marked postenor ind infenor
displacement of the retroton
stllar spaces

Compression of the inter
hemisphenc part of the
cisterna magna agamst the
occipital crest

Exceptton In cases witha
tumour component in the
cisterna magna this part of
the cistern 15 widened
stead

Antenor displacement of the
foramen of Magendie

Compression of the pre
medullary part of the
medullary cistern

Moderate compression of the
pontine cistern sometimes
more marked infenorly than
supcnorly

Marked supero infenor com
pression of the interpedun
cular eistern and shight
supenor displacement of the
poms

Kinking and postenior dis
placement of the quadnge
minal plate with postenor
rotation of the infenor part of
the plate

Marhed postenor displace
ment of the precentral fissure

Tumour extension via the
foramen of Magendie to the
cistema magna below the
lorumen magnum

i xception In some cases
the tumour does not grow
out through the foramen of
Migendie and in these
cases tonsillar hernsation
may be present imste wl

Marked postenor displace
ment and moderate mfenor
displacement of the retroton
sillar spaces

Compression of the inter
hemisphenic part of the
cIstema magna ag unst the
occipital crest

ostenor displacement of the
foramen of Magendie

Compression of the pre
medullary part of the
medullary cistern

Moderate T of the

lacreased widith of the in
funor vermss

Widenng of the vallecula
without Iiteral displacement

Exception [n eases without
tumour extension to the for
amen of Migendie the width
of the vullecula may be nor
md or reduced Lateral
displacement miy occur in
cases with 1symmetne tu
mours

Sepiration of the cerehello
medullary fisvures

Antenor compression with
increased transverse diy
meter of the medulla oblon
gata

Incresed width of the
vermis

Widening, of the salleels
without Lateral displacer

Taception Laterd &7
ment may oLcur mea
with asymmetns wml

Separation of the cerch!
medull iry fissures

Antenor compressa vl
creased transverse dum
of the medulla obl g

Y lt of the
Tateral recesses of the
medulliry cistern

Exception Incases of
asymmetne tamour 4 shyht
lateral displacement as well
as some antenor rotation of
the medulla oblongata may
occur on the tumour stde

pontine cisterm sometimes
more marked infenorly than
supenorly

Marked supero infenor com
pression of the interpedun
cular cisterm and moderate
supenor displacement of the
pons

Shyht kinking and postenor
displacement of the quadnge
minal plate with shight
postenor rotation of the 1n
ferior part of the plate

Marked posterior displace
ment of the precentral fissure

P of the
pontocerebellar cisterns and
the same degree of compres
ston medaally as laterally

Exceptton In cases of
asymmetric tumotir the
compression may be more
marked on the tumour side

comprewat’
Lateral recesses of e
medullary ostern

Symmetnc compress ™ o
rmnmu.rebcllar:nlcmh
usually more medually 1D
taterally
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Fig 8 Drawings of some important cisternal deformities m
tumours from the roof of the fourth ventncle a) Lateral view
b} Axal view of the cisterns inferor to the fourth ventncle
, ¢ Axial view of the cisterns adjacent to the tentonal notch The
normal appearance of the cisterns 15 indicated by means of con
tinuous lines Cisternal structures possible 1o evaluate in tumour

i‘msl )ar: indicated with shaded areas (cf LinpovisT 1980a
ig

i the lateral projection n approximately 30 per cent
of the cases Its widih varied In most cases where
the cistem could be evaluated the supenor vermrs
. %as compressed (Fig 7a) as with tumours of the
antenior compartment of the postenor fossa
The penicallosal cisterns were demonstrated i the
axtal projection on one or both sides n approximate
% 30 per cent of the cases with tumours from the
roof and in approximately 40 per cent in the other
$OUD The winys of the ambrent cistern were filled
""530 per cent of the cases with roof tumours and 1n
‘d})er centof those with floor tumours The cisterna
P was filled in ly 10 per
c“'::e“( both groups Al these cisternal structures
often markedly dilated in cases with hydro

Sevhalus normal or insignificantly dilated 1 cases
Withoug hydrocephalus

b *

Fig 9 Drawmgs of some important ctsternal deformities n
tumours from the floor of the fourth ventricle a) Lateral view b)
Axtal view of the cisterns infenor to the fourth sentncle ¢ Axtal
view of the cistems adjacent to the tenonal notch (cf Fig 8)

As 1n the case of the cerebellar tumours
(LINDQVIST 1980a) no correlation was found 1n
cases with umilateral filling between the side of the
tumours and the filled side of these cisterns tn the
presence of a lateral tumour

Typical cistemal distortions assoctated with n
traventnicular tumours from the roof and from the
floor respectively are histed on page 10 and illus
trated schematically in Figs 8 and 9

The cistemal abnormahities 1n cases with tumours
of the pontine angle and of the bram stem will be
discussed n a forthcoming report (LINDQVIST
1980b) and the differences between cisternal ab

normalities i various temour sites will be discussed
in that context
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SUMMARY

A detailed analysis of the distortion of the subarachnord
cisterns produced by mtraventncular tumours of the
fourth ventnicle was camied out on a chintcal matenal of 30
patients exarmined with pneumography The cisternal dis
tortions in cases with a tumour ongtnaung from the roof of
the ventncle have been compared with those i tumours
ongnating from the floor and the typical appearances for
each group of tumours are recorded The results should be
applicable when analy sing c1sterns examimed not only with
pneumography but also with other radiologic methods
such as computer tomography and cisternography with
positine contrast medsa
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OF THE NERVE-ROOT SHEATHS IN LUMBAR MYELOGRAPHY

J L LARSEN D SwiTH and G FOSSAN

&l

" The anatomy and the radiologic appearance of
> imbosacral nerve roots and their sheaths have been
escnbed by numerous authors (for review see
.2 APESIUS & BABIN 1978) It 1s well known that
he width of the root sheaths varies derably

posiions  a system with proportionate measure
ments was chosen Based on a preliminary analysis
of normal roots and sheaths the normal hmit was
defined as the root occupving at least half of the

broed of the root and the root sheath

nd that they sometimes may appear as cystlihe

"souches They are not to be confused with epidural
ysts nor with the perineunal cysts first descnbed
¥ TARLOV (1938) They must be regarded as un
1sually wide root pochets covenng the emerging
1erve root between the dural sac and the fusion
*f the arachnowd and the permeunium  Such dilated
0ot sheaths were reported by CAPESIUS & BABIN
M an ncidence of 5 to 10 per cent The present i
vestigation was undertaken with the following inten
tons to establish the incidence of root sheath
diverticula m a series of pauents examined by lum
bar myelography 1o the ble signifi
cance with regard to cliical symptoms and signs
nd 10 establish a possible relationship with a wide
dural sac (mega-cauda or mega sac)

Material and Methods

p Alr;:'“b“ myelography with 6 75 g metnzamide
of N%mlue ‘N)cgaard Norway) at a concentration
ferr-ed :\g Iml was performed w 136 patients re
votat ecause of low back pan or scratica The
et h:’em),ectmns were used honzontal in nght and
2p = sﬂs!lmns prone and oblique decubitus
with ﬂ:‘a“ 1ng and lateral views 1n sitting, position
Cluded ’gon and extension of the spine were

ue to ddfening sizes of the patients and

i
Uhculties my obtainmg films sn exactly reproducible

the measurement being performed at night angles td
the direction of the root in the view demonstrating
the largest diameter of the rooth sheath (Fig 1)

Roots obviously affected by prolapse or osteochon

drotic fesions with deformuty caused by compression
or edema should not be ncluded however no case
with such lesions affecting widened sheaths was
found but as the filling of the root pockets was
often scanty 11 the diseased roots the possibility of
such festons cannot be excluded

Results

Abnormally wide nerve root sheaths were found
1n 24 of the 136 patients The total number of wide
sheaths was 49 Twelve of the patients had only
one in the lumbosacral region and the highest num
ber i one patient was 7 The most commonly af
fected root was the first sacral (Table 1)

It has been assumed that wide root pochets are
more common i advanced age Grouping the pres
ent patients revealed no sigmificant sex or age dif
ferences between patients with and without widened
sheaths

The distribution of ddated sheaths according to

relafive size at proportionate measurements appears
n Table 2

Submutted for publicaon 6 Apnil 1979
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Pt

Fig | Method of measurement As the root has an even dlameter
along 1ts distal course it ts often convemently measured a hitle
proximal to a diverticulum

Morphologically the widened sheaths or diver
ticula could be divided into three categonies tubu
lar with a more or less even diameter along the
course (Fig 2a) saccular nlso known as drop
Iike located at the distal end of the root sheath
{Fig 2b) and uneven In appearance often as a
combmation of 1 and 2 (Fig 2¢) Of the 49 dilated
sheaths 12 belonged to the first category 24 to the
second and 12 to the third one patient having a
drop like widening at the proximal part of the root
was not classified (Fig 3)

It has been assumed that root sheath dilatations
occur more often when the dural sac 1s large so
calfed mega cauda or properly mega sac Two
methods of classification in this condition have been
described In the first one described by KOMMINOTH
et coll {1968) the transversa! diameter of the dural
sac 1s related to the interpeduncular distance at LS
a ratio of one or close to one being taken as repre
senting mega sac (Fig 4) The other method was de
scribed by CHAOUAT et coll (1974) who proposed
sagittal and ed an antero
posterior diameter of the snc of more than half that
of the corresponding vertebral body to indicate
mega sac (Fig 4) In the present series both meth
ods were employed at the level of LS (in a few
of the patients supplemented at the L4 level when
1 doubt) Only measurements on films in the erect
or sitting position were used in order to ensure good
filling and distension of the sac One patient with
paraplegia was therefore omitted and in two other
patients only one of the methods could be used with
reliability The results were affirmative for mega sac

Table I

Dustribunion of rooth sheath dn erticuls

Ruoot affected  Right Left

1 1 »

2 3 ?

L3 3 1

L4 1 1

LS 1 1

Sl 1" 7

s 6 s

s3 1 3 N
Total 2 »

by the method of CHAOUAT et coll 1n 5 of 73 pates
with wide root sheaths 1n 3 of these 5 also by
method of KOMMINOTH et coll  with one gue
able (index 37/42 mm) and one not me surable
as the remainder

There was a tendency for paticnts with wide e
bar root sheaths also to hive wide sheaths &
thoractc region The conus and lower thon
region wns often included but not as - strict roue
Thus the concordance cinnot be numerad
assessed One female nged 69 1n whom the spnd
canal was filled by contrast medwm from Th7 S
tally had diverticula on 14 of the 26 demonst®
root sheaths (Figs Z¢ 5

All patients had 2 complete neurologie examin
tion by an experienced neurologist or neurosurge
In no case could symptoms or signs {rom the b
with wide sheaths or diverticula be demonstattd

Discusston

ntd
Incudence of diverticula A dwverticulumis '-k;i“
In the present senes as a widening of the root$

e
in which the subarachnotd space occuptes more

Table 2
Totat transsersal diameter of ro 1t and sheath
3
Ratio 2 23 T
i [
1t
No of diverticula " "
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T
o’
wfi F18 Y Tubular diverticulum on S1 root (=) The root sheath
o X 37als0 appears wide although not classified as  diverpcutam
* Polapse of 13 disc by Typical drop-hke divertroulum () on

ac c©) The left LS and SI roots (—) are encircled
J1ee Uneven dwverticulum Small diverticulum on L2 root
€ patient as 1n Fyg § )

byal,
Sam

, /T8 3 Provmal dhavation of the root sheath of 7 (+)
J”:'s § Assessment of possible mega sac usinga p (ROVMINOTH
Veteoll yand fateral {CraouATet coll ) projection

30 per cent of the tof
and sheath together
Sent of the 136 patie;
sacral region

! BVen 1 most
|
'

tal transversal diameter of root

Using this defimtion 17 6 per
nts bad diverticula in the lum
This figure 15 higher than those
dtol. ol

or |
Publicationg One reason for this may be the ltmit

143

Fig 4

set towards normality Perusal of the hterature has
not revealed any precise cntena which 1s an ob
vious difficulty 1n comparing matenals

Of pathologic reports reference will be made to
two SMITH (1961) reported cysthike formattons 1 9
per cent of 100 consecutive autopsies They were
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Fig 5 Same patient as in Fig 2c Several diveruscula in the
thoracic region (the patient with the largest number of diver
tcula)

found at thoracic lumbar and sacral levels No
further details as to location or frequency were
given HOLT & YATES (1964} examimng 120 speci
mens of the cervical spine from elderly patients
found cystic changes 10 37 (30 8%2) However some
of these were stated to have been detected only
at microscopy the frequency not given The number
of widenings vaned from 1 to 6 Totally 65 roots
were affected giving an average of 1 8 per patient
Considenng the number of cervical roots in relation
to that in the lumbosacral region this result 1s in
d with the d m the present senes
The lower figure of 5 to 10 per cent cystlike con
ditrons and dilatations of the lumbosacral nerve root
sleeves reported by CAPESIUS & BABIN who did not
state the usual cramial extenston of contrast medium
at myelography can be explammed by the fact that
the upper lumbar roots were not demonstrated in all
their patients Both ARNELL (1948) and LINDBLOM
(1948) stated that the root sheaths vary in length and
width without further analysis SCHOBER (1963) in
a material of 247 myelographies n different regions
found 20 patients with cystic lesions 16 Iumbosa
crally and 4 cervically but none 1n the thoracic
region From the illustrations 1t 1s evident that both
oly and water soluble contrast media were em
ployed As the root sheaths are not adequately
demonstrated with the oilly media a true incidence
1s not to be expected
Clinucal significance In no case was any correla
vion found between dilated meningeal sheaths and
chimical symptoms or signs This 1s i accordance
with previous expeniences (SCHOBER CAPESIUS &
BABIN STEWART & RED 197]) A diverticulum
must be Jarge enough to produce pressure upon the
roots for symptoms to occur In case of a narrow

communication with the mam subarachnon s
the possibility exists that this may be closed 2
true cyst be formed and possibly impmge upon’
bony spmal canal the medulla and the nenerd!
Hypothetically the same effect may be elicted b
valve mechanism at the entrance of the divets
fum making possible entrance but not esce
spmal flmd

Relation to mega sac In 5 of 23 patients @
the dural sac was found to be unusudlly !
relation to the bony canal KOMMINOTH ¢ €
found an incidence of mega sac i 60 of 4%

if i lumb my: aphres 1¢ & °
cidence of 13 per cent The positive correlt”
between mega sac and diverticula thus seems o
evident It 15 known that the wall of the dne®
lum 1n many cases 1s thin and atrophic (Hott
YATES) Information as to whether the men™™
wall 1 mega sac ts atrophic 1s not available b‘“:
such 15 the case the pulsatile force of the cert :
spinal fluid could explarn the concordance of
sac and diverticula

The hydrostatic pressure of the "
fluid 1s assumed to play a role in the formahoﬂﬂw
subarachnoid diverticula (STRULLY 19% 5%
HOLT & YATES found a defimite incre&
ticular size 1n caudal direction but this r6fe
to the cervical region SMITH too reporied I T
1ng diverticular size 1n caudal direction ““h";’n x.
further details as to frequency of Jocaltion N
present senes the S1 and S2 roots were m°T
affected these two locations carrying ﬂppm;e et
60 per cent of the diverticula For the rest ¢
ticula were haphazardly distributed with no;ms
predommance in caudal direction This m‘rc oo
factors other than the hydrostatic press?

cerebrosf™

ieh
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animportant role these factors being predomi
itly present 1 the root sheaths of the first and
s ond sacral nerve If dilatation should occur on
b1 basis of a farge root sleeve a greater tendency
 {dnerticula would be expected on the LS roots
- these together with the first sacral harbour the
.est sleeves Mechanical factors could also be
olved as the lower lumbar and first sacral roots
{ subject to the relativelv largest movements in
v ation to the mtervertebral foramna in flexion of
1 spine (BREIG 1960) However the low incidence
dwverticula of LS 1s then difficult to explan No
mficant difference in age existed between patients
hand without diverticufa 1n the present senes If
hydrostatic pressure should be the major factor
ponsible for memingeal dilatation ncreased fre
yency in the older age groups 1s to be expected
e
¥ SUMMARY
¥dverticulum ke widemng of one or several nerve root
J,~aths was found m 24 of 136 patients examined by lum
graphy No chnical fi of the divertt

la was demonstrated The roots most commonly af
“ted were the S 1 and S2 roots carrymg
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ANGIOGRAPHIC DETERMINATION OF CEREBRAL BLOOD FLOW

B M T Lantz J M FoERSTER D P LINK and J W HOLCROFT

Currently no ideal techmique for measunng cere
21 blood flow 1n humans 15 available Such a tech
que would be non mvasive instantaneous and re
atable (POSNER 1972) Furthermore the method
ould measure regional as well as total blood flow to
wbram 1¢  extracranial as well as intracranial
ow The ideal techmque would not involve radioac
ity and not require hospitalization (CARR & FisH
R1970) At present several different techmques are
mployed each of which has 1ts advantages and dis
dvantages imting 1t properties as an 1de il method
f measunng cerebral biood flow Four major pnn
wles are utlized i this regard Fick principle
steward Hamilton principle  (mdicator  dilution)
200! transit time by extracramal counting and me
hanical flow meters

By the Fick principle (KETY & SCHMIDT 1948) the
irienovenous difference of mhaled nitrous oxide 1s
néasured over a penod of 10 mun from several ar
feral and yugular venous blaod samples The meth
?" Tequres arterail as well as venous cathetenza
‘:;n By the same principle 1sotope clearance meth
l%;cyc:::-s artenial as well as venous cathetenza
sotope o O (TER POGOSSIAN et coll 1970) These
meamn: carance methods have the advantage of
sever) freglonal blood flow and can be repeated
satter ¢ "T'les However  self absorption  and
PUncxurean ead to overlap of regions and caroud
advanty s rreqmred The *0 method has the
cesebmy ﬁl ol simultancously measuring regional
Tm but 3‘\: and central nervous system metaba-
etop, har acsr:lsmn 1s difficult to colmate the
tron ort half life and requires a cyclo

Conventional 1ndicator dilution methods using
non diffusible 1sotopes have been used for a Jong
time The technique 1s however cumbersome and
difficult to use Bolus inyection of hydrogen gas into
each internal caroud anery has been descnbed by
MrYi R & SHINOHARA (1970) By this method 1t has
become possible to henc blood fiow
and to compare one hemisphere with the other
utilizing dissolved hydrogen as the mdicator The
method requires bilateral cathetenzation of the caro-
tid artenes and jugular vemns

The bramn transit tme of mtravenously mjected
1sotopes has been used to estimate the cerebral
blood flow The method 15 easy to perform re
peatable and atraumatic to the patient However
1t does not measure the cerebral blood flow but
rather the transit ime across the brain (OLDENDORF
1970

Of the mechanical methods of measunng cerebral
blood flow thermal velocity and thermal dilution
techmques have found httle use i humans The
Doppler pnnciple 1s non invasive and instantaneous
and will give continuous measurements of velocity
It provides only alive of
relative changes 1n blood velocity and 15 quite sens:
tive to the pitient s movement and to the position
of the probe On the other hand electromagnetic
flow meters are quite accurate and g1ve a continuous
measure of the blood flow This technique requires
surgical exposure of the carotid artenies and thus 1s
not fit for use 1n normal chinical examinations

Subrmtted for publication 7 September 1979
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A new method of determining the cerebral blood
flow 1s now presented which can easily be used 1n
comunction with routine cerebral angtography A
catheter 15 posttioned 1n the carotid artery fluoro

preally T d contrast med then 1s utiized
as dilution indicator for estimating the flow tn each
artery as a fraction of the cardinc output No sam
pling catheters are required Besides the usefulness
of the method as a basic physiologic and pathophys:
ologic 100l chmical situations appear where such
measurements can be of great importance JENNETT
et coll (1966) demonstrated that a flow decrease of
25 per cent or more 1t the carotid flow would be
extremely valuable in evaluating patients with mtra
cerebral aneurysms requinng carotid artery ligation
Such a method mught also be useful before carotd
endarterectomy 1n the diagnosis of cerebral ische
mua n determimng the prognosis 1n a comatose pa
tient and n treatment of stroke and bram imyury
(HARPER 1971)

The present method measures relative flow utithz
ing the videodensitometric technmque described by
LANTZ (1974 1975) The method has recently been
applied for measurements of renal blood flow {(LINK
et coll 1979) and splanchnic blood flow (LANTZ et
coll 1980) The blood flow of each cerebral vessel
can be measured as a fraction of the cardrac output

Videodensifometsic estimate of relative flow

The videodensitometer 1s an electronic instrument
capable of measunng density changes in a selective
region of the television itmage It 1s charactenzed by
high sensitivity and a raptd dynamc response Den
sity changes mn the fluoroscopic television image
caused by mjected contrast medium can be quanti
fied and recorded as a dilution curve The tegrated
area under the densitometnic curve reflects the
blood flow at the site of iyection upstream and not
at the site of recordmg The densitometric area A
1s directly proportional to the amount of 1njected
contrast medium M and inversely proportional to
the blood flow Q at the site of injection according
to (LANTZ 1975)

thus

A

Fig | Diagram of the canine model Flow in the ascendiof
(EM ) the common carotid artery (EM ) and the mie/ B
td artery (EM,. ) was continuousty memtored unlml\:‘ A
magnetic flow probes One angiographic catheter “m
nently positioned mn the ascending aorta and another m
placed with the tip 1 the common caroud artery o

and in the internal carotid artery (positon 2) ahcmz(ﬂ])‘
di d at the ]sﬂ'

re !

were p
over a branch of the mternal carotid artery (Video) B(
sure (BP) was recorded via an ihac cannula and pres
ducer

where k 1s a proportionality constant affected B
radiation ntensity and the gams of the l:lcv:
chamn and recording equipment By myect
trast medium at two stes of the circulatory ?u:
and by recording the densitometrnc drlution "
downstream at a fixed ste of the artery 1t 15 p0
to compare the flows at the sites of myectio?
Q_M A

Q: M A

the sies of ¥

at
where Q, and Q; are the flows e st

tion M, and M, are the amounts 0
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% ? Videodensitometnc flow calculanon 1n the common caro-
artery as a frction of the cardiac output Top curve fepre
\ms the recarding obtamed over the snternal carotid artery after
fitrast medwm tyection 1n the ascending aona Bottom curve
presents the videodensitometne recording at the same site after
dective imjection in the commen caroud artery The flow Q
\ealeutated from M (amount of contrast medium mjccted) A
Jegrated denswometnc area shaded) and k (calibration factor
¥ radiation 1tensity) accordimg to Q = ‘% K The flow i com
i‘;:::l:l;:lamvy as a fraction of the cardiac output 1s &77 :‘

x
:’uected at the two sites and A, and A, are the mte
gm‘d densitometnc arcas measured from the den
. metnie dilution curves If for exampie the flow
‘A the night common carotid artery 1s to be esumated
s s a fraction of the cardiac output two contrast in
’ecucn; will be made one in the ascending aorta
#here total cardiac output passes and one 1n the
Proumal part of the nght common carotid artery
E‘r"“‘“ﬂ dilution curves recorded over the nght 1n
pLemal carotd artery will then reflect the blood flow
;' these areas
4

. Matenals and Methods
.

. lh::;blwd flow 1n the common carotd artery and
R emal carotd artery was determuned as a frac
on of the Cariac
0de)

densito,
3ponda;
4 dogy

¢

i output mn an n vivo cammne
{Fig 1) Esumates obtaned by the video-
Metne method were compared to the corre
“"g electromagneuc flow readings 1n 2 mongrel

eighing 25 and 32 kg respectively The dogs

were anesthesized with 30 mgfkg of sodium pento-
barbital and were ventilated with a Harvard pump
on room air The cardiac output was continuously
recorded by a circ 1al elect flow
probe around the ascending aorta 2 1o 4 cm above
the asortic valve A similar electromagnetic probe
was attached to the proximal part of the left common
carotid artery and another to the proximal part of
the left mternal carotid artery The probes were con
nected to elect flow meters (Statham SP
2200) The systemic blood pressure was recorded
via a cannula 1n the left common ihac artery at
tached to a Statham P23DB pressure transducer
The videodensitometnic flow n the left common
carotid artery was calculated as a fraction of the car
diac output from two dilution curves denived from a
bolus mection of sodam 10thalamate {(Conray 400)
through a 7 French pigtail catheter with its tip in the
ascending aorta and from a second bolus imyection
through a 6 French catheter with its tip wn the
proximal part of the left common carotid artery
With respiration suspended and the dog m a fixed
position [0 ml contrast medium was imected 1n the
ascending aorta followed by a 1 ml iyection into the
common carotid artery When the biood flow 1 the
mternal carotid artery was determined as a fraction
of the cardiac output the selective 6 French catheter
was advanced to the mternal carotid artery fora 1 ml
contrast injection The selective injections were per
formed manually and the aortic mjections by a Cor
dis 11 pressure mjector Nine senes of mjections
were performed each consisting of one zortic injec
tion followed by one or more selective njections
The video image was recorded on video cassette
with the image intensifier in a fixed position cover
mg a man branch of the left internal carotid artery
Before each recording performed 1n constant fluoro-
scopy with fixed kV and mA a 10 mm aluminum
filter was used for calibration of the radiation n
tensity The wvideodensitometric dilution curves
were displayed at a later time by replaying the cas
seite A videodensitometer with an output voltage
proportional to the loganthm of the incident radia
tion was used (T Strand Siemens Elema Sweden)
of the ¢ mass ime
curves was performed by planimetry
The video 1mage was recorded on a Sony Umatic
video cassette recorder The data from the electro-
magnehic probes along with the artenal pressure
were recorded on an Electvomces for Medicine DR §
P and synch d with the
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Table 1
Tuenn mne measurements of the flow in the common carotid artery as a fraction of the cardiac vutput were recorded by grv
magnette and videodinsitometric methods Luclt of the 7 series represents one contrast ijection vt the ascending gorta f lind
one or more subsequent selectin e iyections tn the common carotid arten at different ime intenals The difference in perce

berween the vid, and elec method 15 displayed in column E
Senes n Time A B (o D E
{min} Electromagnetic flow (mlfmin) Vid Difference
——————————————— rato (per cent ratio (per cent {percent)
Cardiac Common carotid  common carotid common carotid
output artery Mow) flow)
i 0 40%0
| 9 261 64 63 -01
2 1] 261 64 56 -08
3 15 279 68 54 -14
4 16 24 65 53 -17
s 18 25 60 st -09
2 0 3240
6 2 256 79 51 -8
7 3 256 79 56 -7
g 4 261 80 66 -14
3 0 3350
9 4 279 83 89 06
10 5 %0 87 73 -14
n 6 2 87 67 -0
4 0 4100
12 14 2% 73 52 -1
13 18 299 73 56 -17
14 20 7 80 76 -04
15 23 32 79 74 -08
16 25 32 79 88 09
5 [ 4150
17 2 346 83 75 -08
18 5 307 74 8 08
19 7 299 72 68 -04
20 9 318 76 68 -08
21 1 315 76 76 00
6 0 3400
2 15 88 26 25 -0l
23 18 109 32 3s 01
2 19 H] 24 26 e’
25 20 8s 25 23 ~0?
7 0 3 400
26 2 154 45 38 -07
14 4 158 46 36 -10
% 6 158 46 35 -1
2 1 153 45 32 -13
x=7 530 x=664 i=-07%
SD =076 sD=12l sp= 09

Partial obstructton (manual) of the common carotid artery
Senes 6 and 7 excluded
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Table 2
¢ m ven measurements of the internal carond flow as a fracton of the cardiac output were recorded by eleciromagnenc and sideo-
,  sitometnc methods Each of the 2 senes represents one contrast iection n the ascending aorta follov ed by several subsequent

@ clive Ingections wn the miternal carond artery at different nme tntersals The difference in percentage bet een the videodensito-
metnc and electromagnenc method is displayed in column E

]

Time A B
(min} Electromagnetic flow (mlfmm)

c D E
Dufference

. rato (per cent rato (per cent {per cent)
T Cardiac Internal carotid  internal carotd internal carotid D-C
output anery flow) flow)
0 3250
30 3 216 6 59 ~07
3 s 216 66 58 08
» 6 23 65 63 03
3 7 1 68 60 08
34 9 208 64 63 ~01
35 1 198 61 66 0s
0 2750
36 10 183 67 55 ~-12
3 3 216 79 55 ~24
3 u 193 70 41 ~29
39 15 188 68 51 -17
40 16 188 68 45 ~23
x=675 x=5 60 x=~115
SD =045 SD=077 SD= 106

1deo tape recording of the contrast medium tnyec
ons A constant potential generator (C G R 1215
1200mA) wis used The fl n

The mean common carotid flow ratio (senes 1-5)
was 7 53 per cent (SD=0 76) calculated by the elec

luded a cesium 10dide mmage mtensifier with a
Jumbicon television camera (Carm CGR inple
2ld smage mtensifier) A 10 em (4 Yantensifier input
J\as used 1n all expeniments
b

Results

Nine series of measurements were obtamed with

% paired ratios of cercbral blood flow and cardrac
19Upt by 1he vid 1

method and 6 64 per cent (SD=1 21) by
the videodensitometric method respectively The
mean difference between the methods was ~078
per cent (SD=0 92) for all 7 series

Internal carotid artery flon Two seres con
taining 11 patred ratios of the internal carotid artery
flow are displayed 1n Table 2 The mean flow as a
fraction of the cardiac output was & 75 per cent
(SD=0 45) cal d by the elect meth
od and 560 per cem (SD=077) by the wideo

et 1c and 4
¢ methods The videodensitometnic recordings

1c method Thus the mean difference
was —1 15 per cent (SD=1 06)

Comp: of the elec and video
densttometric methods The cerebral blood flow m

f‘;‘::“ a Syplcal data parr are illustrated m Fig 2
of the videod 1€ Curves was
~Tequired because of bact d 1 of

~ Cay
p m::‘ml Medwm which prevented the curve from re
PN g 10 baseline  This 1s a generally accepted
) iGue in other dilution methods

daty oo carotid artery flow Twenty nie pared

Wdl::zzinng the common carotid flow and the
pind a:ul are displayed 1n Table 1 1n senes
atey Partial obstruction of the common carotid
s manually performed to decrease the flow

bsolute units (ml/min) was calculated in each of the
40 expenments from the videodensitometric ratio
and the electrotnagnetic readings of the cardiac out
put according to

& x {electromagnetic cardiac output) = cerebral
Qa " blood flow 1n mlfmin

where Q¢ and Q, are the videodensitometnc flow
m the cerebral artery and aorta Tespectively and
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Video Flow
400

350
300
250
200 e
150 |-
100 +

SO

ol - 1 1 : 1 1 2 1

O S0 100 150 200 250 300 350 400
Electromagnetic Flow

Fig 3 C berween video-
densitometne and electromasnenc blood flow (ml/mun) for 40
measurements in cerebral artenes (r=091) The sold lne 1s a
least squares regression line

g—cls the videodensitometnc cerebral flow ratio
A

The cerebral flow 1n absolute umts recorded by
the videod nic and elect 1c meth

ods (Fig 3) displayed a good correlation (r=091)

Discussion
Present data indicate that about 17 per cent
of the cardiac output in the resting state ts devoted
to the cerebral circulation (REINMUTH et coll 1965)

the dilution curve and the corresponding mteg.
of the videodensitometnc areas Itcould .,
sent a consistent error in delivering the »
amount of contrast medium through the ¢ %
The accurate delivery of the desired amount
trast med depends on a pletely il
theter Before each mjection the catheter wasf
with contrast medium A small washout at t
of the catheter could occur between the imed
theter fillng and the mjection A defict fon
washout could represent a significant fractoad
1 ml injection into the cerebral artery Recwod
of contrast medium from vems and other b
supenimposed on the videodensitometnc »
may be another cause of error However ¢
vessels are included 1n the window the ydeo!
can be replayed and the window location charg”
a more appropnate position The effect of o
vemns can also be avoided by a short artend
jection such that the artenal videodensior
curse ends before venous recirculation begrs
Incomplete mixing of contrast medum and bk
including layenng might also be a source of ¢
The ascending aortic injection of contrast oed
through the multi side hole pigtail catheter &%
give accurate mixmg of blood and meditm Wi
selective 1njection 1t 1s anticipated that meo”
mixing occurs However 1t has been show? it
et coll ) that perfect mixing does not seem wh
great importance as the videodensitometne ¥
measures total contrast mass over an aens &
section rather 1han local concentranons of @
medium within the vessel The mjection rates¥
always be less than half of the artenal flov ¢
preferably not more than a fourth of the flo* o
ding aorta and the cercbral artery 1

In the present expenments the uml 1

carotd artery flow was estimated to 6 6 per cent by
the videodensitometne method Taking into account
both common carotd artenies and both vertebral ar
tenes the figure seems to be within a reasonable
range However the aim was not to estimate the
cerebral flow 1n a canme model but to compare the
new videodensitometne method with a given stan
dard the electromagnetic method In the tndividual
expenments the methods correlated well (r=0 91)
Review of the data in Tables 1 and 2 shows that the
videod 1¢ values were ly lower
than the electromagnetic values A sumilar differ
ence between the methods was previously noticed
regarding the renal blood flow (LINk et coll} The
difference mav reflect an error 1n extrapolation of

present expeniments 1 ml of contrast medum
mjected over a penod of not less than M0 sese
(30 ml/mun) m a flow which was usually 200r
or grealer

In a climical situation only one cathete?
4 side holes close to the tip will be us!
jection 1 the ascending aorta the cathel®
placed selectively into each mamn cereb )
After mjection into the aorta 1t would be ¢
to wait at least 5 to 10 mumn before the $¢"‘;“
Jection to avord contrast effects upon ”"51
culation Although no substantial chane® o s
bral flow after ascending aortic mjections o
served the tssue has been disputed vigoro™> !
Iiterature (TAVERAS & WooD 1976) The

with’

r Wi
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pntrast medium after selective myection 1ato the
' rebral artenies can be neglected as they occur after
~1¢ densitometnic curves have been obtaned overa
wyam cerebral artery However when repeating the
“lective 1njections the same rule of thumb should
~~e¢ applied 1e 2 time delav of at least 5 min The
= fTect of contrast medium on the cerebral circulation
r~¢pends upon the chermical constituents of the com
~vound In the present expenments Conry 400 was
sed which 1s not approved for cerebral angrography
«1 humans Using a very low dose (1 ml) no complt
-Yaltons occurred n the dogs despite the consuder
ynble accumulated dose over the entire experimental
~enod
v 1t may thus be luded that the videod
, tetnc method can be used as a simple chimical tool
o0 evaluate the blood flow 1n the man cerebral ar
g enes as a fraction of the cardiac output It 1s es
+ sectally conventent to perform i conjunction with
,, outme chinical cerebral angiography as selective ca
5 hetenzation 15 a normal part of the radiologic proce
1,Jure The flow determination can be done n the
gmlcnm between film series when the radiologist 1s
Jwaiting for the films to be processed The measure
Vments can be made 1n any angiographic suite with
the ad of a d and video re

" corder
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Al

b SUMMARY
(nm‘;m}nam“ of blood flow in the cerebral arteries as a
. dmmn Of the cardiac output was performed by the video-
. o ;Z;ﬂnc method and compared to electromagnetic
P lIngs in dogs The method proved to be highly
T b mn‘um confirming previous experiments 1n vitro
g mphyla:dt to perform dunng routine cerebral angio-
| ey o ™ay produce stgnificant phystologic data not
ilable by other means
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Determining the mtensity of blood flow with the
ud of ideodensitometry by measuning the flow rate
3fa contrast medwm introduced mto the vessels 15
1 well known method which 1s now made surtable
for clmical application 1o this department Rnowl
edge of the cross sectional area of the blood vessel
" needed for calculating the intensity of flow by this
method If the cross section of the vessel may be
assumed to be round the required area can be found
by making a single measurement of the mternal
diameter However the accuracy with which the
Mmeasurement 1s made has to meet high demands
since the square of the diameter value is mvolved in
the flow caleulanon (LANTZ 1975)

Varous intravascular sensors specially designed
for determining the drameter of blood vessels have
been described m the hterature One of them 1s
based on the prnciple of electric impedance and
measures the mean cross sectional area 1n the vessel
(CONSTANTINESCO & MERLE 1977) while another
OPerates on the el nduction
houn & MacALPIN 1977)
m;hs:, :?;‘ci“m to these sensors 1s that they are
Stss T 0:5 such expose the patient to extra
of anothey oo jection 15 not so strong 1n the case
meter gy | egory of methods for measunng dia
forosen mear dimensions being measured on
tra Eém: images of blood vessels filled with con
outne msl::xn These methods requre only the
Sessel for el(cm of a conventional catheter into the

¢ more llua:lng a contrast medium They are all
the determmanan e smee they combine well with

100 of blood flow rates by swdeoden

sitometry after all a catheter 1s already located in
the proper place
Moreover the fluoroscopic mmages made for
measurmg the blood flow rate can alo be used for
measunng the diameter so that the quantity of con
trast medmm can be restncted Vath the ad of
simple mstruments for measunng length hnear
on the f pic images can be
performed directh on a TV monttor screen (RUTIS-
HALUSER 1969) on a photograph of the tmage or on
cmefluorographic films (HELLSTEN & PETTERSSON
1977) These methods do not however yicld the
degree of accuracy which s required
A higher degree of accuracy can be obtaned by
TV fluoroscopy  with which dimmensions can be
measured electromcalhy  from the video signal
(videometry) The diameter of the contrast filled
blood vessels can then be determmed videodensito-
metncallv emploving a techmque for measunng the
pulse width i the honizontal TV knes
On the basts of a single honzontal TV Ime this
method of measurmg the video diameter was used
by SILVERMAN (1971) GARDNER & W ARNER (1967)
described a svstem emploving a special purpose
drameter computer for measunng the pulse width
i TV lines an external general purpose digital com-
puter bemg used for averaging the measured pulse
width obtamed from several lines
The present report also describes a system for
diameter measurement which ts based on the ap-
of vid Yy on fl

pIc images

Subrutted for publicaton 21 Angust 1979
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Fig 1 Photograph of a raw video signal The densitometnc pulse
obtamed from a single tube filled with contrast medium

produced after injection of contrast medium nto a
blood vessel Use 1s made of a special video dia
meter computer strumented with analog, and digt
tal elements This computer has the following spe
cial features

The densitometric pulse width 1n a TV line 1s
measured on line with a half-depth width comput
ing technique

the mean measured pulse width 1s established
from several TV lines as an internal operation and

the op for
1s found automatically

In vitro experiments were carried out on a trans
parent plastic phantom fitted with cylindnc channels

1
deter

K HOORNSTRA ET COLL

and on plastic tubes of known diameter and se¢
water flow to test the quality of this method of
uring diameter

As a control of the practicabihty of the meths.
vivo trials were performed in the abdommn. 2
of an experimental amimal (dog) The values fue. ,'
were compared with the results obtamed w
intra arterial diameter sensor (VAN DER SCHEF
BAKKER 1978)

Materials and Methods

The video diameter computer (VDC) A
of figures are given to illustrate the operation of
comptter In Fig 1 an oscilloscoprc image &y
ing the video signal (5 us/div 02 Vidw )it~
trated
All TV lines 1n an 1mage are supernmposed ont
oscilloscopic 1tmage The photograph was maits
the moment contrast medium was present mapl
tic tube As the contrast medtum passes amom
tary dip appears m the video signal (the ateny &
the tube 1s made darker by the contrast medur!
the width at half the depth of the dip bemgay2"
stick for the drameter
The width at half the depth of the dip was chos?
to ensure minmum disturbance from the fose €
tamed in the video signal A visible window Jowhit
the Jocation and dimensions can be set1s introdesd
imto the video 1mage with the window gene!”
(Fig 2) The window s adjusted so that it ence”

VIDEO-TAPE
PECOPDER
MIN_LEVEL
DETECTOR b
VIDEO
AMPLIFIER ARITHMETIC MAX
uNIT CONTRAST
TR
SAMPLE + HOLD DETEC
R¢
wiNDOW Chem? °
GENERATOP vt
=z
SAMPLE + HOLD M VALUE
CIRCUIT 1t < bse DETER M VALUE
LEVEL ¢ z MINATION MEMORY
cireur
MONITOP

Fig 2 Block diagram of the video diameter computer (VDC)
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1 3 Photograph of a TV monitor screen on which are displayed
aorta of a dog a rectaneular electromc window and the
ected vessel wall duning myection of contrast medium

sses the diameter of the artery or tube to be meas
ed (Fig 3) The window generator allows only
¢ video signal contamed withm the window to
1ss through to the measuning circunts

Fig 415 a diagram showing the video signal of
1 TV line within the window during the presence
"contrast medium The time axis 1s electromcally
nided into intervals of 30 ns At the mstant of the
rst window edge appearing before the start of the
Ip 1n the video signal sample and hold cirewt I
teasures and holds the voltage of the video signal
value an Fig 4) Next the mintmum voltage of the
ip1s detected and held by the mmimum level detec
x(viluebin Fig 4) Then at the wmstant at which
he last window edge appears when the dip has gone
fom the video signal sample and hold circwt II
feasures and holds the voltage of the video signal
valiec1n Fig 4) From these three values the anth
et umt (Fig 2) determmes and holds the two
‘hreshold values (a+b)/2 and (b+c)/2 All these
dperations are completed before the next TV line
begins

When the next TV line appears there 1s a pause
until the video signal enclosed by the window has
dropped below the stored threshold value (a+b)/2
(as determined n the preceding TV line) From that
Moment on the number of 30 ns intervals 1s ted

INTENSITY

BLACK VALUE

TIME —

Fig 4 Diagram showing one TV lme with the densitometric
diameter pulse

determination circutt the sum of the 30 ns intervalsis
found and divided by the number of Imes the width
of which has been determined at the half depth of
the dip This results 1 a value M (the VDC value)

Durning the passage of the contrast medium an
appropriate detector determines the moment of
maxmmum contrast at which the value M 1s stared
m a memory The VDC value M majy be read off
from a three-digit display

Measuring systems All the expenments were
made with standard equipment (Pandoros Optimatic
Roentgen generator Stemens Bu 150/30/50 tube
Siemens Sirecon Duplex 25/17 HN mmage nten
sifier Siemens TV chain with Plumbicon Koord:
nat kombi diagnostic table Siemens Elema)

The fluoroscopte 1mages were recorded with a
video tape recorder (IVC 801 psm) The contrast
mediim (Isopagque 440 Nyegaard & Co ) was in
Jected with a flow controlled angiographic injector
(Medrad Mark IITI)

Photoflucrography was performed with the ard of
pulsed TV technique using a constant tube poten
tial of 68 KV and an average tube current of § mA
The focal spot was 0 6 mm The electron-optic en
largement of the image intenstfier was 170 mm The
f put screen d was at 95 cm

Ex')o'nat electronic counter 1n the M value determina
e Slrcdun Counting stops when the video signal
(h+c)/: by the window exceeds the threshold value
Wh;ns\l:md m the preceding TV hine
Tses abg: € value of the video signal drops below or
nous Ve the threshold this 1s indicated by a lum
o 50! n the video image so that the detected
. essel wall is visible n the window (Fig 3)
€ach frame all the lines lymg within the set

Wind,
% are processed 1n this way In the M value

The rad beam was coll; down to a width
of about 5 cm measured 1n the object plane to re
duce scattered radration For each measurement the
tube current was adjusted to give a uniform level] of
luminance on the output screen of the image mten
sifier for each expenment The optimum winte leve]
1n the video signal was adjusted with the aid of the
ms diaphragm in the TV camera Care was taken to
ensure that the axes of the cylindnc channels of the
phantom the tubes and of the aorta were always pro
Jected perpendicularly to the Imes in the TV 1mage
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Fig 5 Fluorographic image Intra artertal diameter sensor 1o sty
1n the aorta of adog

Statnic test A transparent plastic block (Perspex)
was used (approx 20cm X 6 cm X 2¢m) mto which
eight cylindric channels (diameters 102 203 401
603 802 1003 1204 and 14 02 mm) had been
drilled The axes of the channels were arranged
parallel in one plane After the channels had been
filled with contrast medium the block was put into
a tray filled with water and placed on the coordi
nate table The columns of contrast medium were
brought nto the centre of the image one after the
other by shiding the tabletop One senies of expo
sures of the columns of contrast medium was made
with the block lying on the bottom of the tray and
with 10 cm of water above 1t The distance between
the foca! spot of the tube and the axs of a channel
i the block was always 5! cm A second senes of
exposures was made with the block raised by 10cm
te with 10 cm of water below 1t Both series were
repeated with a 50 per cent water-dluted solution
of contrast medium 1n the channels

Dyvnamic test In this test measurements se
made with lengths of tubing of a flexible st
plastic (Silastic Dow Corning) The intema ¢
meters were 1391004 283+006 480.0F
6455005 79202 96%01 and 15403
The wide spread in some of these values 15 &t
the fact that the tubing used was found {0 ket
exactly round One after the other the lengisd
tubing were Jaid on the bottom of a water filled
which was placed on the coordinate table Eahe
turn was brought into a recirculation systema’
flushed through with a constant flow of water (s
Justable and read ible) from a thermostatically ©
trolled (37 C) reservorr The depth of water nt
tray was 12 cm The distance between the focal st
of the tube and the 1x1s of each Jength of tubing®
51 cm A straight 7 French mulu stde hol¢ clowt
end catheter (Cook) was introduced into eachlent
of tubing at the upstream end and pushed foread
until its tip appeared in the image Contras mel ©
was ingected via this catheter :

Television images of the formation and moreme?
of the resulting contrast boluses 1n the Jengths &'
tubing were recorded on video tape Injections *"
made 1nto cach length of tubing at three sé!® et
of the water flow velocity of v=10 20and A0ent
Per velocity contrast medium was injected 14
tities of q=1 3 and 6 ml the injection flow R
always bemng 17 ml/s No injections of the maurs?
quantity of 6 ml were made into the four pafrovet
gauge tubes to avord exceeding the 500 pst P"‘“:m
hmit setinthe injector The injections were 7%
five times per setting ‘

In o expenment A dog weighing 20 ke “‘
used for the 1n vivo expenments The an
kept without food for 12 hours before the c"“"“;;
tion given a general anaesthesia with P‘“ml(
(th I)and then 1104 resprato®™”
Next catheterization was performed 10 aceo”
with usual angrographic practice odutt!

A7 French pigtar! catheter (Cook) was nt¥
into the night carotid artery and pushed (hr‘“’u
the aorta until about 2 cm upstream of the ‘”
tion of the renal artery The tip of the calht“m
the abdominal part of the aorta located dOW"sw
of 1t (about 10 cm m length) were brought ‘nphow
image Upon mjection of contrast medu ses B
fluorography of the resulting contrast bo]idm
movement was performed Altogether 101 an
were made of 3 ml contrast medium cach a;‘(um
yection flow rate of 17 mlfs The snterval
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Fig 6

1e M ouNITS

0 12 1
CHANNEL DIAMETER

Fig 7

12,6 Transparent view of the calibration block (dunensions 1

1:!"; :esulls of static tests Relative diameters (in mm) deter
tryof Ylwdeodcnmomelry plotted aganst the mternal diame
K\hu;{ lndlnc E_hannels 1 a perspex block filled with contrast
flobe o 00" — 50} and for tw o distances from focal spot
irve ) C;‘r;(m Iine of the channels (upper curves 5t cm lower

n

);lmmns %as at least 5 min  This had been found

;?r:rl‘menlally to be long enough for disturbing
acologic reactions of the mjected contrast

me
:lum 10 subside before the following injection
fter the fiftn the d

from 6 5 to 8 5 mm with an accuracy of +0 5 per
cent of the measured value

The sensor was mserted mto the femoral artery
and pushed through to the visible section of the
abdominal aorta (Fig 5) Dunng these measure
ments the contrast medmum catheter was tempora
nly shghtly withdrawn to make room for the dia
meter sensor Under fluoroscopic control the feelers
were positioned in five locations n the aorta (cor
responding to the positions of vertebrae 1.2/L3
L3/L4 L4 LA/LS and L5 respectively) At each
location the diameter was measured with the sensor

After completion of the last injection a calibra
tion procedure was started in order to determine the
absolute diameter values First the scale of enlarge
ment of the aorta was established For this purpose
the diameter sensor was removed and a special wire
gwide put mits place One end of the wire guide was
built up of sections of metal alternating with sections
of polyethylene each section was 20 0 mm long
Photofluorography was performed on the end of the
wire guide in the abdomunal part of the aorta

After the amimal expenment was concluded the
cahbration procedure contmued with the aid of a
speciaily made transparent plastic calibration block
(Fig 6) The block contained two calibrauon ducts
of known diameter (6 | mm and 8 1 mm respec
tively) filled with contrast mediim as well as a piece
of copper wire of known length (30 0 mm) After
the block had been placed m a water filled tray the
latter was positioned on the coordmate table the
water level 1n the tray was 12 cm The calibration
ducts were positioned 1n the honzontal plane estr
mated to have been previously occupied by the ab-
dommal aorta of the experimental amimal

Experniments were made of the block with the aves
of the calibratron ducts and the copper wire lymg n
the same honzontal plane The ducts in the calibra
tion block were filled with undiluted contrast me
dium corresponding to the state 1n the aorta of the
experimental ammal rmmediately after injection of
the contrast medium

Results

The tapes of the video recordings were played
back on the recorder connected to the video dia

':r:::n“‘:;‘;; Controlled with the aid of the intra
DER Scrnpe ‘;lcr sensor with resihent feelers (VAN
had been DE BAKKER) Previously this sensor

calibrated in the Linear measunng range

meter Before playback the window deter
mining the diameter measurement site was projected
onto a previously selected position n the TV image
The height of the window was set at 14 TV hnes
while the width was adjusted for each measurement
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s Fig 8 Results of dynamic tests Relative diameters dt':r':
by videodensttometry plotted agamst the mternd ﬁ;: ol
mm) of silastic tubes for injections of 2) 1 D)3 orc)6ad .

r meditm mto water passing through the tubes tn a st I_Ym! N
em/s) The error ss represented by a rectangle ":‘:dd‘
repeated snjections) the hesght 1s twice the stand kel
the width 15 the uncertamty interval of the truc diamet

Stanc test The window was positioned in the
centre of the TV image on the image of the column
of contrast medium Duning playback (lasting about
1 mm) 15 consecutive measurements of the column
width were made with the VDC thus producing a
group of 15 VDC values pertest As a rule the max:
mum spread per group was * one VDC umt The
standard deviation 1n the group of the second
nastowest column (diameter 2 03 mm) was greater

viz 4 units As a result of msufficient ccnlﬂ“l
reliable measurements could be mace rr:,:,_
1mages of the narrow est column (dameter 1 0 .
‘The results of the static test are plotted 10 -
For the sake of clanty the mean ralues fofw
of the four senes are jomed by staght ";‘)’é‘"\w
line segments 1n the graph The mean \ o
are a function of the concentration of the Cm‘_‘
medsum in the channels an wmversely propo
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Table §

Tults of dsmamuc tests Mean and standard desiations (n=5)
he relatne diameters of nlastic tubes determmed by video-
sitometry with a sready flow of nater irough the tubes Three

ml of ¢ontrast medium were injected

24 Mean water flow velocity
Teter
ube  10emfs 20 cmfs 40 cm/s
mm}
Menis SD Mumts  SD Mumts SD
8 %6 s 254 e 256 0%

& 454 os 454 0s 456 o5
45 616 o5 6.2 0s 614 07

9 n7 05 1 0s 7.9 0.3
6 0o 09 93 19 b 05
4 15.0 30 1510 20 15.0 40

nction of the focal spot distance and a hnear func
- of the d of the channel—d s over
mm
Dinamuc test The window was moved nto the
‘ntre of the TV-screen and placed over the image
the Silastic tube the true drstance from the visible
p of the catheter was about 5 cm During playback
Fthe dynamic tests the instant of diameter meas
rement dunng passage of the bolus of contrast
fedum was automatically determined by the VDC
ine VDC value was obtamed per test The contrast
fhe images of the boluses i the narrowest tube
dameter 1 39 mm) was found to be msufficient for
baming useful measuring results VDC values
@sed on five repeated experiments each (those
med out under rdentical crreumstances) were
ombined and ther mean values and standard devia
lons were determmed
s f-l;el ;s!urlxu of the dynamic tests are plotted in Fig
fg=1 Jandrzc quantities of contrast medum used
o ml) and one water flow velocity (v=20
of the m € graph shows the trend of the average
“oreat mzilé:rcd VDC values dechming and of the
erployea 3ing as the amount of contrast mediym
¢ e creases This trend can be explamed by
et an:;g chance of dilution of the contrast
”h“mummmcnmplctc formation of bolus under
ndicae hay n;:es referred to The static test results
decliang "Bcnlutnon of contrast medium entatls
bolus eads ;alucs Incomplete formation of
S (:n omogeneous distribution of con
hich i g a;'fﬂ the cross section of the tube
voe ects the proper functtommng of the

10 439
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Fig 9 Results of dynamic tests Relative drameters determused
by widendenwiomelry piotted agamat the mtemal diameters (in
mm) of sdastic twhes after mpecuon of 3 mi contrast medwm
1nt0 water passig through the tubes m 2 steady flow  Eack pomt
is the mean of 5 inections $ myections eack at three values of
water flow m the tubes (10 3 and 40 cm/1) The erroras r=pre
sented by a rectangle the heighe 18 twice the standard deviation
the width 1s the prcertanty meerval of the true diariet-t of a tube

Foll the method d bed an amount of
3 ml contrast medium per myection 15 adequate for
uptoa of 8 mmn

tubes through which water 15 flowing (Frz 8)

The results of diameter measurements for the
three water flow veloctties (v=10 20 and 40 cm/s)
and one quantity (q=3 ml) of mjected contrast
medium appear n Table | The table shows no cor-
relation between the magnitude of the mean water
velocrty and the mean VDC value Sinular tables
drawn up for @=1 and 6 ml (not mcluded herey lead
1o the same conclusion

The results of Table 1 are plotted m Fig 9 which
15 based on the mean values per group of 15 VDC
values {relaung to three settings of the water flow
velocties and five repeated expeniments per set
ung)

It1s to be noted that the measured values m Fig 9
tally best with those 1n Fig 7 for a focal spot dis-
tance of 51 cm and a contrast medrum concentration
of 100 per cent Thus the static and the dynamic
tests produce essentally the same results In practs
cal terms the consequence of this agreement 15 that
calibration procedures for 1 vivo expeniments can
be carned out with simple static test methods
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In vno experunent The video tape with the 10
recordings of the 10 contrast medium injections mto
the aorta of the experimental amimal was played
back five times altogether For each playback the
window was shifted to another position along the
tmage of the aorta on the momtor screen The
window positions chosen corresponded with the
five lumbar vertebrae positions at which the check
diameter measurements were made Upon playback
of each recording 1t was played back once again with
the window position unchanged Thus 1 group of
10x2 VDC values was obtained for each window
position These VDC values were calibrated with
the aid of the expeniments with the plastic calibra
tion block and the wire guide The VDC values M.,
and M, were measured on the 1mages of the two
contrast filled ducts 1n the calibration block with
diameters D, and D» respectively By linear inter
polation a calibration relation was denved which
relates the true diameter of the aorta D, to the apper
taining VDC value M, It reads

o 8M-M,
Dy=(DaDa) 2 L4D,

m which 8=G./G, 1s the ratio between the imaging
scales G, and G, 1n the plane of the calibration block
and the aorta respectively The ratio § was deter
muned from the lengths of metn] wire (length L,=
200 mm) at the end of the wire guide n the aorta
and of the length of copper wire (length L.=300
mm) n the calibration block

Naand N are the numbers of honzontal TV lines
which intersect the mmages of one of the lengths of
mental wire and of the Iength of copper wire respec
tively Then 8=(N /L.J/(N,/L,) Electronic counts
on these images gave N,=59 and N.=94 from which
1t follows that §=1 062

Substitution of this value n the calibration rela
tion and also of the known values D ;=6 | mm and
D.=81 mm and of the measured VDC values
M.,=58and M =79 gives D,=0 101 M,+0 576 By
means of this latter relation all VDC values (M) were

Table 2

Invwo resudts Comparison of the dumcters of the an

dyi measured nith a calibrated \ideodenstomennr ret

(Do) and with an intra artersal sensor (D) D s the ¢
of the results in n repeated myectt s

Location n VDC (mm) Diameter bp
_— sensor(mm) 1™
D 5D

L3 10 731 010 7442010 o

L34 20 719 023 7242004 1]

4 20 685 O0I8 7192004 oy

LAILS 20 666 018 697+004 o

Ls 20 671 0% 6802004 (L]

standard deviation of approximately 07 mn ™
spective of the selected window postiron (Tabk
This non reproducibility spread 15 the resilld
minor differences occurring n the course of ¢
medium injection and the subsequent bolus b
ton and 1s also due to the mixing of quaniv® o
electromic random noise 1n the 1mage sigmal slzm‘
ming from imaging system Repetition of €%
ments will reduce the nfluence of the not rp
ducibility spread If for example four expennet®
were to be repeated the standard deviation 1
mean measured diameter value would be habiedt
0! mm

In addition systematic differences bel\mﬂf
measured mean (VDC) diameter values Ds and®
true (diameter control) drameter values D, a1
in Table 2 As the window position chanes ‘:
amount of these differences fluctuates regilat
with an ampltude of 015 mm around & ad
age of minus 0 2 mm  The explanation for thefle
tuations about the average 1s a non homogene™
background m the form of organs and \entbr-f
which differs from one site to the other dum*
posure of the 1n vivo experiments Thes et
ground structures are supenmposed on one ““"]L
in the tmage they nfluence the shape oflhcd‘;‘;“,
metric puise of the image of the cantrast filled “
vessel and thus cause errors In the result of the

converted into true di values in mull s

The aorta drameters obtained with the VDC (D,)
and with the intra antenal diameter sensor (D)
on the five sites measured appear in Table 2

Discussion

The results of diameter measurements 1t VIvO 1n
expenments with 1dentical window position hive a

econd sour ¢
Joyine?
L

Inaccurate calibration s the s
systematic errors and is the result of emp
calibration relation lacking 1n precision

e
in turn results from rounding off errors Toju::nl
grally measured values M , Mc» Na N 29 oo
and from measunng errors 1n D an! De Jﬂ,,
mm) The consequent error m the dnmcﬁ;, -
mmation can be calculated as maximum =
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a an error propagation analysis apphed to the
\libration relation The average difference of 0 20
m referred to earlier can be explamed (at least
artally) by this inaccurate calibration The afore
! entroned systematic errors due to the non homo
T neous background (+0 15 mm) and to maccurate
. libration (+0 20 mm) add up to a total maximum
Jstematic error to be expected 1 the diameter
—easurement of £0 35 mm (or approximately 5%
+11n the measured 2orta diameter of 7 to 8 mm)
4! A method enabling a more accurate cahbration
¥ ybe made (not yet tested) consists of repeating the
',allbrauon procedure employed but with the calt
ration block or wire guide bemg shifted each time
1+ a somewhat different distance between the tube
nd the tmage intensifier By averaging all the cali
y sation values obtamed a hind of average cahbra
~on relation can then be produced which may be
. Xpected to result 1n a smaller calibration error
¢ The disturbing influence of the non homogeneous
ackground will dimimish when the volume of a
ertain section of a blood vessel 1s to be determined
g for the purpose of determining the intensity
r)1' blood flow by videodensitometry For the vessel
“/nlume determination several blood vessel dia
meters are measured at different pomnts along the
elevant section The errors n the individual dia
. meter values resulting from the non homogeneous
background will then more or less average out so
“Tc::lu::e volume will be determined with a higher
R V|d:od§y This advantage directly benefits the
- Hood v::;:;metlnc dilution method n which a
" blood flon m:':nume M needfd to calculate the
M sity (F) (from F=V/5t where 8t1sa
s mean transyt time)

b Conclusion

* .‘?T_ described videodensitometnic method 1s surt
st rm' measunng the internal diameters of con
lled blood vessels n all those parts of the

tong where a catheter can be mserted Additional
oS 10 be met for making absol

satisfactory results Taking the photofluorographic
mmages as a basis and using the videodensitometric

qup n ion with the win
dow dtameters can be determimned over a distance
of at least 10 cm along the vessel as was found
during measurements 1n the aorta of a dog (8 mm
diameter) Thanks to the videorecording of the
fluoroscoptc tmages and the application of a special

which both 1cally and

autonomously the diameter measurement ts a rapid
and simple procedure

The range of measurement 1n which usable results
were obtamed (as established with 1n vitro tests)
extends from 2 to 16 mm The maximum systematic
error that will occur under 1in vivo conditions Is
+0 35 mm the standard deviation of the random
error 15 0 20 mm These estimations of error are
based on duplicate measurements made 1n the aorta
of a dog (7 to 8 mm diameter) but they may also
be applied to the extended measuring range from 4
to 8 mm This 1s subject to the condition that the
determinations are made under comparable circum
stances such as the use of 3 mi contrast medwm
perinjection of a window with 14 TV hines and of a
calibration procedure as prescribed The random
error can be made arbitranly small by repeating the
expermments It 1s anticipated that the maxmum
systematic error can be halved by adopting a sug
gested improved method of calibration The error
dimmishes even further when the average diameter
15 determined over a certain length of a vessel (e g
for calculating the volume of a vascular segment)

SUMMARY

A method employing a spectal computer for determin
mg the nternal diameters of blood vessels from photo-
fluorographic image 1s descnibed 10 vitro and 1n vivo ex
penments are performed with the system The amount of
contrast medium njected 1s restricted to $x3 m! and it
15 possible to determine the diameter (in the range from
2 to 16 mm) at any place where blood vessels can be
cathetenized In the n vivo expenments the maumum

m
";?:Zeal';elh: foll g It must be ble to
! pude apng ‘;atr:m temporanly by a special wire
£ Wth the umg e blood vessel must lie plane parallel
! the blogg mgl;'“lensmer Another condition 1s that
* Dlaceg by the ¢ vessel at the measunng site 15 dis
ol dmmelerm‘lec‘ed contrast medium for arteries
™ or Jegs :P 10 8 mm the quantity required 1s
* Wlervalg of s a nule four repeated injections (at
about 5 min) are suffictent to achieve

error 1s £5 per cent 1n the 7 10 8 mm range
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IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS

11 The shallow left ventricular cavity

G Kvam

The left ventricular cavity in 1diopathic hyper
sophic subaortic stenosis (IHSS) s rahter shallow
EPSTEIN et coll 1974) Previously (Part IB Kvam
1980) 1t was shown that the hypertrophic IHSS mter
‘entncular septum does not bend towards the right
ventricle during the systolic contraction As the sep
tum does not shorten sigmificantly neither length
WIse Tor erosswise (Part [A) it was concluded that
the septum acts as a suspender for the free ventric
ular wal] duning the systolic contraction A larger
Percentage of the ventnicular volume will thereby be
Sected per per cent myocardial fibre shortening
tan ordinanly This effect 1s more marked when the
‘entncular cavity 15 rather shallow m a direction at
':i’l‘e::gles to the septal plane In the 60° nght
Py ‘::quue projection the direction of the ra
age SEplalml\ s approximately parallel to the aver
diced g :l ane If the ventricular cavity had a re
ntheg pmp u:t could be expected to appear shallow

I ;ml::‘ but this is not the case (Fig 1)
dsohs g ngh:ep(:)n‘ drawings of the ordinary

g, made b postenior oblique outlne and

Proection ag s Y a reduction method in the same
1he biptane - the cavity was shallow are used 1n
DY, actordu’]mauon of the end diastolic volume
190 estumates oil];) the area length method These
Method the Py DV are compared with a third
ton, g calculated from the systolic ejec

<ton (EF) and th,
meag e stroke volume (SV)
ured by a dye dilution techmque

Matenals and Methods

Biplane left ventnicular cineangiographies at 75
frames per second from the same 4 IHSS and 15
control patients as 1 Part I were analysed

The angiography was performed as follows 40 to
45 m! Isopaque Coronar (370 mg I/m! Nyegaard
Norway) were ijected into the left ventricle using a
pressure mjector at 7 kg/cm and a Willtlam Cook
pigtail catheter French 8 with side holes within 2t0 3
seconds In 2 of the patients wath THSS the injection
time was slightly lfonger and m one who was given
30 mi 1 8seconds

The series were exposed 1n the 30 right antenor
oblique (RAO) and 60 night postenor obhique (RPO)
positions

In 16 other patients biplane cmeangiography was
performed with anidentical set up and with an 1den
tical catheter In both projections a metal gnd
posticned at night angles to the central ray was
then exposed with the same focus-object and ob
Jject film distance at the centre of the left ventnicular
cavity p ly d The catheter <
on the film was measured 1n the aortic outflow tract
when viewed under standard magnification Some
blumng particularly i the 60° PRO view made
exact measuring difficult However in both projec
tions a linear correlation was found between the

Submutted for publication 14 March 1979



Fig 1 The end diastolic frame in the 60 mght postenior oblique
projection from a patient with IHSS

catheter diameter and the enlargement fictor of the
grid when viewed with the same magnification The
linear correlation coefficient was 074 1 the 30°
RAOQ view and 0 54 1n the 60 RPO view (with the
tube lateral t value for the latter 2 37)

The frames from the IHSS and the control pa
tients were viewed with the same standard magni
fication The catheter was measured in the left
ventricular outflow tract From the relationship de
scnbed individual enlargement factors of the IHSS
and the control films were calculated m both pro
jections Both in the IHSS and in the control group
an end diastolic and a consecutive end systolic
frame were dentified 15 the one with the largest
and smallest ventnicular area respectively before
contraction or dilatation could be seen The ECG
was not d durning the card hy

The end diastolic volume was determined accord
1ng to the biplane area length method (DODGE 1971)
although the etlipsord formula was used dwectly
without any correction

In the THSS group the 60 RPQ area was also
drawn according to a reduction method (dashed
lines m Fig 2) The broken line was drawn across
the valvar part of the cavity towards the dorsal part
of the aortic root contmuing the dorsal curvature of
the apical part When using this alternative area the
volume was 1n all other respects calculated accord
tng to the same method as mentioned

The ejection fraction was calculated according to

G KVAM

Fig 2 The 60 nght posterior oblique outline of the left verm
lac cavity from the 4 patients with THSS drawn from thet
dastolic cine frames The heavy lines (dashed and solidishos
outline drawn for the 60 nght postenor ablique area when
reduction method was apphed

the 30 RAQ umiplanc area length method W
midaortic axes

Ad _As
_Ld Ls
Ad
Ld

EF

Ad As Ld and Ls are the drastolic and sy
areas and diastolic and systolic mdaorttc fengt
respectively directly as observed the enfargem™
factor being ehmmated 1n the formula

The stroke volume was measured by @ d¥¢ d
tion techmique (Stewart Hamylton) and the end ¢
astolic volume of the left ventricle was then 30
culated according to the SV/EF method

Results

The different values for EDV are given i lh; T
ble Individual values are given for the mswf(
tients the mean values ranges of values ands
ard deviations for the control group

In the THSS group a pared ( test sh[o\hs
significant methodologic difference exIsts
lhinordmary biplane method 1nd the SV/F F md‘th;
for calculating EDV(t=275 p<0 05) but “°s :
ence between the reduction method and the
method for calculating FDV

In the control group a parred t test

that

shows that!
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Table

d dastolic solume in the 4 panents with IHSS indwidual and
canvalues measured by an ordinan biplane method a biplane
ethod according 15 the reduction method desenbed and by a
“ethod tmphng disidng the stroke volume (estunated by a dve
Tuttm technigue) by the ssstolic erecton fraction In the contrel
wup the solumes esumated by the first and the last of these
cihods are presented as mean values ranges of values and
stand ird deviation

End diastolic volume

Biplane Biplane Svy JEF
method reduction  method
method
-
= HSSgroup
Tndmidual values 170 130 1o
¥ s 103 "
s 139 i 15
_ 14 17 90
Mean values 14 116 109
ontrol group
Mean values 165 155
Ranges 13 7 87-2"7
5 Sundand dewiauon 3 38

makes no difference whether EDV 1s measured ac

cording to the ordinary biplane method or according
tothe SV/EF method

P Discussion

s
)ﬂb A[mnng the present 4 THSS patients an ordin iy
P ane volumetnie calcutation from the 30 RAQ
d the 60° RPO cine views overesimates EDV

4 i5¥slematically
\h:,;gm formutafor the EDV calculation the arean
RAO projection and the depth in the 60 RPO
f lP::JC_\;cuon Az tsed The 60 RPO depth D 1s calen
" lh::rcemdmg tothe formula D=4 A/ L where A
promuoa and 1. the greatest length 1n the 60 RPO
formp, :l‘ lh'l'he depth 15 thus calculated from the
Pl "“c ellipse A sigmificant mdentauon of a
Masproms 0 the area not registered 1n the area
1 oy snt because of supenmposition therefore
deptn and)l;lcmauc overestimation of the overall
« Voph wepy Us of the volume The IHSS hyper

o Ptum 1s such a structure

R ax:(o:oll (1966) reported an average EDV of
¢ hadangn 2 15 THSS patients while therr controls
€rage EDV of 133 ml a difference betw een

! Bt meang of
about & per cent
ang‘“mnhxc method L They used a biplane

GOTSMAN & LEWIS (1974) reported an average
EDV of 66 ml/m among 14 patients with THSS and
70 mlfm among controls a difference between the
means about 6 per cent Thev used uniplane RAO
for estimating the volume which presupposes a
normal relationship between the 30 RAO width and
the 60 RPO depth

The present patients with IHSS had a mean EDV
11 to 12 per cent smaller than the controls when
different ordinary area length methods were ap-
phed hen the reduction method was apphed the
difference was nearly 30 per cent

Assuming that CONN et coll and GOTsMaN &
LEwIs mmvesugated pauents with the same mor-
phologic charactenistics as the present patients they
have overestimated the EDV in therr THSS groups

Conclusion The THSS left ventncular cavity 15
shallow even though 1t does not have this appear
ance mn the 60 RPO projection The EDV s over
estimated in IHSS with ordinary angiographic vol
umetnic methods because the mfluence of the
hypertrophic bulging muscular mterventricular sep-
tum 1s neglected

SUMMARY

Using different volumetnc methods for the esurmation of
the end drastolic volume in patients with idiopathic hyper
trophic subaortic stenosis 1t 1s concluded that in this con
dition the left ventncular cavity ts shallower than 1t ap-
pears in the 60° nght postenor oblique projection and that
ordinary cardioanmographic volumetnc methods probably
overestimate the end diastolic volume because of the
septal bulge
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ANGIOGRAPHY AND ULTRASOUND EXAMINATION IN THE EVALUATION
OF PANCREATIC LESIONS

W KARP A LUNDERQUIST U TYLEN and I IHSE

Until recently angiography of the pancreas was
one of the first diagnostic procedures used when
b \] was ¢l lly
However new methods such as ultrasound compu
ter tomography and ERCP have been introduced
and 1 order to find their proper place 1n the exam
Tation of d these must

Ultrasound was usually performed before angto-
graphy An ultrasound umit with gray scale and fo-
cused transducers of 13 and 19 mm diameter 2 25
and 35 MHz was used A standard technique of
examnation (SAMPLE et coll 1975 CARLSEN &
FILLY 1976 DOUST & PEARCE 1576 WEILL et coll
1977) was employed mncluding transversal lon

p with those p 1y blished In

tis report ultrasound and angiography are com

pared 1 a group of patients exammed with both
methods

Material and Methods
The €xpenence 1s based on 380 examinations of
‘ﬁ': pancreas using gray scale ultrasound Only pa
lhnts 1 whom both ultrasound and angiography of
ancdp:xr‘f;;as were performed within a penod of one
which il year were included in the present senes
males Cz((!)nlsxsl:d of 68 patients 24 femnales and 44
was can:m0 n ’ea': of age The climical diagnosis
Dseudoc: s[um m 23 chromc pancreatiis m 19
’ﬂznoslz i'_" 3 and insulinoma in one patient The
firmeq 1 ©of carcinoma and pseudocyst was con
The msu);l:pem“on and microscopic examination
deagnooma was also confirmed at operation
hucal da[:s of chromic pancreatitis was based on
Temaming 23 Supported by ERCP 1n 7 cases In the
Cause of ;bdpall:nls examined tn most cases be
ominal pan no chnical evidence of

Pancreate g,
15¢ase was found on follow up of mo
20 6 months ’ *

dinal and oblique scans sometimes with the
transducer angled about 10° caudally or cranially in
an effort to avoid bowel gas Single pass techmque
was used Examunation of the tail of the pancreas
through the left kidney was always made (GoLp-
STEIN & KATRAGADA 1978)

The pancreatic area was located by anatomic
landmarks marnly the vascular structures The re
sults of the ul de were cl
as normal when the pancreas was of normal size or
when 1t could not be directly demonstrated despite

P d The p was alse con
sidered normal if no mass could be demonstrated in
this area (SAMPLE et coll Dt MaGNG et coll 19773
The exammation was regarded as abnormal when
the antero postenor diameter of the gland was more
than 3 c¢m and when echo abnormahties were ob
served An attempt to make a specific dragnosis of

docyst or p was also
made The cntera suggesting chronic pancreattis
were diffuse or local enlargement of the gland with

Submutted for publication 14 March 1979



Fig | Male aged 67 Operation revealed chrontc pincreatitis o)
Transverse b) longitudinal scan Mass in head of pancreas (—)

scattering of the internal echoes which were usunlly
of decreased mtensity (Fig 1) Occasionally strong
echoes associated with acoustic shadowing typical
for calcification suggested the diagnosis of chronic
pancreatitts Pancreatic carcinoma was diagnosed 1n
the presence of a sohd mass which was indistnctly
outlined and with few intern1l echoes (Fig 2) An
echo free structure with more or less regular pos
terior wall was regarded as representing pancreatic
pseudocyst (Fig 3}
Selective angiography was performed by simul
taneous tnyection Into the coeliic and superior
1c arteries 1 a scries with vaso
dilating agent 1 the superior mesentenic artery for
better demonstration of the veins Superselective
examination was performed 1n 26 patients
The results of the angiography were classified 1s
normal or abnormal A specific diagnosts of chrome
pancreatitis  pseudocyst  or carcmoma  was it

W KARP A LUNDFRQUIST U TYLIN AND I IHSE

3

b )

with decreased echogeneicity Aorta (=) wnd A) lnfenr
cava (ws}

tempted wn il pauents The cntena for chio
pancreatitis were v isctlar altertions conssting
smooth regular arteral stenosts rregulanty 2
tortuosity of pancre itic arteries The abnormait
in chronic pancreatitis were usually extensive uh
1n carcinom they were more localized The 134
lar alterations suggesting p increatic carcinoma
sisted of encasement trregulanty of the arien
wnd presence of abnormal vessels Inyolvement
the veins was regarded as specific neither for md
n ey nor for chronic pancreatitts The dugnoss
pseudocyst wis based on displacement of the
teries due to an avascular expanding lesion

Evaluation of the ultrasound and angtoger
examimtions was made independently by 56
expencenced radiologtsts and the first conclus
was regarded as definitive The results of b
exammations were fater correlated with the U
findings or clinical follow up

Table 1

Ulirasound w62 patients (6 ¢ xannnattons unsatnfactory due to e stnal gas)

No of Correct Incorrect Accuracy

cases dirgrosts diagnosis {per cent}
Normal pancreas 18 1R - 100
[ ancreattc carcinoma » 15 7 68
Chronsc pancreatitis 18 4 14 22
1 seudocyst 3 3 - 100
tnsulinoma 1 - 1
Total 67 40 22

64 57) 354 7)
One d as chronie.

Two dered as
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a
‘¢ 7 Female aged 76 with carcinoma of the body of the pan
Teas 2} Transverse b) longitudinal scan Mass in body of pan

'

.
JFi2 3 My
) Transve;

le aged 70 with pseudocyst m the head of the pancreas
7se b longitudinal scan’ Echo-free expanswvity in head

1
Results

salsnl;a:{‘,lhe 68 ultrasound examinations were un
‘"‘ts\malry because of the presence of too much
werte say %as All of the angiographic examinations
angiogra, Shacmry The results of the ultrasound and
les | a:d l: €Xammations are summanzed 1n Ta

accuracy nr-s;Ushms“""d had an overall diagnostic
cent Per cent and angiography 76 4 per
m:n :‘s‘:‘fclhe 23 patients with pancreatic carcino
Methods (F:m:u diagnosis was made by both
Oerlookeq fn b) In 2 patients the carcinoma was
Pancreas wag r oth methods and m 5 cases the
tumoyy was coepcncd normal on ultrasound but the
o1 patieng "rectly diagnosed on angiography In
the ultrasound examination was unsatts

b
creas (—) with alteration of the echoes (echo-mtensity increased
centrally 1n mass and de reased peripherally) Aorta (++)

and body of pancreas Inferior vena cava ts compressed (—+)
K=nght kidney

factory due to bowel gas (pancreatic carcmoma
found at angiography)

The size of the mass in the pancreas estimated at
surgery ranged m cm from 2 5x2 to 7x4 Two car
cmomas overlooked at ulirasound had diameters of
about 7 cm one of 4 one of 3 and two of about 2
cm The one carcinoma incorrectly considered as
chronic pancreatitis was 6 cmx4 cm Two on an
giography overlooked carcinomas had diameters of
3cmand 2cm respectively In all patients but one
the mass was located in the head or body and in one
patient in body and tail

The ultrasound and angiographic examinations
were compared 1n 18 of the 19 patients with chronsc
pancreatitis In one patient the ultrasound examina
tion was unsatisfactory due to bowel gas In 4 of the
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Fig 4 Female aged 76 with carcinoma of the body and la) "jg
pancreas a) Teansverse scan_ Echo-free mass in the body ving
of pancreas () Aorta () Inferior vena cava () b1 S
simultaneous angiography of coeliac and superior mes:nlcnm‘
tenes Slightly wrregular lumen of hepatic and splenc <ieG,
Occlusion of middle part of splemc artery Pa(hulosv(f\‘ o
adjacent 1o the occlusion Collateral crrculation in i &
artery to the spleen

Fig $ Male aged 54 with chromic pancreatits “’"f';“ﬁ
scan Echo-free mass 1n head of pancreas with strong €08,
and acoustic shadowing (—) due to calcifications
revealed cystic flud collection

patients correct diagnosis was made on

ot
All 3 p ysts were correctly dragnosed

and 1n only one of these by both methods (Figs § 6)
In 3 of these 4 patients angiography failed to dem
onstrate any lesion In 6 patients with correct an

grograp d d faled to demon
strate any lesion in the pancreas In 2 cases chron
1Ic pancreatitis erroneously was considered at
both methods as pancreatic carcinoma In 3 cases
incorrectly diagnosed at angiography as pancreatic
carcinoma ul d faled to d any le
sion In the remaiung 3 patients pancreatic lesion
was overjooked at both methods

ograpt

i[
ultrasound and 2 on angiography Ang oy

suggested chronic pancreatitis without psev
formation tn one nstance

Neither on ultrasound nor angiography ¥
msulinoma demonstrated

All patients with a normal pancre
gnosed correctly with ultrasound as W¢!
graphy However cases erroncously ¢
as normal occurred with both methods s
the predictive value of a normal condition .
ultrasound 45 per cent and at angrography

e

as were 8%
1 as 306
onside!
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k3 hﬂ Same case as 1 Fig 5 Selectve simultaneous angio-
;ﬁ? Y of coelac and supenor mesentenc artenes a) A p and b)
"3ue view  Displacement of gastroduodenal artery and pan

“ent The falsely normal findings were mamly due to
fase evaluation of chronic pancreatitts

\
1 Discussion

+ Previously 1t was generally agreed that a normal
, pancreas could not be demonstrated with ultrasound
«#FILLY & FREMANIS 1970 BURGER & BLAUEN

STEIN 1974 WALLS et coll 1975) However pro
:f“;s n ultrasound technology with the use of gray
cale has made 1t possible to outline the pancreas

e, A -
Y
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AP

o
AR
-t
1
LY. S

creatic arcades surrounding avascular expansivity Calaification
wn head of pancreas

P

(DOUST & PFARCE HANCKE 1976 HABER et coll
1976 WEILL et coll )

The normal pancreas appears as an echo-produc
mg structure with echoes sumilar to those of the
liner These echoes can be shightly stronger than
those of the liver depending on the kind of equip-
ment used The pancreas 1s located 1n close ana
tormic relationship to the large abdomunal vessels
(LEOPOLD 1975 2 b GHORASHI & RECTOR 1977}
which are easily demonstrated by ultrasound (Fig
7) Nevertheless the normal pancreas 1s sometimes

Table 2
Angrography in 68 panents

No of Correct Incorrect Accuracy
¢ cases diagnosis dagnosis (per cent)
Normal pancreas 2 22 - 100
B Pancreatic carcmoma 3 ] 2 91
Chrome pancreatius 19 7 12 368
N Pseudocyst 3 2 1 656
Insumoma i - 1
¢ Total F3 5 16
76 477y 35%)
‘ Five y as
One as chronic without pseudocy st
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Fig 7 Transverse scan throuph pancreatic area a) Male aged *8
b} male aged 43 L=liver Pancreas (—} Aorta {+*) Superior
mesenteric artery (»+) Portal vem (&) Splenic vein (~)

difficult to demonstrate The size and configuration
of the left hiver lobe are n this respect of great
importance as the lobe can sometimes be used as
sonic window (HANCKE) A great disadvantage s
that ultrasound 1s greatly hampered by obesity
and 1ntestinal gas Pharmacologic agents such as
Simethicone have been tried to reduce the amount of
gas (PEPPER & KEENE 1976 SOMMER et coll 1977)
Filling of the stomach with water in an effort to
displace the gas (KOBAYASHI 1971 CRADE et coll
1978) has been tried but all these attempts have been
without great success The best alternative seems to
be to repeat the examinatton another day

The echographic size of the normal pancreas 1s
subject to discussion (HANCKE HABER et coll
GARDFUR ¢t coll 1976 WriLL et coll ) Great indi
vidual vanations exist with a tendency for the pan
creas to be larger in young people (GHORASHI &
RECTOR WFILL et coll ) In this sertes the proposal
was accepted that an antero posterior diameter of
more than 3 cm indicates abnormality {HANCKE
WEILL et coll } WEILy (1978) has considered the
mean thickness of the pancreatic head to be 17 mm
(range [ 1 to 30 mm) body 10 mm (range 4 to 20 mm)
and ta! 17 mm (range 7 to 28 mm) on ultrasound
These findings are in accordance with results from
dissection and computer tomography (HAERTEL &
KRFEL 1978) However 1t appears that measure
ments alone are of limited value because of great
indinidual vanations  other factors such as the
appearance of the echoes and the outline of the
organ aré more important in the assessment of the
findings

Although 7 cases were missed the accuracy of
ultrasound was higher i the diagnosts of carcinoma
than of chronic pancreatitis Thrs also apphes for

.

angiography (REUTER et coll 1969 TyLEN& 4
NESIO 1973 2) At angiography 91 per cent of e
nomas (106 of 116 patients) were identfied
moreover gave mnformation as to resectabity (M
LEN & ARNESIO 1973 b) With the exceptond
pseudocyst where uitrasound seems to be an el
method angiography should therefore be the me
od of choice i1n the diagnosis of pancreats dis
ease However demonstration of a normal pancté
with ultrasound 15 of great value This fact m¢
the method suitable for the screening of pale™
with abdominal pain 1n whom pancreatic disexs¢® |
less probable Furthermore the method 15 0%
invasive and without radiation nisk

Very small carcinomas may sometimes bedcﬁnt“
at angiography through the demonstration of locd
encasement Ultrasound marnly demonstrates 3
stons which deform the outline of the gland Bah
carcinoma of the pancreas and chronic pancreatl®
may enlarge the gland and f such enlargemen
localized differentiation between the two diseasts
may be difficult (HANCKE LEVITT et coll !
MULLENS & SALEM 1978) In the present st"‘h‘r
both small and Jarge carcinomas were missed ‘l
size per se seems therefore not to be import®”
Alterations of the echo appearinces may also d
help (LLoPOLD HUSBAND et coll 1977 W0
coll 1976)

The echo appearance of the gland l00ses
mal homogeneity 1n carcinoma of the pancreat
crease as well as decrease in echo m(ensnyh
occur in comparison with normal pancreatic €€ "
However increase was rare n the present “‘ &
This observation agrees with that of JOHNS:L,W
MACK (1978) who claim that an ncrease tn €€ s
tensity supporis the dingnosis of chronic pancr®

the neY
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man atrophic gland  The presence of calcifications
Y\r pseudocysts which often accompany chromic
ahitis’ can also be of value for establishung the

wrrect diagnosts  Secondary abnormalities such as
*hlatation of the biliary ducts hepatic metastases

d ascites can be diagnosed with ultrasound and
an also contnbute to the differentiation

A pseudocy st which often appears s an echo free

ture may have scattered echoes mside due to

is Such a pseudocyst may be overlooked 1f

»naller than 2 cm  SOKOLOFF et coll (1974) have

eported that it may be difficult to differentiate acute

from a pseudocyst b the pancreas

“ay appear as an echo free structure due to cedema

However generally the diagnosis of pseudocyst 1s

1 asy and accurate  An 87 5 per cent accuracy in the

Hiagnosis of uncomplicated pseudocyst was found
b RRESSEL et coll (1978)

Similar dvfferential diagnostic difficulties are well
known 1 all other methods employed m the dia
osis of pancreatic disease A specific diagnosts
can only be suggested after demonstration of a

_Pathologic condition 1 the pancreas It should be
confirmed by percutaneous fine needle biopsy
guided by the ultrasound finding (ISAACSON et coll
1974 S\ITH et coll 1975 HANCKE et coll 1975)
- The success rate of fine needle biopsy guided by
ultrasound 15 70 per cent according to HANCKE et
coll and 61 per cent according to TRILLER et coll
(1978) The success rate of biopsy gded by angio
eraphy varies from 60 to 75 per cent {OSCARSON et
:;1717 1972 TYLEN et coll 1976 CLOUSE et coll
EVANDER et coll 1978)
The reported accuracy of ultrasound 1n the dia
E:::Is of pancreatic disease vares from 73 to 91 per
* 1976 (:lLLY & FREIMANIS HAAGA et coll 1976
senes “:\a:CaE ¢teoll ) The accuracy in the present
~ tonsare g 5 cer cent if unsatisfactory examina
5 scuragy ';!:\malcd This 1s to be compared with an

ok ever re:e:(f‘;m 4] per cent with angiography
"’g‘CChmquesh evelopments m ultrasound 1mag
B“G\\m\ . ave improved the diagnostic results
108 rate of er::" (1978) presented a matertal witha
U reggre s meous normal and pathologic ultra

a"ﬂmmlu'jm:;‘eummallon of pancreatic lesions

g when at this method 1s valuable in screen

UlllasouT;cream disease 1s suggested

+ Method 1g be I:ie: valuable and simple screeming
) ‘°megmphy P mlpancrcmxc disease Computer

P“mcnmry et vadable s an ymportamt com

od (HAAGA et coll 1977 Go &

SCHEEDY 1978 KRESSEL et coll ) Angrography will
be used mainly to predict prognosis and operability
n selected cases (FREENY & BaLL 1978) The dia
gnosts of chronic pancreatts 1s still difficult with
these methods as well as with angiography ERCP
must therefore be regarded as an important addi
tional method 1n patients with possible pancreatic
disease (WoOD et coll 1976)

SUMMARY

Ultrasound and angtography of the pancreas were per
formed tn 68 patients Ultrasound reached an accuracy of
64 5 per cent and angrography 76 4 per cent Both methods
excluded disease of the gland in all patients without chim
¢l evidence of disease at follow up Both methods had
higher accuracy n the diagnosis of carcinoma than of

Althouth y has higher accuracy
IS ded for of patients with
abdommnal pain Because of the differential dragnostic dif
ficulties percutaneous fine needle biopsy 1s recommend
ed when a pancreatic lesion 15 demonstrated Angio-
graphy 1s used mamly to predict operability and pro-
£nosis
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SELECTIVE VEIN CATHETERIZATION FOR HORMONE ASSAY
IN ENDOCRINE TUMOURS OF THE PANCREAS

Technique and results

I W REICHARDTand S INGEMANSSON

3
o1 The morphology of the pancreas can be exammed
w4ung different techniques such as scintigraphy ul
5 Tasound computer tomography anglography and
thlebography Active endocrne tumours are often
* 00 small to be detected with most of these methods
| uecessful localtzation of insulinomas by computer
+ Omography has been reported mn a few cases
i FRICKE ¢t coll 1978) Best results of the maging
techniques are obtamed with angiography The re
ported accuracy vanes widely between 20 and 100
® Per cent (BOOKSTEIN & OBERMAN 1966 BOUSEN &
n(SFJ\\xuxaLssov 1970 SKIOLDRORG & MADSEN 1971
xro‘i’:b:l coll 1974) The majonity of authors account
— ut 80 per cent posiive angiographic diagno
-~ Gr patients with proved insulinomas However
AY et coll (1970) pointed out that the angio-
L,Bﬂphlc aCcuracy i series companng positive and
o "eBtve findings was 63 per cent

Selectyvy
o ectve vein <cathetenzation with hormone assay
¥ IS 81nce Jong used for d;

4

veins describes the techmque of selective cathete
nization and accounts for the results

As the venous anatomy of the pancreas has been
descnibed in detail previously (REICHARDT & CA
MERON 1980) only a short summary 1s given here
Fig D

The venous dramage of the pancreas s varying
Most constant 1s the venous anatomy of the head of
the pancreas The antenor supenor pancreatico-
duodenal vein s dramming the ventral part of the head
Joining the gastrocolic trunk which 1s ending 1 the
supenior mesentenc vein The dorsum of the head 1s
drained by the postenor supenor pancreaticoduode
nal vein which empties mnto the dorsolateral aspect
of the portal vein The post sup vein may be double
or even tniple In these instances one of these veins
may dran a ventrocramal part of the head of the
pancreas The veimns of the uncmate process are
ventrally connected tn an antenor infertor pancrea

Parathy o and mg and local! of  ticoducdenal vemn and dorsally in a posterior inferior
5 tnshepatc ap mrenal tumours The p pancre duodenal vemn Both end into the supe
Wl)madcan:;l ach to the portal vein (WIECHEL rior mesenteric or the first jejunal vemn Often a
218 pancresnn vnens;ve selective cathetenization of ~ ventral and a dorsal arcade are running i the pan
PEN s 1 ns feasible (LUNDERQUIST & Ty creaticoduodenal sulcus along the duodenal loop

" tom of lnsulmhaslbeen demonstrated that localiza
Prodegg lumwg ucagon gastrin  and serotonin
OrMone grady Ts of the pancreas by artenovenous
¢ method h'“‘s 1s possible (INGEMANSSON 1977)
locate mlcrosc:s proven to be sensible enough to
"\GE\H\sso\: PIc lesions as sslet cell hy perplasia
Wiarzes o €t coll 1977) The present report
€ pertinent anatomy of the pancreauc
! sy

connecting the mam veins of the head
The body of the pancreas 1s often dramed by a
transverse pancreatic vemn ending mn the inferior
1C superior 1c or splenic vein
Furthermore small branches can jotn the coronary
vein or end in the post sup vemn Verns of the body

Submusted for publication 11 July 1979
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may even draimn directly into the splemic vein as the
veins of the tail of the pancreas Sometimes a vem of
the distal part of the tail ends in a lower polar vein of
the spleen

Matenal

From January 1974 until November 1978 45 tniple
catheterizations of the pancreatic veins were per
formed n 32 patients 17 females and 15 males aged
23 to 70 years Fourteen patients were examimed 1n
order to locate climcally and laboratory confirmed
endocrine tumours of the pancreas (7 patients with
hypennsulimsm 4 patients with Zollinger-Ellison
syndrome 3 patients with glucagonoma syndrome)
Thirteen examinations were performed postopera
tively to confirm surgical radicality or to locate re
currences In 18 patients cathetenzation was em
ployed to diagnose and locate or to exclude endo
crine tumours when clmical symptoms suggested
this diagnosts but laboratory findings were non
conclusive

Methods

Catheterization techmquee

Percutaneous transhepatic puncture of the portal
vein was performed according to the techmique m
troduced by WIECHEL and described 1n detail pre
viously (GOTHLIN et coll 1974 HOEVELS et coll
1978) Using a 25 cm long needle (Surgimed Den
mark) coated with a polyethylene catheter (OD 16
mm 1D 1 0 mm) the puncture was performed in the
nght midaxillary line towards the hilum of the liver
The needle was withdrawn and the catheter slowly
pulled back until blood could be aspirated without
resistance  After mjection of a small amount of con
trast medium dunng fluoroscopy to assure the cor
rect position 1n a portal vein branch a guide wire
with soft tip was mampulated mto the portal vein
The catheter was then pushed over the guide wire
nto the same position

A cranaally directed puncture was avoided as a
sharp h angle of the would be the
result and the further cathetenzation procedures
would be difficult A puncture directed in a nght
angle to the spine or shghtly caudally was preferred
The latter was often pr ble n elderly

Fig 1 Venous anatomy of the pancreas schemalic Wom
tal vein SV = splemc vein SMV = superior mesenter< et
IMV = mferior mesentenc vein PSPD = postenior superstp

creaticoduodenal vemn ASPD = antemor supener f
creaticoduodenal ven PIPD = postenor mfenor [
creaticoduodenal vem AIPD = anterior mferior paiis
duodenal vem TP = transverse pancreatic vem DP .
pancreatic vemn CV = coronary vem The dotted vems 3t
terior the striped veins postentor to the pancreas

but stiff enough to be formed by hand according!e
the desired course of the catheter This gurde ¥
was also stiff enough to allow the catheter tok
pushed over 1t without leaving its position 1 2P
vein tributary Catheterization procedures with lh:
catheter alone were strictly avoided as they colé
result m mury to the vessel wall and subst:
quent extravasation of contrast medim For t¢
same reason the catheter should not be allowed ¥
advance beyond the tip of the guide wire '
A senies of 16 films was exposed (5 ﬁ\msl‘;u
films/4 s 3 filmsf6 s) after myection of 40 © .
Isopaque Coronar 370 mg I/m! (Nyegaard M
way) atarate of 8ml/s nto the Supenorm:stm‘;:
vein or splenic vein to document the positior of o
mam trbutanes of the portal vem and 0 exam
the parenchyma of the liver o
Selective catheterization of the pancreati® ¥ .
was started with a main vem of the head th¢ P":n
ror or the antertor superor pancreallcodu
vemn o (FE
A 2 cmlong curve of the tip of the gude Wi et
23a) was as a rule usable to enter the post sup ik
which could be found i the dorsocaudal wall Df .
portal vemn within 2 5 cm from the connucﬂ“h:‘ i
superor 1c and splemc ven (n t

without s to hurt the lung
All catheterizations were performed using a 09
mm gwde wire (Surgimed Denmark) with a soft tip

ful
lowing text called confluence} After succtﬁsp e
mipulation of the gurde wire into the post S
the catheter was pushed over it
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The transverse pancreatic vein was searched for
1n the left lateral wall of the superior mesenteric vetn
near the confluence n the left lateral wall of the
mferior mesenteric vemn or caudally m the splenmic
vemn near the confluence An example of a usable
shape of the guide wire for cathetenzation of this
vein appears m Fig 2¢

The main vems of the body were often demon
strated when contrast medium was imected nto a
pancreatic vein draming to the splemc vern Thus
knowing thewr course selective cathetenzation of
these vems could usually be made (Fig 4)

The veins of the tail of the pancreas usually can be
entered m the ventrocaudal circumference of the
splenic vemn using a 1 to 1 5 cm long curve at the tip
of the guide wire (Fig 2d} Sometimes the gurde
wire shps out of the vem when the catheter 1s
pushed overt In these instances it can be helpful to
preshape the catheter with an about 1 cm long curve
(Fig 2¢) For cathetenzation of the veins of the tail
the 25 cm long catheter as a rule had to be replaced
by a 40 cm long one In corpulent patients some
times even cathetenization of the ant sup pancrea

heltn\z’:nous shapes of gude wires used for selective
. mml_;or; ofa) post sup vem b)ant sup vem c) trans
o alC vem d) vemns of the tad e) Shape of catheter

Sathetenzation of veins of the tail s1de hole close to the

Dunng fucroscopy a small amount of contrast
cdium was njected to assure a correct position of
¢ catheter After having emptied the contrast me

UM out of the catheter a blood sample could be
thdrawp

’ie"};‘rﬂ;‘;graphy was performed to document the
Tatomy lolc’d sampling and to chart the venous
rncnm[c‘;]"bapoﬂ sup pancreaticoducdenal vein
8 injecteq lber about 6 to 8 ml of contrast medium
Insls Iq y hand Eight films were exposed 2
ead ohhegmem{ several adjacent veins of the
g mrpancreas and the nflow of the ant sup

ottal vy g Vs into the mamn tnbutaries of the
Fig 3) Kn)'ﬁlem were demonstrated on these films
dequate ShBng the topography of the vemns an
ind talhae:pe of the guide wire could be formed
Hibe any s‘,mw" was facilitated Cathetenzation
HICUlar sy P ven demanded 1n general an almost
Yameter fpe of the tip of the gwde wire Wwith a

“tabout 310 4cm (Fig 2b)

ticoduods vem di ded the longer catheter

Blood sampling and injectton of contrast medium
i small pan tic veins was facil by a side
hole close to the tip (Fig 2¢€)

The amount of contrast medium used for filling of
the veins of the body and tail depended on the size of
the vessels and vaned between 2 and 8 ml Allinjec
tions were made by hand

Blood sampling techruquee

After 8 to 10 hours of fasting cathetenzation of
the coeliac artery hepatic vems and portal vein was
performed

Samples were taken from all 3 catheters at the
begmnming and the end of the examination some
times even once more during the cathetenzation
procedure In the portal vemn system samples were
withdrawn at 2 or 3 levels of the splenic supenor
mesentenc and portal vemns

Selective catheterization of the post and ant su
penor pancreaticoduodenal vein and the transverse
pancreatic or corresponding vem of the body and
one or two vemns of the tail was always aimed at At
the t when the knowledge of
vein topography was limited the success rate of se
lective cathetenization was about 2 veins per exam
mation Later examinations compnised 4 to 6 se
lectively cathetenized pancreatic vems In smaller
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Fig 3 Stepwise selective cathetenzation 1t a patient with un sup vemn and vens of hepatodu

usual anatomy a) Injection into post sup vemn Via collaterals
fillng of ant_ sup vem which drams to the nght branch of a
double sup mesentenc venn Ant mf vem (~+) Post mf vem

{++} ending 1 the left branch of the double sup mesentenc ven post inf () veins
{we) b) Imectioninioant sup vemn Via collaterals filling of post

ant sup vein the catheter more ca
ploic vein (—») vein to the nght colon
filled d) Injection wnto ant wnf vemn Fithn
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ig 4 Same case as i Fig 3 a) Inpyection tnto a vein of the tail
Lrming to splenic vewn Inflow of a vem of the body (=) b)
ingectzon into this vesn of the body results in filling of other veins

creatic veins blood samples could not be with
lrawn but were obtamed by dripping From the

rtal vemn system 8 to 30 blood samples were taken
{or hormone assay

Angiograpln
In all cases an examination ncluding simultane
ous coehac and superor mesentenc artery mjection
superselective of the g duodenal or
common hepatic artery and splenic artery were
amed at but performed only 1 14 In one of these
even the dorsal pancreauc artery was examined In
1 pateents the coeliac superior mesenteric and ex
ther pastroduodenal or splenic or infertor pancreatt
z::;mdenal artery was injected In 5 patients only
'3 and supenor mesentenc angiography was
obtained due to d or morph
:r:]u:nmhnes such as coeliac artery stenosis which
more selective cathetenzation mmpossible

Radiovnmunologic techmaques
‘ﬂ}z:?ck[i; vs:mples for radioimmunoassay of gastrin
cllenry cmtesnnal polypeptide and msulin were
wt ass:we:dnlglfug:d and sera were stored at —20°C
gy ood samples for radioimmunoassay
gon and somatostatin were collected 1n tubes

COntaimng 4
rasylol and heparin
l\GE‘MNssou) P (for references see

Surgen,
Alexploratory fap,

arotomy 1l
) Bated ang mspectes y the pancreas was pal

carefully Dissec
1 formag y Du tion was per
] ld:'luﬁ:ldn 2 Way that the pancreatic vemns could be
g5 Res, and compared to the phlebographic find
cctions of the Pancreas were performed

of the body whch have an unusual location ¢ransal to the conflu
ence Vens of the body are dramng to the cramal circumference
of the region of the confluence

according to angiographic findings the venous and
phlebographic anatomy as well as the arteriovenous
hormone differences

Tissue anahsis Tissue spectmens obtamed at
surgery were processed for immunocytochemistry
(for references see INGEMANSSON)

Results

Angiograpin

Two of 5 msulin producing tumours were correct
ly demonstrated at angrography In one case a hy
pervascular lesion 1 cm 1n diameter in the body and
furthermore a hypervascular lesion i the hilum of
the spleen were found The latter was correctly con
sidered as an accessory spleen In the other case a
hypervascular lesion adjacent 10 an avascular ex
panding leston with a diameter of 10 cm was found
The latter turned out to be a cyst No angrographic
abnormality was found i 3 patients with insulino-
mas and 1n 2 patients with B-cell hyperplasia

In 3 patients with muitiple gastrin producing tu
mours angiography revealed one tumour (15
cmx2 5 cm) in one patient two 6 mm large tumours
1 the second patient and was suggestive of further
two 3 mm large tumours No abnormality was found
i the third patient In the fourth patient with Zol
Iinger-Ellison syndrome a [ 5 cm hypervascular e
sion was demonstrated in the body of the pancreas
The patient refused surgery and thus the tumour 1s
not confirmed

1n 3 patients with glucagonoma syndrome the tu
mours were located by angiography in 2 The size of
the tumours was 5 cmand 4 em  respectively in the

- -



182 W REICHARDT AND § INGEMANSSON

third patient a hypervascular lesion 6 mm in diame
ter 1n the head of the pancreas was found retrospec
tively (Fig 5)

In one pauent with a 9 year history of diarrhoea a
hypervascular tumour 6 cm 1n diameter was dem
onstrated in the head of the pancreas This tumour
< d and released sc n

In one patient with heredity for multiple endocnne
adenomatosis and previously operated upon for pa
rathyroid adenoma a hypervascular tumour 2cmin
diameter was demonstrated At surgery this tumour
and an additional tumour 4 mm n diameter were
found These tumours could not be classified by
immunocytochemistry but were classified as D, cell
tumours by electron microscopy

In 15 patients without confirmed tumours the an
grography was normal

Phlebograpiny

Three tumours 4 5 and 6 cm i diameter as well
as the cyst 10 cm in diameter could be demon
strated as expanding lesions with displacement of
the vewns (Fig 6) The other tumours were less than
2 cm m diameter and were not observed at phlebo-
graphy In one patient previously operated upon a
branch from the ant sup p duodenal vein

Fig 5 Glucagonoma of the head of the pancreas Inj
lgastrm;luo)denal artery parenchymal phase Small by,
eston (—!

Irgation of the splemic vein high msulin conce™
tion was found in an anastomosing veit between
hilum of the spleen and the superor mesen <
vemn At laparofomy an insulinoma was found mth
T part of the tail In one patient with 2

was obliterated probably Ligated

At postoperative examinations n patients with
enucleated 1slet cell tumours no morphologic ab
normalities were demonstrated In patients with
hemipancreatectomy only ligation of the splenic
vem was found and no abnormalities at selective
hlebography of the pancreatic tissue
(Fig 7)

Hormone anah ses

Detailed results of hormone analyses have been
published previously (INGEMANSSON et coll 1975
1977 1978 REICHARDT et coll 1979) and are there
fore only summanzed here

Insulin producing tumours and islet cell Inperpla
stas Seven patients 2 with B-cell hyperplasia and 5
with B-cell ad were d In2
1slet cell hy perplasia in the tai} and in the body of the
pancreas respectively was correctly located by ar
tenios enous insulin concentration gradients In3 of S
patients with B cell adenomas the tumours were cor
rectly located 21n the body and one 1n the tail of the
pancreas

In one patient with hyperinsulmsm operated

wnsulinoma 1n the dorsocranial part of the head of th
pancreas the tumour could not be Jocated by &
niovenous hormone differences though the samplr
procedures were performed twice

Gastrin producing tumours Four patients
Zollinger-Ellison syndrome were examned Ind
gastrin concentration was mcreased n geneml"‘ .
portal vein system and the analyses could not IDCL“:
the tumours At operation performed withtn 6\\56‘
after sampling multiple tumours were found ¥
and around the pancreas In one patient 2 evami
tions were performed after total gastrectom? :n‘
enucleatton of a gastnnoma gastnn concentrd! i
were normal An examnation 4 5 years ‘imr{:,
trectomy revealed 1ncreased gastnn conm‘m
tions 1n all vens 1n the region of the pancreas “‘:‘m
maximum n the post sup pancreahcodu n
vemn At operation one tumour tn the head 1¢ ‘
diameter and multiple small tumours 11 the o
and tail were found In one patient all 31 °
centrations were mcreased with 2 maximum 1
post sup vemn The patient refused surgety et

Glucagon producing  tumours Three Pi'! 4
with glucagonoma syndrome Were "mm:ocx
producing tumours Were correctly

W'

upon twice with partial r of the p and
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Fig 6a

Fig 6 Tumour of the head of the pancreas 5 cm in diameter a)
Injection mto the common hepatic artery parenchymal phase b)
Phlebography of the head Slight curved displacement of the
ems ()

Fig 7 Selective phlebography of the body of the pancreas in a
patient 1 whom the ta has been resected No morphologic
abpormality

1
‘b enovenoy
8 one 1y g

“ $mha
" o Wmoyr
1

s hormone gradients 2 wn the head  performed No hyperplasia or adenoma was found at

tai of the pancreas In one patient  light mucroscopy Parts of the tissue were also ex

o even o ll: the head of the pancreas the tu amined by electron microscopy and smmunochem

r““hcnngm “:1 ained 1nsulin and serotonin  and 1stry even then without pathologtc findings

At e vorns 0{Suhn concentrations were mcreased Other tumours One tumour of the head of the
the tail Resection of the tal was  pancreas could not be classified preoperatively
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Table

Hormone concentrations in tumour draning vewns compared with
the portal semn tributars outside the tumonr drating s eins

Hormone concentration Range of con
centrations
Intumour  In mam portal n the mam
draming vein tnibutary portal vein
vem at tumour level tnibutaries
#U/ml p#U/ml pUfml
Insulinomas
] - 865 93-260
2 600 300 13- 58
3 1130 45 11-165
4* 745 14 11~ 68
5 6200 179 1478
6 974 95 95-230
pg/ml pe/el pa/ml
Glucagonomas
1 24 000 2900 1370-2 400
2 10 000 800 600-1 750
3 10 650 2 856~ 213

* B-cell hyperplasta

Postoperative analyses proved that the tumour se
cernated somatostatin and localization of the tumour
by artertovenous somatostatm concentration differ
ences was possible One islet cell tumour could not
be localized by the hormanes analysed but could be
classified as a D, cell tumour by electron microsco
Py

Postoperatn e examunations  Six patients in whom
resection of the pancreas had been performed were
cathetenzed postoperatively 3 of them twice

In 3 patients 1n whom adenomas had been enu
cleated postoperative triple catheterization was
performed 1n one of them twice

In one patient with Zollinger-Elltson syndrome
recurrence was suggested which was confirmed op
erattvely A recurrence was suggested also in one
patient operated upon for a glucagonoma but the
patent refused further mnvestigations and operation

Value of selectnve catheterization  Three msulin
producing isiet cell tumours could have been located
by blood sampling 1n the mamn tnibutanes of the
portal vein system (Table) The i1slet cell hyperplasia
had not been located without selective cathetertza
tion of pancreatic veins In one patient with gluca
gonoma the Jocaton of the tumour could only have
been suggested and one had been missed without

W REICHARDT AND § INGEMANSSON

"
Fig 8 Insutinoma of the head of the pancreos The ho
analyses could ot locate the tumour [njection mtoart

e
reveals a venous connection between the head of e ¥

and the left lobe of the hver (=)

s
selective examinition In one case no ST
withdrawn outside the tumour draining Vé!%

Complications
In one patient abdominal pun and 4
accessory puncture of the gallbladder The “‘m‘
tion was normahized after 2 days In on¢ P "‘:"ﬂ
emx12 cm hematoma 1n the night lobe of ¢ °7
developed after percutaneous transhepat®®
graphy No specific treatment w s needed

fever followe’

Discussion

od of €%
pam
suliner™

Angtography 1s regarded as the meth
for localization of slet cell tumouss of the
The reported accuracy in localization of w el
varies widely In a review of 170 cases of ot
ture STEFANINI et coll (1974) found 8 suf"m
of 66 per cent All 1slet cell tumours produc N
mones known today have the sime¢ aﬂS'Z‘hﬂ,
appearance The accuracy of ngrography ¥
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29 Phlcbographu, anatomy can be identified dunn;
g opera
: 2) Polebography of the head Injectron tnto ant sup ven
‘™1sext (=} ant sup branches (=) b} Vewns of the head of the

2tion of other tumours than insulin producing 1s not

Mown as the number of reported cases 1s too small
Gastrinomas are often multiple and m the present

nes it was not possible to d all the

pancreas after dissection m situ Colon vem (—) ant sup
branches (—)

concentration of the main portal vemn tnbutanes

strongly indicating that an adenoma or B cell hy

perplasia was present in the tail even if 1t was not
d by ytoch

umours i one patient by angrography Neither was
tpossible to locate multiple gastrinomas by porto
:il::i and hormone analyses Generally elevated
il llcc:mcemrauons were certamly suggesting
o “;C a":’ of gastnin releasing tumours but could
et these tumours Total gastrectomy has
wih Zolhz:;mcp‘ed method of treatment 1n patients
ioduced hg"‘E“‘S"ﬂ syndrome The recently
etcol m:t;mm He-receptor antagonists (STAGE
Possibiltes “_0‘-1‘115 etcoll 1977) have rarsed new
o g, an accurate preoperative locahzation
mours andas can be obtamed extirpation of the
0 duoden resectton of the antrum of the stomach
F— ““:m will be the therapy of choice In
d tre multiple gastrinomas which cannot be
tned atment with H.-antagonsts should be
Al
!h]:l:;aag:n producing tumours could be demon
f B0noma of éioimphy In one patient with a gluca
! felea ed ingutyn ead of the pancreas which even
! Mlions v ere o, and serotonin high msulin concen
f Cntranong y, und in a vem of the tail These con
. €1 710 10 times hugher than the insulin

In one patient with an msulinoma of the head of
the pancreas nexther angrography nor hormone an
alyses could locate the tumour The failure of tnple
cathetenzation was due to an unusual anatomy of
the vems of the head of the pancreas Inmjection of
the post sup pancreaticoduodenal vein as well as
the ant sup vem revealed a vem of the hepato-
duodenal igament between the head of the pancreas
and the mlum of the liver probably dramming a
cramal part of the head directly to the portal vemn
branches of the left lobe of the iver (Fig 8)

Very small 1slet cell tumours and slet cell hyper
plasra cannot be located by angiography In these
cases selective cathetenization of the pancreatic
vetns was necessary for localization of the lestons as
the hormone concentrations 1n the splenic vein at
the level of mflow of the draming vein were not
elevated as compared to other samples

The accuracy of both angiography and tnple
cathetenzation was n the present senes higher than
of one method alone If possible both angrography
and triple cathetenzation should be performed for
preoperative localization of endocnne pancreatic
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tumours The rate of angrographic false positive dia
gnoses of 60 reported investigations for suggested
msulinomas was 11 per cent (hOROBKIN et coll
1971) In one case of the present matenal an acces
sory spleen was demonstrated it angiography An
giographic  differentiation between an accessory
spleen and an islet cell tumour 1s sometimes impos
sible

In patients with hyper |l or
syndrome with positive angiographic findings
however only 1n one of six cases unexpected high
msulin concentrations were found at another loca
tion than the angiographically demonstrated tumour
The number of patients s small and 1t 1s possible
that multiple endocrine disturbances in the same
pancreas are more common

If blood sampling for hormone assay 1s per
formed the examnation should mclude selective
catheterization of the pancreatic vems especially if
angtography did not locate a tumour Islet cell hy
perplasia and even adenomas can be nussed if only
sampling at difterent levels 1n the main tributanes of
the portal vein ts performed {Table)

Furthermore there was no evidence of increased
complications if selective examinations of the pan
creatic veins were performed The ¢ 10n risk

using the percut ineous transhepatic approach i heper,
vein 15 described  The rtesults are compared with ey
giographic findings 1n 16 patients with 1slet cell umoyn 1
1slet cell hyperplasin
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ANGIOGRAPHY IN CYSTADENOMA AND CYSTADENOCARCINOMA
OF THE PANCREAS

R UFLACKER N M AMARAL S LiMA T AAKHUS
E PERERA and k. KURODA

Prmary cystic neoplasms ansmg from the pan

e acinar epithelum may be bemgn (cyst
denoma) or d

(cy cinoma)
hey are usually single and often produce no
mptoms  Therr chinical presentation 1s stmilar and
‘e dfferential diagnosis between the two forms 15
Wfficult Histologic typing 15 a further difficulty m
1ese cases
The angographic findings 1n 2 cases of pancreatic
‘g‘la&knomas have been described as early as 1957
a:::eﬂs l;&avCowuz) although specific angiographic
o P; not been described until later (SwaN
e care g ESSMAN et coll 1973} These tumours
“mnc:sm few reports on their anglographic ap-
are available Therefore cases from sev

ral
mshtutions were collected to obtamn a larger
ample for analysis

Matenal and Methods

The
Yo matenal consisted of 9 females 16 to 57 years

growths The tumours were large rangmg from 4 to
10cm

Two of the cystadenocarcinomas were located
the head of the pancreas and the other 2 1n the tail
Therr size vaned between 10 and 18 cm and an
abdominal mass was palpable n all patients jaun
dice was present n 2 No calcifications were found
within the tumours

Selective cathetenzation of the cehac splenmic
supenor mesentenc and nferor mesentenc artenes
was performed after percutaneous puncture of the
femnoral artery Superselective cathetenzation was
occastonally camed out and infenor cavography
performed 1n one case

Results

Cystadenoma Four of the 5 cystadenomas were
d d at selective hy Small capil
lary vessels and pathologic vessels were present in
all cases Three masses were highly vasculanzed

. p:n::h surgically proved cystic neopl of

“( anm:; \\}l;uch had been previously exammed

et 2 phy Five of the tumours were clas

m@amcmgn cystadenomas and the other 4 as
Ystadenocarcinomas

Ir
ne f::mt’:'hlehwstadenomas arose from the tail
Pacreas 10 Y and one from the head of the
Dbl pogy :Iilses an upper abdominal mass was

0 Califiat 3 present in all patients but one
1ons were demonstrated within the

well de! d and smooth and with artenovenous
shunting and early venous filing (Figs 1 2) One
tumour was poorly vasculanized with tiny wregular
vessels and faint contrast accumulation In the case
without pain no tumour was demonstrated at angio-
graphy but a splentc artery aneurysm was present

this tumour was found at operation

Submutted for publication 1* December 1978
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Fig | Large y m the tail disy g the
splenw artery and vein Rich vasculanization of the tumour (a)
as well as accumulation of contrast medum (b}

Fig 7 Rechly vasculanzed cystadenoma causing partial ocelusion
of the splenic vein (=+) with venous collateral

All cystadenomas but one were supplied by

dary to compres®

1o
i

branches of the splenic artery and were clearly dem
onstrated as bemg of pancreatic ongin at angio

probably
the splemic vesn which was only P2
(Fig 2)

rally

graphy One cy was marnly supphed by
branches of the superior mesenteric artery (middle
colic artery and transverse pancreatic artery} and
only tiny vessels came from the splenic artery Col
Jateral venous circulation existed 1n one of the cys

i
Ny small cysts lined bY typreal o
| serous

bodal

nJ
flurd were demonstrated but no paplis? v

tions

staden®
Cystadenocarcinoma All four €¥
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a b
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1
{
Wil
WM
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% 3 Lagge © d
:)m“ o Ih:;::;‘:;"mrtmuma of the pancreatic head a]  supenor mesentenc artery c) The capillary phase 1 followcd by
Tumour 1y rartally anery and displacement of the vessels artenos enous shunting ) Total occlusion of mfenor vena cava

rplied from artenes ansing from the
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Fig 4 Pancreatc taill cystadenocarciroma a) Rich vasculanza
tion and tumour vessels  Splemc artery aneurysm (++) b) In
fiftration of the Jeft colic artery (=) ¢) Occlusion of the nfenor
mesentenc vein {(—)
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romas were demonstrated at angiography The
rest tumour was hypovascular and the other 3
re richly vasculanized Neoplastic vessels were
esent 1n all and contrast accumulation within the
asses was evident A large cavity within one of the
oplasms produced a filing defect n the paren
ymatous phase

The tumours Jocated m the head of the pancreas
oduced encroachment and infiltration of the ar
nes of the Iver and were supplied maimly by the
strod I artery Disp of vessels and
teniovenous shunting with early filling of veins and
¢ portal system were observed in these cases One
the tumours was also supplted by branches of the
perior mesentenc artery (infenor pancreatico-
odenal artery) and infenor cavography dem

strated total occlusion of the infenor vena cava
d wide collaterals through the vertebral venous
stem (Fig 3)

The neoplasms located 1n the tail of the pancreas
oduced displacement of the splenic artery and
¢re supplied mamly by branches of this artery (Fig

which was filtrated 1n one case Arterovenous
hunting was evident with early venous filling and
ultiple collaterals with obstruction of the splenic
“N i another case One of these cases had a
lemic artery aneurysm The tumour was supplied
!m by the mferior mesentenc artery because of
"croachment and mvasion of the left colic branch

:(g d~1) and the nferor mesenteric ven was nfil
e

egleg: cellilanty and several mitoses were ob

ed n“l meroscopy  Most of the tumours con

i) oly small cysts in 2 cases the tumours had
Ple cysts and papillary formations

™ Discussion
ld:m:c;:e medence of cystadenomas and cyst
\xzu\anlr;;;m 1s not well hnown (HAUKOHL &
bstogenesys bO) Little 15 understood about their
Roplasme. oo they are accepted as being cystic
epuhﬂmm';"”“g from the pancreatic acinar
Qsladenoca;:ER etcoll 1962) Evidence exists that
Aenomas (BE'"C'mas can develop from cyst
felanep py CKER et coll 1965 HAUKOHL &
THAL 1960, ;ER et coll PROBSTEIN & BLUMEN
‘Smcl(SCALvn:“h tumours have the same gross
Established onl 11960} and the definite diagnosts 1s
S M0t unygyg {oa}: the microscopic examination It
th cargyp ave areas of cystadenoma mixed
omatous degeneration Grass papilary
" g9

projections may be present in both tumours but are
more likely to appear ¢ cystadenocarcinomas Ba
num examination 1s of almost no value m the pre
operative evaluation Angiography has proved to be
of highest accuracy n their diagnosis and locahiza
tion

Crvstadenoma  According to BECKER et coll
MOZAN mm 1951 reported the first large review of
cystadenomas and since then more than 250 cases
have been reported (LEWIS & DORMANDY 1971)
The tumours are hnown to be related to an increased
nisk of diabetes mellitus and SOLOWAY (1965) de
scrnibed therr with boll
and endocnnologic abnormalities Cystadenomas
almost exclusnely occur m females with a predomi
nance in a ratio 9 1 (BECKER et coll CULLEN et
coll 1963 HAUROHL & MELANED PIPER et coll )
In the present senes all the patients were females
The majonty of pancreatic cystadenomas occur be
fore 50 years of age and even in youth (PRESSMAN et
coll ) which also was the case in the present senes
{ages between 16 and 57 years) A vanety of sizes s
descnbed for cystadenomas from very small to
huge masses but most of the tumours are between 6
and 10 ¢cm 1 diameter (BECKRER et coll ) the size of
the tumours in the present 5 cases was between this
range The tail of the pancreas 1s predominantly
wnvolved m about two thirds of the cases (GAL
LART ESQUERDO 1953 PIPER et coll BECKER et
coll ) In the present series 3 tumours were located
n the tail and one n the body and head of the
pancreas respectively Few tumours have been de
scnibed to contain calcifications  (HAUROHL &
MELANRED) 1n the present senes no case had caleific
deposits

Several angiographic findings have been de
scnbed (PYRAH & COWIE BIEBER & ALBO 1963
SWANSON GLENN et coll 1963 BANG 1965 RAN
NINGER & SALDINO 1966 ABRAMS et coll 1967
PRESSMAN et coll REUTER & REDMAN 1977) m
cluding displacement of major vessels presence of
large feeding artenies accumulation of contrast me
dnm withim the tumour associated with pooling of
contrast medium and numerous pathologic vessels
However few hypovascular tumours with large di
mensions sparse neovasculanty and wide dis
placement of vessels have been descnbed (ABRAMS
et coll PRESSMAN et coll ) Displacement and oc
clusion of splenic and portal vetns with presence of
collaterals 1s also frequently found but in spite of the
tgh wmadence of collaterals only one report of
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bleeding gastnic vanices was found in the hterature
(LEWIS & DORMANDY)

The ddfferential d between cy
and non functioning islet cell adenoma may be dif
ficult (REUTER & REDMAN) However hypervascu
lar cystadenomas are more likely to have severe
artenovenous shunting higher flow and increased
venous return Other pancreatic lesions should not
present such difficulty m differential diagnosis with
hypervascular cystadenomas

In the present senies 3 cystadenomas were easily
diagnosed at angiography They were nichly vas
culanzed tumours with neovasculanty contrast ac
cumulation and artenovenous shunting with early
venous filing One mass was not detected at angio
graphy but the films were of poor quality Another
tumour was hypovascular but neovasculanty was
present and a famnt contrast accumulation occurred
(Fig 4) As 1n ordinary pancreatic adenocarcinoma
the pancreatic ongin of the growths could be deter
muned m all cases

Cystadenocarcinoma According to CULLEN et
coli KAUFMANN (1911) reported the first case of
cystadenocarcinoma These tumours are more rare
and no more than 70 cases have appeared mn the
lLiterature (BECKER et coll CORNES & AZZOPARDI
1959 CULLEN et coll ) Pancreatic cystadenocar
cmomas usually affect young females and are said to
be half as as benmign cystad Fre

3 4) Arteriovenous communications existed
Only one large cystic cavity was observed s
1ng that cystic cavities are usually small anc
not demonstrated at angiography In 2 cases|
an atheromatous aneurysm of the splemc arte
demonstrated Such a combination has been
ously reported only once (SUZUKI et coll )

Conclusions

Angrography not only plays a decisive rok
demonstration of the ongin of the tumour its
and vasculanty but may also permit the difft
tion of a bemign from a malignant leston Rich
tanty and artenovenous shunts occur m bel
well as m malignant tumours but the prest
artenal and venous infiltration and encroa

d ! y Cy
mvade adjacent structures and simutate hef
gastroimntestinal neoplasms Large cystic ¢
seem to be rare A tendency exists for m?
tumours to be larger than benign ones A
chance for association of splenic artery ant
with these neoplasms may be present

cnor

SUMMARY

The angographic findings 1 9 surgically prov¢
of pnimary cystic neoplasms of the pancreas ar¢ n
A hy d the extent and ongit

quently they grow slowly with a tendency to remain
localized even when attamning a large size (SCAL
VINt BECKER et coll )} The features of the present 4
cases agree with the literature except in their dis
tnbutton only 2 cases were located 1n the tail

Few reports on the angrographic appearances in
these tumours are avalable (ABRAMS et coll
ROSCH & BRET 1965 SUZUKI et coll 1971} They
are usually descnibed as large masses with wide dis
placement of arteries and hypervasculanity with 1r
regular and truncated vessels and mfiltration of feed
g artenies Recently computer tomography and

tumour and permits i many cases a differentsat
tween bemgn and malignant lesions

Request for reprints Dr Renan Uflacker DeP
of Radiology Lazzarotto s Hospital Assis Bras
Porto Alegre 90000 Brazil
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NONINVASIVE MEASUREMENT OF FETAL
AND NEONATAL BLOOD FLOW

M H REID R § MaCcKaYandB M T LANTZ

Doppler ultrasousd 15 widely used to assess flow
mmajor extremuty and carotid arteries but quantita
e data are difficult 1o obtam unless the vessel
lomen drameter onentation of the vessel with re
spect to the ultrasound beam and the flud velocity
profile are umquely known This report discusses
observations of fetal and newborn blood flows using

3 oppler mstrument which oyercomes many of the
problems mentioned

Matenals and Methods

donI::wm:“""'quc employing continuous wave
enmuay fasound with doppler frequency dis
telation Y\:n(:as been reported to give excellent cor
ements ‘f dye diluton and thermodrlution meas
mans (cg:ﬂcam'ac output 1n ammals and adult hu
CHrcymy aton coefficient in dogs 0 92 MACKAY
tge gf g 1975 RE et coll 1980) The advan
dlscnmma(S Parhewlar mstrument 1s ats ability to
D seleetig ;: etween advancing and receding flow
it grep ‘: g’ Measure that velocity of blood in the
D“Cnpuon ‘:h 1s parallel to the ultrasound beam
 adulyg arso the mstrument and results obtamed
RED ¢ uyuc \ Teported elsewhere (MackAY 1972
B thg o, ?5 pant of a larger evalvation pro-

'S 20 m:pﬂcr Instrument was used to measure
Cies ang 3 nom‘;“’ tn 6 fetuses in normal pregnan
1 fetuses newborns and the umbilical flow

For clanty a bnef description of the doppler in
strument 1s given A continuous wave 2 0 MHz dop
pler signal 1s generated and the return signal 1s
shifted up 1n frequency for flow advancing toward
the transducer or shifted down in frequency for flow
receding away from the transducer Each of these
possibilitres 1s electronically separated by appro-
prate bandpass crystal filters centered above and
below the center frequency of 2 0 MHz Thus ad
vancing and receding flow can be differentiated
Next the doppler return signal 1s mixed with the 2 0
MHz standard and an audio signal ranging from 300
10 3300 Hz 1s produced This 1s passed through a set
of ten bandpass filters and an electronic switching
network which results 1 an output voltage propor
tional to the instantaneous maximum doppler fre
quency shift at each moment ot time The result 1s
that the output signal recorded on a chart recorder
represents the instantaneous maximum flow veloci
ty within the 2 0 cm diameter doppler ultrasound
beam This 15 the key to the success of this instru
ment because the measured flow obtamed by en
somfying a tortuous artery 1s therefore measured at
a position where the artery 1s most nearly parallel to
the doppler beam Therefore the usval problem of
aligmng the vessel ultrasound beam 15 not cntical
For example a 25 error in alignment of the ul
trasound beam and measured vessel results in only a
10 per cent under-estimate of flow

Submutted for publication 15 October 1979
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Conventional B scan ultrasound was employed to
mage the aortic arch and descending arch of the
fetuses dunng routine obstetnc ultrasound examina
tion Care was taken to assess the position and
onentation of the fetus and fetal aortic arch Only
those fetuses which could be scanned from a fetal
lateral approach were examined because of the
necessity of directing the doppler ultrasound beam
in 1 near axtal direction to the trinsverse portion of
the thoracic aortic arch (Fig 1) After obtaining an
adequate B scan image of the thoracic arch for
mensurement and localization the doppler ultra
sound probe (2 0 cm diameter 05 cm thick disc)
was placed between the B scanner transducer and
the maternal abdomen and proper doppler probe
positioning obtatned by reference to the B scanner
stored image This 1s eastly done by generating
calibration scale dots on the B scanner and noting
their position with respect to the stored image of the
fetal arch The B scan transducer was then removed
and a doppler measurement made

Visual (chart recorder) and audible observations
of the doppler signal simplified the ensonification of
the fetal aortic arch Heart wall and cardiac valve
velocity sounds were sigmificantly umque to allow
easy differentiation from that of flow velocity 1n the
fetal arch Heart movement was charactenstically
lower 1n frequency (1e low velocity motion) than
arch blood flow Cardiac valves had a recogmzable
cnsp snap to therr audible character This
simphified the fine adjustment of the doppler trans
ducer and the measurement of fetal aortic flow could
be obtained quite rapidly 1n a few mimnutes Gesta
uonal ages ranged from 30 5 weeks to term

Umbilicn! cord artery flow was easily obtamed by
ensonifying a region of the cord where at least some
of the cord was parallel to the doppler ultrasound
beam This 1s an easy requirement to satisfy because
the umbihical cord 1s quite tortuous m its course A
B scan image of the umbilical cord will often give a
measurement of one of the umbilical artery diame
ters If this 1s not possible a measurement of the
umbilical cord diameter can be used to esumate the
umbihical artery size by reference to known umbili
cal anatomic measurements (Fig 2 REYNOLDS
195)

A sumlar technique of aortic arch measurement
was employed 1n two healthy newborn mfants
(female age 48 h weight 386 kg male age 72 h
weight 396 hg) B scan images of the aortic arch
were obtaned by scanning directly through the thin,

Fig 1 Aortic arch mn a fetus Calibration marks spacing 19¢
Brachiocephalic artery (++) Left subclavian artery (+10

ductus artenosus I=aortic isthmus

Fig 2 Umbihcal cord m  fetvs Calibration marks $%7F

cm A=artery P=placenta V=remn

carttagenous sternum (Fig 3) The dopi M
appropnately placed near the suprs

ire receding flow i th

A3

¢ aortt 3T

ter §1o%
plet P70

1"




MEASUREMENT OF FETAL AND NEOVATAL BLOOD FLOW

LmTm
- i e
;
A/ .-
>
R SN
s
- AT,

% 3 Aortic arch i a newhorn a) Transverse scan parallel to
e arch b} Longitudimal sean perpendicular to aortic arch

'

Results

H

The predicted and measured blood flows in the
Aetal transverse aortic arch aortic 1sthmus and um
bilia) cord are summanzed 1n the Table The post
tion of the doppler measurement 1n the aorta was
fasgely a function of fetal position withim the mater
nal abdomen Fig l1sarepresentative B scan image
of a fetal aortic arch demonstrating the aortic 1sth
:Y;Ius and transverse arch The aortic arch lumen
“i\::;:cr 1 obtamed from these images Fetal
s were estimated from published biparietal

Calibration marks spacing 10 cm  A=aorta P=pulmonary
artery S=left subclavian artery

diameter-gestational age and weight charts so that
the data of the Table could be presented in a stand
ardized form (ml/minfkg IWIENER et coll 1977)
Except for Winsberg s estimates of fetal left ven
tricular stroke volume the companson data from
previous reports (Table) are dertved from measure
ments in fetal lambs No comparable data n undis
turbed third tnmester human fetuses are available
A few measurements have been reported for prev:
able fetuses taken at hysterotomy in early pregnancy
{AssaLl et coll 1960)

; Table
[ Fetal blood flow tmlfmunikg)
Transverse Isthmus Umbilcal
aotuc arch aortic arch cord
5
3 w
‘ ALSH & Livo (1978) -105
Dawes (1968) 120-159 1.0 180
MaHON et colt (1966) -167
Assattetcol] (1960 1965 ) - 97 110
RupoLpr (1974) 45-135 45 200
WinsseRG (1372) -163
Doppler
Case 1 126
7 Case 2 92 128
Case 3 nz
Case 4 115 183
Cases 60
Case 6 45

. ':;sumes 15 miminfkg coronary flow Range shown from ascending aortic arch to
us

Previable human fetuses 360 ml/mia/kg combuned left and nght ventncular output

estmate 170 mi/mun/kg left ventricular output

Companison data from end gestation fetal sheep

I
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Fig 4 Blood velocity recordings Calibration abscissa—1 s
ordinate—100 em/s doppler flow velocity a) Fetus Transverse
aortic arch b) Umbilical cord artery ¢} Newborn Descending
aortic arch

Fig 2 tllustrates the typical B scan appearance of
the umbtlical cord Umbilical artery lumen diameter
can be measured from the image or an estimate of
the artenal s:ze can be made from the umbilical cord
d and r to meas
srements of umbihical cord (REYNOLDS)

Similar flow measurements were obtamed 1 two
healthy new born infants with descending aortic arcl
lumen diameters of 7 mm The calculated d d
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fetal aortic arch umbihical cord and a newbos®

scendmng aortic arch

Discussion

o

The problem of ascertaming exactly the posi®
of flow velocity measurement m the fetal aor\lﬁ”;r
when the ductus artenosus 1s functiondl 5 %
§ Reference to the expected anatomic ¥

1ng aortie arch blood flow was 160 ml/min/kg for the
48 hour-old female mfant and 180 mifmn/kg for the
72 hour old male infant  Allowing for 25 per cent of
left ventncular output to the coronary and
brachiocephalic vessels previously published val
ues for neonatal cardiac output would indicate that
descending aortic blood flow should be 150 mlf
minfhg (RUDOLPH 1974) 120 to 190 ml/minfkg
(WatsH & Linp 1978) 200 ml/minfhg (EM
AMANOUILIDES et coll 1970) Fig 4 sllustrates rep-
resentative doppler blood velocity recordings from

p
cular orientations of the fetal arch an (e
active area of the ultrasound beam ndicate ha -
flow withmn the ductus artenosus should 0ot m;a
fere with arch velocity measuremen!s using “’Zd
ticular doppler device Correlation with P s
results from examinations of fetal lambs 15 a re
the Table and imdicates close agreement ™
doppler measurement data mentioned s

Umbilial cord flow 1s obtamed from doub "
flow values calculated for one umbilical ﬂf“g‘ ad
not possible to measure each artery separat

d the restn®
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* s flow calcufation 1 thus a compromise and sub
~ ¢tto many assumptions concerning umbilical ar
. _y sizes and flaw distribution Even with these
Z tantages the measured values n the Table
amefate well with expected umbilical blood flow
= Neonatal aortie blood flow was measured with the
Zppptet slirasound beam directed caudally from the
“ﬁpmslemal notch Settmg the mstrument for reced
18 flow and directing the beam toward the descend
| sgaortic arch will reject flow in the ascending arch
| | ulmonary artery and brachiocephalic vessels and
# perpendicularly anented ductus artenosus wilf
o to the flow with this
sewular mstewment The measured aortic flow
_hould then be near the junction of the ductus ar
_~—€nosus with the aorta The ductus artenosus would
r % expected to be functionally closed within the
st day of hife (DAWES 1968)

" The mayor error of this method of flow determma
+-0n 15 related to uncertainties n measuring vessel
t umen size at the sie of the doppler observahion
"7"‘" 1s proportional to the doppler measured blood

elouty and the cross sectional area of the vessel
~ad therefore the square of the vessel lumen diame

s &r Ultrasone fetal aortic on the or

Jer of 7 mm are subject to at least a +1 mm meas
drement ervor ar approximately a +30 per cent flow
¥mor This ervor can be minmmized by mutuple B
if::sm(:)f l]?l;: same area but 1t 15 unhkelv that prec
fealoy uid unprove much more than +0 5 mm i
Reonatal aortre s1ze determination
3 vtﬁ.}é‘::;"‘; ‘:_5[“5 of some concern 1s the assumed
‘“demep olile across the aorta Good expenmental
i exists to mdicate that the velocity distn
o lmmczsentuﬂy constant across the aotta ex

.‘WDOVAED";E'Y adjacent to the aortie valve
o ool 1oy 1 974 FALSETTI et coll 1972 LING et
\ "V’ﬂ'mtasur (;CKWELL etcoll 1974) Thus the dop
 telerngs s::" U‘I:J‘ou(y can be muluphed by the ves
& °b$!nnnons of ﬂarea to give the flow Qualitative
4 doppler srstem how using a range gated pulsed
o7 taly 1979) The a?l\e been described (TAYLOR et

d”’ﬂ!rdcwge . \a;\(agc of the continuous wave

~ shft frequency an:ln ed 1n this report 1s the doppler
Velocay ysis which automatically selects

" Tha s mmml“l( panallel 1o the ultrasound beam
4 Yong of "mbm:rly useful for example 10 observa
! Ruletortyyg a:d ;Ord flow where the vessels are
72 clugter of the ! that ig necessary 1s to ensonfy
af velogyy Profie cord Vanations in the assumed
” Sécondary to vessel bends have not

been ncluded in this analysis as 1t did not seem
Justified for the level of precision obtamed A
parabolic velocity profile was assumed 1 the um
bulical artery

{t should be noted that often the most chnrcally
useful wformation 15 related to changes tn blood
flow over some hours or days For this case the
precision of the vessel diameter 1s immatenal pro
vided the vessel size does not change dunng the
course of the doppler observations Thus changes
wn blood flow in a specified vessel may be noted with
accuracy

Conclusions

Doppler ultrasound blood flow observauons m
undisturbed human fetuses in the last tnmester of
pregnancy have been descnbed Companson with
expected values from examinations of fetal lambs
1mphies reasonable aceuracy The clinical efficacy of
these measurements in fetal distress labor congent
tal anomalies etc may be speculated upon and
these and other applications are currently under mn
vestigaton

SUMMARY

A newly d ped doppler flow
mstrument was apphed to determunition of aortic arch
blood flow m 6 near term fetuses and 2 neonates and to
umbilical cord flow n 2 fetuses The method and results
are presented and wmdicate good agreement between this
nomnvasive technique and expected values for dortic arch
flow 1 human fetuses and neonates

Regquest for reprmts Dr M H Rerd Department of
Diagnosinc Radwlogy Umiversity of Califorma Davis
Medhcal Center 4301 X Street Sacramento  California
95817 USA
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EFFECT OF INTERPOSED SKIN AT DOPPLER FLOW ESTIMATION
AT 5 AND 10 MHz

With a description of a calibration device

1. FORSBERG and T OLIN

The Doppler effect was first descnibed in the mid
e of the mineteenth century by Doppler & Ballot
hey showed that the sound waves emitted from a
loving source of sound have a higher frequency
hen the source 15 approaching the listener and a
Wer frequency when the sound emitter 1s leaving
s effect has been used for medical purposes smce
959 when SATOMURA begun recording flow veloct
Y Sound waves reflected fram moving particles are
luenced 1n a similar mode When a sound beam 1s
[;2‘:(‘# from particles mowving towards the emitter
e “hecud frequency 1s higher than the emitted
i een 1t1s reflected from particles moving away
iy emitter the frequency 1s lower This change
taJIedq(Encé 1$ proportional to the flow velocity and
Q\lanma: oppler shift or the Doppler frequency
e “'; flow measurements using Doppler
'q\upmee( have been carmied out with fairly simple
BER\sr:m y for mstance STEGALL et coll (1966)
197 eteoll (1970) and L0 GERFO & CORSON

Thee Teporting very promising results
vongl D:mplm:nlused Wwas a continuous wave direc
SUunElplg" (Parhs 806) with calibration facilities
¢ erygats ;mmed and received from piezo-elec
vobe The 1 mmXS mm each on top of a pencil
from the prob::i:mcy of the ultrasound emitted

Urements with § h:};g M:IZ (9 5 MHz) For meas
o — a Parks 906 was used This

no cabbration facility installed why

of 5 to 10 MHz The change tn frequency 1s propor
tional to the veloaity of flow in the structure
examined and 1t 1s also proportional to the emitted
frequency This means that a higher Doppler fre
quency 1s obtamed when examinming a vessel with
high flow veloaity ustng a hugh frequency The re
solution of measurements 15 higher using a tugh nl
trasound frequency mcreasing proportionally On
the other hand the attenuation of ultrasound n tis
sues increases with the frequency This means that
only superfictal vessels can be examned with a 10
MHz probe

The Doppler equation used for quantitative flow
velocity measurements 1s as follows

€~V cos 2,
—F,~F.=F,—F.X ————%
AF=F.~F=Fc—Fe C+v Cos a

where
AF=Doppler frequency (kHz)
F, =emtted frequency (kHz)
F, =received frequency (kHz)
=velocity of ultrasound in blood 1 56x10° cm/s
=velocity of flow cm/s
a, and a,=angles between emitted and received
sound beam and blood vessel
a =angle between pencil probe and hlood vessel
Due to the construction of the pencil probe

< o

m%mm
n b
tgatigy 2d to be made before starting this inves a= a,+a,
The Dy, 2
<ummu§2‘," €quipments mostly employed in flow =~ ———
are using ultrasound 1n the fr q for 27 July 1979
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DIRECTIONAL

DOPPLER

Fig 1 Calibrator designed for the expenments with S MHz Dop-
pler equipment M = motor r = distance from peg to centre of
the rotating wheel P = pencil probe H = holder W = glass of
water

Fig 2 Plastc holder with a metallic screw to fasten the probe 1n
the shde

Fig 3 Expenmental design A = plastic bag contamning human
D=

A

VARIABLE
B ﬁ DISTANCE

blood B = latex tubing C = yar for
glass E =Doppler probe F-G = Doppler apparatus and poly
graph H = stop-watch J = clamp K = cahbrator L = contact
gel

When v <c this equation may be approximated
by

2F.vcosa
c

F=

which can also be wrnitten

AFxc
2F,.cosa

The 5 MHz equipment Parks 906 had no calt
brator which 1s necessary for quantitative measure
ments Therefore an (Fig I)wasd d
for calibration It was constructed of a synchronized
motor making a rotating wheel move a full crcle per
second On this wheel the cable of the probe could
be attached at different distances from the centre of
the wheel The probe was then guided by a shide
allowing 1t to move perpendicularly to create

g
kg °

Fig 3

e
idealized to and fro movements The P"?E:
placed with the transducer in a glass of %2

apparatus gave peculiar recordings unt

of the glass was covered with a soft non

material The movements of the probe I

| the bott2

reflectnt
the wat?

e
were thus standardized and calibration pr

could start The maximum velocity of ':
the same as the velocity of the peg aroun!

of the wheel 1 ¢ 2mxthe distance in cm bet

¢ probe ®
theeen™

First ¢

eel per second
peg and the centre of the wheel p appars™

10 MHz probe was used This DOPI”“t
was known to give correct information 2

tion of low velocities why the apparatus

s
gving maximum velocities of 8 to 11 ¢

polygraph was calibrated with the

1

weent !

evxam” A ‘

s U

1000

¢
n to P
generator and then fixed n onc p?::::m;uﬂ' \
locity meas
comparable readings Velocity Hz (050

then performed with both 10 and 5 M.

con

MHz) This procedure gave 2 cnhbmuon“ v f

that could be used at all examiations !
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SAMPLING

dhe polys
graph calibrated a t
enator o drsctly gamst the 1000 Hz gen

' The 1flu agamst the cahbrator
by boldyg ::ce on the flow measurement obtained
Angles (30g° 4; 95 MHz Doppler probe at different
N etamined and 60°) to the vessel (latex tubing)
Dween tha s were the effects of interposed skin
Vessel 4 l:mbe of 10 MHz and 5 MHz and the
fobtayn rcpr‘:)dshc holder was designed 1n order to
 The prope oot and exact angles (Fig 2)
19 thape pmbS:d  these expenments was a pen
1The exper, With the crystals placed at (s end
mental design 1s fustrated in Fig 3 A

T — Y

°©7 "¢s 10 15 20 25
SAMPLING

Fig 4 Flow measurcments obtaned at sampling (my/s) and Dop-
pler 10 MHz (9 S MHz) Dopper flow 1 ml/s and flow velocity
cmfs Doppler probe held at 3 different angles a) 30" angle be
tween Doppler probe and latex tubing Regression coefficient
0985 n=53 b} 45 angle gving regression coefficlent of ¢ 987
n=49 c) 60° angle giving a regression coefficient of 0 982 n=49

continuous flow of blood was obtamned using a plas
tic bag (A) connected to a latex tubing with a diame
ter of 3 mm (B) where the bag could be fixed at
different levels above the table creating flows of
varying velocities The flow was started by opening
a clamp () Timed collections were performed
simultaneously with the Doppler measurement (L)
represents the transmission medium (E) the Dop-
pler probe (k) stands for the oscillator used for
calibration of the apparatus (G} 1s the polygraph
(Mingograf 800 Siemens Elema) The Doppler ap-
paratus (F) used 1n the expenments was a Parks 806
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a
Fig 5 Flow measurements at sampling and Doppler 10 MHz (9 5
MHz) with winterposed skin  Flow velocity i cmis a) Direct
coupling with gl (®) Interposed skin of rabbit (4) A 20 percent
foss n the area of 30 cm/fs or more b) Very stretched (A) and

Directional Doppler Before every it

b 1
moderately streiched (#) human skin xmerpose:b‘f‘;u‘;':’
human skin (A) Also here a 20 per cent loss at
more

%
before pr g with interposed skin The &5

was calibrated by connecting an oscillator with a
known frequency (1 kHz) to the towards and
awdy output stay »

The blood used was discarded from the blood
bank It was hepanimized and mixed gently before
the expenments started At this time blood hae
matocnt was measured and found to be 41 and 44
percent respectively The temperature of the blood
was 10°to 15 C duning the examunations which were
performed in a room holding a temperature of 22 to
25°C True blood flow was measured by collecting
the blood for a penod of 30 to 60 seconds The
€ross sectional area of the latex tubing was 0 071
cm® Multuplication of this area by the values of
Tnear flow velocity registered by the Doppler ap
paratus gave Doppler determinations of volumetric
flow rate for companson with the flow rate meas
ured drrectly

The influence of different tubing matenals was
also analysed Polyethylene catheters were tried but
could not be used simce only trelevant nosse was
registered probably due to absorption and ref]

between the probe and the vessel was mnde;omf
by tniangular plastic holders for the probc(ﬂ xi .
Comparison between measurements of flo M
mulk mstead of blood showed no difference mfm'
mation obtamed with Doppler which also “:fsrg;ﬂ(
by STEGALL et coll When analysiog lhcnmm
Interposed skin holding 25 C (stmple atte o
ultrasound increases at Jower temperalure )
was used in the experiments where human $
used and mulk where skin from rats %25 ‘:ﬂxmﬁ
from rats turned out to have the same d it
human skin when shaved and placed ov:rrm‘a‘r
tubing with the harry side on the tubmg
ng it with gel

Results

e

The effect of the angle between the lg?{:l“) ¢
and the vessel was correctly ﬂdJ"“‘mw“,\ﬂn
formula for Doppler measurement of closel"’
(Fig 4) The flow estimations were ve?’eaﬁuwﬂf‘

T d ones ot d by samplng M #

of the ultrasound waves The tubing used in the rest
of the expenments was made of latex rubber with
very few disturbing noises The influence of the
angle between probe and vesse] was also |

o
s Just OV
of flow were carned out up to \clocmc”:!‘ p o
cm/s The examinations concemms .

§ ot
tntesposed skin were with 10 MHZ caf“:h der
§ flow vel over 60 cm/s W
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%8 & Flow measurements at Doppler § MHz (5 3 MHz) and at
n‘;plmz Flow velocity in cmis Direct coupling between probe
sk (#) Interposed skin (8)

3
xed 1n 2 45 angle to the vessel Fig 5 shows that
he Doppler technique gives about 20 per cent too
W alues with interposed skin when flow velocity
zs\gher than about 30t 35 cm/s It also shows that
" ;Prler signals obtamed with direct contact be
- e;;mbe and tubing are tending to be too low
e, ’c}[r;mmg flow velocities of more than about
Dorgler us skin exerts a definite mfluence on the
A t\grlx]a! obtamed with a 10 MHz probe espe
s obln igher flow velocities are measured The
good al;lcd with 5 MHz appear in Fig 6 where
o ;rhe ation 1s found up to velocities of at least
o ¢ Interposed skin had 2 mummum damp
2 effect on m athigh flow vel

Discussion

" The expenme
Probe and the ¢,
ormuly
450 hoy g

nts show that the angle between the
essel 15 comrectly adjusted for by the
l‘;‘;‘was lheoreucally to be expected It
Y were accurate Doppler estimations using 10 MHz
=SS Wi dire Up to flow velocities of at least 40
1and ey lubl“ coupling with gel between probe
A effeet of gy, ;‘S What 15 more nteresting 15 the

N between the 9 5 My, probe and the

vessel as well as the too low sigral obtained measur
ing hugher flow velocities ranging from about 40 cm/s
and higher The results correspond well with those
of BERNSTEIN et coll and Lo GERFO & CORSON who
obtained accurate estimations of flow with a 10 MHz
Doppler equip corresponding to flow vel
of 30 to 35 cmfs compared with electromagnetic
flowmeters

Some kind of limitations m the [0 MHz Doppler
apparatus 1itself seem to exist In the present ex
penments mterposed skin resulted in too low flow
estimations from 25 to 30 cm/s and higher The skin
used was only about 1 mm thick Thicker skin or lax
skm distorted the signal progressively more This
phenomenon might be due to attenuation of higher
frequencies 1n the interposed structures as poimnted
out by SEIPEL et coll It 1s known that the Doppler
signal from a continuous wave apparatus 1s bult up
from fi rep 1ng a mean flow
velocity of the vessel examined The transverse
cross section of the vessel must be totally msonated
by the sound beam to give correct readings At
tenuation of the hugher frequencies mught lead to a
signal built up by proportionally more lower fre
quencies representmg a flow of lower velocity than
expected The conclusion of the findings must be
that measurements performed with a 10 MHz probe
are h d d when high
flow velocities or when trying to quantfy flow per
cutaneously at places where mterposed tissue 1$
thick

These findings mitiated expeniments with 5 MHz
Doppler equipment  After getting a cahbrator con
structed 1t was possible to use also thts apparatus at
quantitative flow measurcments

Using a 5 nstead of a 10 MHz probe 1s supposed
theoretically to give a somewhat less distinct Dop
pler signal due to the lower Doppler frequency re
ceived at identical flow velocities However 1t
seems to be of less importance compared with the
better penetratton abiliies The apparatus itself
(Parks 906) ts giving a more correct signal at higher
flow velocities than did the 10 MHz apparatus
(Parks 806) The effect of the interposed skin seems
to be near to neghgible This means that percutane
ous quantitative Doppler measurements of flow
ought to be carned out with 5 MHz equipment 1n
order to get best possibl P 1
when examining deeper lying vessels When having
a calibrator that can be used on any Doppler ap
paratus 1t is possile to use a farly simple and not too
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expensive Doppler equipment for non mvasive Lo GeErFo F W and CorsoNJ D Quantitztne
quantitative measurements trasonic blood flow measurement in Dacron g+
Surgery 79 (1976) 569
SATOMURA S Study of the flow patterns in penpiy

SUMMARY artentes by ultrasonics  Acoustical Soc of Jap § f
(1959) 151
Flow with high ul d fre SFIPEL L ScHMIEL F K und GLEICHMANN U Prbe
(Doppler technique) can be used at quantitative estima me be1 der Messung intravasaler Blutstromung o |

tions of flow A calibrator for Doppler equipments 15 pre Ultraschall Doppler Techmk Med Tech (197 %
sented The effect of skin as interposed matenal with 10 STEGALLH F RuSHMER R F and BAKERD B
MHz and § MHz 1 discussed as are lumtations (a the transcutaneous ultrasomc blood veloaity meter !
apparatus itself especially when using 10 MHz ultrasound appl Physiol 21 (1966) 707
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M oM THE DEPARTMENTS OF SURGERY AND DIAGNOSTIC RADIOLOGY AKADEMISKRA SJURHUSET S 75014
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DIAGNOSIS OF ABDOMINAL AORTIC ANEURYSMS BY AORTOGRAPHY
COMPUTER TOMOGRAPHY AND ULTRASOUND

1 ERIKSSON A HEMMMGSSONand P G LINDGREN

Clintcal examination and aortography have been
sedfor many decades in the diagnosts of abdominal
aorke aneurysms  However the reliability of dia
Z:’a‘;:l‘s by palpation has been claimed to vary consid
thez(?cco;dmg to the expenence of the climcian
exact d; ¢hnical examination was reported to give

gnosis in 90 per cent and aortography in 93
Tt (GORDON SMITH et coll 1978) The de
J;s::em of modern ultrasound has resulted 1n an
ool togp ";‘I‘e of diagnostic relibility (SEGAL et
all torg }:JSBAU\( et coll 1971 WINSBERG et
% per tcm“(c:Ch has been reported to be as high as
ences o, CTO\(ES et coll 1978) Recent expen
Neurysms amg have shown that abdommal aortic

agriosed v:n intra aneurysmal thromb: can be
Ucular afyer cry accurately by this method m par
et e Ontrast enhancement (GOMES 1977)
hmnm_mcaopemuve determination of the upper
iene g 0[“:}':'} smand s relationship to the renal
Stgica} Pmcedc utmost importance n planning the
res obtained :re Information about the renal ar
Tany cases (i1 Y ultrasound has been uncertain 1
hand 20ntogrg, AhAGA & REICH 1978) On the other
Winagne mepxhy has clear disadvantages m bemng
fects cerefore od afflicted with some adverse ef
Pare \he relmb,h,;,lo‘;_as considered of value to com
S merheg dltraso aortography and the non iva
omina und and CT in the diagnosis of

the relation between the aneurysm and the renal
artenes

Matenal and Methods

Seventy-one consecutive patients were admitted
for 1on of a pul ! ! mass In
pattents with only shight mdication of aneurysm ul
trasound was first performed f nothing abnormal
was found aortography was not carmed out A total
of 71 patients were exammed by ultrasound and 20
each by CT and aortography (Table {)

For aortography the catheter was introduced via
the femoral or axillary artenies and films 1n antero
posterior oblique and lateral projections were
exposed Ultrasound was performed with a Sono
Diagnost grey scale apparatus (Philips) and CT with
an Ohio Nuclear Delta 50 FS apparatus (Scanning
ume 18 s) before and after intravenous injection of
contrast mediwm (100 ml Conray Meglurmin 280 mg
I/ml)

The occurrence of an zortic aneurysm s upper
fimut and refation to the renal artenes and its lower
Timuts were evaluated with each method In addition
possibl ysmal or retropento-
neal bleeding was recorded The number of renal
artenes for each kidney was noted from the films

h 1

E:L
OThc aneurysm and the d of
I LTy

for publ 29 August 1979

-~An
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Most patients with a diagnosis of abdommal
aortic aneurysm were treated surgically and the
operative findings were correlated to the observa

Fig 1 Aortography a) A p b) lateral projection Cnnlrié

tenc artery
ng of the lumbar artenes and mferor mesen!

straight left contour of the aarta below the renal anm:‘:;&‘
a possible aneurysm ¢} CT after contrast eahances

wide aneurysmal aorta with smtraluminal thrombus |

Table |
Number of exammations

tions at the preoperative examinations Aorto Computet Ulmd
graphy tomography ~ 0U
Results »
Normal 6 6 s
In 39 patients with shght indication of aortic Aneurysm 13 13
aneurysm no abnormahty was found at ultrasound Tumor 1 ! I
(Table 1) The chnical course 1n these patients re Unsuccessful 2
vealed that the abdominal discomfort was due to  Total 2 K
Table 2

ortte aneur
Number of panents with a correct and incarrect evaluation concerning the presence of an abd ymnal a

am it

extension and presence of an intraaneurysmal thrombus

d
Aortography Computer tomography Ulizasou’
0 cases) 0 cases) iea
Incomect
Comect  Incorrect  Correct  Incorrect Corsect
s
Dragnoss 18 2 19 1 7 0
Cransal extension in refation {4 0 3 4 14
to renal artenes 8 ! ! 53
Caudal extension 10 3 1] 2 s
Intraaneurysma! thrombus 9 4 3 k

«aleified tumor or aneurysm
not examuned

unsuccessful because of intestinal gas

not evaluable
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Fi
Ve ) Won@tudonl scan theough the aoria The plane of
vere mﬁiﬂ :gl 15 mark';d b\;nh vertical arrow b} Trans
~aneurysmt B=blopdontaiming part T=intra
RK““"Yngﬁ n:?.?;m‘ VE-vertebral body VCp=ven4 cava
Py 3
4 5);_—1:,;‘::“"}’“%??!1! ap projecuon Aorta appears normal
255 cang trast enhancement The partly ealcrfied soft ssue
/ Ot be distunguished from the aorta
s

5 oher Cause,
_ on of aons At clinical re examination no sndica bar arfenies were contrast filled and no calcifications
ie

aneurysm remamned and these pa of the aneurysmal wall were present in esther pa

¢ bents y,
2o 1€ considered to have a normal nbdomunal  tent In these 2 patients the diagnosts was estab

& comre hished at both ultrasound and CT (Figs t §) At
mnogmphn diagnogis was made m 18 pattents at operation these aneurysms were found to contan
N y (Table 2) 1n the remaining 2 patents  large organized thrombi on the mner aspect of the

aney;
) _n?’:maf the angiographic diagnosts was un antenor wall below the level of the fenor mesen
{afernior mesenteric artery and all lJum teric artery
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Fig 4 a) Aortography a p projection CT at b the center of the
ancurysm c) the level of the left and d) of the nght renal artery
Leakage of contrast medium nto the ancurysmal sac {a b) The
aneurysm docs not seem to involve the renal artenes (4) CT
reveals that the aneurysm involves the aorta at the ongin of both
renal anenes (¢ d)

Ultrasound exammation of the aorta was unsuc
cessful in 4 patients because of an abundance of
! gas which the 1mage and made

close !
mo:-mcd orh
Lin thisé
(Fig 3

fissue
eurysm and a calcified soft o
the 20rta could not be made CT was perf
aftter intravenous contrast enth incemen

ey possible In the 67

a correct diagnosis was obtamed in all 28 with
ancurysm (Table 2 Fig 2) and in the 39 without
aneurysm 1€ 94 per cent correct diagnosis In 19 of
20 pauents CT gave a correct diagnosts In the re
maiing patient a differentiation between an an

y revealed a normal aorta
operation a calcified tumor

An ntraancurysmal thrombu
cases with aneurysm examuned by
i 15 (Fig 2) of the 28 cases wit
examined by ultrasound The remainng

s was found ”:4”

CT(Table ! a'!
n aneon ™

13 paue”
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3

5 &) Aortoy
enough 1o
" artenes v,

2rephy a p projection Catheter cannot be passed
Blve contrast filng of the renal artenes Lum
stble CT b) Intralununal thrombus outside the

‘:“:Zumhzed ectasias of the aorta In 4 cases m
oy Lysmal thromb: were suggested at aorto-
Mappem ot confirmed A diagnosts of aneurysm
. como‘:_‘d probable on account of a straight aor
o 2 and no visible lumbar arteries In one
men lhm:(’dfonducnng channel from the aortic
e beny eEh the organized thrombus and into the
bsene hn:):‘ the thrombus and the aortic wall was
e evtens ataortography and at CT (Fig 4)
ection e l?in of the aneurysms 1n the cramal
Table % BS ;monstratcd most correctly by CT
Reuys, an;’ this method the upper himit of the
. asﬁmamed“s relation to the renal artenes could
e Tnd Dal[gm all pauents examined for that pur
Slationgh (FI’“S 2ortography did not disclose this
fthese vees IKS 4and5) In 10 patents the ongins
€ls were not examined by ultrasound

contrast filled lumen of the zorta c) Renal artenes anse from a
normal part of the aorta and d) can be distingutshed from the renal
vem Renal cysts on both sides

In the remaming 18 pattents wath aneurysm the
renal arteries and ther distances from the upper
limut of the aneurysm was demonstrated in 4 patients
at ultrasound Extension of the aneurysm into the
pelvic artenes was correctly revealed by all three
methods tn all patients 1in whom this was present

A retropentoneal hematoma due to a ruptured
aortic aneurysm was diagnosed n one patient at
CT Thus was the only case of aneurysm rupture
Ths patient was not examined by the other methods

Discusston

The results have demonstrated the value of ul
trasound and computer tomography for diagnosis of
abdominal zortic aneurysms The reliability of both
these methods seems to be atleast as good as that of
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aortography Concealment of the image by intestinal
gas 1s the most important obstacle to an ultrasound
diagnosis while rare diseases close to the aorta may
cause difficulties n CT

The upper limut of the aneurysm and its refation to
the renal arteries was most correctly revealed by
CT which m this respect was more rehable than
aortography The ongins of the renal artenes were
vistble 1n only a few cases at ultrasound but a re
fii of the pecially with addstion
al modemn real tme apparatus will probably im
prove this result

CT was also supenor to aortography i demon
strating intraaneurysmal thrombi1 These were also
observed with ultrasonography contrary to what
has been reported previously (KARP & ERLOF
1978)

Ultrasound and CT are non mnvastve methods
without any nsks which makes the exammation
comfortable and safe for the patient An additional
advantage of ultrasound 1s sts freedom from 10n1zing
radiation Ultrasound should thus be the pnmary
method of choice tn patients with possible abdom
nal aortic aneurysm This 1s 1n accordance with the
recommendations of KARP & EKLOF If the dia
gnosis 1s not clearly established by this method or
the extension of the aneurysm not clear CT 1s indi
cated It 1s evident that most cases of abdomunal
aortic aneurysm can be treated safely without pre
operative aortography

SUMMARY

Aor hy p and utnee
were compared with respect to the diagnosis and etz
tron of abdominal aortic aneurysms The results show t
ultrasound should be the method of choice for dag 5
and that the extenston of the aneurysm towards thew
artenes 1s best evaluated by computer tomegraphy Ax
graphy can thus be onutted m most cases

REFERENCES

GoMEs M N Acta scanming in the diagnosis of 2+
nal aortic aneurysms Computer Tomogr 1097 %

HAKKAL H G and SCHELLINGER D Ultrasowgs
and CT scanning A comparative study of abdom 3
aortic aneurysms Computer Tomogr ? (197 9

GORDON SMITHT C TAYLORE W NicoLADESAY
GoLcMAN L KENYONJ R and EastcorTH HO
Management of abdominal aortic aneurysm B
Surg 65 (1978) 834

HAAGA J and REicH N E  Computed tomoge 'y 4
abdominal abnormalities C V Mosby SuatLer
1978

KARP W and EKLOF B Ultrasonography and e
graphy 1n the diagnosis of abdomtnal aortic antun@
Actaradiol Diagnosis 19 (1978) 955 N

Nussaum ] W Fremtanis A ko and THOMFORDN
E hy 1 d of abd 1 aortic 216
rysm Arch Surg 102(1971) 385

SEGALB L LiKOFFW AspERGERZ and l\nxcsm!i
d 1 aortic antuy<

U d of
Amer J Cardiol 17(1966) 101
WiINsBERG F - CoLE BEUGLET C and MU
tinuous ultrasound B scanning of al
aneurysms Amer J Roentgenol 121

LoErD S (®
bdomnat 205
(121 (5 ¢4



Acta Radiologica Diagnosts 21 (1980) Fase 2A

THE DEPARTMENTS OF DIAGNOSTIC RADIOLOGY UROLOGY AND PATHOLOGY ULLEVAAL UNIVERSITY
HOSPITAL OLSQ NORWAY

TRANSCATHETER EMBOLIZATION OF THE RENAL ARTERY
WITH BUCRYLATE IN RENAL CARCINOMA

ARNULF SKIENNALD BIORN KLEVMARR and JAN TRYGVE STENWIG

iurgical treatment of renal carcinoma 1s usually
refraned from even 1f the tumour 1s mfiltrating
tounding tissues or distant metastases are pres
Even without such mfiltration the removal of
i¢ tumours can be technically difficult and com
sated with heavy bleedng
Embolic occluston of the renal artery n cases of
‘tinoma results n mfarction of the tumour and th,
Iney The surgrcal pr di 15 then

ner catheter was mtroduced through this cathe
ter Bucrylate (Isobutyl 2 cyano-acrylat monomer)
was myected through the mner catheter and the
outer catheter continuously perfused with 1sotonic
glucose The effects of the Bucrylate ijections were
d by abd | hy 1n all patients

15 min after the embolization (Fig 1)
The age and sex of the patients size of the tu
mour of the renal artenies and the amount

sier matnly due to less bleeding which also per

fsan early admittance to the renal vein for lhigation
2avoud discharge of tumour cells

Several agents have been used to obtain mtra

tenal occlusion As results have not been entirely
tsfactory the search for new and more suitable
€nts bas continued The results using Bucrylate as
¢ embolus inducing agent are now reported

Matenal and Method

The matena) cons:
Women
ean 63

sted of 5 patients 3 men and
the youngestbeing 51 the oldest 73 years
P sndgg l:’}zxe carcinoma was left sided n 3 and
Yem 16 cases The largest tumour measured
 One paum on the films the smallest 10 cm X 7
s st :rnt had metastases in the hver and the
Pte The lanm the liver and the retropentoneal
om the gaslm: metastases were supplied maimly
—_ mnhm:odena! artery No metastases or
Mhe orher 3 pahe::g of the tumour were apparent

e re1
emory :;]:ﬂenes were cathetenized from the nght
o 16 cmfy UsINg a Surgimed mat No 8 Cat

heter Wyth a coaxial stopcock a thin

of Bucrylate inyected appear in the Table

Results

In 4 patients occlusion of the renal artery was
obtamedwith3 5(Fig 2) 25 1 5and 1 ml of Bucry
late respectively (Table) In one patent a female
aged 73 occlusion of the renal artery was incom
plete followmg myection of 1 5 ml However as the
patient complamned of intense pamn additional agent
was not mected

Four patients were operated upon 14 22 30 and
38 days respectively after the intraartenal mjec
tions The kidneys were techmcally easy to remove
b of only fi bleeding which made
blood transfusions unnecessary The arteries were
hard and gntty Coagulation necrosis of the 1n
farcted areas including the renal carcinomas was
present on microscopy The artenes were throm
bosed to a varymg extent (Fig 3a) Tumour tissue
outside the renal capsule mcluding the rena! vein
was visible (Fig 3b) The 73 year-old female with
incomplete occlusion of the artery was not treated
surgically

Submitted for publication 6 March 1979
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Fig 1 a) Selective njection nto nght renal artery Large car
cinoma b) Abdominal aortography 15 mun after imjection of 15
ml Bucrylate The artery is occluded

Adverse effects were pain for one to three days
and fever Three patients had severe pam after the
occlusion the other 2 patients complammed of httle
or no pamn In 2 of the patients fever of moderate
to hugh degree occurred lasting from 5 to 9 days
Pulmonary embolism was diagnosed n one patient
23 days after the embolization

Discusston

Artenal imjection of autologous clots (CARMIGNA
Nietcoll 1978) and other autologous mtenal (ALM
GARD et coll 1973 GoOLD & GRACE 1975
TADAVARTHY et coll 1975 HIGGINS et coll 1977
BOOKSTEIN et coll 1978 CHANG et coll 1978) has
resulted innitial oceluston of the vessel but recanal
rzation often occurs BARTH et coll (1977) reported

on long term follow up results of transcathetet e
bolization with autologous clots oxyceland gelfox
in domestic swine At 4 months recanalizaon ¥
present n all cases Thus long lasting occluw:
are probably difficult to achieve with these mnm
LUNDERQUIST et coll (1977) using gelfoam on .
coronary gastric vein also recorded 2 Ingh perce
age of recanahization while VIAMONTE et ih
(1977) did not observe recanalization 1 IOSH:W
patients also embolized with gelfoam Thflrw
commonly used agent for embohzing 1S £ i
In the renal artery this agent 1s distnbuted €+¢
the more penipheral branches of the vessel -
Bucrylate rapidly undergoes polymcnz:mobw
solidifies 1 a few seconds when mixed with "
It has been the most successful agent used w‘:ml
embolization of the gastric coronary vemn npa

Table

Review of the material
Age Sex  Swzeof Dam of Amount of Pan Occluston
(years) umour renal antery bucrylate

(em) {mm} (m)

51 M 19x16 12 35 Strong Yes
70 M 16x16 IS No Yes
n r 10x1? 5 [ Strong No
73 F 1x9 6 10 No Yes
51 M 10x 7 10 25 Strong Yes
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& a) Large carcinoma m left kidney b} Aartography

Complete
FSm Bucgclgllésmn of the renal artery after embolization with

Fig.3
R :’]g“;?ge With thrombotic matenial m renal artenes
et lefl area Necrotic tumour after artficrat

ble.
m:f.l,"forn“}'{’ esophageal vances due to portal hy
S also bec"“DERQUIST et coll 1978) Bucrylate
gmmlmem:ﬂu;'ed for control of other missive
MIGN A o eeding (GOLDMAN et coll 1978)
€ renal apge, coll (1978) injected Bucrylate into
and obl:unedrz' 0 2 patients with renal carcinoma
omplete occlusion DOTTER et coll

\
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thrombosis  Upper nght area Viable tumour tissue outside the
renal capsule H& Ex72

(1975) used Bucrylate 1n a patient with a heavy
protein loosing glomerulonephnus After the embo-
lization the patient became anunc and the protein
loss stopped No recanalization occurred after
embolization of the renal arteries 1n rats (CARMIG-
NaNtet coll 1978) In contrast to gelfoam Bucrylate
polymenzes and solidifies more centrally n the
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artery and the effect 1s therefore more simlar to that
of a surgical higation Embolic reflux 1s a possible
complication Theoretically due to quick solidifica
tion this effect should be easier to avoid using
Bucrylate However reflux would probably best be
prevented by using a balloon catheter (GREENFIELD
et coll 1978)

In the present senes ntraarterial myection of
Bucrylate m 4 patients resulted in complete occlu
sion of the artery present also at the time of opera
tion 14 to 38 days later In the fifth case with incom
plete occlusion surgery was not performed

Postoperative examination of the removed kid
neys showed the renal artenies totally filled with a
plastic like matenal It seems reasonable that these
artenies should be considered permanently occluded
Large areas of necrosis and infarcted tumour tissue
indrcate that the tumours had effectively lost their
artenal supply

Transcatheter embolization of the renal artery 15
not without complications In one of the present
patients pulmonary embolism occurred It was
diagnosed 23 days after the embolization but climt
cal signs indicated an earlier occurrence It 1s rea
sonable to suggest a connection between the pul
monary embolism and the occlusion procedure Be
cause Bucrylate sohdifies immediately after the
myection there 1s little reason to believe that Bucry

late particles would have passed through the tumour
A more obvious explanation 1s that sudden interrup
tion of the artenal circulation decreased the flow
 the renal vein with subsequent formation of clots
Thus concept 1s supported by the delayed manifesta
tion of the embohism

Occluding agents acting differently may cause
pul y emb b the d particles
can pass through the tumour CARMIGNANI et coll
(1978) have shown that banium particles were able
to pass the capillanes n rat kidneys and therefore
could result 1n pulmonary embolism They found
that gelfoam and Bucrylate did not pass the capil
lantes However theoretically all other embolizing
agents than Bucrylate might pass through artentove
nous shunts in the tumour

Three patients expenenced immediate strong
1schemic flank pam which required the admimstra
tion of potent analgetics The pain subsided over |
t0 3 days In one case intense pam Jed to nterrup-
uon of the injection after a small volume {1 § ml)
when complete occlusion had not yet been obtamed
Two patients also had a nse 1n body temperature

A SKIJENNALD B KLEVMARK ANDJ T STENWIG

lasting from 5 to 9 days Flank pam and a neee
temperature have also been reported after ex!
zatron with gelfoam (GOLDSTEIN et coll 1979 ther |,
appearance seems to be independent of the zer
used

The present senes 1s small However in4paters |
the intraartenal mjection of Bucrylate gave conv
ing results, both regarding immedtate com, e
occluston of the artery and its duration Bleedingt !
surgery was insigmificant the operations ueree o
to perform and the renal vemn could be ysolated a
an early stage The pathologic examination &>
firmed the radiologic and operative findings

Intraartenal embolization should not be 1
routmely 1n cases of renal carcinoma because
herent potential complications cannot be ignored
The man ndication for the procedure appesrt |
be the very large highly vasculanzed carcmum:t
espectally when located in the upper part ot
kidney

SUMMARY |

In 5 patients with large renal carcinomas Eu:réf::;;’:
mjected nto the renal artery One to 35m -
were required to obtam occlusion of the artenes i
tion 14 to 38 days later the arteries were still ﬁut\l"’
One patient developed pulmonary embolism Dmdmn’
plicattons were of less importance The mm;;nzzduf
for the procedure 15 very large highly vascul et
cinomas tn the upper part of the kidney Buery
to be a switable embolus inducing agent
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RADIOGRAPHIC APPEARANCES IN CROHN S DISEASE

IV The new distal tleum after surgery

J HiLpELL C LINDSTROM and A WENCKERT

Postoperative recurrence of Crohn s disease has
tracted considerable interest in the chmical Iitera
ure and has been analysed from several chimcal and
):nhologlc viewpoints (VAN PATTER et coll 1954
OLCOCK & VANSANT 1960 STAHLGREN & FERGU
0N 1961 BARBER et coll 1962 ATWELL et coll
195 SCHOFIELD 1965 LENNARD-JONES & STAL
%ER 1967 BRILL et coll 1969 WALLENSTEN 1971
:'V;;ICI\ERT 1971 NUGENT et coll 1973 MARSHAK
. ) Onthe other hand 1n the radiologic literature
) ports discussing particularly recurrent disease are
caily (CHERIGIE et coll 1973 HILDELL et coll
m: Part 1) recurrence has usually been consid
N Parenthetically 1n conjunction with descrip-
1905 of the onginal disease
m:i‘:““:mgraphlc features of non operated pa
sty a:xld Crobn s disease were considered previ
wceofy, the postoperative radiographic appear
0 :{ colon was analysed and discussed (Parts
commume :LDELL etooll 1979 1980) The present
e aa 100 reports the postoperative radio
mm]a(esl?;camnce of the new distal ileum and

ton of 1 e findings with the preoperative distn
oyed a“de leston the operative procedures em

ol the postoperative appearance of the

Material and Methods

The
of 195 ::cna] Was denved from films and records
15-year x\c:;;“we patients operated upon during a

sen {1959-1973) Detarled information on

es
ny 1S g1ven m previous reports (Parts 1 11

The preoperative distnbution of the lesions was
assessed by a review of preoperative films opera
tive reports and pathologic reports (Part IT)

For the present review use was made of the post
operative films of all patients in whom the disease
preoperatively was located in the distal leum the
colon or n both and who after resectional proce
dures had an ileo 1leal or ileocolic anastomosis or
an tleostomy Thus the matertal consisted of 370
small and 233 large intestine postoperative exammna
tions performed m 150 patients in 1959 to 1976

Most patients were radiographically examined
within two years after operation but in the begin
ning of the senies the controls were not as regular
and frequent Thus a few patents were not
exammned until 7 or 8 years postoperatively (More
detailed mnformation concerming the radiologic fol
low up 1s given m Table 2} The postoperative ap-
pearance of the new distal 1leun and the colon was
recorded and correlated with the preoperative dis
tribution of the lesior and the operative procedures
employed (Fig 1)

The pertod between 1959 and 1973 was divided
into two parts one early pertod 1959 to 1968 dunng
which 70 patients were operated upon and one late
period 1969 1o 1973 with 80 patients

This subdivision 1s somewhat arbitrary 1t 1s based
on the fact that attempts at earhier surgical mterven
tion were made dunng the last 4 to 6 years and at
operation 1t was armed at resecting macroscopically
nvolved and also di d lymph nodes

Submutted for publication 7 March 1979
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Radiographic appearance of the new distal
1leum and the colon after operation
for Crohn s disease
Abnormalities characteristic
of recurrence
Extent at
No radio Dustal
time o
o‘:‘ OP( graphic ?elzl:,l tleumand |  Colon
methods | recurrence ! colon

Y

by
=

SN

D
2
E 10] 1 1 1
F@ & |
33 24 )
i
(5] 2i 4
150] 87 49) 13] 1

Fig 1 Correlation between extent of disease at time of opera
tion operative p and rad; appear
ance of the new distal tleum and the remarnng colon

Consequently the resections were more extensive
dunng this period

A control material was used for the evaluation of
the appearance of the new distal tleum oral to an
Neocolic anastomosis This matenal consisted of
films of 100 patients operated upon with resection of
the distal lleum and right hemicolonectomy for other
diseases than Crohn s disease mainly malignant le
sions None of these patients had any evidence of
inflammatory disease of the intestine neither pre
nor postoperatively A review was made of two
small or large intestine examnations in each patient
performed with an interval of at least six months
The length of the resected ileal segment in these
patients vaned between S and 40 cm (mean 10 cm)

Results

Control material Irregulanues in the region of the
anastomosis were found i some patients they were

J HILDELL C LINDSTROM AND A WENCKERT

considered to be sequential to the operation Qi
wise the mucosal folds were regular without
graphic evidence of edema or ulceration (Fig 7).
Crohn s disease The new distal ileum was
stdered to be normal when the radwgraphic 2, i
ance was the same as m the control matena!
Lestons observed at radiography consisted of
normalities due to edema ulceration and fi
The lestons were always Jocated in direct cont
with an ileocecal valve an ileocoltc anasto
an ileostomy
Four groups could be distinguished at the end¥
the observation pertod !
(1) Normal appearance and no chnical evdest
of recurrent disease (78 pattents Fig 3) ¢
(2) Edema but no ulcers and no progress
the lesions No clinical evidence of recurrence
group 1s called edema (10 patients, Fig 4)
(3) Radiographic recurrence Abnormaltties
as edema ulceration fibrosis and local pro
No climical evidence of recurrence (%0 pat
This group s called radiographic recurrence (Fi-
(4) Radiographic and chnical evidence of e
rent disease (42 patients) Ths group 15 called
currence (Fig 6)
Groups 3 and 4 are referred to as postope
leitis
The patients were distributed withi lh:::‘
groups in relation to the preoperative distnbuli
the lestons as shown in Table 1
Normal appearance of the new
recorded i 78 of 150 patients (52%
of normal appearance was the same 0 1
the late peniod
Edema was recorded m 10 of 150 p "
and was only observed oral to an 1leoco
tomosts ol
Radiographic recurrence was noted mo::! °I‘“
patients (13%) and was observed only (J"ﬂ"
rleocolic anastomosis Three of 70 patients
radiographic recurrence during the earlytpl:
17 patients of 80 (21 %) dunng the late P
difference 1s significant (p<0 01)
Recurrence was recorded 11
(28%) In 22 patients the 1leal recurre:
cated oral to an tleocolic anastomosis :‘o 0t
oral to an ileostomy and i 7 patien s
\leocecal valve Twenty eight of 70 pa M
had recurrence during the early per! saffere <1
patients (185%) duning the late on¢ The
sigmificant (p<0 01)

o

distal tleum 3%
) The frequer?
he carly ¢

uents (1

0
oA
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Fig 2

Fig 2 New distalileum in a patient operated upon with resection
of the distal 1leum and nght hemicolon because of a carcinowd in
the distal iteum No edema or ulceration

Fig 3 Normal appearance of the new distal ileum in a patient
operated upon for Crohn s disease with resection of the distal
fleum and nght hemicolon The contour of the intestine 15 regular
the mucosal folds are thin and straight without ulcers

g 4 Edema m the new distal ileum oral to an Jeccobe anas-
tomosts The mucosal folds are broad but without ulcers
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Fiz 5 Radiograph: recurrence oral to an ileocolic anastomosis
The examinstion wa performed 13 years after the pnmary opera
tion Fibrosss and a inus tract The surviving mucosal island
protrudes like a polvp into the lumen of the mtestine

Repeat radiography of the small intestine Var
tous aspects are summarized in Table 2 In 63 of the
78 patients with normal appearance of the new distal
tleum repeated postoperative exammations were
performed all remained normal at the following
examinations

1

i
.
H,

l

ra) 10 an B
tar mucosd |

leum of
Fig 6 Recurrence in the new distal i
anastomosts Marked edema with broad 1rregy
and several ulcers in the most aboral part

ecumm
fore they had given any clmtcal evidence of

disease Consequently these patients dunr;gr;"'
the observation pertod were cases be(ljo;!rfl“;“l
group radiographic recurrence The [a] ol
tween patients who passed from non'n“hu po
rence (0 of 78 1e 0°%) and patients e
from rad hic recurrence to recurren

Edema which was evident at the first p
ine 1on was
recurrence progressed locally

Recurrence was evident at the first postoperative
exammation n 39 of 42 patrents and in 3 patients
whose first examination could not be evaluated at
the second

In the majonty of patents the first repeat radio-
graphy was performed within 3 years after the pn
mary operation 1n most of them before one year
Five patients were exammed 3 to § years and 3 pa
tients 5 to 8 years after the operation

In 7 patients of the 42 with recurrence the radio-
graphic lesions were demonstrable 3 to 9 years be

y while rad| 1}

1e 26%)1s significant (p<0 001) ew i
Companson between lestons i m’f,[(n
tleum and postoperatn e appearance l;c 3t
Postoperative lesions m the colon “‘3] foct3
(Part II) submucosal edema superfict PP
coliis and chinical and radiographic
The two latter types are referred 10 as ’
colits The postoperative aPPear"""l D|eum e
patients with lesions n the new distal ¥
i Table 3 npate
Postoperative colitis was recorded 0":‘),; ;;m
with recurrence in the distal tleum 13 or-l-l‘h'
Table 3) while 1n patients with radiog!
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Table 1

& hip bet een the e

tion of the lesions Figures in parentheses indicate the

of the new distal tleum and the preoperatn e distribu

number of patients operated upon during the earh

and later pertod 1 ¢ 1959-196811969-1973

Preoperative Postoperative appearance of new distal ileum Total No of
localizauon patents
of lesions Normal ~ Edema Radiographic  Recurrence
recurrence
Distal ileurn/cecum 4 10 16 18 8
Distal ileum + nght hemicolon 6 4 3 13
Distal fleum + colon 26 17 ”
Colon b 4 6
Total 78 10 20 4 150
36147 amoenn -8/19) (70/80)
Eight patients operated upon with resection of the distal ileurn and the nght hemicolon
Table 2
Radiologic follov up by small intestine examination
|
| Postoperative No of No of First postoperative No of patients Radiclogic
appearance of palients  examinatons  exammation (mean with multiple follow up
new distal leam No of years) exammations (mean No_ of years)
hormat 7 163 13 5] 67
k (0 5-8) 3-15)
dema 10 36 IEt ] 66
©5-n (3-15)
Radiographic recurren e 0 87 e 18 54
R 05-3) (3-16)
¢ urence 4 84 18 34 29
057 (0 5-10)
Toul 150 370

:’:e Oredema the postoperative colon was normal

2 submucosal edema

- ;foseramc procedures employed and the ex

s, ex;case at the time of operation must be

e 0 order to evaluate the figures i Ta
:"colIlo:f“lSO Patients the entire or a great part of
en of mﬂs left behind at operation (Fig 1 A-E)

" r:se Ppatients were operated upon with

*amog m:ecuon of the ileum (A + D) and the

ey hen with resection of the distal ileum and

oo icolon (B + C + E)

Terae ‘x‘l‘c‘ngx the presence or absence of post

“'Pllxems 418 and postoperative colitts in these
U Ng v &roups could be distingnished

) Paicngy Bﬂlce of postoperative ilewis or colitis
oty C+E) The distal leum and night

% had been resected

R

(2) Postoperative colitis but no evidence of post
operative leitis {1 patient E) The distal tleum and
nght hemicolon resected

3) Postoperative dertis but no evidence of post
operative colitis (36 patients A-C) Segmental re
section of the ileum (A) was performed 1n 5 patients
(A) resection of the distal 1leum and night hemicolon
m31B+C)

4 P ve ileiss and ve colitis
(13 patients B + D + E) Segmental resection of the
lleum was performed n 2 patients (D) resection of
the distal leum and ripht hemecolon in 11 (B + E)

Thus all 7 patients operated upon with segmental
resection of the sleum (A + D) had postoperative
1leiis and 2 of them (D) also postoperative colitss
Both 1leal and colonic lesions existed preoperative
ly The patients were operated upon because of
symptoms of small ntestine obstruction and at op-
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Table 3

Postoperatne appearance of the colon related to postoperative lesions in the new disial dleum

New distal ileum No of Postoperative appearance of the colon
patients
Normal  Submucosal  Postoperatve coliis
edema .
Superficial Recurrence '
coliis
Edema 10 7 3
Postoperative fleitis
Radiographie recurrence 20 17 3 ’
Recurrence 29 12 4 6 7
Total 59 36 10 6 7
eration only a stenotic segment of the aboral tleum Discussion

was resected

Of 104 patients operated upon with resection of the
distal leum and the nght hemicolon 42 had post
operative tleitts (B + C + E) and 11 of them also
postoperative colitts (B + E) None of these 42 pa
tients had any evidence of disease n the 1leal seg
ments left behind at operation while 1t was substan
tially proved (Part III} that the colomic lesions
existed preoperattvely 1 10 of 11 patients
Moreover only one patient had postoperative colitis
without postoperative ilettis (in group 2)

Thus 1 12 pattents a norma! ileal segment was
operatively connected with a colonic segment af
fected by colitis In 11 of these patients (92%) evi
dently a lmear extenston of the lesions had de
veloped over the anastomosts to the new distal
leum

No generally accepted defimtion of recureact
Crohn s disease has appeared Most authors bt
used definitions stmular to the one suggested b
LENNARD-JONES & STALDER Symptomatc ek
with evidence of recurrent disease at radiograyt
chimical exammation or both If this defmmon\:
accepted symptomatic relapse 15 required Mh
diagnosis, which cannot be made on mdw!f'-‘Fm
findings only However several authors ha}tiﬁ"
mented parenthetically on the emslenctdo t;ﬂ“m
graphic lesions compatible with recurrent dist o
the new distal ileum of patients without s)’mvc
of recurrence (ATWELL et coll BRILL e
KRAUSE et coll 1971)

Asymptomatic lesions in the
Lestons m the new distal ileu

new distal der”

oceurred ¥
m and rad

On the contrary 31 had a ve
tleitss in that were d to a
preoperatively normal colonic segment None of
these 31 patients had any evidence of postoperative
cohis Thus hinear extension across an ileocolic
anastomosis was sigmficantly (p<0 001) more fre
quent tn oral than 1n aboral direction

FPostoperatn e appearance of the new distal leum

asymp i1c patients edema 1? 10

hic recurrence in 20
gr?l}')hese fesions were probably not caused ‘1")“'1"
operative procedure per s¢ as 0 abnom)I s
these types were observed m the o0 o
However the resection was more e“mnmmln'
tients with Crohn s disease than 10 the wselcsn‘ﬁ‘
terial The exstence and appearance of the

oral to an il 1y Col y pr 1 y
and ileostomy were performed 1n 39 of 150 patients
In 26 of these (67%) the new distal fleum had a
normal radiographic appearance postoperatively
while 13 patients (33%) had a recurrence

In 10 of the 39 panients the length of the resected
segment was shorter than 20 cm Nine of these pa
tients (90%) had recurrence which should be com
pared with 4 recurrences 1n 29 patients (14%) with
resections Jonger than 20 cm  The difference 1s sig
ndicant (p<0 001)

may be explamned 1n various ways ok
'I)‘,hey could be secondary to the rcseczo‘:me »
segments of the distal ileum If this e
radiographic abnormalities should be -
representative of a chrome ly mPh"’;";: by !
the operative procedure and partic mT)I;
tensive dissection of the lymph nodes a8
nance of these lesions m the Jate Pcﬂod m(he syl
favour of this theory Dunng this P‘“"‘; s 5
approach became more ntensive an
ments were resected than i the carly P

he £¥
-

yal L]
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Another explanation could be that the disease was
ore widespread than could be diagnosed on opera
on and minor lesions were left behind If this 1s
ue the question anses why the patients did not
ave any p One possibl pl
1at patients with edema and radtographtc recur
:nce represent cases of healed disease The disease
ught have been brought under immunologtc control
fier the surgical removal of the most severely in
olved segments

However most probably radiographic recurrence
nay be explaned on the basis of mdividual vana
ons 1 time between the appearance of radio-
raphic lesions and symptoms Considertng the
nginal disease this 1s well known This explanation
s further supported by the fact that 7 patients who
mtially were cases of radiographic recurrence dur
ng the observation period developed sy and

0n 1S

tients remain asymptomatic for several years Ra
diographic lestons could be demonstrated at the
first postoperatn e exammation of the small intestine
m all patients with recurrence dunng the observa
tion penod Moreover no patient with an intially
normal p p tve small

had subsequent recurrence of the disease and these
patients were followed for 3 to 16 years (mean 6 7
years) Thus from a radiologic pomt of view no late
recurrences occurred m the present senies The vast
majonty of recurrences was early and all recur
rences could be demonstrated at the first postopera
tive radiographic examunation These observations
suggest that 1 the small mtestine also recurrent
disease 1s representative of persistent disease The
late recurrences described by DE DOMBAL et coll
are probably representatives of the same vanations

P
-onsequently were transferred to the recurrence
woup Moreover a significant difference m fre
Rtency was found between the early and the late
period considenng both patients with radiographic
fecurrence and patients with recurrence It 1s there
fore most probable that some 1if not all of the pa
Uents who at the end of the observation peniod were
constd to have rad recurrence
tourse of time will also develop symptoms The
Mmencal difference between radiographic recur
;:;Cl;i:d reu‘m'eljlce 1n the early and late perrod will
obs This 1s 1 with the
“rvations of BRILL et coll who found that all
):ahems with radographic evidence of recurrent dis
asefinally also had chinseal evidence
ks;ﬂi“mmafy it 15 most likely that radiographic
g referred to as radiographic recurrence are
i a;Tlahnns of Crohn s disease Edema should
teng y be looked upon as sequential to more ex
e resections

zu?;:r’:izphm and clinical recurrent disease Most
Cuence ofe:; “:jal n the majonity of patients re
years o ¢ disease 15 clinically evident within 3
‘Ekmé’:a‘"'ely (BRILL et coll FAHRLANDER

o4 ver DE;:;)IW! GREENSTEIN et coll 1975)
 thy there arp MBAL et coll (1971) have suggested
Uy ang gnn Il:;: l.i'_:es of recurrent disease—one
Suthorg (Migsita) 12l opmion 1s shared by other
| uncsmncemmg c} anal“ true also mn the present
Houtrer g resul:‘:‘cd recurrence of the disease
Wil chomat ndicate that morphologic ab-
Present Shﬂnly aft ensic of recurrent disease are
€T operation although some pa

of devel of postop ve lesions as are
radtographic recurrences in the present senes

An early diagnosis of recurrent disease can evi
dently be made on radrographic findings only and
will then mclude recurrence as well as radiographic
recurrence te  both late and early recurrences
Consequently there should be no need for follow up
pertods of 10 years or longer to evaluate the resuits
of the surgical management However dunng the
first postoperative years 1t may be dufficult to dif
ferentiate between edema and radtographic recur
rence and to make ad of shight infl. Yy
lestons This means that a period of about 3 years 1s
probably required to obtam an adequate diagnostic
accuracy

Locali.ation of the lestons It 1s obvious that
Imear extension of the disease over an tleocohc
anastomosis occurred only in oral direction (11 of 12
patients) but not 1n aboral direction In 31 patients
with postoperative ileitis the lestons were confined
to the 1leal side of the anastomosis Reports on post
operative spread of disease from the fleum to the
colon can probably be explaned by colonc lesions
being overlooked preoperatively and left behind on
operation At mucroscopic exammation of resected
spectmens of those of the 31 patients who were
operated upon for recurrent disease a sharp border
Iine was found between the diseased and the non
diseased cofon This has also been noted by other
authors and has not yet been explamed One posst
ble explanation might be obtamed from the theory of
lymphatic spread and non spread that was pos
tulated m previous reports (Parts I i)

It 1s also obvious that patients in whom less than
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20 cm of the distal lleum were resected in conjunc
tion with colectomy ran a significantly hgher nisk of
developmng recurrence than patients in whom the
resected tleal segment was longer than 20 cm In
a previous report the posstble inter relationship be
tween the lymphatic dramnage of the colon and the
small mtestine and the distnibution of the disease
was discussed [t was pointed out that especially in
the 1l | region an ab of anatomic var
\ants appears but that the most aboral 15 to 20 cm of
the ileum often have a lymphatic dramage in com
mon with the cecum and part of the ascending colon
Thus 1t 1s posstble that recurrence in these patients
was due to exacerbation of lesions left behind on
operation or to retrograde spread of the disease from
diseased lymph nodes After operation for recur
rence only one patient had a second recurrence

In7 T of a short

J HILDELL C LINDSTROM AND A WENCKERT

sleumn although for reasons discussed (Paris| Il ¢ lx
cannot be demonstrated with the same evidencess 2
1n the colon

It 1s obvious that 1n 27 of the 42 patients m ¢+
present sentes who had recurrence the operationss
not adequate 5 patients with disease of the &l |,
tleum and 2 patients with ileocolic disease were ap-
erated upon with segmental resection of the .
m 11 patients with disease o the ileum and the eote ;
colon the distal ileum and the night hemicolon see
resected and 9 patients with tleocolic o colicde '
eases were operated upon with colectomy amhl
resection of the distal ileum that was shorter s |
20cm

The results 1n the present and a prevtous e’ !
(Part I1T) drcate that the nisk for these 27 patiens 1
to develop recurrence would have been far less LN
more adk type of op had beencarmedot

of the tleurn was performed and all developed re

currence At operatton most probably the stenosis
n atself and changes secondary to it made a proper
evaluation of the surrounding parts difficult Micro

scopic exammation of the resected specimens re

vealed that the resections were not radical and post

operative radiologic examtnation within two months
postoperatively showed profound inflammatory le

sions If 1solated ileal stnictures are located m the
aboral segment of the tleum they should be regarded
as part of a disease of the distal ileum until otherwise
1s proved

Prognosuc considerations  Different statistical
methods have been applied to the assessment of the
surgical management Expected recurrence rates of
about 90 per cent have been reported usmg the ac
tuanal method (GREENSTEIN et coll )

However the validity of conclusions dersved from
any method ts strongly dependent on the data basis
In most reports recurrence 1s dealt with as an entity
and the preoperative extent of disease and the surgt
cal radicalness have not been considered

it 1s obvious from the results 1n the present and
previous reports (Parts I 11 11I) that proper calcula
tions cannot be made without an mumate knowledge
of the preoperative distnbution of the lesions When
resections were performed on the basis of an
er diag of the pic extent of
disease the result 2lmost invanably was recurrence
of the disease In the colon 1t was proved that
recurrence was due (o exacerbation of the disease
segments Ieft behind on operation Most probably
this 15 true also for recurrence 1n the new distal

It should also be mentioned that m severalof
remaiming 15 of 42 patients with recurrence muer~
scopIc ton revealed tory lesions®
the surface of resection (this will be accounted fores
detail 1n a separate report}

Statistical methods have not yet been aPP"’dz
the results of the present seres for calculation '
recurrence rates this will be done when the c!me}lr
review of the patients rs completed Howeser \;'I‘”
out using statistics the results mdicate that o
150 patients (Fig 1) 87 with no radxogmf‘h'cl
dence of recurrent disease run a low nsk ofde;:::
ng recurrence Moreover <everal of the P A
who were reoperated upon for recurrence ha‘fC
no radiographic evidence of a second r:cun:‘ e

The results m this series of reports shoult ';“h
understood as a recommendation for uncnllifjng M
of resectional procedures However as i

dical tr 15 as disapp "I!;a"“:m‘pFJ
and most patients sooner or later appear f;_"su;d
management  continued evaluation © s
methods s essential [t 1s obvious that some P! o
preferably should be conservatively man et
surgical intervention be reserved for comp
of the disease ures

In most patients howeser resccuonn|§f;‘“d 0
may be used with good results me‘!;mcd'“""
preoperative and operative evaluation 0
has been performed

SUMMARY et

ope
Postoperative films of 150 patients o ,mh‘f""
Crohn s disease were reviewed with regnd
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¢ abnormalities n the new distal ileum The lesions
:re always located 1n the most aboral part of the ileum
patieats with persistent colonic disease the ileal lesions
2re apparently the result of a spread of colomc lesions
manv of the remammg patients there was strong evi
nee that recurrent disease was representative of persist
1t disease
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ARTHROGRAPHIC DIAGNOSIS OF RUPTURED CALCANEOFIBULAR
LIGAMENT

11 Chmcal evaluation of a new method

M VyusTand B NIEDERMANN

Supmation trauma of the ankle joint may cause
2nouslesions A shght trauma may cause injury to
he soft tissue alone In cases of more severe distor
fons rupture of the capsule of the antero lateral
ispect of the ubiotalar joint may occur as well as
:]‘:}tg:, ﬂf, the lateral ligaments The antenor
mov:;;'t igament ruptures first If the supmation
mettmy continues also the calcaneofibular liga
s txlre‘r)n:;es Tsolated rupture of the latter hgament
eases Y rare (PRINS 1979) Finally in severe
. Tupture of the postenior talofibular higament

ccurs m addition
ani]“:i‘;:l :ealmem of the more severe cases of
The st !;tomons has been increasingly used in
aecessary ‘i makes an accurate diagnostic method
W prevogs seems difficult to compare the results
nosti mcum;p"“s partly because of different diag
ofthese mm:d““d partly because of the naccuracy
e of the gy s PRINSregarded the combined rup

smenn aenm’ talofibular and the calcaneofibu

Tpture of lh: a major lesion whereas the tsolated

Brded a5 5 m‘anlc‘nor talofibular ligament was re

Therefore g1, ::;:c: :D“ with no need for surgery

mrugs 15 Important iagnoss of these two ligament

N the

a xqﬁf‘;::‘s Teport by VUUST (Part I) the use of
+ 2e has beg, | Projection m arthrography of the
1 for distinetyon :e‘:"ducm Critena were proposed

ofibytay ligame; l\\cen ruptures of the antenor
1hese:n?nd rupture of both lateral liga
t m ¢na were confirmed on expen

oriem lesions The present report

NS ang
Tenta] Pos

evaluates these critena m a chnical sernies compar
ing therr validity to those of other arthrographic
cntera

Material and Method

Dunng a four month pertod 19 patients (12men 7
women aged between 16 and 54 years average 31)
with ankle distortions were operated upon for rup-
tured lateral hgaments of the talocrural jomnt All
patients with sprained ankles admitted to the hosp
tal in this period were chinically evaluated If rupture
of the lateral igaments was suggested an arthro-
graphy was performed within 24 hours after the tran
ma If the arthrography revealed a leakage of con
trast medum on the antero-lateral aspect of the
talocrural jomnt an oblique axiat film was included

Surgery was performed i cases of suggested rup-
ture of both lateral hgaments A umform evaluation
of the lesions was secured as only cases operated
upon by the same surgeons are included i the ma
terial This selection 1s random and thus the mate
nal may be regarded as consecutive

Arthrography was performed by injection of 6 m!

1 bt

(Conray ) 282) and
2 ml of 2 per cent Leostesin antero-medially n the
talocrural jont foll d by passive of
the ankle

‘The projections used were antero-posterior later

Submutted for publicabon 17 Apnl 1979
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a

Fig 1 Partial rupture of the calcancofibular ligament Percy type
11 with contrast medium maily sttuated anterior to the lateral
malleolus On the & p film (a) the contrast fitled peroneal sheath

al and antero postertor with the foot rotated 20° lat
erally and medially Furthermore an obhque axial
exposure was used as described 1n Part I It should
be emphasized that an exact projection 1s necessary
for the accurate diagnosis In order to demonstrate
the reproducibility of this projection wn the daily
routine the radiologsc author did not perform any of
the arthrographies included 1n the present senies

Diagnostic critenia Two different types of criteria
were used to indicate a rupture of the calcaneofibu
lar hgament Euther a type IH arthrographic finding
according to PERCY et coll (1969) or a contrast
leakage on the oblique axial film using the criteria
defined 1n Part 1

Filling of the peroneal sheath was not used in this
senes as an indscator of rupture of the calcaneofibu
lar Iigament preoperatively However in a retro

Table
Relanonshin between arthrographic cntena and findings at
aperation
Isolated rupture Rupture of
of the antenor both lateral
talofibular hgaments
bgament
Cntena of Percy 9 10
Contrast filling of the
peroneal sheath s 1
Obhque aval film o 19
Ruptures found at
operation o 19

[3
lar fossa and et

(—)1s visible Contrast medium in the malico

lhc)llp of the fibula (+) on the oblique awal film () iy

rupture of the calcaneofibular hgament

spective evaluation, it was compared with theo ™~
cnterta mentioned (Table)

Operation At the operation 2 J shaped o
was made anterior to and beneath the laters! st
leolus The peroneal sheath was opened in orle®
obtam a precise estmation of the extension of
lateral higament lesion The posterior Lo
ligament was not inspected

Results

A rupture of the calcaneofibular Tigam
dragnosed correctly m all 19 cases

At operation rupture of bu\h‘i_!:e Ian
lar ) and the cal .
found in all 19 patients In 13 patients bomhlﬁlj;:'
were totally ruptured whifem6 patients ll r
of the calcaneofibular ligament was parti® :l s
bined with a total rupture of the ameru;rl:m] P
ligament The antero postenor and JCY .
were evaiuated using the cntena of PERhe oHE
without knowledge of the results from lhc ot
axal film The diagnostic results usml!"::m et
axal exposures 4re sigmficantly better
other cntena (x? test p<0 0! Table)

All cases without filling of the peront
a rupture of the sheath at opcration

ent ¥8

terior 2o
Tigament &

al sheath to!

Discussion P
g
The oblique axial projection 15 '""n': hee
perform than the standard projectic

) !
thé
o 1o W¥
less 1n the present scres it was poss!
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a
Eg * Partd rupture of the calcancofibutar ligament Percy type
}sith contrast medim masnly situated lateral to the malleolus

- ™0 filing of the peroneal sheath Two tongues of contrast

b

f a
1783 Tory
b I peroney UPIUE Of the cal aneofibutar higament No filling of
; 3l sheath Ruptured calcaneofibuiar ligament on the
'
._/: !‘rwtclmn m (]
Merience and

. Mo Patient,
Lt

he daily routine without special ex
Wwith a high diagnostic accuracy

mplurz “;;elgperalcd upon if only an 1so

" Suggeqeq Yo d ¢ talofibular ligament was

draun ¢ o0 Wrect conclusions can therefore be

ety \ ¢ possibility of a false normat cal

¢ Dicarey W :“X;\cnl (e a ruptured ligament not

d agostc o nhrography) However since the

curacy of the critema of PERCY et coll

<_
medium the medial one indicating ruptured calcaneofibular hga
ment on the oblique avial film (¢} Positon of the lgament
between arrows.

<

oblique avial film (¢} Nearly identical appearance of contrast
medm as in Fig 2c

mn the present senes equals that of the senes of
LINDHOLMER et coll (1978) where all cases with
possible lateral ligament ruptures were operated
upon 1t can indirectly be concluded that an errone
ously normal ligament based on the oblique axial
film does not play a major role

However after this senes had been concluded
one erroneous diagnosis occurred In a patient with
a total rupture of the anterior talofibular and the
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calcaneofibular ligament the arthrographic finding
was that of a Percy type III On the oblique axial
exposure a leakage was observed lateral to the mal
leolus but the contrast medium m the malleolar
fossa had a well defined straight border at the post
tion of the calcaneofibular ligament which con
sequently was assumed to be mtact The reason for
this finding 1s not known but 1t might be caused by
too few passtve movements after the mjection of the
contrast medrum

The appearance of the leakage descnbed n Part I
(VuusT) corresponded to what occurred m the
chnical sentes (Figs 1 2 3) Itis possible to distin
guish the contrast medium that extends around the
lateral aspect of the malleolus from that situated
beneath and medial to the tip of the fibula in the
malleolar fossa Only the latter indicates a rupture of
the calcaneofibular hgament

Filling of the peroneal sheath was a better cnite
nion on rupture of the lateral igaments than the ex
tension of the contrast medium on the antero pos
terior and lateral films the correct diagnosis was 74
per cent This figure ts not absolute since peroneal
filling was not used preoperatively as an mdicator of
the calcaneofibular igament rupture  The result s 1n
agreement with that of SPIEGEL et coll (1975)
STAPLES (1975) LINDHOLMER et coll and PRINS
However BROSTROM et coll (1965) found that such
a filling was a reliable cnitenon for the cal fibu

of the peroneal sheath occurred in § cases despr
rupture of the sheath found at operation

SUMMARY

The vahdity of a new cntenon for the arthropy.
diagnosis of rupture of the calcaneofibular heares ¥
compared to that of other arthrographtc crtena mad
cal senes The new criterion 1s found to be more relak
than those previously used
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NUMERICAL ASSESSMENT OF ASYMMETRY AT
1 SCINTIGRAPHY OF NORMAL JOINT PAIRS WITH ®Tc™ POLYPHOSPHATE

M N@RBIERG J HEERFORDT 1 DISSING M JENSEN
J MOLLER and O SNEPPEN

- The normal *Tem polyphosphate 15
asally described as being symmetnic (CHARKES et
ol 1973 Crrrin 1977) Only i a few reports has
“ttention been patd to non pathologic asymmetry mn
teular accumulation of tracer THRALL et coll
19%4) noted asymmetry m the shoulder region m 19
150 patients m 17 of these 19 cases the uptake
::’khxgher in the nght shoulder Swmilar but less
,‘ ":d gﬂerences have been found in the hips and
s fENOE & MOELLER (1974) observed a few
normajo hasymmelnc accumulation 1n otherwise
b s]doulders and MERRICK (1975) found that
i us r: of the dormnant side often has a higher
vty ES et coll (1976) found nght sided pre
P a:du-; the shoulders of 30 of 100 nght sided
b eft sided preponderance in only 5 of
Ay (he o
g e::Jc feports have been based solely upon
messmemuauun of the scintigrams  As numencal
N enables a more exact graduation such
ysis of the Symmetry in some non pathologic

Jomts wag o
onsidered to be of mteres
Omed 1 fetrospect s per

Method

San
;lhnle:irda;hy VSIng a § inch (12 5 em) dual probe
Procesgor (E'i‘clﬂmear scanner with video-display
'y e ad SCint) was camed out 2 to 2} hours
Nl SSITation of 444 MBq (12 mCy) *Te
Phate Particular care was taken m cor

rect p of the patients n order to avoird
position dependent asymmetnies The images were
stored on magnetic tape for later numencal analysis
on the video-display umt Each joint was framed
and the total number of counts within the frame was
read on a numencal display For each pair of Jomts a
ratto was calculated if the number of counts was
higher in the nght jomt the ratio was defined as
pomnting to the nght and vice versa

Statistically the number of counts within each
frame was assumed to follow a Poisson distnbution
The standard deviation {(SD) of the ratio (R) 1s

SD=Rx ]/
X

where x 15 the number of counts in the frame of one
side and y the number of counts n the other frame
The ratio ts said to pomnt sigmficantly to the nght or
left1f R—SD>1

Matenal

The matenal compnsed all recorded cases of
#Tc™ polyphosphate bone sc hy n patients
from this orthopaedic department dunng the penod
1973 through 1977 excluding (1) 1mages not techn:
cally sutable for numencal analysis (2) images
with asymmetnic posittoning of the patients and
(3) images from patients with systemic diseases
such as rh d arthntis etc

for 21 1978
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Table

Risht left vanation 1n yoint regrons

Jotnt parr Ratio pointing Ratio pointing Ratto not sy, Tota}
significantly sigmficantly nificantly de
to nght to left viating from | No  FPer
cent
No  Per No  Per No fer
cent cent cent
Shoulder 13 5 46 18 82 3 760 100
Sacroiliac 132 32 7719 205 49 414 100
knee 99 40 67 27 83 n 249 100
Ankle 65 30 5124 92 46 214 100
Tarsus 67 32 43 20 101 48 211100
Total 495 37 %84 21 569 42 1348 100

A total of 534 images remained for analysts some
of these included only a few or a single pair of joints

It 15 well known that a foc1! osseous lesion may
entul increased tracer accumul ition not only locally
but also diffusely in the affected bone and possibly
also in the adjacent jotnts (THRALL ct coll 1974
1975 BESSLER 1975 GOLDMAN & BRAUNSTEIN
1976 PFANNFNSTIEL & SFMMLER 1977) Therefore
from these 534 bone images the joint regions in the
vicimty of a foc il bone lesion were excluded Thus
@ focal leston of one tibiy excluded the knee and
kle regtons ete Hip joints were excluded as by
the method used it w1s tmpossible to avord superim
rosition of the pelvis Elbow and wrists were also
excluded as the relatively low count rate in these
regions mduced | wger errors 1n the calculation of the
ratio

After this further selection the 534 mmages include
1348 joint pars sutable for evaluation of non
pathologic asymmetry (Table)

Results

In the material as a whole a significant right sided
dominance was evident in 37 per cent a significant
left sided domunance 1n 21 per cent and an apparent
Iy symmetnic accumulation yn 42 per cent (Table) In
shoutder and knee images asymmetric distnbution
was relstively frequent (about 70%) as compared
with that i the sacroiine ankle and tarsal Joints
{about S0°7)

The frequency of a significantly night pointing
ratio was highest in the shoulder yoints (51%) some
what fower 10 the knees (40%7) and sull tower 1n

the remaining jonts The distribution of the casesbr
the size of the ratio 1s presented m the Figu
which demonstrates not only a majonty wis
nght pointing ratio but also among these cas;sb;
relatively large number with a marked deviatic
the ratio

Discussion

The most common source of asymmetne s::‘;
graphic delmeation of corresponding joint “*wm
normal individuals 1s no doubt n ns&"‘"""": for
tioning of the patient by exclusion of imag e
asymmetrically posttioned patients the fﬁimm
nies in the present senes e assumed to e
al right left vanations tn tricer dlslnbuuonhm

On the whole the asymmetries were rat

aroul
the mean value of sigmificant rau;»csr !Z;‘mésts
a large num
11010 125 and £ s oy e

convincingly assessable visually ¢ agymre?
explantion for the higher mquenc)’}‘: res1ous
in the present series 1S compnred wit ll‘m“)
ports (THRALL et coll 974 SEBFS € ot O
former authors encountered asymmetry mrmux
in the shoulders than 1n the knees This :fymm‘“’c
the present results the most C(’f"mon(; the eV
distribution occurnng 1n shoulder Join st com™?
most common m knee Jomnts 1nd the lea
1n the sacroiliac ankle and tirsal ,wmliomeﬁ1 e
Unrecognized wear and teaf pr:::“mam ¥
previously been suggested as a pre "er M
of increased accumulaton of m;; hnee )t
pathologie jornts (SFBES et coli ) Int use of 97
n partrcular this 1s ¢ concervable ;-’c .
metry Otherwise the reason for !
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fato Rght

tributy

N lcu:?;; :: asymmelry according 10 the ratio Only ratios

ot Y1aung from | are included a) Shoulder b) sacro-
¢ d) ankle and o) tarsal joints

des,
Pecially for the mcreased accumulation 1 the

ht

‘ml::ldni?&‘;“s has mainly been attnibuted to side

1) A g ERRICK JAJIC et coll 1978 SEBES et

fed accfm‘l‘;fﬂll)’ less marked increase 1n nght

WRALL o v:o;]‘l"on 1n the jomts of the lower limbs

5 bevng 1974) might then be ascribed to the
more iy

B g miform 1n the lower than i the

The lower frequency of asymmetry in the ankle
and tarsal jomnts 1n the present senies may be as
cribed to the relatively greater measurement error in
these ratios due to fewer counts 1n these regrons
The similarly lower frequency of asymmetry i the
sacrothac joints must be viewed m the light of
supenimposttion of a considerable soft tissue layer
on the osseous tissue tending to mask a possible
side difference n osseous distribution

Conclusion In visual assessment of bone scintt
graphy images shghtly asymmetric distnbution can
hardly lead to erroncous evaluation but if the ac
cumulation 1s to be evaluated more objectively
numerical analysis ts necessary (BAUER 1975 SNEP
PEN et coll 1978} For diagnostic application of such
numencal assessment normal ranges of physiologic
asymmetry must be defined based upon anatomic
regions and possible side dependent vanations

SUMMARY

Numenical analysis of **Tc™ polyphosphate distnbution
m 1348 selected non pathologic joint pars revealed a
sigmficantly higher night stded accumulation in 37 per
cent a left sided domenance in 21 per cent and no signtfi
cant side difference in the remaining 42 per cent The most
common level of asymmetry was the shoulder joint
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CONTRAST MEDIA FOR COMPUTER TOMOGRAPHY OF THE LIVER

O H WEGENER W MUTZEL and R SOUCHON

Computer tomography has not rendered contrast
media redundant Two well proven groups of sub
stances are available for the intr of
lonic contrast media urographic and cholegraphic
The rational use of these medra 1n abdommal com
puter tomography 15 now reported based on expen

enes from a clinical senes animal and phantom
tXpenments

Material and Method

stAn EMICT 5005/12 general purpose scanner with
anning time of 20 seconds was used With an 1m
3% matnx of 320%320 the SD of a d d

contrast medium 1n order to avoid motion artefacts
roughly at the level of the phrenico-costal sinus The
contrast medium was injected as a bolus within one
minute Thts layer of the liver was scanned at pre
selected intervals up to 120 mun after the injection
Durnmng the scan blood samples were taken 1n order
to determine the todine plasma level The doses
were 04 06 and 09 g I/kg body weght as
meglumine diatrnizoate

Evaluation An area of at least 2000 volume ele
ments was selected and the mean value (with SD)
determmned for the entire series The central cylin

':;‘l:; P:‘B;;(;T was 16 per cent 1e +8 EU (EMI
nilwere =2 Hounsfield umits (HU) The am
v canned at 120 kV and the patients at 140
l)i’:?]:::l €xperunent A plexiglass phantom (Fig
o l:meler of 18 em with cylindnc boreholes
1025 cmg lameters was scanned using a field size
g field Slz*; 1m?ge of the boreholes with a scan
Rspond to e l: 320 cm diameter would cor
“anaton of ‘h° Ject diameter of 1 28 to 60 mm By
the '“leldua]de photomultiplier tension the SD of
M of 1 5ms of the image was vaned from the
£ M0ES apogace, 0 63 EU For one measurement
$2Ying conce l:lm lodldeAsolu:l:m was Tlmduced at
cory n 1 y
::;;m::‘" Plexiglass was performed (wedge cor
hanony order to reduce shading within the

Clintea] sgpy5
TOWT ey g
$eclion wag

Volunteers without any chmcally
dlseasc were selected The level of the
etermined before the myection of the

der repr the aorta was exactly fixed using a
special program and the attenuation measured The
10dine content of the blood samples was determined
according to Sandell Kolthoff by means of the
Technicon Autoanalyser

Ammal experiments were performed in the dog
(beagle) Intubation was camed out under pheno-
barbatal sodiim h and rel t d
with succinylcholine chlonde The anaesthesia was
continued with mtrous oxide Dunng the 20-second
scan breathing was suspended on expiration

Dosage cholegraphic medwm meglumme 10
troxinate (Biliscopin) 70 mg/kg body weight mtra
venously urographic media (1) meglumine dia
trizoate (Angiografin} (2) meglumine 1oglycinate
(Rayvist) (3) SH H 340 AB (non 1omc¢) (4) CT 345
and (5) CT 346 (the last development preparations of
Schenng AG Berlin Bergkamen) for bolus tech
mique 360 mg I/kg body weight was used and for in
fusion 50 mg I/min/kg body weight intravenously

Subrmtted for pubhcation 19 Apnl 1979



240 O H WEGENER W MUTZEL AND R SOUCHON

Fig 1 Plexiglass phantom with cyhindnc boreholes of vanous
sizes

Fig 2 CT section through dog hver a) Before and b) after
tnjection of contrast medium The evaluauon field appears in (b)

The same section of the Liver as in the clinical
series was scanned at preselected intervals and the
attenuation measured over the same area for the
entire sentes (at least 1 000 volume elements Fig 2)

B(l.ﬂl‘ ('U"Slll(”ﬂllﬂ".\'
A high attenuation resolving power of the compt
ter phy and enh of the diffe
In issue attenuation by means of contrast med:a are glass
prerequisites for dignostng small lesions or those  Fig 3 Computer tomography "f)"‘f){"]fh‘,'
with a similar attenuation 1o that of the surroundmg 1043 standard deviatons (nose

b W 2 u;
wmage ':‘k” ;x‘ -

pore! -
Boreholes filled with water Even the smlln'dywmdl -

tha s
tissue It1s the high attenuation resolving power of  in diameten) 1s detecrable (—+) A detail wilic e ey

(++) SD£3FU b-f Contrast 19 EU AS 5 qp
computer tomography that gives it an advantage boreholes also become visible b)Y 5?663
over conventional radiography It 1s described by SD+I3EU ¢)SD+7EU ) 5D%3
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d )b
€ Contrast ¥
to 6 mm in diameter casily visible
e I A SRR ST
the human fiver “otuntl the contrast 1s 19 EU {! Sumes SD}are
1o the s
the SD of the individuat dot in the image around a  or the radration dose mcrensc‘iul;u;ghk ndﬂ!‘:
mean salue the attenuation value of a homogeneous radiatton volume and 'hz uil:jms of the mage ¢ :
matennl These Nuctuations appear on the image as dose the SD of the individua e (aboet § 10 p
notse and are caused by vanation of the photon flux  cramal scan 1s considerably s W

d (Fig 3¢ 1
and the signal processing Fig 3 shows how increas than in the whole body ﬁdon dose obwiosels €
INE NOISE 1S d by an obvious red mn limuts to increase the mdmll“on Aifferenes <

y ual
the visibility of small zones of lesser attenuation In  For this reason the ml;‘nedm This TN he &
order toimprove visibility the notse must be reduced hanced using contrast
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r[ mg 100 mi Blood EMI Units [ W7 W | mg /100 mi Blood EM! Unts [W
b} 500
0 F100 100 p100
A
i 50 501 50
\ Basis
Bass
o
10 1 10
30 60 120 30 60 120
= mnutes after mecton| minutes after mecton|

a

S Blood fevel and enhancy

ement of liver and aona after
fyhousmection of a}0 4 kgb w (t 112 min) and b)0 9g
W asmeglumioe diatnizoate’ M Blood O Aorta @ Luver

ol how mu h
{reasonable
::’;l::‘:’l‘_‘l’m expenments show that even in the
mmmb[:ﬁn:lderable noise larger areas are still
ad m, h\ en small ones have already disap
al mncsgn felr contrast alone can demonstrate
less thag c:s“_[;“eﬂua“on down to a diameter
M genera) us for computer tomography
Tl radiology detanl contrast dragrams can

such an enhancement 1s destrable

1s somewhat less than 1 SD (9 EU) Onuly a contrast
of 1 5 SD (19 EU) can reliably demonstrate the areas
of lesser attenuation down to a drameter of 6 mm

This phantom expenment can only serve as a
basis for esimation since 1t 15 not unconditionally
transferrable to the demonstration of the hver m
vivo The reasons for this are as follows

A background of optimum homogeneity can be
obtamned which 1s impossible 1n the liver having

&ﬂ::l:‘c::e The question of the enh de
A d::::ne time a question of the size of the
o erd The competing procedures—
TRUter tome, m:“graphy_s:x the cntenon if
i g émdp Y 15 to be better than these 1t
fkssum,] . emonstrate lesions with a diame

Unde
3 ma,:[;“;:z)":;ﬂndltlons (20 s scanning ime 1m
¢ areq of th ‘(? an SD of 1242 EU 1s obtamed
ety o pare IVEF Aeas less than 10 cm n
M2y, 6 ly be detected (Fig 4c) and those
the anenu;,m In diameter are only just detectable
ton difference 1o the surrounding area

morpt structures such as the vena porta
system Moreover even small artefacts can mflu
ence the detectability 1n the borderlne area

The holes 1n the phantom are punched out with
sharp edges giving optimum contrast The Iestons in
the hiver are not sharply defined and have irregular
outlime A metastasis can approximately be com
pared with a small sphere

The cybndric form of the holes furthermore pre
vents the partial volume effect which may anse n
the iver 1n all lesions smaller than twice the width of
the layer

Since the conditions for obtaiming an image 1in vivo
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Table W | EMI UNITS (absolute)

Dose dependent enhancement over the base values of aorta and

Iner in EU after bolus tyection of meglumine digtni oate
Dose Aorta Liver
(eIhg 2
bw) "mn 9mn  20mm 2mn 9mn 20mm
04 49 k2 15 16 13 8 2 L T —
04 32 3 3 6 1 6 - "__ ————t
06 35 23 19 19 18 15
a6 51 18 20 26 22 17 Bass
o6 38 20 16 2 3 i [
09 78 32 31 4] 20 20
95 51 % un 4 2 1a Fig 6 Enfancement of the hver at2 9 and %0 mut derish

imiection of meglumine diatrizoate dependent upo the
dose applied 04 ~—-062and —09glkgbw

are less favourable a contrast of at least 2 SD be
tween pathologic and normal tissue 1s obviously [WZ::
necessary Thus an enhancement necessarv to

make a lesion with a diameter of 1 ¢m visible aganst
the surrounding tissue of similar attenuation must
amount to at least twice the SD Admttedly

parenchymat lesions of large areas in theory require
smaller quantities of contrast medium 1n order to be
detected 1n practice however supenmpositions of
artefacts actually call for higher enhancement

Results

Chinical series

A chronologic representation of two typical de
velopments of the attenuation values over the tiver
and aorta (blood) after bolus injection of 0 4 and 0 9
g I/ke meglumne diatnzoate appears i Fig §

Immeduately after the mjection the values over
aorta and hiver fall more steeply than later on High
er dosapes show most clearly the different rates of
fall in the enhancement of hiver nissue and blood
(zorta) The aortic values which are at first higher
than those of the liver fall below the latter after
about 1S min (Fig Sb) The uneven course of the 5 !\'Wf 1
attenuation curves in Fig 5aas due to artefacts and !
hardly shows the mtersection of the two curves

The Table gives the position for three ume inter

//

vals (2 9 and 20 min) for the three dosages selected L
7 e

(@4 06and 09 g kg body weight) the following o ds

common features can be deduced Fig 7 Enhancement of dog liver afer polus e

4l
thgher dosages produce higher snitia) and higher  graphie m(d:l Each(cellr‘g r:‘;;rém“;:xf;:m: :]. i
1ay
fong term enhancement A tigher dosage has the :;‘"?,:‘::":ed,u::l;ﬁ T1 350 AB 1y 65 and €907
strongest effect on both liver and aorta dunng the CT 346
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¥] e uniTs.

~g 8 Enhancement of dog hver after intravenous injection of
eumine iotraxinate t; about 10

Tstminutes after mjection 40 EU at0 9 g [/kg body
. eight compared with 16 EU at 04 g I/hg body
_eght After 9 mun the enhancements of the differ

ot dosages approach each other lying between 11

WM EU (Fig 6)

The sodine plasma level has decreased to half the
fiznal one at 92 mm (£29) and corresponds then
) Jtat of the attenuation values over the aorta at 120

0 (2%0) The enhancement over the liver lasts 2 to

times as long

) The results of the phantom expeniments may be
70ncluded as follgw s for pracucal use

h::‘;"'dmg to dosage the enhancement 1s below
¢ value of twice the SD of the individual dot 1n the

"BEE 1 25 EU between 2 and 9 mun after the
wlus Injection

Armmal experiments

on of urographic media The de

ncement for vanous contrast media
7 The curves allow the following

Bolusyecy,
STease i ephg
Srpears 1 g
Conclusions

AtS 1o
‘"thmecll:, EU the enhancement with all uro

ot dl(Sr of the same order of magnitude

b e iierences between the curves caused
S neither the half ife of meglumme

that of meglumune toglycinate can be

h certamty but 12 15 at any rate less

U204t oy
Hemmined
wil
%an 00

The ha
Hp \;r;f;oflhe non lomic contrast medium SH
oty S min and 89 mun 15 definitely shorter
Theg the ton1c contrast media
. T345and CT34
Eotnder ey 6 contrast meda at present
g “'hilncemm‘:pmcm have a very slow decrease n
. Of the two the dr 1odized form (CT

346) produces a somewhat higher (initial) enhance
ment

Bolus imyection of a cholegraphic medwm (meg
lunune iotrovinate) At the normal human dose
of 007 g I/kg body weight a maximum enhance
ment of 8 EU was obtained (Fig 8)

Bolus wyection of cholegraphic plus urographic
medwm The sequential apphication of meglumine
otroxmate and meglumine diatnizoate (same dos
ages as before) leads for a short penod to a max
mum enhancement of 18 EU (Fig 9) The two com
ponents work on the whole additively The mixing
of meglumine sotroxinate and meglumene roglycmate
resulted 1n a shightly lower contrast of the Liver tis
sue [0EU The half Iife was comparable to thatof a
cholegraphic medium (Fig 9b)

Infusion of urographic media Higher enhance
ment 1s only attainable with an infuston technique
(Fig 10) For both meglumine diatnizoate and CT
345 an enhancement of 45 EU 1s obtamed after 60
mim {end of the mfusion) A shorter infusion period
leads to lower contrast (Fig 10)

Discussion

In the phantom expenments the hmtations oc
curning 1 conditions tn vivo were stated It s a
question of relative contrast between lesion and
surrounding ussue Only if the pathologic process 1s
enhanced slightly or not at all 1s the required 25

EU of the sur ding tissue suffi
cient In most avascular and hypovascular lestons of
the liver ( ) this 15 probably as a

rule fulfilled On the other hand 1f the pathologic
process 1s enhanced higher enhancement of the sur
rounding tissue 1s necessary Finally the admims
tration of 2 contrast medium may conceal more high
ly vasculanzed lesions (hypernephroma metastases
STANLEY et coll 1976 1977) This s also the reason
why 1t 15 not feasible to give overall vahd directions
for the application of contrast media 1n abdominal
computer tomography

The cholegraphic media are taken up selectively
and excreted by the mtact hver cell However the
limited cellular transport maximum must be consid
ered Thus despite the organ specificity limuts to
the enhancement of the hepatic parenchyma exist
Therefore even tn mfusion cholegraphy with a large
amount of contrast medium a higher enhancement
cannot be expected than with a bolus injection
However the enhancement obtamnable after a bolus



myection {(~8 EU) 1s hardly sufficient considering
that 1n the present experiments the normal general
1y tolerable dose was admimstered Only m vas
cularized lesions of the lver could cholegraphic
medra perhaps be used supportively as the results in
the chnical sertes suggested

The groups of media were mvestigated that have
hitherto been commonly used and whose properties

R
- s

are widely known The 10dized orly 1 at
present under development that have been reported
by LAVAL JEANTET et coll (1976) and VERMESS et
coll (1976) did attam a greater enhancement (30-50
HU) in an analogous ammal expertment (ALFID! &
LAVAL JEANTET 1976) but the hepatocellular reac

tion may give cause for concern The infusion tech

nique gives higher enhancement (90 HU) but still
offers the advantage of greater controllability

Although the expenments were camed out in a state

y
sl ?
2
a0 _'__v__‘_____,_d|
2 »
? ° ot an
et we

anc dog hver after ntravenous Nt
Fig 9 Enhancement of dog It 0 s d

Jection of Bil aam fyobe $

of suspended respiration 1n several of the 1

artefacts could not be completely ehmimnated The
curves of Figs 7b and 8 show the effect of these
interference factors which did not allow an exact
determnation of the half lives However the aver

age image quahity was quite satisfactory and almost
free from artefacts

Conclustons

(1) With urographic medta 1t 1s possible to ob
tamn higher enhancement of the liver than with
cholegraphic media

(2) Bolus injection of urographic med:a requires a
higher dosage of contrast medium and a rapid scan
TINE process

(3) In examination of the liver the infusion of
urographic media 1s clearly supenior to the bolus
techmque

(4) Even 1 cases of moderate vasculanzation of
small hepatic lesions the lesions can be rendered
vistble by the infusion of urographic media

SUMMARY

A simple phantom expenment indicates that the en
hancement of abdominal organs should be twice the SD of
noise 1 a CT image The enhancement of liver tissue by
urographtc and biigraphic contrast media 15 analysed 1n
climical senes and ammal expenments Vanous sub-
stances apphed alone and in combination were 1nvesn
gated At present only the infusion technique of uro-
graphic media provides a sufficient enhancement of liver
nissue

‘min) and second njection of meglumne dnamznm(x:!gfg
12ml t; about 100 min) b) Mixture of meglumine (otro’
meglumine 10glycmate (t, about 6 h)
_—
-

Y[ e unts

n i

9 mm
TR R T w e el

E__*q.f——-/i%

R

xod
. ln(mvtnu";";‘meb( ¢

Fig 10 Enhancement of dog hver afte wer

urographic media a) Duatnzoate sodwm
infusion indicated by arrows
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PREVENTION OF EXPERIMENTAL VENQUS THROMBOSIS INDUCED
BY CONTRAST MEDIUM IN THE RAT

F H A MarFel H A RoLLoand V F Fasriy

Deep venous thrombosts 1s the most feared com
Pliation of phlebography Although its real inct
denee 1 unknown values as tigh as 24 to 33 per
Tentof possible thrombosts after phlebography have
been publishied (BETTMANN & PAULIN 1977 AL
lfilkscmssow & OLssoN 1976 1979) Infuston of
a\fj:is *ith of without hepann to wash out the vems
. c; the cantrast medium mpection has been fargefy
- m}\nrder to reduce this complication (hAKKAR
o &up,xr 1973 ATHANASOULIS 1975 BETT

P AULIN 1 EA THOMAS & MACDONALD
pﬁEMCA‘;ﬂTAKlS et coll 1978) The clinical ex
Ofphygm? this hospital 1n Botucatu with mnfusion
ik gg,(c saline containg hepann dunng and
oy o graphy seems to confirm the preventive
” Dcmuresepann The effect of vanous wash-out
tuma aon thrembosts mduced by contrast me
P 35essed expenmentally in the rat for an

10 of the usefulness of this method

Material and Methiods

Sy
Tom ','yoo”::f%o rats of the Wistar strain weighing
56 eyt & were used The left jugular vein
. Segmey llssecu:d free under ether anesthessa
certng v:sca}’out one cm long was 1solated be
M g “"hd" 4ar clips The blood within this seg
a1 oy @ through a 3 gauge needle and
" Wt e of sodum diatnzoate (Hypaque
Tiecteg Aﬂcm sufficient to fill the segment was
B wae aHor 10 mm the chips were removed and
. mﬂho‘:’ﬁd to recirculate m the vein Detals
Mgpgy o bave been described previously
ol 1977) The ammals were then 1

cluded by randomization 1n one of the followmng
groups
Group I Cantrol No trearment after induction of
thrombosis
Group 1L [nfusion of 2 5 mi of phystologic saline
durmg 5 min through a 3 gange needle placed
cephalad to the site of the first puncture in the
left juguiar vemn
Group II1 Infusion of 25 U of sodium heparn m
2 S mi of saline as wn group IT
Group IV Tafuston of 25 U of sodium hepann m
2 5 mi of saline duning 5 mun 1 the nght yjugular
veimn
The inctston was then sutured and the ammal at
jowed to recover After 48 hours the mcision was
reopened undes ether anesthesia the veiw mspected
and opened 1o see whether bleeding occurred The
whole segment was then resected fixed 1n formatin
107% and embedded 1n paraffin The tssues were
stained with hematoxylin-eosin elastc van Gieson
and blue and d preally
In another group of 5 rats the effect on coagula
tion of the given amount of hepann was assessed
Under hight ether anesthesia the tip of the rat s tail
was cut off and 6 5 ml of blood was allowed to drop
1ito a clean glass tube  This was immediately placed
1 a water bath at 37°C and the cloting time was
measured Twenty five unus of hepartn n 2 § mf of
salime were then injected mnto the ven of the pemis
and the clotung time measured after 30 60 240
and 270 min
Results of the four treatment groups were staus

Submutted far publication 17 Jamuary 1979
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tically analysed by applying the test for contrast
among multinomial populations (GOODMAN 1964)
and the test on simultaneous confidence intervals for
multtnomial proportions (GOODMAN 1965) for an
of 0 05

Results

The incidence of thrombosis in the various groups
appears in the Table Occlusive thrombus was sig
nificantly more frequent in Group [ (control group}
and 1 Group II (saline nfusion only) than n the
groups gnen heparin No difference was observed
in the mcidence of mural thrombosis for the dif
ferent groups Absence of thrombus was significant
ly more frequent in the two groups given hepann
without any difference between these two groups
being apparent

When compurnng the frequency of the varnous
types of thrombus within the four groups the con
trol and saline treated groups behaved similarly on
application of the test for simultaneous confidence
mtervals for mulunomial proportions  for both
groups occlusive thrombr were significantly more
frequent than rwral thrombr and absence of
thrombt The Feparin treated groups behaved dif
ferentlv nu 1.0 ficant difference 1n the frequency of
octlust ¢ ar mur:d thrombs or absence of thromb:
was found tn the systemic heparnin group n contrast
to the group with local wash out with hepann In
thts latter group occlusive and mural thrombi were
sigmificantly less frequent than absence of thrombus

Most vems without thrombosis appeared normal
when inspected m situ on section of the ven pro
fuse bleeding occurred However some veins were
contracted and pale and little bleeding occurred
when they were sectioned Microscopic exammna
uon revealed an acute shght adventttial inflamma
tory reaction The endothelium was preserved in

most of the sections and looked normal except in
one case in which it was swollen with degenerative
lesions

The vemns with thrombosis were distended and
had a dark brown colour On section no bleeding oc
curred and the thrombus had a uniform dark red
appearance  Microscopically the thrombt were of
three 1ypes Red formed mainly by red blood cells
somctimes with small aggregates of platelets m a
frameworh of fibnn fibnnous when fibnn was the
matn clement of the thrombus and mixed when
fibna red cells and other blood cells were observed

F H A MAFFEl H A ROLLO AND V E FABRIS

Table
Incidence of thrombosis induced by contrast medium 1 ¢

Jugular vem of rats Effect of different types of treatrens P
centage gien wn parentheses

Result Treatment
Control ~ Washout  Wash-out  Sye
physiologic  salne+ safite
sahine hepann hepann
Occlusive
thrombus 14 (93) 14 (93} rm &M
Mural
thrombus 13 1M 300 o
Absence of .
thrombus [ (] (V) 1@ LA
Total 15(100)  15(100) 15000 BN

The endothelium was absent m all the thrombose!
vemns As for vens without thrombosis an fler
matory reaction around the vein was obsened
The mean clotting time 1 the 5 normal mts &
fore admimistration of heparnn was 155049 m
It was prolonged about 30 times 30 min after 1w
venous imjection of hepann 11t all ammnl: (M;
4745 2 mun) returming to 1mtial values after 0m

Discussion

mbosis 1N the e
te as it had bec?
nces (MATFELE
trast meds”

1t was possible to induce thro
vemn of rats with sodium diatrzoa
previously with sclerosmng substa!
coll 1972) However although con 1
produces endothehal 1npury (RITCHIE €t ¢ s
1t was not the only cause of the dc‘CIOPf:‘! o e
thrombus The endothelial trayma caust
clips and puncture and the stasis et
mia were also important factors lhes!smlm[td 1
these factors has previousty been demoﬂ;‘mm
a series of 15 rats and 15 gumed pigs fee
occurred 1n 50 to 60 per cent after salne
only (unpublished data)

The local wash out of the veit will

aline was not effective 10 prev!

(s)f a thrombus n the present c(P‘"m‘”;t;:d,_n
On the other hand when hepan? was & "
infusion flud the incidence n“hmml::rf
nificantly reduced SystemiC hepann 2 s o
thrombus formation although 1t seeme
tive

h ph)sxoh‘f‘

was ¢ F

\

<

-

Y

ot

&

Jeadimg 101 !
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The hepann was given only once and 1n a rela
tvely low dose sumlar to the one used at phlebo
grephy 1 man  As the clotting time 1n rats with the
used dosage of hepann was normal after 4 hours
suggesting low or no action of hepann after this
-tme 1t appears that the mtral pertod was vital for
the development of thrombosis In rats and in guinea
s subeutaneous myections of low dose hepann did
_not prevent thrombosis induced by sclerosing sub-
stances even when given every 12 hours (MAFFEL
etcolt 1972 1977) Therefore a high blood level of
hepann blished diately after 1ntr.

- mection 1s probably an important factor in prevent
ing the development of a thrombus

The mechanism of hepann 1n preventing thrombo
sis 1 the experimental model 1s complex The ab-
sence of endothelsal cells 1 some of the sections of

veins without thrombus would favour the hy pothesis
that hepanin mhibats the mitial aggregation of plate
lets or fibnn d on the d coll:

Ous tissue However the sustamed absence of
thromby 48 hours after hepann mjection with endo-
thebial lesion stll present s difficult to explamm

;new of the normal clotting time of the blood at four
101
10f

urs Another possibility 1s that heparm acts on 2
Rot completely injured endotk hit a
tansitory release or activation of substances of
;f::;:ll;’g an alteration of electnic potentials as sug
vouy YhSAWYER etcoll (1973) all factors which

s ton T;n ance platelet aggregation or fibrin forma

! et g Slls second hypothests means that the com
et r;lctxon of endothelial cells observed 1n all

“ S of thrombosed veins must have occurred
A“[“danl) to the thrombus formation

Qnﬂ?‘:x:’i’,‘:ﬁ:l} 8roups given heparin were sigmifi
¢ lcal At from the control and salne groups

ash out with heparin h
tan systeme heparn pann had a better effect

s u;{z“;\:;g!ralmn of hepann m the endothelum
¢ Meavenoys ttmes higher than in the blood after
HaCes 17, ™ Mechion in rats (FUEBERT &.
oy th) Thus may be assumed that large
e of the g, :P‘aﬂn entered the endothehum at the
entration o:‘ : on due to a higher local blood con
b regyy €panin which accounted for the bet
o S 10 the local wash-out group
dumlyu(gh €¥penmental data cannot be transferred

o
e low mc]:::nan bemngs the results may explam
O ing Phicho, “¢e of deep venous thrombosis fol

8aphy when hepann 15 used to wash

Ot veyy,
s
dunng ind after the examination

SUMMARY

Inorder to assess expenmentally the usefulness of some
procedures employed in man to prevent venous thrombo-
sts following phlebography thrombosis was induced m
rats using sodium diatnzoate 1n a temporanly solated seg
ment of a jugular vein The prevention of thrombosts
was attempted by washing out the vemn with physiolozic
saline or saline plus hepann or by mjecting saline plus
heparin in the opposite jugular veir Thrombosis occurred
m all animals 1n the control group and 1n the group treated
with sahne alone Both treatment schemes with hepann
significantly reduced the incidence of thrombosis the
wash out with hepann being more effective than svstemic
hepann
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MODIFICATION OF GREY SCALE IN COMPUTER
TOMOGRAPHIC IMAGES

A HEMMINGSSON and B JUNG

Several authors (KIRKPATRICK et coll 1978
STEPHENS et coll 1977 BRYAN et coll 1977) claim
that CT 1mages often should be displayed with a
namow window settmng (50-100 old Hounsfield units
Hi) Parts of the 1mage outside the selected band
then appear completely black or white This might
detract from the evaluation of the image and essen
tal mformation could be overlooked Other grey
;&]:s than the conventional linear one mmght there
u:f: be of nterest especially for hard copies of the
msB:O SA;CZI:s:insplay console the operator has ac
Whole g ve window settings for analysing the
(G:;“n“::dlﬁed grey scales are presented For one
“m&mde bobjecuve was to leave the selected band
et of ut to compress the grey scale for the
vihord, tmage so that with a small mcrease n

o e selected window the remaining parts o

‘8¢ are also displayed albest 1n a d
ey scdle Forthe of

P
her one (G

P per grey sout e (Grey 2) the number of

Extended regrops of

e nterval was kept constant
Mz te g the

PDP 11 p were for p de
velopment and computations off line the scanner
equipment The programs were wntten n Fortran
with a special YO system (TICS Task /O Control
System supphed by Uppsala Data Centre
HoGsTROM 1978) The new programs were run un
der operating system RT I1 whereas the scanner
programs were run under DOS (both supplied by
Digital Equipment)

Methods

Grey 1 The operator decides the lower (M) and
upper {Max) Hounsfield numbers of the window
from viewing the ongmal image and settles a com
pression factor (Fact) The onginal image matnx 1s
then read line by lne by the program and a pro-
cessed tmage created Pixels within the window
(Min to Max) are transferred without change and
pixels with a content {(Cont) less than Min are re
placed by Min—(Min—Cont)/Fact where Fact 1s
restricted t0 2 4 8 16 32 or 64 to allow integer

h Anal ly pixels with a content

similar attenuation mn the ongt
ver Figure) are then ded

e diy
““mbcrp;);d In a grey scale with an increased
Asmal evels whereas boundary zones covenng
e 1m;tmn of the attenuation level distnbution
Hayeg mhc will be compressed Thus 1t 1s dis
e o o: r;:duced number of grey scale levels
ety ln‘lexcamon of the grey scale with a

Tent purpose b
RLAZ ef coyy (1978, as been described by

Material

The ¢
u
mlhm‘;slp;mm consisted of an Ohto Nuclear
th a 256x256 Feconstruction matrx

ar y
above Max are replaced by Max+(Cont~Max)/
Fact

Greyv 2 The operator after deciding a fower (Min)
and an upper (Max) limat for the pixels to be pro
cessed starts the program to sort these pixels in a
histogram with 1000 consecutive classes of equal
width New class boundanes are then selected so
that each new class contams 1/256 of the number of
pixels within the window Next the onginal image 1s
searched a second time and the pixels assigned new
values on the 256 class scale

Subrmutted for pubhication 26 March 1979
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Ongmal tomograms at wmdow widths of 2) 1002 and b) 171 Hn
€} Image processed with Crey 1 ¢Min 24 Max 74 Hn Fact 8) d)

Results

The onginal 1mage from a patient with a lner
tumour 1s displayed n the Figure With a window of
1002 Hn (Figure a) the contours of the body and the
bony and soft tissue structures are visible but not
the tumour At a window of 171 Hn (Figure b} the
tumour 15 vistble as a darker regton 1n the postenor
part of the night hver lobe while the bony structures
and the rest of the liver appear white The contour of
the body ts not visible When the image 15 processed
with Grey 1 the unaffected window region in the
Iner with the tumour 1s visible and outside this the
contour of the body mn the compressed grey scale at
the same window level as in Figure b 171 Hn (Fig
are o3 At a window level of +49 Hn and a width of

Ho ey
1 Histogram of the Grey ¥

tmage processed with Grey ? (Mm=1"0 Max+ 670

togram of the onginal image

50 Hn (range +24 to +74) the tumovr s depined
with high contrast -

thgGrcy 2awindow settmg of [ 002 H; :efb‘“
simultaneously the contour of the body :‘c sk
tumour (Figure d) The extension of ﬁheoﬂ?"’"
Grey 215 ilustrated by the histograms ﬁm
(Figure e) and processed (Fagure f) 1ma!

Discussion {Md
A disadvantage of Grey 215 that the af:;t:uﬂ "
the obect cannot be evaluated from ¢
wmage with Grey 1 this applies o e
side the selected window Such mcasumm
require reference to the ongmal tomog

ch o
. 1
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The two methods of grey scale modification dem
strate that alternatives to the conventional linear
play may be found that might be better suited for
ostic work They may also be of value in dem
strating 1mages to an audience as the contours
the body as well as the lesion 1n an internal organ
¢displayed in the same 1mage  Also for hard copy
umentation the modified CT 1mages are of in
rest as they convey more mnformation than the
mentional ones displayed either with extended or
arrow windows

SUMMARY

Optimum perception of minute but relevant attenuation
fierences i CT 1mages often requires display window
tngs 50 narrow that a considerable fraction of the im

£ appears completely black or white and consequenily
hout structure In order to improve the display charac

TUCs tho prnciples of grey scale modification are pre

med In one method the pixel contents are displayed
inchanged within a selectable attenuation band but moved
O%ards the huts of the band for pixels that are outside it

f the other the grey scale 1s arranged to a constant
urber of prxels per grey scale interval
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COMPLICATIONS OF ANGIOGRAPHY IN CHILDREN
AND MEANS OF PREVENTION

B JacoBssoN H CURTIN A RuBensoNand S E SORENSEN

The frequency of local thrombotic and distal
romboembolic phenomena occurting dunng per

sure either because of expected difficulties n per
cutaneous puncture n a small child or farlure with

aneous angiography has been widely ! d
tpending on the method of eval the fre

the per 1 Since 1974 the per
has been used exclusnely and

::!Cca);];:?es from 0 to more than 50 per cent but
ignificant occlusions are usually reported
occur 1n 02 to 30 per cent of cases Children
#¢ been considered to be 1n a high nsk group
pecially young infants (for review see MoOR
ENSSON et colt 1976) This as well as the difficulty
aul;:;fz;mmg percutaneous artenial puncture has
o m;: Icenters to imut the use of angiography
'leuauoncl:fd;eé; This report 1s a prospective
e ot consecutive anglographies per
)Sullugm hls hosputal over an eight year period
st En{; Wwas used to detect any pulse decrease
N er spasm or thrombosis  As more 1
ton Whnut the etiology of thrombosts 1n con
““hmquecaxhetenzauon has become available

ot wasmodified with a subsequent drop
alions As multiple factors were changed

m only one mstance was 1t impossible to cathetenze
the vessel The ages of the mfants and children
e by the per h were be
tween newborn and 16 years 26 were less than one
year 58 between one and S years 68 between S and
10 years and 101 were 10 years or older The
number of exammations per year has increased par
ticularly i the group under 5 years of age (Fig 1)
Selective catheterizations have also increased Lo
cal anesthesia was usually used duning {970 to 1973
thereafter general anesthesia m most patients
Radiologists with varying expenence performed the
examinanons The puncture site was compressed
for approximately 10 min following the procedure
care betng taken to mamtasn the distal pulse duning
compression
Oscillography was carmed out with a Gessenius

Mdfereny

u

310 Which lsmes 10 statistical analysis can be made  Keller o h before the and re

for the dcm:ﬂ:lﬁc change was mainly bl peated foll the p di as soon as hemo
20ns are dse In the complication rate  The mod stasis was achieved for detecting obstructive vascu

esC)
theyr Mrodagp nbed together with the reasons for

Matenals and Vlethods

The
fe m“a:: consisted of 267 consecutive trans
teen 1979 a?\in;Pth ¢xamtnations performed be
4 the rema, d977 the majority being abdomimal
ey eq skullln ¢r including examinations of ex
een 19,0 and ?"d heart During the interval be
hnfanh( o angiography was performed 1n

under 2 years of age) via surgical expo
1 ,:,m

lar compheations If the maxmmum excursion dif
fered in the two legs by more than 3 mm 1t was
considered significant When the maximum excur
sion on either side was less than 6 mm and the value
on the cathetenzed side was less than half that of the
uncathetenzed side circulation was also considered
mmpaired (JACOBSSON et coll 19/3) The oscillo

From the Departments of Pediatric Radilogy (Durector B
Jacobsson) and Pedmtnc Surgery tDirector S Hagberg) Ostra
Spukhuset S-$168 Gothenburg Sweden Submitted for publica
tion 3 January 1979
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graphy was repeated during the next 4 hours if the
circulaton was abnormal immediately after the
examination Persistence of an abnormal value for
4 hours was used as the criterion for vascular ob
struction and approprate measures were taken A
return to normal within 4 hours ndicted a transtent
decrease tn pulse and no tre itment was required

In an effort to improve the safety of the cath
eterization  several techmical changes have been
made ammed manly it limiting the formation of
thrombus on the catheter surface Several different
types of catheter were used unul four years qgo
Since then only the Radicath set for angiography in
children (Becton & Dickinson U 5 A) has been
used These catheters are extremely thin walled
giving a maximum mner diameter while minimizing
the outer diameter This set includes a puncture
needle wnd gunle wire adapted to the catheters

Systemic hep.annization was included in the pro
cedure during early 1976 (75 umts/kg body weight)
Heparinization of the catheter ttself was however
considered preferable and when such catheters be
came available m 1976 they were used nstead of
systemic hepantnization The catheters were hep
annized by the process described by ERIKSSON
et coll (1967) During the last three years thromb
ectomy has been performed with a modification of
the method described by JFFFFRY (1972) By this
mcthod blood 1s wprrated at the very moment when
the tip of the catheter s leaving the lumen of the
artery during simultaneous compression just distal
to the puncture track 1nd blood 1s allowed to spurt
out for a moment Thrombi if any around the
puncture site may then either be aspirated nto the
catheter or w ished out

Results

Complications due to the formation of thrombus
occursed in 14 cases 8 of them (57%) in 14 exposed
arteries and 6 in the 253 percutaneous approaches
(23% Fig 2) In all cases in which surgery wis
performed (9) and 1 the one case that underwent
repeat anglography the diagnesis of thrombus for
mation and occlusion could be confirmed In the
percutaneous group (Fig 3) 3 complications oc
cusred in the 75 patients under 5 ye irs of age (4%)
none of these in the 26 patients under one ye ir of
age Two complications occurred i the 5 to 10-
year group (3 37) and one complication 1n the
group 10 yeurs and older (1) No complic stions

b JALUDLSSUIN T LURMIN A RUBENSUN ANU G L oUREROEN

Number of
patients

50

40+

30

20

- %
70 7 W 76 Y.
™ T
Fig | Number of examinations between 19 0 and !
mﬁnber orugulfl‘;e: undner I5 years 1s indicated with staped b

have been encountered i the last 3 1/2 years 1ethe
thout significe?!
last 153 examinations h we been wi "
morbrdity The decreasing complication rate 15 "
mficant (p<0 02) No sigmificant change 1 Ih;y’\
quency of transient decrease i pulse Mﬂ: o
when the group exmmed before 1974 wa bl
pared with the group after 1974 Whether E"’:C -
loc ! anesthesia was used did not mfluence &“ ¥
quency of a transient decrease but did mered |
decreasing Jge of the chid (Fig 4) o
The thromboembolic complication mfeg:aml“’
related to iny specific ¢ itheter of 1yP¢ © el
tion No complication h1s oceurred wnCi i
sion of systemic hep iz tion of the P;:‘m o
procedure or with use of hcp.mmzcd N‘h,p_mmlf
longed blecding after withdrw oftd i
catheters his previously been ahsenrr syt
JACOBSSON 1974) but this caused no di ‘;g;mr'“‘
present series Of the ¢ ises with wmzmch‘s‘
the percutneous group 5 undcr\\cnl_;:mmmn 4
ty thrombectomy within (0 hours e he o
the puncture site was found it 'n e et
p iient the oscillogriphy was Jhﬂ(‘f”:’“‘“mm a1
leg but not in the thigh followng the
At repe it angiography the same
the pophiteal irtery was demonstat
was treated with hepann The freatme!
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Examinations

Surgeal exposure Percutaneous

Transient de

Transient de-
trease in pulse

crease in pulse

eomplications

Ko significant No sipuficant
complication corm; ‘;(;:;n

2 2 Number of femoral ate:
E vy cathetenizations for angiography
“een 1970 and 1977 and comphications from the procedure

#ions and their long term results have been de  than with the pescutaneous approach and was con

bed \n another report (RUBENSON et coll 1979) sidered to be unacceptable This techmique was

therefore abandoned With increasing expertence

P Distussion with the percutaneous approich the femoral artery

e sy frequency of complications associated with  was cathetenized n all children during the past 3 1/2
Texal exposure was found to be much higher  years with one exception

himber of
shents
5+
Per cent
4 40
2
304
-
204
14
10
0 e
£
B by 5 Bl 15 Age 0 1 5 1 15 Age
r:;“ e pe k\x\a;:hhﬂm"w"h thromboembolic emph Fig 4 Frequency of children with transient decrease of pulse
Y Ous artenal cathetenzation for angio- after p rcutanecus femoral artery cathetenzation for angio-
graphy

-~
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The vanation m the reported frequency of com
plications 1s partly due to variation in the method of
detecting these complications Methods of detection
mclude chnical signs of decreased blood supply and
pulse eviluaton which rely on subjective estima
uons The more objective methods nclude oscit
lography (REAL et coll 1966 WHITE et coll 1968
HOHN et coll 1969 JACOBSSON & SCHLOSSMAN
1969) plethysmography (MORTENSSON et coll
1975) Doppler evaluation (BARNES et coll 1977)
routine Fogarty thrombectomy (BAKER et coll 1968)
and pull out angtography (SIEGELMAN et coll
1968 FORMANEK et coll 1970) Using this Inst men
tioned method small amounts of thrombus on the
ctheter are detected which may or may not result
in a significant occlusion The oscillographic method
used objectively evaluates the pulses in the lower leg
but cannot detect smaller thromboemboli in the
more distal arteries of the foot Although wide
variance i complication rates have been reported
the frequency 1n adults most often lies between 0 2
and 3 0 per cent Younger patients are considered to
be at greater fisk  En the present series the overall
rite 1s 2 4 per cent in children with a tendency to a
shghtly higher nsk in the age group under 5 years
(4%) but no special predilection for nfants under
one year However the results nlso show the posst
bihty of sigmficantly reducing the complications
thus the last 153 exanunations were uneventful

The decrensed complication rate dunng recent
years appears to be attnibutable to technical changes
1 response to growing evidence that the major fac
tor n local thrombotic and distal thromboembolic
complications 1s the formation of the thrombus on
the catheter surfuce with subsequent stripping off of
this thrombus 1s the catheter 1s pulled back through
the wall of the artery (NIJAD et coll 1968
JACOBSSON 1969) The number of thrombi can be
minimized first by using thin walled catheters re
sulting 1n a decreased surface area av ulable for for
mation of thrombus Secondly heparin inhibits the
formation of thrombus  Systemic hep irimization has

B JACOBSSON H CURTIN A RUBENSON ANDS E SORENSEN

SCHLOSSMAN 1973 ELDH & JACOBSSON) Sty
of the hepann coating has been a problem wt |
thrombogenicity increasing during the course ol ¢
examination (WHIFFEN & BEECKLER 1966 The ~
heparinization method of ERIASSON etcoll provds
a coating shown to be stable for many hours 2.J
even days 1n contact with blood (HEIDEM:N ¢rall !;
1976 OLSSON et coll 1977) -

The thrombectomy 1s described by JEFFERI 22 &
attempt to flush out any thrombus which my bae
been stripped from the catheter and remams ath ‘:
site of puncture

No other changes have been made which woll
account for this recent decrease 1n complications
The number of selective examnations and cubets §
exchanges has increased as has the number of ¥
smaller children The recent exammnations k¢
been performed by ridiologists with vanie &
penence ncluding some doing thewr tramog B

edratric radiogrphy
P Transtent chimges in pulse are thought to "V’I'J .
sent spasm as rapid collateral reconstitution \M‘gJ
presumably not result in immediate return o!«.;‘g
pulse bilaterally The frequency of this spaim b
not decreased during these years indicating that
local trauma At the site of puncture has nulh;
mimshed This would support the con!cnuun“!(m
the present decrease in complication rate Mmm
of the decreased thrombus formation of the ca "
stself rather than local factors At the sit¢ of puncts )

It seems reasonable to conclude that anglo‘fi':i‘t |
can be performed n infants and children e
percutaneous approich witha hugh suceess ?mplrr
if proper mensures are (iken with a fow € }
tion rate

SUMMARY N
ammations me Y

<
In 267 consccutive angiopraphie €
curres
dren 14 thromboembolic complications ‘:H e it
g surgic il exposure § complications [

ographies
i 283 percutineous ang! g;gt:mh""'

been shown to decrease the rite of thrombotic com
plications (WALLACF et coll 1972 ANDEKSON et
coll 1974 RAPLAN et coll 1975) but this carnes
with 1t the tnherent risks of anticoagulition
Localized high concentrition of hepinn 1t the
blood catheter terfuce can be accomplished by
coatng the citheter with heparin obvinting the
necessity for systemic hepinn with ity potential
problems {FRIKSSON et coll  JacomssoN &

ongin of thrombus during ingiogriphy hJ": walled &
clanfied Techmeal ady inces such 2 ;|e mmltdo“‘
ters systemic hep nnization and Lately ﬁ‘::“") Pt
ters decreased the complication RUCSEN T o
phication occurred among the [rst 183 ex -
of ¢

This investip ion was ¢ urred out while on¢ e
thors (1l C) wis on lewe from lh: ol B g
Radiology Presbyterian Unnvensity Hosp
Pennsylvama 15213 US A
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METRIZAMIDE AND METRIZOATE FOR CARDIOANGIOGRAPHY
IN INFANTS

Companison of heart rate and arrhythmia
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\though new and non invasive methods for ex
mation of children with congental heart disease
€ been mtroduced such as scintigraphy and
sound  cardioangtography still has to be mn
ded 1 the preoperative examunation of these
~Iflrcn mmost cases
iencus side effects of cardac catheterization and
Hoeraplue procedures appear to be unavordable
ol’nf:(i:nl The hazards are particularly great in
mp]g: and infants especially m children with
tovm_;ardlaz: malformations (Ho et coll 1972
o hle; coll.’l%s MCINTOSH 1968) Mortality
. nt‘ga ashl- 8 per cent in infants less than one
et mgcm“aw been reported by HO et coll
s 1h: mortahty m children up to 15 years
0mphmsame series was 1 5 per cent
i lor;s are mamnly considered to be due to
| l\Ru\: 102 the catheter (GRAINGER 1965 Ho et
it e €teall) and to a lesser extent to the
o the m (GRAINGER SWAN 1968) How
mortality rate has been shown to be mflu

ed by q
n ¥ the chotce of contrast medium (HO et

Expenments have 4

Rirasy medug ndicated that the non 1omc

N Other co:: metrzamide 1s less cardiotoxic
oangiogrs, h’““ media in common use for
1ed thy g gy ALMEN (1973) demon
"essure ang lesn;am‘de caused less fall i blood
E Bulh 1 S bradycardia when injected in the
“Rtafing and :‘ls compared with diatnizoate (An
"l expery €lnzoate (Isopaque Cerebral) In
TS ALMEN & ASPELIN (1975) found

that metrizamide caused less reduction mn ventnicu
lar contractile force and heart rate less nse mn
pulmonary artery pressure and also less injury to the
aortic endothelium than vanous lonic contrast
media

TRAGARDH et coll (1975) and HIGGINS &
SCHMIDT (1978) demonstrated in coronary an
grographies 1n the dog that metrizamide produces
less alteration m cardiac functions than other com
monly used contrast media Following mjection of
metrizamide  dratnzoate and metrizoate into the
night coronary artery of dogs TRAGARDH & LYNCH
(1978) found a lower incidence of ventnicular fibrlla
tion after the myection of metnizamide compared
with diatrizoate

Metnizarmde has also been used chncally for
coronary angtography by ENGE et coll (1977) who
reported less decrease m diastolic blood pressure
compared with metrizoate (Isopaque Coronar)

Theretore 1t seemed to be of value to find out
whether the findings mentioned are also valid 1n the
high nsh group of neonates and small mfants sub
jected to cardioangiography

Matertat and Methods

The matenal consisted of 52 mfants exammed by
cardiac cathetenization and cardioangiography The
mfants were investigated at the Children s Hospital
n Gothenburg during 1976 to 1978 because of con

Submutted for publication 16 March 1979
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Table 1

Comparnson betw een the two groups of panents imyected with enher Isopaque Coronar or Ampague LA=leftatnum £V I ¢ ne
RV =right ventricle

No of Mean No of Injection site Contrast medwm
Ppatients werght mpec
{kg) tions LA LV RV Meandose  Mean flow nte
tmiikg/ingy  (mtfs)
[sopaque Coronar 28 38 7 5 15 17 19 65
Amipaque 24 33 37 5 15 17 21 59

genital heart disease which were usually complex i with a total number of 37 injections Five imjectins
nature The iges ranged from less than one day to  were made 1n the left atnum 15 the left ventrc'e
eight months and 62 per cent of the infants were  and 17 1 the right ventricle respectinely {Table it

neonates Most of the children had serious cardiac The mean weight of the children who revened
symptoms Isopaque Coronar was 3 8 kg (range 2 7-5 049 T

The patients were not randomized but represent mean amount of contrast medium myected exhin
ed consecutive examnations ncluding only chil was 19 mlfkg body weight (range ! §-2 6 mide

dren with a weight of less than 5 kg The contrast  The average flow rate of medium wasé Smlfstng

media used were isopaque Coronar (metrizoate 370 5 0-8 9mi/s Table 1)

mg I/ml) and Amipaque (metnizamide 370 mg I/ml) The mean weight of the children who recene!
The age weight and general condition of the  Amupaque jections was 3 3 kg (range 205010

¢hidren did not mfluence the choice of contrast  The mean amount of medium myected each tme ¥

medivm  The same contrast medium was always 2 1 ml/kg body weight (range 14-28 milke) s

used for repeated imjections average flow rate was 5 9 ml/s (range 3 s-10gule
The Cisal I imyector used did not allow the flow  Table 1) ded b
rate to be preset Catheters of slightly varying length The injection time was automatically reco

ead 1 as well ¥
d onanBcbr
The rece
ds after

and diameter were used Amipaque has a higher  the Cisal Il injector ECG standard K
viscosity than Isopaque Coronar and this may result the contrast injections were recorde
I somewhat varying iyection rates Only consecu nel M f during the

tive Isoprque Coronar examinations with flow rates  ings were continued for it feast 10 secon
as close as possible to those 1 the Amipaque group  start of the contrast injections

were selected for evaluation in order to make the The occurrence type and timing o l:m:‘:f:
two groups as equal as possibie extrasystoles as well as change 1 feart 128

Premedication was given to 10 children who re were recorded for each injection he \analés

ceived erther a combmation of pentazocme and A change n frequency exceedmg the pefort
econds

diazepam or a combination of pethidine  prometha during an observation period of 3 s ot
zine and chlorpromazine  All patients were ex  the yection was regwded 9 wd;‘)fr:ﬂ
amined by cardiac cathetenzation and angiography  bradycardia  The maxuimum change ¥ f conlis
i the same session The catheters were mserted  and its ming n refation 0 the start "en) e
through the femoral vein after local anesthesia with injection were estim ied  Heart ff‘lql: uxlrg”
Iidocaine 0 5 per cent without epinephnine Cardiac  measured on 3 consecutive cardise €36

cathetenzation was performed with hepannized  intervals were &7
Cool s catheter No 5 or 6 using a catheter with an Statrsncal «valuation  Proportions ¢ percrs
occluded tip for angiography Hepann (50-100 IU/  pared by use of Fishers exact test DR 198
hg body weight) was d through the catt per Jon test of Fisher (ODF~ &

reqt?
immed:ately after its nsertion in all except 6 cases was used to compare the change Of““’]:; {‘:q e
Twenty eight children were examined with Iso cy between the Isopaque Coronar gr:n mmd'l
pique Coronar with . total number of 37 contrast  Amipaque group Al p-valses €O
medwm njections 24 patients with Amipaque also  tests
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lum change in heart rate wathin 10 s after
yection of a)
1ue Coranar (370 mg 1fmb) and by Amipague (370 mg I/ml)

Results

‘;T:xe“tlil;ahty was similar i the exammnations
it E\a!ualr}:oe two contrast media but no
Kshaned o nsn ;\;s done in this respect Most
et of 150 of discomfort and jerked durmg
redaben Ampaque Coronar This was rarely
e reg, tpaque was employed

ton 1:1 “ency A decrease n frequency after
enas us:ﬁ]aque Coronar as well as after Ami
6 mjtchga y observed but no change occurred
g mjecl:S of Tsopaque Coronar and after §
Yo, mjemolons Bradycardia was registered m
1) g ZY;S of Isopaque Coronar (22 of 28
Spetems ; of 37 ijections of Amipaque (18
Senifeang] 1gure) The decrease m heart rate
o ISOpaqueycgreater (p<0 01) following myec
100 of Amy oronar (14 6 beats/min) than after
iy g mP:que (6 1 beats/min Table 2) The
070 begrap €art rate was 70 beats/min (from
- o Am) after Isopaque Coronar and 14
beart e OCCL‘"PBQUE The maximum decrease
tga P S"'Ed at approumately the same
Slop 4 very m::pecuvely after the start of
§ Observey 7 erate increase in heart rate
Uon of Jgo €Xamimations 4 following the

. 3
Ction of Am“; a‘;‘:; Coronar and 3 followng the

Cardiac rinthm Extrasystoles dunng or m im
medate connection to the contrast mjection were
recorded n 2! of 37 (57°%) exammations (19 of 28
patients) using Isopaque Coronar and 1n 9 of 37
(247%) examinations (9 of 24 patients) using Am
paque This difference 1s significant (p<0 01 Table
3) A series of two or more extrasystoles (coupling)
occurred after 13 myections (35 %) of Isopaque Coro-
nar and after 3 injections (8%) of Amipaque
(p<001 Table 3) The majonty of extrasystoles
were of ventrcular ongm but 1 4 mstances of supra
ventricular ongin  The extrasystoles occurred after
a mean time of 07 s usmg Isopaque Coronar and
after 09 s using Amipaque The extrasystoles oc
curred at the same time 1n relation to the mjection
wrrespective of the imjection site € 8 s after the start
of myection m the night ventricle and 0 7 s after the
start of injection 1n the left ventnicle No sigmificant
difference n arrhythmia production between nght
and left ventncular mpections could be demon
strated No difference in mean flow rate was found
between injections giving nise to extrasystoles com
pared with ijections nof causing extrasystoles 63
ml/s and 6 2 mlfs respectively There was no cor
relation between the dose of contrast medium and
the occurrence of extrasystoles However varation
1n dose was very moderate
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Table 2

Magmtude of bradveardia watlun 10 seconds after ijechion of contrast medium

Heart rate (beats/mmn) Time (s)
after start
Before After Dif Maximum of injection
ference difference
Esopaque Coronar 1451 1305 146 70 62
Amtpaque 1591 1530 61 14 56

The difference between [sopaque Coranar group and Amipague group 1s sigaificant (p<0 01)

Table 3

Incidence and ¢ ccarrence of extrasystoles during, and unmediatedy after yyction of contrust pediunt

No of Extrasystoles Time (s) Coupling
mjections after start
of imection
Isopaque Coronar 37 21/37(577) 07 3/37 lJS:)
Amipague 37 937 (247)* 09 3T 87)

Discussion

The two groups of patients were well comparable
regarding diagnosis age weight premedication 1n
Jection site dose and flow rate

Bradycardia 1s well known to occur in cardioan
grography and can be mediated via several mech
anisms One of these 15 due to the effect of the
contrast meditm on the coronary circulation either
by direct depression of sinus node activity CCKBERG
et coll 1974 HIoGINS 1977) or by actvation of
coronary baroreflexes or chemoreflexes (ECKBERG
eteoll) Inamimals receptors in the heart have been
found gning nise to bradycardia through vagally
meduated reflexes when stimulated (ROMERO et coll
1977) A similar mechanism has been suggested by
FRINK et coll (1975) 1o be partly responsible for the
bradycardia observed duning coronary angrography

m man Bradycardia may also be mediated by
the influence of contrast medwm on the bran
(LUNDERVOLD & ENGFSET 1967)

In the present senes bradycardia was regularly
registered  more marked after Isopaque Coronar
(146 beats/min) than after Amipaque (6 1 beats/
min) The most senous bridycardsa occurred after
n mnpection of Isopaque Coronar with a fall in heart
rate from 140 10 70 beats/min The most marked
decre sse in heart rate after tnjection of Amipaque
was from 149 10 135 beats/min Previously 1t has
been dumonstrited n expenmental 1nimals that

metrizamide causes less mhibition of smnalnal;:
tomaticity (HIGGINS) ind less bradycardia (ALM
than other commonly used contrast media o
present climcal findings correspond with
expenments
Xr‘rhylhmms duning or in closc relation o c.;‘on;r:
medium 1njections were frequently regstere! cl
present series Extrasystoles occurred mo;w”‘
twice as often after injection of Isopaque Curnr ”
after myection of Amipaque and sene‘sm i
trasystoles occurred more than four uchHc o
after Isopaque Coronar It secms 113500 o
sume that serres of extrasystoles ar¢ }):nmd ,
more dangerous than single ones Ar:’h:‘l s
ing cardioangiography muy be cause y pry
ence of the contrast medrm n the coronars)wmd
tion either by ihibition of the conduct;;:smw\‘
by a direct effect on the myocardial ¢¢ s
TRAGARDH & LYNCH TRAGARDH €t €€ !
the present series the extrasy stoles occ[:ga s
one second after the sturt urm_lccnonm o
whether this was performed 1n the nE " s
tricle In most cases this 1t wsonably t: o
ging by the coroniry circulation Thb: o
extrasystoles can be sssumed 10 b
dircet local effect on the cndo'm)Dﬂ( el
of mech ntcal or chemical onem i Ilhc
th it manipulation of the catheter it ot
mechamically nduce extriystoles

Luftae®
3

ot
¢

o e
[
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’enisLEs & HILLER 1963) Duning imjection the
atheter recotl as well as the contrast jet (KROVETZ
—t coll 1967) may also mechamcally tngger ex
t msystoles  Amupaque 1s more viscous than Iso
- nque Coronar When flurds of different viscosity
~ remected at simular flow rates the catheter recoil
__fectwill be the same  but the difference in viscosi
y may cause varying jet effects However this dif
erence ts probably of munor pratical importance
Fhus the less frequent occurrence of extrasystoles
n the Amipaque group does not seem to be ex
stamed by mechanical factors This suggests that at
¢ust some of the extrasystoles are caused by physt
d'chemucal influence of the contrast medum local
_Yon the endo-myocardium  Simular findings were
Tported by REFSUM & PASSWAL (1978) who ob-
«nedan arrhythmogenic effect of contrast media in
It contact with 1solated rat atna In those ex
~Xnments metrizamide caused less arrhythma than
Trelnzoate and diatnzoate
The results of the present clmical mm 1on
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angiography Radiology 125 (1977) 317
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“ ot the dd? pPhy It seems ble to assume
- erénces between Amipaque and Iso
fna?:: E‘Ornnar are of chmeal importance especially
amination of neonates and small infants 1n

-8

; tbid &eneral condition and with complicated con
/2 Wal cardiac disorders

v
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VARIATIONS IN VESICOURETERAL REFLUX

Influence on diagnostic vahidity

S LAURIN and W MORTI NSSON

In children wth vesicoureteral reflux repeat mic
“nton eystourethrography 1s usually performed
Terefore every possible measure to reduce rada
::h:;se should be serously considered One
" 1810 reduce the number of films at each
l}ufn‘mr;nauon However the inconstant nature of re
%y cause the diagnostic information to be dis
onted or Incomplete
-‘:"S:EeOT :he present imestigation was to
el re;s of missing or underrating a ves
Mot UX at micturttion cystourethrogriphy
¢ number of exposures was reduced

Materjal and Methods

"‘\2:}.:::2“]: %as based on 465 mictuntion cys
bimber o l:f 'es performed n an equivalent
““‘Gyea::mss and children aged 0 to 12 years
tetery dumncau;\ en duplex hidneys had complete
Wtery) Onﬁces“n thus the competence of the
S Allpa, as evaluated 1n a total of 937 In
Y trgy m&uems Were examined because of un
Cerdﬂeasg; or 100 Pattents wigh neurogenic blad
' mmumm“mhml obstruction were excluded
4 slogly mle':j Cystourethrography the bladder
Yatg “)Cgaam With contrast medum (Isopaque
SOl ihe Paty Norway) by means of drip infu
"2the g, euml feeded to void One film cover
o0 The C"ml’y tract was exposed before mic
 tore filmg ::he‘cr %as then withdrawn and two
®n the md.vrtd“l‘mtd duning forceful mictun
Wual case 1t wag constdered how

By g
ms y,
ould be necessary n order to obtam

adequate information The general mtention was to
keep the number of exposures low Finally one
film was exposed immediately after completed mic
tuntion to demonstrate a possible end micturntion
reflux In order to obtan an opion of irregulanty of
the pre mictuntion reflux three films were exposed
mstead of one while filling the bladder m 162 of the
patients with together 327 ureters One film was
exposed when the bladder was filled to one third and
two thirds respectively of the calculated capacity
estimated with regard to the age of the patient The
third film was exposed when the bladder was filled
to tolerance Fluoroscopy was not used

The refluxes were classified as Grade | when con
trast medium ascended into the ureter only as
Grade 2 when the contrast medim reached the renal
pelvis and as Grade 3 when in addition the pelvis
became distended as compared with its size at uro
graphy performed with compression of the ureters
Varations of the reflux within these classes were
left without notice

The maximum reflux demonstrated 1n a ureter
was considered to represent the true degree of
reflux for that ureter irrespective of the examina
tion phase in which 1t appeared Any deviation from
thrs degree of reflux on any of the other films thus
constituted a rish of erroneous dtagnosts the magni
tude of this nsk was calculated from the frequency
of films demonstrating such deviations

The probability of mussing or underrating reflux of
a certamn degree was calculated in relation to the

Submutted for publication 30 March 1979
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Tahle 1

Freguencs of vescourcter it refliecin 937 wreters

No ot Per cent Per gent
ureters of alt ofallre
vreters flux ureters
Isotated pre mi tun
tion reflux 9 (|} 59
Aicturits n reflux [&19 167 929
1sofated end mictun
tian 02 12
Total 168 1864 1000

Preceded by p ¢ mutunuon refluxin approximately 80 percent
of cases

Table 2
Sumber 11} gt on i 9 chilidren v 1
Py Coante e flur ant s 10 ureters
—
Pre mctuetan s No of expasures dunng
micturition
—_—
2 3

2 4
Crade 1 3
Tota) 3 7

actual number of ureters with this particylar degree
of reflux  Such caleulauions were not nfluenced by
the relatine frequency of refluxing ureters 1 the
total matersn}

The probabihity of mussiag, or underriting a reflux
Was caleulated for the folfowing hypothetical alter

Results

Vesicoureters! refluy occurred i 168 of the 937
ureters examned (187 Table 1)

Mictunition eeflux wag the most common type but
1t was usually preceded by pre mcluritian seflux In
natients with reflux before as well as dunag vording,
the pre micturition reflux did not exceed the micturn
100 reflux 19 1) instance

Table 3

Deg ree and const mcy Af \eSIC yureteral reflut dy Rt
rclated to number of il 2 exposed duting actuny v

No of exposures Tod
duning mictuntion oo
——————— s
2 3 4 S8

——————

Constant grade of reflux

Grade b 27 411 &8 4 oW
Grade ) ! t o 0 N
Grade 2 55 3 1 #®
Grade 3 i % 5 U
Totat 8518 9% 7 W

Varymg g ade of reflux
Grade 0to | 4 5 0 0 3
Grade 0to 2 7 17 s ¢
Grade Dt 3 0 0 ¢ ¢ 0
Grade 1102 ? 1o o :
Grade J 103 0 o 0 0 ;
Grade 2103 1 & ¢ 0
Total 43 5 0

Per cent with mictun

tion reflux FCZ T LA
Per cent with varying 0
mictuntion reflux 5 * s

Isolated pre mucturition reflux appeared :”lw
ureters (9 chuldren) The grade of the rcﬂ:“ .
the number of films exposed during the st ,:q’
micturition are gtven 1n Table 2 The frt‘q::wm
1solated pre mictunition reflux had no reld xenmh
number of films exposed during the subsequ ’
tuntion (2 test) ,

lsolat?((f end micturition reflux ﬂl‘l’em‘i ’"”g:
ters (2 chuldren) grades 2and 3 respectnel
had been exposed during the foreefu
phase in both cases

‘Fhe frequency and severity of U
flux varied in the films exposed Juping .
tuntion in every fifth urcter with mm::coﬂf iy
(Table 3) Such variations did nolrnm‘“ et
frequent by increasing the numbes o lammc )
In the minor group of 324 children cr‘mc e
partrcular regard to the wregulanty ¢
turttion reflux the 3 pre vording i i
form conditions in 287 urcters 10 0t
reflux occurred first or was at 1 M2 - P
third film In the remuming 10 “T;dm(-m-v &
reflux occutred on the first or secon

1 muctunt®®

he mistunten
forcell
n pef'e

tms show! Ll‘
efs
ureff N
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Table 4

wumim deyree of reflict on the first 2 films und on the thir film
posed durng fil'm - of bladder in cases v ith varung pre mic
tunnon reflux

~wmumrefue No of

HEL 1974 APERIA et coll 976 MANLEY et coll
1976 RANSLEY 1976 VLATROVIC et woll  1976)
Mictuntion ¢y stourethrogriphy should be destoned
1o be a ginde to treatment and pro_nosis with reason
able accuracy  Theoretically 3 films should suffice
one exposed before one duning and one immediite
d mictuntion However the irrecu

Reflux on No of
3t films ureters third film ureters
ly after compl,
! 7 Grade 7
nde* i Grade 0 1
l Grade t t
| ded 1 Grade 2 1
Table 5

)
;r b bdre that a vesico reteral reflux of a certan degree
b mssed or underrated at mictuntt v ¢y st urethrograph

f pecfarmed according to the 4 ulternatn es

[

) At AR A3 Ak
i
| el
il o6l 016 016 o004
Ctey 013 008 oo+ o0l
003 003 000 000
T
o o7 027 070 00
g mateq
Gl g
3 Grade | 00° 00 ool 000t
e} uggey
1 Grade s 0014 0013 0014 0000
Wy
Ly
oY
"hose
By c'tfomn’mances constituted a measure of the
¥ "!quem € present mvestigation 1n assessing the
¥y lhe); and degree of pre muctunition reflux as
By af[ of the 3 films was taken consistently
e P O represent the whole pre micturition
~

The

L(“\unsghah'["y of missing o¢ underrating 1 ves
o™ e 'ellux when the pumber of films was
Ay oo COINg 10 the different examination al
# S abpears in Tabe 5

1
I

“‘ Discussion
47 M pregen,
Mo € of vesicoureteral reflux substantial
A “35¢5 the un;
MMeition Mavourible effect of unnary tract

o
fef‘ * renal parenchyma This effect 1S
™ lQ‘:;“’ 10 the time of appearince and 1

" deEree of the reflyx (RJELLBERG €t

flyg
[ L
¢ VTTIMER et coll 1963 MoRTENSSON &

1%
o ely

1
r

lanty of the reflux renders it uncentam th it the films
Tctually represent the maximum possible reflux dur
ing each phase Fluoroscopic momtoring videot ipe
recording or cinefluorography of the entire examin+
ton procedure his been recommended i order to
exclude the nsk of missing a trinstent reflux (GROSS
& SANDERSON 1961 MELICK et coll 1962 SHOPF
NER 1965 GouLb & PETERSON 1966) However ut
tempts 1o (ncretse dragnostic reltability must be
weighed agamnst the hazards of wradntion nd the
consequences of an incorrect dingnosts

The vesicoureterl reflux occurred munly dunng
mctunition  For some reasont  reflux may some
times occur only before voiding or at the end of
vording Myor refluxes were likely to occur during
all the phases of mictunition cystography (RUDHE
1962) and also to have a farrly constant severty

It cannot be ruled out that the exammntion
techmque may play a role and 1n some cases induce
at least a shght transient false reflux However in
the present mvestigation all observed refluxes were
constdered to be true

A basis for the was the pliont
that all potential refluxing ureters had actually been
diagnosed This assumption was no doubt reason
able considerng the fact that no icrense occurred
in the fr of chnally fi refluxes dur
ing muctuntion through increasing the number of
exposures nesther increased the frequency of uret
ers with varying degrees of mictunttion reflux As
only oné film was exposed before mitiation of mic
turiion 1regulanty of pre mictunmion reflux was
the cause of 2 per cent of ureters with transient
Grade 1 reflux escaping, diagnosis These circum
stances m1y be left without consideration as such
slight refluxes apparently do not cause injury to the
renal parenchymn However an addttional risk
ewsted thit Grade 2 refluxes may be mussed This
risk was so small (=0 003) as to be considered negh
stble

Vanations i the degree of reflu occurred dunng
mictunition n 21 per cent of the ureters with mictun
tion reflux In one third of the cases it w s 1question
of trinsient Grade 1 reflunes (Table 3y

.
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Isolated reflux appeanng first at end mictuntion
was rare It has also been reported that vesicoure
teral reflux may not appear until hours after mictur
non which must apparently have been mcomplete
(STEWARD 1933 GROSS & SANDERSON) The fre
quency of this phenomenon cannot be determined
Such 1 reflux may be looked upon as a form of
pre nuictuntion reflux

The present results show that a very high rehabilt
ty may be achieved in demonstrating chimcally sig
nificant vesicoureteral refluxes even when only 3 or
4 films are exposed only 4 and one per cent respec
tinely of the Grade 2 refluxes and no Grade 3 reflux
would be missed However ashght rish of underrat
wng Grade 3 refluxes (Table 5) was apparent

Only the probability that a reflux would be missed
or underrated when vanous examinations were
used has been d d H m d
the benefit to cost ratio from the pomnt of view of
radiation exposure all of the non refluxing ureters
must also be considered Such a calculation will be

fl i by the composition of the matenial the
greater the number of cases with non refluxing ure
ters the less the nisk of mussing or underrating a
reflux In the present series no reflux occurred in 83
per cent of the ureters this frequency corresponds
farrhy well with that usually mentioned 1n the Iitera
ture [tmenns forexample that the nisk of missing a
Grade 2 reflux calculated m relation to the total
number of ureters exammed would be approximate
ly 0 005 when examination alternative 3 1s used

The results suggest that the element of wrregularity
n the nature of the vesicoureteral reflux should not
lead to 0 unnecessarily large number of films This
1s It agreement with the findings of SMITH (1966) In
a group of children examined with both cmeradio
graphy and full size spot films the frequency of re
flux was only a few per cent higher at cmeradio
graphy than at examination with spot films In the
Iatter case 2 films were exposed one before and
one dunng micturition Unfortunately the degree of
the irregular refluxes was not reported

The ordinary exammation techmque using full
size films has several advantages the photographic
quility 1s high an adequate survey of the entire
unnary tract is obtained and the antero posterior
beam direction utilizes the radiation protection the
filled bladder offers to the gonads m girls (Gus-
TAFSSON & MORTENSSON uppublished data)

Isotape cystography allows for continuous mag
1ng of the entire examination without additional 1n

S LAURIN AND W MORTENSSON

crease in the radiation dose to the patient The doe
1s on the whole very low (CONWAY et coll
Using a small number of full stze spot films as
alternatives 3 or 4 n combynation with roden
rare earth screens the doses can also be heptien
low the measured gonad dose in girls who cortr
tute the majonty of the patients was msignificanih
higher than the estimated dose from 1sotope ¢ys &
graphy (GUSTAFSSON & MORTENSSON) Houaer
radtography affords more detailed information fe2-
dening the evaluation of reflux more exact

SUMMARY

Mictuntion cystourethrography was performed « ¥
varying numbers of films exposed and the prob il o
missing a vesicoureteral reflux or underrating ts sye™
was calculated for each senes It was concludel thata
small number of exposures can give suffictently accuri¢
diagnosis
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SIZE OF THE UNAFFECTED KIDNEY IN CHILDREN
WITH UNILATERAL HYDRONEPHROSIS

M MILER and W MORTENSSON

Urooraphy plays 2 primary role in detecting and
ontrollis  hydr P It d

ates the
7053 morphology of the kidney the collecting sys
*mand the amount of parenchyma and the con
!rnlrauon of contrast medium provides approximate
omation on the renal function In uniateral
:Il‘f]lmpc\!hy the decrease m function may also be
n:;loli;c:hﬁnm the degree of compensatory enlarge

’ Gosesh]ealthy kidney (MCCREIGHT & SULKIN
1o 94 APERIA et coll 1976 WIKSTAD
o ammal expeniments K AUFMAN et coll

lr:n.h;ﬁ:;m; mvestigation was performed on chil
n “hexhem ateral hydronephrosis n order to find
S0 oy 4 lenlafgemem of the unaffected hidney
Krhrone ‘:3 decreased function of the hydro

tdnev before this was detectable from

e
mphvsm EXcretion of contrast medium at uro

Material and Methods

The se,
TIes comprised 32 infants and children (21

S ang
deyy pd:hl.lug”m With umlateral hydronephrosis
3 aigreg m"ﬂ;nc obstruction The right hidney
bty mncases and the left n 23 The age
0 being 6 ged from 10 days to 13 years the
Nere Plpate vears The presenting symptoms
luum(l cas abdominay tumour (2 cases) pro
g Ummn]e’ URMary tract infection (9 cases)
" by “"hi"’;’l‘;](:o iadses) The series included
X R ney
“as classified into 3 age groups be

e Mtena]
3
€ 1
elated vanations 1n the renal size

the Q
Bey .
Mthe Teference group

At urography 2 to 4 ml of Isopaque Cerebral
{Nvegaard Norway}were given per hg body weight
to the infants and small children and 1 to 2 mi per
kg body weight to the older children Immediately
following the wmjection one film was exposed over
the kidneys Ureteral compresston was then applhied
and 10 1o 12 min later 2 films i different projections
were exposed over the Mhidnevs and finally a survey
film of the whole urnary tract was exposed after the
ureteral compression was relieved

Renal function was assessed by the capability of
excreting contrast medium at urography Only pa
tients i whom the function of the hvdrenephrotic
hidney was estimated as normal (n=23) or possibly
shightly reduced (n=9) were mncluded in the senes
The extra 7nd intrarenal parts of the pelvis includ
mg pelvic stems and calyces were moderately to
markedly diated in all cases but one the latter case
had a moderate dilatation of the pelvic confluence
only The function and the morphology of the con
tralateral non hydronephrotic kidney were normal
in all cases Vesico ureteral reflux was not present
n any patient

Renal size index was calculated as the ratio of the
Iongest axis of the kidney to the distance from the
upper border of the first lumbar vertebra to the
lower border of the fourth multiplted by 100

The reference group was made up of infants and
children without symptoms of renal disease had
normal routine laboratory tests (density and protetn
content of the unne unnary sediment) and normal
urography

Submutted for publiation 15 December 1978
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Table
Renual st e index for the non Indronephrone hdneys i 32 chut
dren  uh undateral Indronephrosts and for a refercnce group
Excretoon of contrast medum i the Indronephronc hidnevs s as
estimated as normal (n=2) or possbly slauls reduced (n1=9)
n=number of hidners

Age Exarmination group  Reference group
(years)

Mean I1SD n Mean 1SD n

0 18 79 3 12 85 33 NS
[ 13 72 4 11 57 28 p<0005
-3 102 58 25 93 54 19  p<000!

The significance tests were made according to
Student s t test for unpaired observations

Results

No consistent difference in the renal size index
of the healthy kidney was found between children
with normal or possibly slightly reduced excretion of
contrast medium in the hydronephrotic kidney
(Fig)

The renal size index of the non hydronephrotic
kidney was above the average 1n all cases but 3
m 10 cases the index was increased by more than 2
SD kg )

In each age group the mean value for the renal stze
index of the non hydronephrotic kidneys was higher
than for the kidneys in the reference group (Table)

Discussion

The compensatory enlargement of the mate hid
ney in children with umilateral nephrectomy or
nephropathy showed a high correlation between size
and function the former being expressed as paren
chymal area and the latter expressed m terms of
glomerular filtration rate and some tests on tubular
re ibsorplion capacity (APERIA et coll 1977 1978
WIKSTAD ct coll 1979) However for the sake of
simplicity the length of the kidney was used nstead
of the area as a parameter of the rendl size and
function This was also mdicated by the findings of
JORULLF et coll (1978) that the correlation between
the height of L1-1 3 ind the renal parenchymal aren
and the renal length respectively was almost iden
tical

The contrast medium used for urography s elm
nited by glomerular filtration and concentrated by

Renal size index

130
126
z
120 |
na
108 |
102 ]
96 ]
v
g0
z

0 '12 3-6 7100N13 4
39 chidren s72 €%

Renal size index for the healthy kedney by drerephvie [t

fateral hydronephrosrs The function of the ol
ney uas)normarm 3 cases (A) and po siEly ’#E:"&x:ﬂl’“
in 9 cases (A) a» esumated from yrography e £
indicate mean salue plus 1 and 7 SD for 4 ¥

Age 1n years

969) T%
the tubular water reabsorption (SAXTOY ;] et
attenuation of the medim within the ;"‘dmt(‘”h‘
dependent also on other factors 1¢ | edduuon ”
medium admimstered  size of dures!s ™
retamed urne 1 the obstructed pdmd:mon\m“
of the pelvis Previously 1t his becnd et &
that renal function may be decreast hﬂlw g
excretion of contrast medium intoape el F 3
size was apparently normal {HAMBY ¢
WILRIEMEYFR & BOYCE 1972)

The mechanism 1mbating for b
hypertrophy 15 not clearly underf;::“l{ peferred !
a
sion of this phenomenon the r¢: o s

compensia e

ALLEN (1974) and E1TMANS t; C‘:'dnﬂ and 1
creased blood flow to the he i :ml £ et

creased work foad espectally du e piv
re ibsorption i the tubuly seem wh) e €F
factors 10 chaiing senal hy pestrop



SIZE OF THE UNAFFECTED KIDNEY IN CHILDREN WITH UNILATERAL HYDRONEPHROSIS Pyl

acreaung ace and renal diseases impede the com
xnsatory response  The hypertrophy nvolves
namly the renat cortex and both tubular and glomer
derfunction will mwrease (APERIA et coll 1977)
The enlareement of the unaffected hidney n the
resent senes indicated that reduced function of the
droneph kidrey was although not
isclosed by reduced concentrition of the excreted
dantrast medm 1 the pelvis The size of the
iealthy kidney thus provided complementary infor
nation on the condrtion of the diseased khidney The
dation between the degree of function1l decrense
fthe bydronephrotic kidney and the degree of the
ompensatory enlargement of the mate hidney was
wtanalysed In 2 infants with no visible excretion
o contrast medium on the side of the hydronephro
tekidney and therefore not included 10 the series
e renal size index was around 140 Corrected for
the different measunng techmques used this cor
responded to the maimum increase 1n parenchymal
a2 of the healthy kidney which was observed in
:):‘I:irm operated upon with ynilateral nephrectomy
) v nfancy (ApeRIA et colf 1977) Previously 1t
L;:ll:: upom\ed out by HODSON & CRAVEN (1966)
naffected kidney may be larger than the

Useased Nidney 1 adults with wnilateral hydro
fephrosty

SUMMARY
Chi

rel

Memly:‘i with undlatera) hydronephrosis  but without

aum uvne:lrlemd excretion of yrographic contrast me
y had entargement of the unaffected mate

b ey g,
{idney \ang sevlond finciion of'the hydronephrotic
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ARTHROGRAPHY OF THE HIP IN CHILDREN

Techmque normal anatomy and findings n unstable hip joints

T LONNERHOLM

;'[mxcn! signs of a congenital or acquired abnor
1 m one or both Jomts 1 a child generally leads
dommaphic examination of the pelvis and hips
* 005t common idication for this examination 1n
¢den dunng the first year of life ts probably con
1l wiopathic hip mstability ANDREN & VON
SEM{1938) have described how the radiographic
mination should most suitably be performed for
?msmg this condition im the first days of life
oentional films of the huip m children espe
“L;‘;U:fgl:lfzms give houted information on the
emmem[e;:u-lt as they only allow evaluation
Lo e acl:[a[’pans The relation of the femoral
el hep ulum may be difficult to assess
The ams € femoral head 15 not mmerahzed
v ‘culties encountered in the radto-
e :“m;les of hip disorders are reflected by
e rr of different methods that have
oy g mcr measurement of distances and
Bols 1 1 . t";: The mam purpose of these
ol b “;ha lish the relative position of the
tSeldom lead 1o Ereater certainty  The difficulties
S sl . Ppoorly founded diagnoses which
"m’(‘mphlc nnecessanly large number of fur
‘m“tmﬂumg €xammations and may also have a
N 'HfOnna: on the choice of treatment
T of e o &:n on the non mmeralized compo-
S S required arthrography must be

phic

s eag

8 mfgn:ie‘;n;he 19205 arthrography of the hip
< use of " 2 smaller number of children

Evgpg 7) 'odipn an oily contrast medium

unnt ghe aq:r ar (BRONNER 1927} but it was

€0us 10dine contrast media were

introduced 1n the 1930 s that hip arthrography gained
more general apphication On the basis of arthro-
graphtes performed post mortem on children with
normal hips FAaBER (1938) and SEVERIN (1941)
established cnitena for the normal appearance
which still seem to be genemlly accepted (e g
LAURENT 1953 GRECH 1977} An early diagnosis of
I hic hip y was at that time

uncommon and therr chinical matenal therefore
manly compnised children who had already began
to walk The same 1s also true for a large Finmish
sentes (LAURENT) The investigations of coxa plana
(Perthes disease) by JONSATER (1953) included
arthrography of the hip

A small number of arthrographies on newbom
tnfants with hip mstabiitv have been reported by
PALMEN (I1961) and FELLANDER et coll (1970)
Otherwise no Scandmavian senes of arthrogmphy
appear 1o have been published 1n the last 25 years
One reason for this 1s the dimunished need for this
examination marmly due to the present possibility of
di 1] hip at a
very early stage The number of arthrographies per
formed today 1s small even in large departments of
d radiology and 1t therefore seemed just
fied to report the expenences n this department 1n
Uppsala Since 1972 n collaboration with the
Department of Orth dic Surgery arthrography
has been carmed out after the neonatal period
children with suggestion of hip joint instability and
also 1 a small number of children with coxa plana

Submutted for publi ation § March 1979
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50 50

40

30

20 19

o 3 6 12 24 48

Fig 1 Age di tnhuta and reason for referral for the inittal
arthrography i 130 hildren Black areas Congenatal idiopathic
mstabilits of the hip dragnosed 10 the neonatal period Cross
hatched areas Congenit ! instability diagnosed after the neonatal
penod Unfilled area  Other reasons for referral (cf Table 1)

84 months

A partly new techmque for bilateral hip arthro
graphy 1~ described sn the present report and the
possibihitics and Itmitations of the method for dra

Table 1
The climcal diagnoses bifore the tmul rthro rophe o
cluldren
Diagnosis Noof
caes
Congenttal idiopathic hip instablity k2
Coxa plana 7
Snapping hip [}
Hip joint mstability associated with
Mjelomenmngocele s
Cerebral palsy syndrome 4
Other neuromuscular diseases 6
Septic arthntis of the hip s
Arthrogry posts
Down s syndrome 1
Total n

'
exammed (12 children) Subsequently Ihc}j:“-;
arthrography was always balaterat (118 chi

h
further arthrography afier™
and usually alsf) ;‘:yl s i

gnosing thnormahities of the hip are d d with
special reference to the stereographic techmque

Defimtions

Conscmtal sdopatine mstabilis of the Inp joint
1s the term used 1n the following to cover all grades
of congenital hip instability of unknown aetiology
from shght subluxation to dislocation and 1s con
sidered more adequate than the generally used term
congenital dislocation of the hip

Unstable fup jornr A hip jomnt in which the femo
ral head 15 or can be displaced from the
partially or completely

Acetabular dhsplasia Abnormal ossification of
the iliac bone (roof of acetabulum) observed on con
venuonal films of the hip The chondral part of the
acetabulum may appear normal or abnormal m
shape at arthrography

Neonatal peniod  The first month of e

Matenal
Hip arthrography was performed on 130 children
91 grls 39 boys) at this department dunng the
pertod from January 1972 to December 1978 The
children were examined on 185 occasions as 42 of
them (33 pirls 8 bovs) were examined more than
once Up to Apnl 1973 anly the affected hip was

Thus a total of 351 hip arthrographies wef il
formed "
The ages of the patients at h
varied between 4 wecks and 61 years mghllr'i 1
viously conventional radiography of ll‘xc N
been performed in all children as well &

by an orthopaedic surgeonat the b
P

¢ first arthrogrs ™

3 .
lmT]hechnu:al diagnoses which consmuled;{‘:ﬂ?
son for the jmitial arthrography 4r¢ gncn‘lﬂws
In the magonty of cases this dmnnos:wnmw
gemtal 1diopathic instabihity  Twenty
cases diagnosed after the neonatal pe! e
children with such lesion have bccr:““
detar! elsewhere (A1 MBY & LO\\ERI:‘ e o
detatled seport has alo been mude Tmm o
dren from the present SEnes n W umuuf““
imtiated m the neonatil penod w45
(ALVBY et coll 1979)

A radiographic examination
was also performed post morte
normal hips who died 12 the ncon.

Lo
of the acc™ |
mma child ¥

atal pent <

Methods

st
As 4 rule children tn whom l:w h;‘f‘jb:,n yea &
restncted by more than about 20
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d 1 taction for sarying leogths of ume (up to 4
aeeks) before the arthrography In a small number
A eases the traction had been combined with sub
~——utaneous adductor tenotomy
All children were examined under general anaes
—_hese This was camed out with 1 nitrous oxide/
myeen mixture (2 1) and halothane (Fluothane
IChi The patients breathed spontaneously through
nordinany mask The child was placed supme on
I cumination couch Before the yoint was punc
tured 2 climcal examimation of the hips was per
fomed wsually by an orthopaedic surgeon but
oherwise by the radiologist Before arthrogrphy
M2p view of the pelvis and hips was exposed
Radilogic equipment consisted of Mimer 1
{Elema Schonander) connected to an image intensi
faton system and television uit A focal spot of
96mm x 0.6 mm was used
mi‘;:rmsthmedmm In the majority (335) of the
mﬁn":g xSes sodium meglumine diatnzoate (Uro-
R i d“hﬂ"\gi was used The contrast medt
- |Rl)odpal Y;h n the other patients was 10zomic acid
. rgm) SW;;tﬂrlmacrda) with an 1odine content (209
£ relum tog bee)'n 21 :tz:ied f:r arthrography This
e Bron o . to have a long absorption
« Beureg 1y et coll 1970) but was only manu
““Pmsonrbi(mamely short period No detailed
T i ’ec;:een the contrast media was made
o k“lnecdle “nl’]“g)‘g For the puncture a short
ey 07to 10 mm was used The
> Sy nnected 1o a 30 cm long polyethylene
“’ “OMCL“E tube which was attached by a 2 way
o meuclc; ba: wfusion agpgtepate suspended about
o Bigg punc:e the examunation couch Before the
o W e lured the system was filled with con
" Mgy e af'IT(:hlldren with a unilateral hip ab
I/,r'm The et ected hip was always punctured
e T):m abducted about 20° and exter
LT he m-»ue f{emoml artery was palpated Just
™ finger fn::a fold and the position was fixed
5 L3 surface b(lp of the needle was placed on
¢ Mgy o ha out 1 em medual to the artenal
fyﬂd'rwon of ,hl € needle was then inserted 1n the
o e way m: distal part of the Jomt When the
‘ 1K the 245 10 be in the correct position mn the
By Y stopcock was opened and a small
‘ :q; h dium was mfused The needle
S with the connecting tube and
:‘;lltl altached while similar equip-
MSU the infuston aggregate and the
Punciured and filled with con

v

1of contrasy me,

en Jeft 1n

4 Stopuac),

bt
T hp jouny

at
*

N

trast medwm to the desired extent Thereafter the
first punctured hip joint was immeduately filled with
1 suitable amount of contrast medwm By rotating
the thighs the contrast medium was distnbuted m
the joints In order to prevent leakage of contrast
medium through the puncture track the needle (with
the connecting tube and 2 way stopcock) was left
in situ throughout the examination except in the
first 15 arthr After the e the 2
way stopcoch was opened and the contrast medium
was allowed to run out before the needle was re
moved

Only 1t one examunation was the amount of m
Jected contrast medium measured In this case a
5 month old girl with a2 normal hip joint 1t was ¢ 7
ml The degree of filling was assessed fluoroscoptc
ally at all examinations

Ninety per cent of the examunations were per
formed by the nuthor and the remainder by another
radiologist expenenced 1n joint punctures in chil
dren

Exposure techmque At the begmming intensify ing
screens of calcium tungstate were used but after
1976 rare earth screens (Lanex Regular Kodak)
1n combination with RP films were employed m alt
cases

Two techniques were tned

(1) Exposures with the use of a focused mobile
metal gnd (ratto 8/30) The film—focus distance was
the longest possible 1€ 80 cm The exposure fac
tors were 55 to 70 kV and 30 to 60 mAs

(2) Exposure without a gnd the cassette with
rare earth screens beng placed directly under the
pattent whereby the film-focus distance was re
duced to 7> cm The exposure factors were 55 to
70KV and 210 6 mAs

A gonad shteld was used 1n boys but not n gurls
In 30 children the absorbed radiation dose was
measured 1n the rectum and on the abdomunal skin
by means of ther di The
rectal dose was one third to one fifth of the shin
dose After 8 exposures and about 3 min of fluoro-
scopy 1n children weighing 4 to 10 kg the shin dose
was 8 to 14 mGy when the gnd was used for all
exposures and 3 to 6 mGy when 1t was used for
only 2 of the 8 exposures {for stereoradiography)
Details about the measurements of the radation
dose 1n diffe of hup ar phy will
be given 1n a forthcoming report

Projections Well defined projections were used
In the beginning of the series the two hips were ex

aphue!
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Table 2

The posinon of the legs in the st standurd prejuctions

Posttion Hips Kneey Remarks
No flexion
Abduc Flevion Rotation Provocation
ton
1 [ig 10-20° laward 10-0° Pullin distal 102200
drection
2 [ 10-70° inward 10-20° Push in prox 10- 0
mal direction
3 45 0-10° Maximally inward - 10->¢° , st
- 10-%° exposures d
¢ N e v stereo examnation
§ 49 16700 Maximally outward - 1000
6 Maximum 907 - 90

posed separately (177 of all exammations) but
later both hips were included n the same exposure
The legs were placed symmetrically and fixed over
the hnee jomnts Six a p films of the pelvis with the
legs 1n different positions were mnvariably exposed
at the it arthrography (Table 2)

In 80 pcr cent of the exammations leg position
4 (Table 2) 2 films were exposed for stereoscopic
analysis of the hip joints Between the exposures the
tube w 1s moved transversally exactly 70 mm while
the central ray w s directed 35 mm to the right and
to the left respectively of the longitudinal midline
of the patient at the 2 exposures At these examny
tions 1 plexiglass frame was placed around the pelvis
and screwed mto the examation table The frame
was supplied with small built in metal dicators
which were projected on to the films

Oblique or Iateral views of the pelvis were seldom
obtamned A larger number of a P views of the pelvs
than those mentioned were necessary in some cases

Lyvaluation of the films The films were evaluated

drately so that a d could be made about

freatment and s to whether this could be imittated
under the same anaesthesia

The stereo film par was tnspected n a stereo
roentgen comparator (StR 3 Zeiss) at a magnifica
tion of 3\ The exposure of the metal indicators on
the films allowed correct orientation of the images i
the stereo comparator In assessing the stereo pair
special attention was pard to the following The
distnbution of the contrast medum in the Jomt
especially in the antero posterior direction the rosi
tion of the femoral head m relation to the acetabu
lum espectally 1 the antero posterior direction  1nd

the posttion of the head and neck of the femr)
relatton to the proximal femoral shaft the miner
zation of the acetabulum especrally of the acetabt
lar roof

Depending upon the findings the hip JoLnlsu:
classified s follows (1) Unstable hips { )Sh(
hips (a) normal hips (b) hips @ which the $hy
of the femoral head ind acetabulum was .nbnun:
(¢) hips with retarded mineralization of the actl:w
lar roof (acetabular dysplasin) but with no :’”
abnormalittes (3) Hips not evaluable becad
technical errors

The few hip joints whic
2b at the ymitial arthrogriphy (
with coxa plana) are not discusse X
For delallspaf such cases the reader 15 r;ftﬂ;:1
the publication of JONSATER The 3} 121‘!"6‘
tn group 2¢ are also excluded because mut\m“’ e
hips had been treated previously for €or¥
pathic mnstability

The normal hip jomts {group 1 e
which had also been found normal ‘"\":‘m;mﬂ
chntcal and radiographic cxammalmrr\s i
exceptions these films were used for et
cniterta for a normal irthrographic Jr‘l‘:;mn Wb
hip The exceplions wert hips 10 Ch ot 1
contralateral hip had been |rcarcd‘.: o a5
ton and those n children wih shele! ;‘e)
muscular disease (¢ £ m)clomcnms"cz s

The critena for 4 normal arthregrepiy
by FABER and SFVERIN re dy l‘ollhv“c\ e

(1) The acetibulum musj €neioy
than hulf of the fumortil hea

(2} The proximal part of the cdge (oute

h were assigned 10 £
7 hipsm 7 chillt
d 10 the followe!

2 g included a8

fd" wi
by 7

£ TE
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:"! Dr bution of contrast medium (black areas) i a normal
Tratmmlancy A p view schematic A Proxmal part of the
fentedand distally directed edge (outer margin) of the acetabutar
J:u]:y;mfccmmsl medwm dorsal fo the femoral head
Prrouimate position of the dorsal part of the edge

| ': 5: xet.bolrlsbrum C Orbicular zone strong circutar flores
. ‘m?'psultbsunnundmg the femoral neck preventing the jomt
et mmg l|le§\er ocutiards D Contrast medsum around the
o G G 0163, Camts femons F_ Ligamentum capitis
Bt xratr:sl medium medial to the transverse ligament in
i m‘hMOs‘sa H Distal part of the edge of the acetabular
Pl mmuz the transverse ligament causing a broad 1n
el hme of the acetabular fossa 1s not quite smooth
ribesg g “&‘1 l{ e laver of contrast medium between the femo-
ot ‘@ foxsa s greater than in the proxsmal part of the

.

t
i3

w§ Yhe acetabutar 1aby
Poughshare (SEVERS
“I977) ang directed g

Tum must be potnted like a

N) or a rose thorn (GRECH

tally (Fig 2) Furth

a stally (Fig 2) Further it must

:‘m:::::ﬂlm the close vicimty of a constructed
< Iine (Figs 3 d) which 1s tangential to the

* “SLI skeletal bord,
er of thi
 Bespeyeg y ne) the 1lum on both sudes

Results

Il arthrosraphy  Instabihty was demon
strated in 111 jomnts The normal hips included 62
which fulfilled the conditions mentioned and which
could thus be used for establishing the critenia for
anormal arthrographrc appearance Of these hips 45
were in children 2 to 12 months old 8 were wn chil
dren [3 to 24 months old and 9 were i children 25
to 72 months old

Femoral head In normal hip joints the size and
shape of the femoral head could be easily evaluated
The fovea (Fig 2) was visible on the medral aspect
in leg posttions 1 and 2 and appeared as 1 410 8 mm
{depending upon age) long flattened or even con
cave part on the otherwise evenly curved contour
(Figs 3a b 4 left ip and Fig 5 nght hip) In the
stereo films the poswon of the femoral head and
nech m relation to that of the proximal femoral shaft
was evaluated In no case was extreme anteversion
or retroversion of the head or nech observed

In the unstable mps deformity of the femoral
head was common ranging from shght flattening of
the proximal part of the medial contour (Fig 3
night hip) to an ovord shape An extremely small
femoral head with a bizarre shape was found as 2
sequela to septic arthnitis (Fig 5 left hip) In chdl
dren with subluxation of the hip it was not always
possible to determine the exact shape of the femoral
head as accumulations of contrast medium between
the femoral head and the acetabulum concealed
parts of the dorsal ontlme (Fi. 3¢ nght hip) In
the stereo films definite abnormalities of the position
of the femoral head and neck i relation to the proxi
mal femoral shaft were only observed 1n hips with

Iing septic arthntis In these cases the femoral head
and nech were extremely anteverted These findings

leg positions the in
chnation of the pelvis vanied due to the influence

and i position 6 [umbar kyphosis was sometimes

™ The a
'f’F?taxs Tcular surface of the femora! head must mreducible dislocation of vanious ongins and follow
X nhefncal 10 the naked eye
v‘mmedbtmolral head and acetabulum must be
Fagp Sz Only 2 narrow, fay er of contrast medium  were confirmed at open reduction (ALMBY et coli )
'Wsmrl,zht e may be apy n Acetabulum In the diffe
iton of :S of the femora) head causing accu
(‘ Netn the :m:‘mmSl medm in certam places be of the position of the lumbar spine In leg position 3
+8q mcdl:,:hr surfaces but no wide layer of  1n particular the lumbar lordoss was accentuated
“rﬁ“slSE\'zRN‘;’u“ be present between the two

¢ precy
) ey 1Slon
Presenteq
B fwg,‘kmmn "
as

F:Q
' :‘"’ﬂ disty

£1pog
quer e

of the measurements of the dis
in the following was 05 mm
ncesp:ld to the magnification The
e toch ere reduced by a factor of

Chmque 1 ang by 09 at tech

marked This meant that different parts of the ace
tabular labrum were wvisible on the proximal and
distal contours 1n a senies of films Fig 6 illustrates
how the whole edge of the labrum was projected
at a post mortem exammation at 4 different pelvic
incliations

In the normal hip joints the distance between the
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! « oLl

:rs:m boy as i Fig 3 9 months old after 4 months
At a L‘l!;:‘;’rl Spica. m:‘c’i“ca] exarmnatron reveated noth
lm exposed in leg position 2 On the nght
f:hlalr‘:grcommx medam betwetn the femorat haad and
b prmu abnormally wide The shape of the femoral
MWM s oximal part of the edge of the acetabular labrum
! placed 05 mm proximally and directed latersily

:; ,:r:xémal part of the edge of the acetbular
dlﬂmnl;he ¥ line varied by only ! mm or less
oy nhllms from the same ptient (Fig 3 left
mm:g: Zoxher hand distmet inter mdividual
ity e;;elldmg upon age were found Thus
‘.\a“mm‘naz:1~ 10 12 months the edge reached
f‘thp;(F,O 3. mm proximal to the Y hine in 21
A gfﬁ, \lefl hip) Inonly 6 hips did it reach
Sk 1e3 I.I'ne or lie distal to thrs hine In
) 10 24 months the edge was located
Avony ChS‘r;mmal and 3 mm distal to the Y
oo fen aged 25 to 72 months it lay
ot < Y line in one case and 2 to S mm

Theay Y line in the others
langde"“;:dal“ays pointed in shape n leg post
pointed or shightly rounded 1n post

3 3,
nth-old
t’ Yy .,mmb"v :f:!ehk;vg‘h( is-ded congenstal idiopathic hip
fm: S leg artier a) Leg poution 1 b) le;

& R h“: ;‘,‘:"’:i Round metal indicators projected org|
B ¥ elime oflmsmbxhl) The femoral head
[N the acetyy Isplaced in different directions

?“;d e acetabutar 14b;]um rounded in s proxsmal part
T 08 0 the to the Y line Its share vanes
ook o vy 20 of the femorat head Outhne of the
Xy ,ir‘"-\y Visible 1 u,;‘ R"lnable The hgamentum capitis
WOl 1 egp hip \or:t;denl skeletat development of the

The sheletal development of the acetabular roof onlv shehtly
retarded Left hip stil appears normal Fovea capstrs femons and
parts of the dorsal part of the  etabular fabrum are marked by the
110 3 mm wide obhque layer of contrast medum . projected over
the femoral head (¢f Fig .} Plastic tube in the rectum for
dosimetry

tions 3 to 6 The part of the acetabulum forming
the contour was always evenly curved except at the
position of the acetabular fossa (Fig 2 Fig 3 left
hip) The stereographic exammations yielded the
following additional mformatton

(1) The contrast medium was largely collected
n the dorsal (dechvous) parts of the jomts and the
ventral part of the acetabular labrum was only
covered n places by the contrast medum As a rule
the contrast medium accumulated to form a 3 t0 4
mm wide layer m the dorsal part of the joint (Fig 2
Fig 5 nght hip) It was not possible to decide with
certamty whether this was situated between the joint
capsule and the acetabular labrum The exact post
tton of the edge of the dorsal part of the acetabular
labrum could not therefore be determined

(2) The entire articular surface of the acetabulum
was not reproduced due to the distnbution of the
contrast medium

(3} Of the two sheletal contours that are nvar
ably seen 1n the acetabular roof (on the a p view)
the distal one was always located ventrally in the
ilum while the proximal one was always located far
dorsally They seemed to approach one another
medially but their lateral parts appeared to be
essentially parallel (Fig 7 nght hip)}
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Fig 5 9 month old girl (leg posttion ?) At the age of 6 months
mstability of unkncwn aetiofogy of the left hip Cassette placed
directly under the pauent without grid Left side Femoral head
distocated proxamal lateral and dorsal to the tabul Itss

brum and joint capsule cannot be distinguished they a':n:

posed between femoral head and acetabulum l’h; :\"

medium has collected m the declvous ide r\al}y.{n]m x{:‘;::
ting Jetailed evaluation of acetabulum Shele!

smali and has a bizarre shape  mdicating that the dislocation s
secondsn to epi arthnu  Borderline between acetabular la

In unstablec jownts the appearance of the proximal
edge of the acctabular labrum vaned considerably
In patients with subluxauon the edge was clearly
rounded and displaced proximally This edge of the
labrum w 15 sbnormlly mobile (Fig 3 right hip) In
wreduably dislocated hips the borderline between
the edge ind the jomt capsule could not be demar
¢ited ind the two formed a fold which was mter
posed between the femoral head and the acetabulum
(Fig S left tp

At the site of the acetabular fossa the outline
appeared wavy and displayed considerable varia
ton This was due to bulging of tissue into the joint
cavity tFig, 3 mght hip) On opumum reduction
this tssue became compressed nto the acetabulir
fossa whereby the icetabular contour became nor
mal In wreducibly dislocated hips on the other
hand the ucetabular surf ice could not be evaluated
satsfactonly (Fig 5 left hip)

The stereographic examinations yielded the fol
lowins, additional information the extent of mieral
1zation of the icetubular roof the minerahzation
deviated from the normal and was most marhed
dorsally  The Intter was evident from the fact that
the lateral part of the two contours mentioned were
not parallel the proxim il (dorsal) contour diverging
more or less disunctly in the proximo dorsal direc
tion (Fig 7 left up)

Relanion between the articular surfuces In nor
mal hup gonts the fumoral head was alway s situated

ment of the hum retarded Right hip Normad Plast tabe e
rectum for dosimetry

centrally 1 the acetabulum mn all leg poum\ml
the contrast medium accumulated m differentp’
between the articular surfaces dependmg OFM
position of the femoral head (Fiy, 3 left hl;; “:f—
right hip) When the leg w1s abducted & »
ternal rotation (positron 5) the fyer of t;‘h
medium was generally widest (kg 3¢ 1:““
It could have 2 maximil width of 4 mm o
the femoral head and icetabular {0553 nndvonk
between the head and the cartilaginous pst
acetabulum -

In unstable yomts the tayer of contrax! T:‘J"r
between the articulir surfices Was a\»\.\l‘vk”w
than about 2 mm but varied in the differen e
tions In children with only shght Im“b‘]mﬂxu\rﬁ
most clearly obsersed with provocation ::.‘yrh! e
(leg positions [ and 2) or at 45 .xhducm; o "
mum external rotation of the leg trig .
In patients 1n whom reduction was r‘05~ o
mum position of the femoral head m:non!
leg position 6 and occastonally 1t pﬂ\‘ e fer

The sterco films demonstrated tht dnr\J“”‘"
head was displaced to 11y INg c‘lf"‘;(m) !
acetabulum 1 hips with marhed st ety .
er degrees of instibility no such dn‘r“dd prt\"*"
observed Only n one chiid “hol ) JRY
had septic arthritis W s the fumor!
ventrally

11 amentunt capins foi .
ligament was visible 19 Teg posth

oot
rorts I pormal 17
AN
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k2
b g
B g T i
D enam L3P Views of
5 Sy S g o of the pelvis obtaned at post
&2 ang gy @ S With normal ips The child was

[
. \"\ﬁm‘,\f”’“" ;;:: reonatal period On lef side the

ol Ly e 1 removed and the edge of the
o k:\‘hun “m:ez Marked with contrast medium
Bioms g,

provimally (b) 0° (c) and 1P distally (d) with the vertical plars

Needles and metad rods used to fix the specimen progected on the
films ¢} Left acetabulum from films a-d schematic The edge of
the acetabutar fabtum marked with a solid fine sn the dorsal part
and wath 2 dotted Line in the ventral part Position of the edge of
the acetabutar labrum n relation to a constructed bine Y shown
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Fig 7 Newly dmnosed coneemtal idhopath. mstability of the
Teft hip 1n an I%-month-old g1rl Right bup Sheletal development
of the shum rormal The proximal skeletal contour (—) was
obsenved at stercoradrography to be located dorsally and the

could seldom be observed m its entire length It
formed an elongated 1 to 2 mm wide defect mn the
contrast medium from the transverse hgament to the
proximal part of the fovea capitis femons {(Fig 2
Figs3a b 4 left hip)

In the unstable joints 1t was usually obscured by
contrast d Occ: lly the | ap
peared broad (Fig 3b nght hip)

The stereographic films were exposed tn leg pos
tion 4 which was unfavourable for evaluating the
hgament and m this respect the stereo films were
of muted value

Sccondan arthrosrapin Most of these examina
tions were performed withm one month after comple
tion of a pertod 1n plaster of Pans Shight instabili
v which was not percenved at simultaneous chnical
examunation was often demonstrated In such cases
the femoral head could be displaced laterally in leg
posttions 2 and 5 whereupon the layer of contrast
medium between the articular surfaces became
wider than normally A typical case of this kind 1s
lustrated m Fig 4 In a few patients 1t was also
possible to displace the proximal edge of the ace
tabular labrum a few mm in the proximal direction
A constant finding was that the femoral head had
cither regamed s normal shape or was consider
ably less deformed than at the pre treatment arthro
graphy  The skeletal development of the acetabular
roof hid always been affected favourably (Fiz 4
night hip) but had not yet become normal n more
than one of 42 cases

Techmcal errors In 4 (1%) of the 351 punctured

LONNERHOLM

distal contour ventrally m the Jlum 'Leﬂ‘ i‘l:’xf'_l;;a:
dysplasia The upper part of the proumal con!

rrtm,: the distal contour The dvsplasia thus most marked w3
dorsal part of the ihum

jomts no contrast medum could be Injtﬂﬁ‘*h
of these cases the punclure needle was rm‘—t
not lying 1n the jomt when the mjeclmr;‘“;m‘
tempted Both examinations were among ! Ck
the series and the fallures could prut;:sbh '
plained by mexpenence In the other hr;“m‘
of which had been treated presiously by °P"’~'
tion the contrast medwm spread ulr::;ﬂ"d\’4
even though the needle was considered o have =Y
situated m the joint

In the first 15 exammations I
considerable amount of contrast medr
through the puncture trach when th
remos ed smmeduately after the uueclmn]ms
sequent exammations the needle was anmm .
sity until they were completed bu(l ot
some leakage was usually un‘nuldnbtned‘“
most often 1t was neghgible When lhcbm o
considered 10 be situated m the .lo"“duc oo
trast medium flowed into 1t 1his W& 1t
sion of the needle tip by a prece of n: s
cases repuncture with 4 new needle “I‘:nnl oo

Complications No fections ‘:‘fem
complications occurred In onch;l‘ﬂ i
sient general erythema pﬂsil )d:\ck‘r““(’
contrast medium (Uroerafin 220 < from el v
hours after the exammation AP2 s prots™ &
nods of bronchospasm m 2 patien poclhTe” e
to the anaesthetic agent (Fluothanc)
plications occurred

Exposure techmaque W
made with the cassette direc

)
¢ was found B
um o4k
¢ need ¢ ¥,
Inthes 1

gres *

hen the C‘WN e

11y under ¢
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poorer quality were obtaned than when the
sused However the quality was considered
ble {Fig ) and at present all films except
for stereoscopic analysis (which require that
tent 1s not moved between exposures) are
1 with the patient lying directly on the cas

Discusston

arthrography in children 1s not frequently
wed as the number of children with hup dis
ygnosed after the neonatal period 1n Sweden
vely small Duning the period of the present
01030 hip arthrographtes were carried out
I maregion with a population of about 1 2

enital iopathic mstability of the hip was the
tquentindication (76 <) for the arthrography
resent senes girls were in the majority (7052)
W reported senes of this condition Most
*7eport no complications at all but a few
Pserved 1solated cases of septic arthritis
AT GRECH) The nsk of side effects was
Te considered to be small on condition that
l‘t;ems without any signs of current infection
mmed and that demands for stenhity equal
:‘:Urgery could be fulfilled Both hips were
Sy;’]sl:xammed even in children with um
SE\’IJER';: except m the early part of the
g also seems to have apphed this
ot "amls 15 also the general procedure 1n
by a:‘\ianans m children The complica
ot serous
I‘P:S::t seres 1t was often only after com
Mnm:} rlhe affected and the unaffected hip
cof 1 f: could be evaluated—in particular
e headmo:;al head the relation between
‘ot neckan the acetabulum anteversion
U cdge of l:nd the position of the proximal
Yine ¢ acetabular labrum in relation

bilatery) arthro;
P be filleq
T Fewer ey,
Mlion time y, 1l
e on the
AMineg sepay
Wt alyoyy
U medig |
b5 tme 1

graphy 1t 1s recommended that
With contrast medm before
Posures are then needed the
I be shorter and the hips easter
films than when the two sides
rately The exposures must be
10 mm after the myection of the
fa longer time elapses the me
become absorbed and diluted to
“

such an extent that the diagnosis will be rendered
difficult or mpossible (BIORK et coll ) Using the
technique described the interval between the myec
tion of contrast medium on the nght and left side
was about one min and the exposures were com
pleted about 5 mun later which meant that contrast
blurring was never observed The main reasons why
the arthrogrphies could be carned out quichly and
with few failures (1) were that the techmque was
simple and that only two radiologists with consider
able expenence n jomt punctures performed the
exanunations A new puncture techmque was used
and the method of imyection of contrast medium
employed by SAHLSTEDT (1976) for ankle arthro
graphy 1n children was successfully applied

The jomt punctures were performed at a safe
distance from the temoral artery and femoral nerve
—at least 1 «m medial to the arterial pulsation Re
gardless of the position of the femoral head the
joints were punctured shghtly lateral to the trans
verse ligament where the joint capsule bulges out
ward to some extent {Figs 2 3¢) In cases with hip
instability the needle can easily be mserted far mto
the acetabulum (Fig 4 night hip) without contact
with the articular surfaces and 1ts tip can be moved
sideways Therefore 1t 1s possible even at the punc
ture stage to get an wdea of whether or not the hip
15 unstable Several other puncture techniques have
been described and are summarized by GRECH

Evaluation of the articular surfaces 15 rendered
more difficult with much contrast medium 1n the
jomt which also mcreases the nsk of concealment
of jomnt structures by extraarticular leakage By leas
ing the needle i the joint duning the exammation
the amount of contrast medum can easily be ad
Justed to the size of the jont decreasing the nisk of
leakage

Lateral films of the pelvis were exposed only
on few occastons and were found to be of hmited
diagnostic value In other descriptions of arthro
graphic techmques lateral views of the pelvis are not
recommended

Hip arthrography 15 a good example of the use
fulness of stereoradiography to replace lateral ex
posures At an early date SIEVERS and BRONNFR
mentioned the value of sterecarthrography but like
FABER they did not describe the examtnation tech
mque LAURENT always used stercoradiography in
with | idiopath: bility before
and after attempts at reduction

At the exposures of the stereo films the geometry

hitd,
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was the same throughout The film-focus distance
and the distance which the tube was moved laterally
between the two exposures were also carefully
defined The technical prerequisites for performing
measurements on the films and calculating space
coordinates for potnts in the object by means of a
stereo roentgen comparator were therefore satisfied

However there 1s a lack of reproducible measure

ment points in the hip jomnt at arthrography due to
the uneven distribution of the contrast meditm and
this possibthty could not therefore be utilized How

ever from the subjective assessment of the stereo
films \aluable additional information was obtamed

In a simple way the posttion of the femoral head
in the antero postenior direction the distribution
of the contrast medium in the jont and the skeletal
development of the acetabulum could be deter

mned The siereo films revealed that severe con

genital 1diopathic mstability i children mvanably
led to displacement of the femoral head dorsal to the

T LONNERHOLM

Several children with congenttal mnstabilty we
subjected to arthrography before the age of ey
(Table 1) 1e before they had started fo bear wegit
on the ips Most of these cases had more of kss
marked subluxation (seldom dislocation) of the
femoral head and a deformity of the femoraf hea
and acetabulum (Fig 3) It 1s clear that evea
jont that has not borne weight deformty mn
occur This 1s probably a result of fitatton of tf
femoral head in an abnormal postion conseque
upon muscular imbalance for example contraciurs
of the tup adductors

Traction constituted the ntial part of the e
ment 1 children with restricted abduction (ot
than 20 ) of the fup jomt By the fact that this ¥28
apphed before the arthrography 1 most s
with reducible mstability exact reduction could fe
achieved 4t the arthrography without stretchreel
the hip adductors and the definitne treatrer)
(usually immobihization n a hip spica) could b
d under the sime anaesthesia Facilities »¢™

acetabulum and that the skeletal develop of the
acetabular roof was most retarded n the dorsal part

Both for arthrography and for conventional radio
graphy in children up to at least 4 to 5 years of age
the use of cassettes with rare earth screens 1s recom
mended The cassette can be placed beneath the
pattent A metal gnd need not be used

It 15 nowadays unusual 1n Sweden for congenital
mstability to remain undiagnosed as late as after the
neontal period and rare for the diagnosis to be made
after the age of 6 months (PALMEN 1978)

In cases diagnosed neonatally usually no radio
graphic examination 1s needed at the imual stage of
treatment but routine conventional rad hy at

available for supplementing unsatisfactory (et
therapy with subcutaneous adductor tenotoms ¥
the radiologic department but only 1n 2 few E::S“
was this necessary Despite these measures befort
the reduction femoral head necrosis if the prevy
ously unstable hip was later found m 18 ptrct;!‘;“
a group of 20 children with coneenital msla\‘!‘l
diagnosed after the neonatal period (ALS
LONNERHOLM)

Since arthrography was performed
mobilization the treatment fias bc]cn
to a greater extent than previously
of tr ; 15 determyned not only by the aed

before thet?®
s idualizet
The dur"™

the age of a few months 1s generally applied (ALMBY
& REHNBERG 1977) That conventional radiography
has not always been a satisfactory diagnostic tool
for the treatment 1s evident from the necessity for
arthrography 1s some of these children (Fig 1 black
areas)

After the neonatal period particularly at the ages
of 110 6 months hip instability 1s often 1mposst
ble to demonstrate by chnical examination alone
(ALMBY & LONNERHOLM) Primanly conv 1

M
the child at dragnosis but also t0 2 grca:‘:‘:g;hy
the degree of mstability observed 3t ot :(:m "
Arthrography has 1lso been found mhcm i
spects to be a more v \luable method \h o
exammation for assessing the result of l(:é‘
treatment (Fig 4) In the present sene it
sidual lengthemng of the jomnt capsulc“m e
instabtlity on provocation m.mucmrﬁ‘ s s
found despite the absence of tbnorma o
chnscal € That these really ¥

{ih

ridiography should be used Displacement of the
femur and retarded sheletal development of the
acetabular roof are useful critena for hip nstabihity
The purpose of the arthrography 15 to provide a
gundeline for the treatment and since 1972 arthro
graphy has been used consistently 1n afl newly de
tected cases

f

of residual conditions ind not general 2::‘;]‘;‘(
Joints was evident by the fact that mn un! o b T
the contralateral hip jomt Wwas foun
stable on corresponding pro
It was also demonstrited that 1he
components of the join
shaped during the treatment
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nd previously m older chuldren (SEVERIN and
1ers) However 1t was not certain that the femoral
ad had completely regained its normal shape after
ducuon treatment even m children under one
ar{ALMBY & LONNERHOLM) Therefore 1t would
“of mterest to follow up such children for a longer
niod than has been possible hitherto

The entenia for normal arthrographic appearance
commended by FABER and SEVERIN are based on
ndins at post mortem examinations (mostly new
m nfants) and clinical arthrographies m children
ierone year of age From the present senies crite
afor a normal arthrography in mnfants aged 2 to 12
onths may be suggested on a more valid basts than
sbeen possible previously

11} The proximal part of the edge {outer margin)
{1he acetabutar labrum 15 stable even when werght
;b;me on the femur The margin 1s pointed or
Shlly rounded and 1s directed latero distally In
;P Views of the pelvis the edge shall not lie at a
Snce of more than 2 mm on the proximal side

Tthe Y Jine

"

:lf)fme acetabulum encloses a hittle more than
W ofthe femoral head Thys 15 only an estimation

H
: cl1 channol be expected that the entire edge of the
13? ular Tabrum will be visible
Mm femoral head appears sphenical to the
P Te;e except at the site of the fovea

*© lgamentum capitis femons forms a 1 to 2

"% ide defect
in the contrast med)
Wt surfaces lum between the

51 The worgyp,

Tgen of the layer of contrast medium

EPﬂsmo: articular surfaces varnes depending on

10 e of the femoral head The layer should

and u:elhan about 4 mm between the femoral

& tema ning acetabular fossa and 2 mm between
parts of the k

rded ag norma) ead and acetabulum to be

0 Conelusions

} Hip ay

g thxldre:h»iogmphy can be performed 1n infants

! nisk ™ 2 hugh degree of success and a
of complications

Cgenery) an:: s‘;,ge 1o perform the exammation

o YRS of age €312 at least 1n children under

Ay
;\3\“ the o raphy

o Yields  detailed

2 shape o
and of gp N
u""ﬂmon th: configy,

iformation
d position of the femoral
g fation of the joint cavity

detailed 15 also obtamed on

the anatomy of the a and the |
capitts femons Stereoradiography will give further
information on the hip jont

(4) An orthopaedic surgeon should be present at
the arthrography His task should be to perform a
climeal examnation of the hips before the jomt is
punctured and to be prepared to mnitate the most

ble form of tr eg bilization with

a hip spica after closed reduction under the same
anaesthesia

SUMMARY

A method by which buateral hip arthrography was per
formed under general anaesthesia m 130 mfants and
chifdren 1 month 1o 7 years of age s described Sign fi
cant contractures of the adductor muscles had been cor
rected before the examination Most of the children were
gurls with unilateral congenntal idiopathic hip instabihiry
detected before the age of one year From films exposed
m standardized projections valuable mformation was ob
tained about the configuration of the joint cavity and the
size and shape of the femoral head Crterta for normal
appearance in mfants of ages 2 to 12 months are presented
More reliable details on the refation between the articular
surfaces the radiographic anatomy of the acetabulum
and the distribution of the contrast medirm were yrelded
by stereoradiography Closed reduction was usually ac

lished during the ar hy which
made beginming of defimtive treatment under the same
anaesthesia possible
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AVULSION FRACTURE OF THE PROXIMAL TIBIAL METAPHYSIS

Report of a case

L DaNieLssoN and G THEANDER

Imalic miury to the knee in childhood may
*® vanous types of fractures mvolving the
1l metaphysis of the tibja Most of these are
:ommon and well known but avulsion of a
j:vse:a\l fragment has apparently not been de
);credvxously The present report concerns the
rdmrugnnsls of such avulsion and an analysis
. Sresponsible for this exceptional type of

Case report

e

u),ca:]jg &l was vaulung the buck horse during

Fsue oy o100l Missing a ump she hit the
of her left knee aganst the top of the

% Injury y
Sshe SOuzh asfirst believed to be trivial but after

radiography was repeated 19 days atter the acuident The
tibral metaphysts was azamn found to be iregular m struc
ture but the previous diignosis proved to be incorrect the
trabecular disarrancement was caused by a fracture with
mcrpent ¢allus This fracture which was confirmed by
tomography extended from the epiphyseal plate 4 ¢m
distally separatng & posteromedial fraement of the
metaphysis The fragment was wedpe shaped tapering
distddly and consisted of trabecular as well as cortical
bone Shsht ulting of the fragment had resulted n a dias
tasis which also tapered distally (Figure)

Close inquiry into the history revealed the following
cireumstances of the accident W henapproaching the vault
mg horse the girl noticed that the springboard deviated to
the left During takeoff the board shipped and the jump got
ashew The girl tried to adjust the vault by maximum
abduction of her left leg but could not avord hitting the
horse with the lett knee which was extended whereas the
hip was d and rotated outwards The collision

tmedc;
gj;ﬂz“‘ky n “alk?nl;d“ce because of
o h:’:::,lsm: revealed that when walking the
shon The o ickwards and that her steps were
ki g5 nmmm]f! was shghtly swollen but the
eareq Somewh; Ir; colour although its tempera
“““"‘lmated elevated Pan and distinctive
the doryg) aspoet 1ot to the actual site of the blow
Tokeq 4 of the medial tiba) condyle The
“‘ﬂurmm:mc::“"sm" defiut of the jomt Ths
Mevon of et s well ay the pain were exazger
i of e ron’® ESR was 38 rom 1n one hour
v and sclerotie bnec was reported to show os
“Pcn\mca]z normalittes of the tibal meta
fdings reaction

St gy tu :re considered suggestive of os
90 the g qnor 9™ B0PSY was scheduled at a
T Were s o 1S and treatment of bone tumours
' adsance but were lost Therefore

forcefully flexed the hip and simultaneously pam was
experienced not only 1t the site of the blow which was
antertor but also on the posteromedial aspect of the knee
After the fracture had been recognized the request biop-
sy was cancelled and the knee was immobilized 1n plaster
which was removed 10days later By then the knee was no
longer pamful 1nd jomnt motion had become normal but
the circumierence of the left thigh had decreased by 2 cm
Penarticular demineralization had occurred but the
radiographic findings were otherwise unaltered No fur
ther treatment was given After another month healing of
the fracture was complete the muscular atrophs and the
demumeralization had disappeared and also the ESR was
normal Nine months after the accident she had resumed
physical tratneng and was 1n an excellent condion

Submstied for publication .% Devember 1979
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Left knee 1% dags ajter aceident ay A p wiew b) tomography
€) oblique view  Fracture (—y d) Lateral view tomography
Posteromedal fragment of metaphysy shhtly di placed

Discussion

ft1s evident that the fracture sustaned in the present
case was not directly ¢ised by the impact of the
knee agamnst the horse The dorsal postuon of the

indrate vl

ot gD !
I‘Oml ates ®

fragment and the diastasis clearly
fracture This 15 a4 common 1ype 0““
childhood nd adolescence but the ‘\ apophe
avulsion ire the epiphyses 1nd panow

al avel ¥
ossific ition centers A truly metaphy &



o have never before been observed in any
he site of metaphyseal avulsion m this case
; consideration of some special anatormic
of the knee joint
eas the posterior and medial surfaces of the
d tibtal eptphy sts are covered by the synovial
me which extends to the cartilagmous
calplate the adjacent part of the metaphysis
: of attachment of the fibrous jomnt capsule
LWACHSMUTH 1972) The medial wall of the
Kinterwoven with the broad medial collate
nent and its postenor wall 1s similarly sup
nainly by the semymembranosus tendon Be
e knee yoint this flat tendon divides mto 3
sundles of fibres which partly blend with the
The middle bundle extends distally into the
4 fasta 25 well as 1o the tibial metaphysis
Jarbundle turning proximally forms the ob
plteal ligament of the capsule and the tibial
which runs a more transverse course n
1the ibia beneath the medial collateral iga
\OPSCH 1940)
tendons of the semimembranosus and
Wmosus muscles form the medial ham
whereas the lateral hamstnng consists of the
tendon The sermitendinosus tendon imserts
‘ubm but this attachment close to the tibial
3ty 1s medrated by the pes ansentnus which1s
‘omposed by other tendons The biceps ten
;l!ached manly to the fibula Since the long
m‘:‘;’m‘zc;:: ‘:nuscle and both of the medial
ot nginate at the ischial tuberosi
uscles are extensors and add

tuberosity Under these special conustions the ten
sion of the medial group of hamstring muscles might
avulse their tibal rather than therr rschal attach
ment

Vaulting the horse requires a combination of ab-
duction and outward rotation of the hips and exten
sion of the knees but since the rules supulate ver
tical posture of the body when passing the horse the
hips at this moment should not normally be 1 a
position of flexion But if the legs hit the horse therr
sudden arrest will tilt the body forward The resuit
ant flexion of the hips might be expected to cause
an avulsion fracture either at the ischial tuberosity
or less likely at the ubial insertion of the hamstnng
tendons yet even the ischral site of avulston seems
to be rare 1n this sport Since collision with the horse
can Obviously rot be uncommon the ubial fracture
obsenved In the present case strongly suggests some
extraordinary kind of strain on the medial hamstring
of the left leg

1t 1s therefore noteworthy that the accident was
clamed to have been caused bv shewness and slip
png of the springboard and that the manoeuvre
made to overcome these difficulties implied exag
gerated abduction of the left leg When hiting the
horse the leg was thus i an unusual position which
1s known to favour avulsion and which also explamns
the remarkable site of fracture

The mtral erroneous evaluation of the imjury may
have been due partly to the abnormal ESR which
seems to have been merely comncidental but the
extreme ranty of metaphyseal avulsion s probably
the man expl why of the fracture

b

=n:: 3 well as flexors of the hnee The

m“;:osus and simitendinosus muscles also
"4 totators of the leg (APPLETON et coll

A the knee 15 ey

u ended the tension of the

il
J::d:‘;sirlles will restrict flexion of the hip IF
amay cau:: s abducted forceful flexton of
MY Where .:l]l avulsion fracture at the 1schial
“gnate Sycpy of the strong hamstning mus
Tealing 1, v avulsion may occur on the side
i mhergsoz 2 hurdler and 15 frequently found
ancing fom:nlu"us actvities such as acro-
LovShy ZI spnnting and skung (MILCH
IS Byig OLIX 1972 LEHHARDT &
$5510 2 Fetcoll 1979) However if
* the bigepg mr Postlion but also rotated out
Meipate 1y 'h“SCle will be relanvely fax and
€ traction acting on the sschal

was delayed Awareness of the fact that this 1ype of
avulsion can occur and hnowledge of 1ts radiologic
appearance should help to prevent future confusion
with other lestons

SUMMARY

“The radiologic appearance of avulsion fracture of the
proumal tibral metaphy sis ts desenbed and the conditions
under which this rare type of injury may occur are
analysed
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EFFECTS OF PERCUTANEOUS FEMORAL ARTERY CATHETERIZATION
ON LEG GROWTH IN INFANTS AND CHILDREN

W MORTENSSON

Seieral reports have pomted out the nsh that
eathetenzatron of the femoral artery causes retarda
:Jium;fleggmwth This complication has been men
k(;":h In caswistics  the observed differences 1n
H:ﬂmh(;{meen the two legs ranged between 5 and
srar [LITD(I)LPH 1968 WHITE et coll 1968 NEBE
- ol 1969 TakaHASHI & KAWANAMI 1970

eSE(;‘Ie!co[l 1973 BLoOM et coll 1974)
enomenon has also been systematicall

‘r:‘t;liled BASSETT et coll (1968) foyund shoncny
s zle(gi on the catheterized side 1n 24 of 28
il ed01t0 14 years who had been subjected
P Th:l';e;’g cathetenization after surgical ex
el o 31 erence 1n length between the legs
g 0 18 mm the tibia being primanly

Th

Q“‘fi:rl:z::fr,fr:mh retardation after percutaneous
B g ol (Ias’also been nvesugated ROSEN
Mt super, 972) found the distance from the
“ofthe ank[“u::; 1hac spine to the lateral malleolus
Cletenzeg sid 1o be at least 8 mm shorter on the
¥ oo of n e than on the other leg in almost 3
l’!.mcduponlhe chidren The authors also com
n, technique el;ne\aclness of the external measur
g evemay AWKER et coll (1973) probably
ke Jegg oo Measurement found that the length
' ooy fun;ed within £5 per cent the findings
Melygy thxldre: T commented upon but seem to
Qlaity Gwm“nh a considerable leg length 1n
Pore any nek 'ER ¢t coll (1973) were unable 1o
Pltangge . O IMUCINE growth retardation by
lhanmn:sl[y( Cthetenzation However they found

1 Mth ppe “s:““ legs vanied 1n length
E\L erer ml};uo: of one thurd of the patients of

sse:

de before ca!het:;;zn;ﬂof the leg length was

BASSETT et coll found that the degree of growth
retardation m the catheterized leg paralleled the
decrease 1n ipsilateral penpheral artenal pulses as
esttmated by oscillometry or by palpation They
ed th 1c complications to be
the cause of impawred growth Thrombosts of the
femoral artery was n fact demonstrated by angio
graphy 1n a few cases (WHITE et coll  JACOBSSON
etcoll BLOOM et coll } 1n mostinstances followng
cathetenzation atter surgtcal exposure of the artery

Further experiences are necessary to elucidate the
relationship between growth disturbance and per
cutaneous catheterization of the femoral artery
prevention and treatment of the complication
depends on knowledge of 1ts causes and the natural
history and chmical sigmficance of the subsequent
nequality in leg length

thereft d

Matenal and Methods

The matenal comprised 78 infants and children
m whom percutaneous cathetenzation via the
femoral artery had been performed Approximately
80 per cent of the patients had been subgected to
heart cathetenzation and the remainder to catheten
zation of the coellac superior mesentenic or renal
artenes

The material was divided into two mun groups
Group 1 consisted of 42 patients who hud under
gone previous heart cathetenizition by mewns of
catheter insertron through one of the femoral rter
1es and were submitted for another sumilar examina
tion All children admitted during 1 given pertod ind
fulfilling these cnfenis were included srrespective of
whether or not possible thromboembolic complic 1

Subrmitred for public wion I May 197
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W MORTENSSON

Table 1

Ave tvears) at catheters atoon and length (vears) of follr up i 78 infants and children exp ned 1
percutancous cathetert aton of the femoral arters

No of Age at cathetenzation Length of follow up
Cases e ——
Range  Median  Mean SD Median Mean  SD
Group 1 A 9 0-9 21 28 34 63 335 hr]
Group 1B 4 0-12 45 2 50 30 3t 19
Group 1C [ 09 "4 32 11 47 44 9
Group } D i 0-14 60 63 42 30 33 15
Group 2 36 0-14 64 71 37 15 20 13

tionexisted n fact such a complication was suggest
ed 1n one case only In comunction with repeat
cardioangiography angiography of the hac artenes
and the previously catheterized femoral artery was
also performed (MORTENSSON 1976) The length of
the legs was measured at the same tume The angio
graphic findings guided the further classification of
the pitients nto 4 subgroups | A with total ecclu
sion and 1B with partral occlusion of the previously
cathetenzed femoral artery 1 C with minor throm
botic lesions in the arters nd 1D with a pormal
artery
Group 2 consisied of 36 patients The lengths of
their legs were assessed mmmediately before the
primzry cathetenzation and agam at the follow up
Since there w 15 no clinical suggestion of thrombotic
complicition ngiography was not performed
The age of the patients at catheterszation and the
fength of the follow up perod re  the time lapse
between the ¢ ithetenzation and the follow up are
giventn Table | This period was in no case shorter
than one vear
The pre-catheterization measurements of the legs
of 122 mfants nd child luding the m
group 2 were used as reference values
The length of the femur and the tibia was recorded
separitely by means of onthodiaradiography  With
the leg resting directly on a long cassette 3 expo
sures were m e in sequence on the same film using
FFD 150 cm and slu colimator with the central
beam focused precisels on the hip  hnee and
ankle jomt fespectnely (Fig 1) The leg and the
film werc hept stanonary dunng the procedure The
length of the bones was then measured directly on
the film Two complete sets of films and me wuire
ments were Made of eich bone the werage being
used

The reliability of the measurements was anhzdd
by the vanance of the results from the to measuit
ments of the same bone and expressed by stundad
deviation Whether the Tength of the femur ort®
tibia was assessed the standard deviation was &
proximately 05 mm and was nearly the same
all ages Any difference n leneth between the t*
legs of less than 2 mm may thus be explamed B
the measuring error

The absorbed dose was 02 mJ weithted mt—‘l‘
active bone marrow dose 30 Gy and gonadahlu"
30 uGy to a 6 year-old boy (the median age ¥
matennl)

Results

fference i Tengih &
ht and left btz 3°
fespectivet

The reference group The i
tween right and left femur ng
night and left leg {=femur phus (i)
appears it Table 2

Difference ta length between m.
with equal frequency in all ages an e
ly the same magnitude In 60 per cent 0 e
the length difference between the twolugs s
i 1 mm n 2 cises it was more than 10 mh"“
2¢) No predominance 1 bane length on et
was found

ate bones eceu™
J was of practi

Table2

"

Difference (mm) in lensth bet een il e /(/f‘/mr

als» bet eon the fe e plat ubiift tillexi« e
infints and children ¢ at tar s refer

andtt €%
et

sty
¢ 1
«
Femur o-11 [ x~6 oy
Tiba 07 e ) ou
Totd feg 0.7 14 14
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2
'y -
'
]
Fig 1 At orthodiaradiography
3 different exposures were made
] on the same film with the central
+ N beam focused on the hip- knee
1 and ankle jomt  respectively
3 The length ‘of femur and tibia
4 ¥as measured separately on the
film
Groy,
Pl
~ e 21@ :esulls of the length measurements
T, tnmﬁ ~and Table 3 Leglength inequahty
‘a"FhCaxedc Ntered among the patients with un
Pdmn““ll:’hhflenzanon {subgroup 1 D)
thro;
. : Ui, mbosis following cathetenzation

Moy
W"Psnlaltm’ﬂ anery frequently had shortening of
<8 The degree of growth r

The tibia was also shorter on the cathetenized side
n several cases however the mean value of length
discrepancy did not differ sigmificantly from that of
the reference group

Group 2 The difference 1n growth between the
bones on the cathetenized and the non cithetenzed
side during the follow up period appears in Fig 3
No general difference in the growth rate of the bones
on the two sides existed In one child a shght de
crense was found n growth rate of the leg on the
cthetenzed side as compared with that of the other
leg and 1n 7 instances the growth of the cthetenzed
feg exceeded that of the other leg

Dhscussion

A good conformity in length existed between the
night and left leg 1n most of the individuals of the
reference group A discrepancy tn leneth of fess than
5 mm must be accepted as normal (Table 2) Even
a greater length difference may occur without caus
ing complaints (SHARRARD [971) Eght mm was
therefore somewhat arbitranly chosen as the small
est limb inequality which possibly may cause symp
toms this would gne a margin of confidence nd
make comparison possible with previous reports on
growth retardation following arteral cathete nzation

Leg nequality of 8 mm or more occurred in 5 of
the 78 catheterized patients All 5 belonged to group
1 and thus there was no wmformation on 1 possible
length discrepancy present already before the pn
mary artertal cathetenization In 3 cases the catheter
1zed leg was the shorter one and the differences m
length were therefore intuitively classified as result
ing from compheattons This would then give ap
prouimatively the same frequency of grow thretarda
tion as found by ROSENTHAL et coll In two of the
cases with marhked length mnequahty the shorter leg
was on the non-catheterized side and angiography
showed normal artenes This emphasized as did the
2 cases In the reference group with marked differ
ences 1n leg length the nisk of erroneously ascnbing
a shorter leg on the cathetenzed side to cathetenza
tion complication Nevertheless the close relatton

< T,
P

/ ‘L:s(.n :'T_E:;d the seventy of the thrombotc
, (‘“‘btl‘oups \n:: :\ere Pnmanly affected and 1n
:‘m 1 ery (o, otal or partial occlusion of the
dty Betnee EToups 1A and 1B) the length
Mg gg, wa M the catheterized and non-cathe
¢ statisticalty significant (p<0 001)

between b i the cathetenzed femoral
artery and growth retardation of the ipsilateral leg
and the reverse situation 1€ no growth retardition
when the artery was normal strongly supported the
hypothes:s that artenial thrombosis was the cause of
growth retardatton  The probabulity that the results
demonstrated 1n Fig 2c¢ would occur at a random



300

A

Db

i1plc 1bp

Group 1a
ne na a6 n2
mm s12
w
+10
3
= +8 4
w46
-3 X
P
tat . .
w 2.4 e . .
. . s
b o J ece ede oo
- . .e
2] e . .
] .
-a .
r -6 J
moe ] .
©
=10 J
=
.
w24
-

Fig - Difference m bone length betwcen cathetenzed and non
cathetenzed stdes ind4 children expo ed lo percutaneous femoral
cathetenzation Each dot represents one patent Postrve differ
ence indicates that the cathetenzed bone 1s longer Patients
arranged 11 griups according to occurrence and degree of
thrombotic lesions 1n cathetenzed artery a) Titia b) Femur
¢} Total leg

distnbution w s less than 0 0] Premature closure of
the phy 515 did not occur in any case

The ultimate degree of leg shortening 1n patients
with thromboss saried and was posubly related 10
the age of the patients at the ime of cathetenzation
—the younger the patients the greater the growth

AT, 1 L dNaats ¥

aoop 1A 1B 1l¢ 1lbp
ns na ne nn
mm uj
wr
1
)
=z 8 4
[ 6 J
-4 PR
w *e
w 2 4
Lod o weney
.
- -2 4 L] e
a «
-4 e
.s .
= 6 4 .
= 8 J
o .
=10
= .
w 12 4
=
b
Group 1a ls lc ip
n9s n4 ne n2
mm 12 4
w +10
© . .
=
+6 J
u
« 4 .
w .y |
w
c J .
%
- -2 d
. . .
a4 d .
e .
6 4 o6
= . .
- "84
© -0
.
Z 2
w v
2
-1
-20d o
.
1 be fur
retardation The phenomeaon coll“;‘:ﬂ e
evaluated however becathe of the s compl At
patients with confirmed lhromm‘;&mm ame
and because most of them hclung; o will 5
¢!
owth retird won 4 .
group Amy g ot occun o

preater leg length mequility



FEMORAL ARTERY CATHETERIZATION

301

Table 3

Group ! Length dfference (mm) ben een femur nbta an{femur plus ubia tr tall 2) f the

catheten ed and non-catheten ed sile m 47 cluldren previ ush exposed to percut 11 us

catheters an n of the femoral arters The panents are arranged acedit 10 the conditi
of the previoush cathetert ed artery as assessed 1t anuio ripin

Group 1 No of Length difference
cases

Femur Tibra Total fe.

Mean SD Mean SD Mean SD
A Total occlusion 9 —-56 7 -0 16 -9
B Partial ecclusion 4 "¢ 08 -8 .S - R u
C Discrete thrombosts 6 =17 1 +0. 13 -t 30
D Normal artery 23 401 14 05 1B -0

EMUR

Y

-6 -4

-2

F
31
W33 Dt
22  growy
::*e?f e sdes gt
<y
) B paneon
e wag

0 +2 +4 +6 +Bmm

G
ROWTH D] FFERENCE
of bone,, betw.cen cathet
enzed and
PeRutaneg, ok follow-up peniod 1n 16 children
nr\toml cathetenzation Po stive value
Breater on cathetenized than on non

Br.r

penod of otherwise rapid jrowth as mn nfncy and
early chuldhood (ANDEPS~ON et cofl 1964}

The duration of the srowth impeding ac 1on s also
related to the ultmate fenth mequatity ot the legs
However no relation could be proved between the
degree of leg length difference wnd the length of the
follow up pertod The tonger follow up penod pres
ent m children with thrombosis following cathe
terization 1s 1scribed to the fact that most of the
thrombotic complications occurred during the early
penod of the sertes In this contextt should be men
tioned that prelmmary resufts of w0 investigatton n
progress suggest that the growth retardation effect
following thrombosts of the femoral artery seems to
operite a definite limited pertod only The growth
rate of the mate bones s then re equahzed

If the difference m length between the two legs
amounts to 10 mm the leg inequality may give nse
1o low back pam and gonarthrosis m adults (DIXON
& CAMPBELL SMITH 1969 CLARKE 1972 WALSH
1973) Therefore it may seem advisable to take cor
rective measures to prevent such complamts How
ever according to SHARRARD leg length discrep
ancy n chiidren will rarely be considered for cor
rection unless 1t 1s at least 25 mm [n the present
series leg length discrepancy of at least 10 mm was
observed after cathetenization 2 children a fre
quency wdentical to that of the reference group The
length differences were 11 and 20 mm  respectively
and the only symptoms were Iimping and the need
of operatine correctton was thus questionable ac
cording to SHARRARD s cniterta The nisk of causing
chimical significant leg length mequahitv at artenal
catheterization ts therefore considered to be

k] Ll')'f PN 1
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More marhed differences in leg length have been
reported and 1t 1s 1pparently not completely clear
what troubles even moderate leg inequality may
cause later on n Iife (CLARKE) Measuning the leg
length after catheterization seems therefore to be
advisable Careful exterior measurements should be
sufficient as a screemng test

The present results strongly suggest that throm
bosts of the femoral artery was the sole cause of
growth retardation The primary step in preventing
growth disturbance 1s therefore to mke an adequate
assessment of the blood flow to the catheterized leg
ifter completed catheterization and if thrombosis
has occurred to perform thrombectomy without
delay If growth disturbance has been established
the ultimate degree of length difference can probably
be determined after 18 to 24 months

SUMMARY

The nsh and the mechanism of iducing leg growth
retardation at cathetenzation of femoral artery was in
vestigated 1n infunts and children The ultimate degree
of leg 1nequalny and the possible clinical significance of
the complic 1tion were discussed
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": VOLUNTARY HABITUAL DISLOCATION OF THE HIP
IN CHILDREN

H PETTERSSON G THEANDER and L DAMNIELSSUN

=]

5
* Reutent dislocation of the hip may be a sequela
. ﬁ:a&“msit;{co lnnjury (GLASS & POWELL 1961 HENS
t ) may ;s’honblezgcﬁilgxe?o“s-ll(‘e?tclog ‘9170 ot

Pitlaxiy caused by malfy on o by drsease of
e y malformation or by disease of
"l m,e};ssue (HASS & HASS 1958 PACKER
_ \Mmmm tADMD & DREZ 1974) Voluntary

o whICha xo;of\he hip in childhood 1s a con
l g iy norte of these explanations seems to
" whndon ¢ present report concerns the chinical
5 B features of this unusual disorder

Yo Case report

" Tepy
* el d"fé‘;s‘: ﬂHchy with no family history of musculo
I~ ang ot Was born at term of a normal preg
Hhog Pelpation tf‘(ammanon m the maternal ward 1n
e ,em:’d ‘“‘C hip joints revealed nothing ab-
e gy admzu walk at 12 months of age At 2}
‘"“’“‘Ercuuld itted because of nocturnal leg pan
Bang durng sug,):c the child relief by massaging his
Sfing Clmey) 1 massage she had heard clickwng of
¥ sdng lr::x:(:é“n“n:m" still revealed nothmg ab

Jear as given

ey qu‘:‘: the boy had developed the habit of pro-
* Hotation ich by combined flexion adduction and
R mus‘of the left thigh He had no pam and he
51 g " e habut 1n bed which drsturbed his
ey [‘Cal Te exammation revealed slight
;_“’t fm:\cmm)u: the first metacarpophalangeal joints
\‘;‘V of e pery o ‘Of the hips appeared normal Radio
o brormy Ry the supine position at rest revealed
[_\_rlt of distocay % 1) On request the boy proved
- :{"‘E"dphy de:,i,lhe left femoral head postenorly
Nl the ma“mur,:l;a‘l‘d that the dislocation was
islocation lasting less than 0 2

second Atthe mom t td ¢« al b chen v
heard and gas appe.r ¢t b )1t B

No treatment was 1 St h opaent cten qu d
to persuade the bey to op 1 habit 3 e <t e
the boy had not produ ed amy lkh t rac cthanay ar
and had almost forg tten hew to d vt The chat 1) nd
radiologic findings we ¢ aurm i Hovever atter instrue
tion the boy was able to repeat fus Jd nk and cine
radiography agam confi-med brief pastenor dislocation of
the left femoral head though less marhed than previously
Intraarticular gas occurred instntaneously on the dislova
tion as before but no chicking was heard

Suney of previous cases A search of the litera
ture revealed 6 previous cases in which voluntary
recurrent dislocation of one or both hips has been

1 fy d d 1n childhood (HILGEN
REINER 1932 HEIDSIECK 1939 HEIKKINEN & SULA
MaAa 1971 BROUDY & SCOTT 1975) The maun find
ings in these cases are briefly summanzed n the
Table which also gives the sex of the children the
age at which symptoms of the dislocation had first
been noticed and the age at confirmation It appears
that 5 of these 6 children were girls with dislocation
of the night hip whereas the boy had bilateral dis
focation that the diagnosis was established at 2
years of age m one case and at about 5 years i the
others that the dislocation was nvanably accom
pamied by a clicking sound and by the occurrence
of ntraarticular gas and that it was panful in only
one case

The clicking sound was mvanably heard on dis
location and 1n one case also on reduction (Case 1)

Submutted for publication 14 December 1578
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Fig 1a

Fig 1 Normalap view of the hups at 3] years

Fig 2 Ci atflevion ad, and mward rotation
of left thigh Intraarticular gas i postenorly dislocated left hip

Intraarticular gas was stated to occur on the disloca
tion in Cases 2 and 6 and can also be observed 1n the
illustrations i Case 1 Although i the last men
tioned case HILGENRFINER seems not to have
realized that gas was present i the joint he ob
served that when the fumora! head was displaced the
Iigamentum teres became radiologically vistble

The dislocation was desenbed as posterior in §
cases and seems 1o have been 50 also 1n the remain
mgone (Case 1) Inall the cases 1t was provohed by
flexion adduction and inward rotation of the thigh
Nolauty of other yomnts was found except in Case 4
in which the fingers wnsts and hnees were hyper

Fig *

1

nwhe
flexible and hyperextensible and in Case 6 1 .

the shoulder joints fater proved uns(ablc‘ s T
Case 4 15 exceptional also in other Ilesl‘:call“"‘
mother of this girl had had recurrent :';gnheﬂe .
both shoulders and one of her knccskl\" T

tip of the daughter had begun to clic Rt

Iy became loched 1n the faulty p(mhon“mes rl"‘"
reduced by traction The hip was som; el
and she began to imp Despite this ]uumﬂ '
proved only shghtly unstablc when ﬁrsdl ey
3 years of age and radiogriphy 45 “ahl)t“‘f' )
graphy at that time revealed no ahm‘)rr:‘ﬂo yoars 7 ¢
shight widening of the joint space
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Table
‘
k Previons repe rts of habitual voluntary distocats m of the np i child » d
F:kmnt: Sex Ageflyears) Age(years) Swle  Pan  Cliching Trtrs Treum at
atonsetof  at confir artalar
! symptoms  mation Onds  Onje i
i location du 107
HILGENREINER, F 2 2 R + L
2 - -~ (R
Hepaech F <4 R - - - Shitzy
HERKINEN . SLeavian M n 5 RL - + - s ',rv ’ :n“l
HERknend Sieavian F <2 5 R + - ! ‘ '
Brotor & Scotr F 44 4 R - + -
: Baovoy & Scorr F Unknown § R - -
dislocation was radiologically confirmed the
Or ¢ en

L‘I::;:a: progressed and the muscles of the
'mrcatada become atrophic The hip was there
s Sl;rglcally and immobilized for 3 months
w1 b‘:\i’ dA( operation the joint capsule was
" Wde enough to permut intracapsular
T: of the femoral head but was otherwise
h"; lllga;nenxum teres was missmng but the
il :r:um glenoidale and femoral head
er overlapping and plication of the
m‘::‘;norly the dislocation could no longer
.y ahong.,oen the operatron table At repeat
Strcaneg ‘ear later dislocation had allegedly
% g e hip movements and the radiologic
o ltdrc then normaj
g mo:: treated with immobilization of the
e frayey Sa;Case 2} She was then symptom
i iy ter which habitual dislocation re
iy iyl T case immobihzation with an ab-
el ey I:th‘:esd I(Casc 3) but dislocation
! od Th ehig lpmt which was therefore
e of e m hsh I had habrtual dislocation at
i;‘ b Dme“ ; e; re-exammed at 16 years the
;:!ch-ﬂly ﬂonnila le and were clincally and
"
LA m,“,ﬁ ncluded also 1n the reports of 2
:3“‘" 2 yen Ic;lwcd fo treatment One of these
: “"‘\‘Wncd lh:;a;hle to dislocate the hup but
“Timipeq P l_; (Case 5) The other one
w‘fh"%“md the b years (Case 6) She no
m‘“logan) o 'p which appeared clinscally
mal but in the meantime she

e
L ored the b,
o100 by ity 10 provoke postentor sub-
shoulder Jonts

¥
e

The present c1sz @1 int 1y B bty d slocatio
of the hip and the previc us Aeas son « addbple
several stnhmngly s mulo featu es vic  the history
prompting exammtion  the carly onstt of symp
toms the postenor dslecation of the fumoral
head the manoeusre provoking the dislocation and
the chnical and ridiologic findings The children had
nesther a history of trauma nor any congemital or
acquired dysplasia and nothing indicated d previous
disease One girl had pain 1 the affected hip at
rophy of the thigh and a mping gait (Case 4) but
since these slight drsabilities gradually developed
after dislocation had become habitual they were
probably exceptional complications of the habit
rather than manifestations of any predisposing ab-
normality Pam 1s not known to have occurred in the
other cases except the present one n which ft was
only transient

Further features common to most of the chil
dren include female sex (5 cases) unilaterul affec
ton (6 cases) nght sidedness of disfocation (6
cases) and stability of all jomnts other than the hips
(all cases except one 1 which the ability to sub-
Juxate the humeral heads later developed) Hyper
mobility of some jomts eg 0 the hands was
noticed 1n 2 cases but since this finding ts not un

n childhood sts sigmifi 16 doubtfu!
The follow up available mn 6 cases shows no tenden
¢y of the dislocation to become permanent or to
cause severe imury Although Iimited expenence
suggests that the habit of dislocation may be aban
doned even without treatment -
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Since most of the features mentioned differ from
those of other dislocations of the hip 1t appears
justified to conclude that the unusual ability to dislo
c1te the hip voluntanly constitutes a specific pediat
ric entity [t seems to mvolve preferentially the right
hp of otherwise normal young girls for a hmited
meriod of ime  In the diagnosis of this entitv the
v pical iston 1s of obyrous importance but also the
findings 1t chnical and radiologic examination ap
pear significant The occurrence of a chching sound

ind of intraarticular g 1s deserves particular interest
Although the sound m Case 1 was claimed to
occur both on dislocation and on reduction 1n all
other cases 1t w 1 he wrd only on dislocation It thus
differs from the shaht Jiching sometimes found n
newborn mnfants with congenntal dislocation of the
hip On palpatt :n thy neonatal clicking 1s elicited at
the moment wnen the femoral head 1s felt to ship
back to 4 ncrmaf position (the so called Ortolan:
clich) The sound heard on voluntary habitual dis
loc 1tion appears to have invaniably been rather loud
resembling that produced tn many normal subjects
wher triction 1s suddenly apphied toajoint e g ina
dizt
As early as in 1897 1t was radiologically dem
onstrated that the sound elicited 1n a finger joint by
traction 1 due to momentary loss of contact be
tween thejomt surfaces and that at the same moment
gas occurs in the joint space (Fick 1910) Since then
£1s has been found under various circumstances in
many other jomnts including the hips (for references
yee MAGNLSSON 1937 RAVELLI 1955) Such an ac
cumulation of gas has often been referred to as a
vacuum phenomenon because 1t 1s explamed by re
duction of the intraarticular pressure liberating gas
from the tissues THOMAS & WILLIAMS (1945) who
examned the knees of healthy subjects n a decom
pression chamber showed that gas imvanably ap
peared in these yoints on simulated rapid ascent to
35000 feet (about 10670 m) alutude They aspirated
the gas for analysts and found 1t to consist of n1
trogen oxygen and carbon dioxide 1n approximate
equilibrnium with the normal blood gases

Even at ordinary altitudes gas may occur without
triction 1n some joints particularly when the limbs
are held 10 certam positions This was first noticed
1n the shoulder by MAGNUSSON who found that gas
sometimes occurred 1n the jointif in the recumbent
posiion the arm was extended along the head and
that it disappeared on flexion In the hip gas may be
seen an a lateral view obtamncd i the recumbent

AR SR e
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position (the so called frog or Cleaves postiong
the htp also called Lauenstein s position) but 1 ds.
appears at change of posture (SEYSS 1959) Thy
events which quite frequently may be obsened
children with normal joints sugrest that in the b
and shoulder the intracapsular space vanes 1 ¢
ume with the position of the ltmbs

It mught be thought that gas would 2 cm i
even more readily n a jomnt when dislocation occu
but 1n most dislocations this seems to b prese
by abnormalities not allowiny, sufficient reducton
the intraarticular pressure In dislocation caused!
malformation or triuma the capsule may be et
plete or have been ruptured and in neurogenic®
various other types of dislocation the normal 52
port of the surrounding ttssues 13 absent Itis haov
from post mortem expenments with human p°
that if the soft tissues outside the intact capsuleba
been removed traction separating the joint surh‘
will cause the capstle to bulge o the joint sp&
which 1s thereby reduced or even ehminated lﬂff
HEIDSIECK found at radtography of a case ¥
habitual dislocation of the hip caused by pmzm!;
muscular dystrophy no gas to occur 10 lhe)«]
when the femorl head was bemg dislo-ale
assumed that 1 this disease a similir absen t‘
capsular support mn sivo prevents £ frors 1
cumulating 1n the joint

Radroluilc obsenations made at the ™ .
when dislocatton occurs or immedately afters .
have been rare except In nfants with m;‘:.a"
dislocation of the hip In this hospatal the d':‘; al
1n such nfants 1s radiologrcally demonstrat %
first week of lfe The exammation s ﬂ“on s
dislocation has been detected o FJ’F“‘:HW
films are exposed while the femoral hexd s e
displaced The films ms ariably iclude “,,Pmlh s
both hips obtamed m the frog I"‘"“"nm‘m
without traction of the thighs In 2 r:?rc\tb“m
the radiologic findings the films 1 l-h " were
fants with dislocation of one of both ll;l Do
viewed (PETTERSSON & THFANDIR wr:: ppAt
the traction gas was ne\crobsencd int
whether dislocated or not .

In congenttal dislocation of the T peln ®
abnormal laxity of the soft tissues O onent ¢
hips 15 a preconcition for the dl‘pk:\cr\!d o
femoral head (ANDRE™ 1962} The 0 cumul!
of dislocation and traction 10 P""D“: .?r(
of gas wn the hip joints i newborn Lul e
disease 15 therefore not SUFPNSNE

o

pa trant’
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en iy noteworthy m the present context because 1t
tor Iy suegests that nerther dislocation nor trac
_ enwill cause gas to accumulate i a jownt unless the
_apsule 1s eff ctively supported by surrounding tis
us
= Itmght Ty be d that 1n habitual
~ oltary dislocation of the hip the gas imvanably
wund to oceur 1n the Jont reflects not only com
= teness of the capsule but also proper stability of
€8s suroundings  The findings made at operation in
*-«¢ 4 and the course of the condition m the cases
olloved up are with this ption
=1h demonstration of gas 1 the joint thus 2ppears to
- % valuable both as a clue 1 the differential dia
-osis between the various hinds of habitual disloca

¥nand ay an indication of a favourable prognosts
Y

. SUMMARY

J" chiat and radiologee findimgs m a child with
)b "l voluntary dislocation of the hip are reported

i “valions made in this case and i 6 others on record

”@hm that this rare condition 1s a specific pediatric entity
- M2 good prognosts
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CONGENITAL DEFORMITIES OF SKULL CAUSED
BY FETAL LIMBS

G THEANDER and J THUNANDER

Moulding of the head of the fetus 1s a physiologic
:;::Idunng delivery but this change n shape 1s
xrcukllmes abnormal in degree site or duration and
mheufwg may occur also before birth Skewness
bie m Jced for example with malocelusion of the
et 4y develop 1n utero if the fetus habitually

" ’:_5 head turned to one side the lower Jw
fau:[ pressed agaunst the shoulder This ongin of
o moulding was detected by PARMALEE (1931)

Pmdependemly by BROWNE (1936)
mﬂ':{;‘al;l moulding of a calvarial bone has occa
mlme); :: nhsh"“" to result from maternal abnor

myber, ch as 3 uterine fibroid (BARR 1952) but

L ne::sed 2lso by the fetal imbs When exami

3 of th 0m baby with congenitnl bilateral impres

feet Bkmi forche 1d and shght malformation of the

d flaxg MEnoticed that on extenston of the legs
Mo con; ™ n the hup joints each foot thus brought
’rﬂrml 3¢t with the forehead fitted into the 1psi
ot (Concav"y of the shull He concluded that
’mulualypes of deformities had been provoked by
Mthe ’Pftssure exerted by this posttion of the legs
of the shfl::scs now reported congenitl deformities
ams are explaned by the position of the fetal

Case reports

! :“* agul born in  hewd presentation The
Mihe ﬁn:.yl A been uneventful but mtrauterine asphyxia
Wi g 28 Of labour prompted assi tance of delivery
X flug UUm extraction The « byerved amount of amniot
oungy, TT37ed normal T forehead of the baby was
Nning o deformed on the 11zht ssde by a broad furrow
temple’ A ttlly with 1« laternd slope toward the
a1 g much shallower hut othurwi € simitar concv ity

€rved at the corre ponding site on the left side

Case
Mregnan,

The Apgar score at one mun was 7 The baby appeared
srntable and was rather pale

Radiographic ¢xamination of the skull one hour after
birth faled to demonstrate the slight deformuty on the left
side but clearly showed a nght sided impresston of the
frontal squama 1nd traumatic lestons of the soft tissues
Several views were obtaned to evaluate the degree and
uxtent of the impression  These excluded fragmentation of
the bone and showed that the concavity was limuted by the
coronal suture and the midhne (Fig 1} A swelling and 2
surrounding circular groove extending across the posterior
part of the sagital suture had obviously been shaped by
the suction of the vacuum cup and the pressure by its
brim  Another swelling first situated outside the nght
partet1l bone resembled a kephalhematoma but on re
examination a few hours later it proved to be a subgalenl
hematoma 1t had m the meantime mosved to the left side
of the shull and extended mto the nech dr placing the
left auricle laterad Duspite these swellings the soft tissues
tn the concavity of the bone were on both occasions nor
mal m thickness (Fig 2}

The ltimbs of the baby were normal nd the shape of the
feet did not correspond to that of the forehead but when
the right wrist was placed acmnst the shull 1ts dorso
rad) surface proved to fit exactly mto the nicht frontnl
impression {Fie 3) The other wrist similarly matched the
slicht deformity on the Ifl side

The subgaleal bleeding cau ed no trouble except tran
sient anemma Neurologic examination revealed nothing
abnormat and the skull deformity decreased without
treatmement A minor conc ity on the nicht side was
still visible after 9 months but one verr later only shight
flattenmg persisted  General growth 1nd development
were unremarhable

Case 7 was 1 bov bornt iy £101 presentation 1nd had
a panetal defurmity on the left side At the end of delvery
31 hours after onset  f hibour his arms had been brought
down from 1 po st dong the head The obsenved
amount «f ammou tud was normy The Apear score
was § wone min rulimprorved to 9 tn 2 mun

Svbmitted t - publicat n 7 Apnl 19 9
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Fig | Case 1

squama

Right sided coneerutal impression of frontal

Radiographic ex. of the shull diately after
birth showed a decp impression of the postenor part of
the left panetal bone The concavity was about S cm in
diameter and was limited by the lambdoid and sagmtal
sutures The bone was not fragmented and no swelling
of the soft tissues existed (Fig $a)

The general condition of the baby appeared excellent
and no treatment was gnven When re-examined 22 hours
later the deformity had already regressed (Fig 4b) but
the external concavity was stll visible and proved to
correspond perfectlv with the dorsal surface of the left
wrist (Fig 4¢) The deformity disappeared 10 a couple of
wechs Subsequent development has been unremarkable

Discussion

Impresston of part of a calvanal bone 1s a relative
Iy uncommon vanety of the shull deformities en
countered in newborns When found at birth 1t s
usually attributed to fracture sustamed dunng deliv
ery Such birth fractures may be caused either by
obstetneal instruments or by the bony portions of
the brrthenal e g the normal promontory er pubic
bones an exostosis of the spine or some prom:
nence duc to deformity of the pelvis On the other
hand similar impressions may be the residues of
prental frictures caused by bdominal trauma 1o
the mother dunng the pregnancy (AXTON & LEvy
1965 ALFNANDIR & DAvVIS 1969)

G THEANDER AND J THUNANDER

The impression fractures of the shall mutero ¢
those occurring early in infancy gsually lack macro
scopic fragmentation of the bone nd callus rrvdl;fc
tion Ths type of imyury widelv referred toasap
pong ball fracture thus causes osseous nbnour
iies similar to those 1s may result from moukl ;
of the shull m utero Dcformities of mlhtrc('ﬂ!!\'l
have exceptionally been found prenatally at a:m
rean section (BARR) vaginal palpation (GHHIW
1976) or mdiographic examnition (RAvL oty
ALEXANDER & DAvIS) but calhvanal |mprc5:&m
the fetal limbs seems never (o have been obse! e
before birth Conclusis¢ evidence of suchan lfl:l’md’
ston can be obtamed after birth only of the S;u o
shape of the deformity e chamclcnsnrc;:hmh
disclose the caus itive former position ol l‘t wpres

The possibiity that the feet may cav Ty 9
ston of the shull was illustrated b CAfFF
by a drawing bised on the obsery?
BROWNE Since that drawing has peen K
by CAFFEY m all subsequent edittons :d
book and by vanous other authors 4s i
long been wellknown but surprisingly e ler
obsenations are on record A \c.;rch;: Wb esd
tre revealed only 2 further cases 10 ® ’5 fs hart
vamil bones were clumed or \ULSﬁ““mR\"”“
been deformed 1n uiero by the fetal feet

eprodt
{ his tes!
|tk



el 1g
g bv‘ﬁ WAGNER et colf 1968) In a case re
JENKI 450N (1973) a frontal 1m

. &
Ssi0n detected af,
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b Stage of
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er delivery was claimed to have
€ humerus of an arm found m
labour 1o prolapse in front of the
had occurred spontancously

Fig ¥ Case | Calvanal soft tissues a—c 1 hour after bith d)
a few hours later Posterior parietal swelling shaped by extractor
{a) Hematoma moving from n.ht side (bY to left and exten hing
inta neck (d) No swellinz outside osseous impression ()

before treatment could be given and a chmecal dia
gnosis of fracture seems to have been taken for
granted Although radiologic findings were con

sidered to lend support to this diagnosts the ew:

dence given seems equally consistent with prenatal
moulding by the arm



Fizg 3 Cact a) External shape of deformity b) Position of
arm fitted into deformity

Fig 1 Case 4} Immeduately after birth Impression of left
partetal bone o swelling of overiying soft tsstes b) 22 hours
later Regressicn of deformity ¢) fosition of arm fitted tnto de
formity

In view of the difficulties m recognizing the ongin
of 1 congemita} calvarnl impression the few defor
mitics on record ttnbuted to moulding by the fetal
Iimbs tre unlikely to reflect the true incidence of
such deformation  Both the present cases were
found 1n the course of one yeir They thus suggest
that prenatil impression of the shull by the fetal
fimbs 35 not an extrume ranty  and they confirm
that the imb nvolved can be an arm as well as a
leg Although the postion of the arm responsible
for the deformity was observed duning delivery 1o
only one of the cases the diagnosts was established

G THEANDER AND J THUNANDFR

fiy dc

W UG posttst
tirth  This dragnontt
radhologte findirs$
Jiography w3 L
hase ingured th
the soft 1 &
{ . hemte™ v
n both ¢4
f 2 frc

1y tH

in both by demonstrating th
could be reproduced 1fter
manoeuvre w 1s prompted by the
The main purpose of the ri
exclude 1 bone fragment that might
bratn but also the ppe 1rince of
proved sformative The 1bsence O
the concavity of the deformed bone ¥ p
did not support the mitiil qumnlmﬂmm
fracture It cannot be excluded wihee et
the nst intaneotrs 1mpression & sthout frg o
charactenzing & pIng pone bl fracture
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aonalh not be accompanied by bleeding How
mer this was considered unlikely because i the
pes ot cases of undisputable fracture of this type
gstared aft>r turth a local hematoma has invanably
’hten demonstrable
. According to CAFFEY  craminl depression present
% bith and not associated with edema or hemor
fhaz= of the overlying soft issues are usually due to
bng standme faulty fetal position rther than to
reent birth imury I the avarlable onginal reports
wiributin, calvamal moulding to the fetal imbs the
oft tissues were not specifically mentioned and
Mwrraphic examination was carmed out only inthe
#se reported by WAGNER et coll Thewr findings
werelistrated by an 1 p view of the shull showng
metal impressions resembling ping pong ball
Eﬂﬂun’.) but the soft issues are not visible and the
*Terental duagnosis was not discussed The ob
knations made 1n the present cases are conststent
with the opinion expressed by CAFFEY and strongly
% est that radiologic evaluation of the soft tissues
‘-‘J) afford a valuable clue to the diagnosis Al
;“?_ueh experience 1s still insufficient to assess the
‘l“'“) of this statement  the finding of normal soft
“ses outside a congenital impression of the shull
uld prompt an attempt to reproduce an ex
Aaztory position of the himbs
1t appears ikely that a lImb responsible for
Pnatal moulding has been Lept 1n the causative
:;;:’Ulr: for some ume if no. habutually before
15 known th it improper posttion of the fetus
E‘;);‘reﬁecl wsufficiency of intrauterine space due
. ample to oligohydramnios or some major mal
“Mmiton or tumor Since no such abrormality

exnsted n the present cases it 1s not possible to
explain why the arms of these fetuses were pressed
4gams! the skull in utero

SUMMARY

Twoca e wre reported in which coneemtal impressions
of the skull were explained by the position of the arms 1n
utero
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ACCURACY OF ECHOVENTRICULOGRAPHY AS COMPARED
WITH COMPUTER TOMOGRAPHY IN CHILDREN

U ERASMIE ] HANSON and H RINGERTZ

nfﬁz;“:c::m;gmphy (CT) 1s 1 many respects
g Theo for exammatton of the cerebral
dsnos oo Telhod 1S non 1nvasive without nsk
Ratang Y‘HD ications It 1y comfortable for the
’\”mormef‘ e; a clear conception of the size and
anmc}f;e (;'al ventricles as well as of the brain
[ — o space However a CT examma
Eohes 4 mdexpensne and time consuming 1nd
- 1atton dose to the patient Further
Udren sedation 1s often required and oc

Qionglly ge,
Xy ,9792] neral anesthesia (ERASMIE & BERG

A mog,
e echmenmculography {echo VG)1s anal

i
xles [;;:'Zl\?alnon method for the cerebral ven
g nforma 967) It does not provide the same
" size of the v:loln s CT but gives a conception of
M0 g e ncles and 1s much less time con
€xpensive It involves no radiation

* ble ases: Properties seem to make echo-VG
£ dugopg of sereenmg method  Most presious
ography (;‘g" VG in companson with en
SN '\erj GREN et coll 1968 HANSON et
Teoll o SMAN 1677) and with CT (HaNSON
by Correlay, ICN et coll 1979) have indicated a
EI retnrd.nm‘:hbe(“een the different methods at
SV ey 'i € SiZe of the lateral ventricles al
:"ttll YNER ourable results have also been re
S0 1oty et coll 1976) ‘The purpose of the
Muay or o SO0 was 1o further evaluate the
ho-VG 1 chudren as compared with

CT An attempt was also made to find out if some
disorders were more hhely than others to gie less
accurate results and 1f so to analyse the reasons as
well as therr chnical consequences

Matenal and Methods

In a senes of 144 children 70 girls 1nd 74 boys
(0to 15 2 years medrinage 2 2years) echo-VG and
CT examination were as a rule performed the same
day The interval between the examinations did not
exceed one week in any of the cases A Mark F EMI
scanner with a 160x 160 matnx at 120 kV was used
for the CT exammations The shice thickness was 10
mm for children over one year and 5 mm for children
below one year On the CT examunation the anterior
horn index and the body index were determined
—the antenor horn ndex=the distance between the
lateral walls of the antertor horns of the lateral
ventnicles divided by the largest internal shull dia
meter (LINDGREN 1941) and the body mdex=the
width of the lateral ventncles at the body divided by
the intemnal diameter of the shull at the same site
(HansoN etcoll )

The echo-VG was performed with a Siemens
Echo encephalograph T Araukrimer system type
USIP 11 E using a prezoelectnic crystal of 2 MHz
The distance between the lateral walls of the lateral

Submtted for publi ation 9 \ nember 1979
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Body index

° 05 10

Fig [ Distnbution of echo VG findings and CT body index m the
#9 cises in which both were observable ®@=one case *=two
cases Regression hine with + 3 SD s given (r=0 725)

ventricles a few centimeters above the external aud
tory me utus w s determined The lateral ventricular
index (Sgogren s index) was calculated by dividing
this distance with the external diameter of the head
ancluding bone and skin) at the same site (SIOGREN
et coll  HANSON et coll ) The examiations were
usilly cirned out by one of three experienced
technicians

Computenzed statistical calculations were per
formed with st indard formulae and computer pro
grims

Results

The number of cases in which 1t hd been possible
to calculate the different indices the minimum ind
muximum salue for ewch ndex average vilue

Echo vg

Echo Vg

Ant horn index 12
1{Body index)

Fig 2 Venn disgram Distribution of the 17 cases that desn e
more than 2 SD 1 the regression betw een the ventriular mdices

standard deviation (SD) and median value are gne
n Table 1

The matenal divided 1n groups depending onth
distribution of observ ible indices with werage 3¢t
SD and distributton of children over and under th
median age for each group appears in Tuble2 |

The echo VG was successful tn 86 per icnl (4
all cases in 97 per cent for patients below 2 )tg
and n 75 per cent for patienty over 22 yers 9*1
CT the anterior horn index w1s me |sum:vl: m x;
per cent n 96 per cent for children below 2~ )CTJh R
and 1n 83 per cent for children over 22 )CJI:U
body ndex was obtunable in 67 per cent i rt:
cent for children below 2 2 years wnd i §1 ¢

children over 2 2 years

rm:l'ht: :llxsmbunon in Table 2 of e relatine h;r:h
servable indices deviates with high significine

t
random (p<0 001) The smaller the child th great 1

Nt
the probability to register 1l ndices with By,
methods fio

Bestdes dilat ition of the ventricles additrona! 8

1 psed ventn B

ings were recorded in 18 ¢ ises Co 3 et

on CT were observed in 9 ¢ 15es 15¢

‘Fable 1

Nt ouber of patents in which the different inhces v er

menalle and

statstscal findi s f 7 ik index

Index Number Afimmum Maxtmom Mean  SD Mediin
Anthm 1) 010 09 0w 018 033
Body 97 01r 100 040 017 0 \:»
FchavG 14 00 oxh 041 015 03
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Table 2

Distribution of abservable indices w144 patients i relation ¢ > the mediin
22sears For each combination of observable indices s gnen averave ase and

SD of the patients

Ant hom  Rody Echo VG Number Age
index tndex  index <TZyears >3 _years  Meam (SD)
x x x 51 31 31w
x - x 1 15 46 1R
- - x » L] 60 14
x X - ? 6 83 158
x - - 0 & 06 4.
- - - 0 4 71 00
X =0bservable index
~=Not observable index

Tnly asymmetry m 2 cases asymmetry with cyst or The equations for the hnear regression between

Boman 2 cases cyst or hygroma in 2 additonal  the 3 mdices and corresponding residual deviations
ases without asymmetry mdhne deviation on are histed i Table 4 Twelve patients with a devia
~Tho-VG m2cases (3 and 6 mm) and finally missing  tion more than 2 SD from the regression lines be
“Tsecuons m one case The age of the last 9 cases  tween CT and echo VG indices 1n Table 4 are
f“ 79447 years which represents a sigmficant  shownn the Venn dragram m Fig 2 All of them had
¢viation from the group with collapsed ventnicles  abnormal lateral ventncles Six of them deviated
<605) The 83 patients in which all 3indices could ~ more than 2 SD from the regression lines between
¢ caleulated had higher average ndices than the body index and echo VG index (Fig 1)

:E:*“‘;‘ the patients Thewr anterior hom mdex

IM— 13 and echo VG index 0440 16 devinted Discussion

By sigoificantly (p<0 001) from the correspond

2values 0 3040 12 and 0 33+0 10 respectively of The bram and the cerebral ventricles surrounded

¥ remaning patients by the skull bones s no 1deal object for ultrasound
he averall correlation coefficients between the 3 exammation The skull bones may be too thick and

dices a5 weil as corresponding coefficients for Pa absorb too much energy to permit recording of

s under ang above the median age and girls and echoes from the ventricles Inchildren especially in

s are given 1 Table 3 newborns and mfants the conditions are more

© difference 1 any respect could be dem  favourable as the crantum s thinner and recording of
Blrated betyeen pattents with echo VG and CT  the ventncular echoes 1s consequently easter and
“mination the same day and those with one to  more precise Itis quite possible to perform B mode
"emdays between the exarmmations echo VG m children (ADAPON et coll 1965 SkoL

Table 3

Corvelati seffictents (r) bet een CT and echo-V G indices Numb r of
parents s ithin parentheses

Echo-VG/ Echo-VG/  Ant hom index/
ant homwndex  bodyindex  body index

Al 0617 (113 07589 0779096
Under  vears 0609 (67) 0TI OBIS(H)
Abtove years 0604 (46) 0673031) 06 6(37)
Gurls 0595 (56} 073104 0643 (49)

Boys. 06%6 (57 073614y 08N
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Fig ¥ (T mdecho-V G from a &-month-old gisl with dilatation of

posterior horn - (antenor horn index 0 .9 body index 0 8 and
cho-VC 0y

NiCk et eoll ) which gives more detailed informa
tion than A scan but infersor quality as compared
with CT In our expenence B scan ts much more
difficult to handle than A scan requinng a coopera
tive or sedated patent Therefore CT has been
preferred for detailed examinations and A mode
echo VG for screenmg and follow up exammations
In the present senes the echo VG was successful in
97 per cent of the patients below 2 2 years but only
n 75 per cent of the patients over 2 2 years Inthe
younger age group the mean sentnicular size was
somew hat farger than in the older age group—a fact
that m be a contnbuting cause for the better result
in the younger uge group On CT it was often dif
icult to discern the body ind occastonally the an

tenor horns of slender lateral ventricles In a few
cases movement artefacts complicated the evalua

tion Thus 1t was possible to calculate the body
index only in 67 per cent of the cases and the an

terior hom ndex in 90 per cent The result was
better for children below than over 2 2 years The
better result i the younger age group 1s probably

pirt with 8 OO 2

Fig 4 CT and echo-\ G from 4 4-month-old it

malformation 1n her nght hemisphere (antenor
body tndex not measurable and echo VG 0 69)

due to the fact that the mean ventncular l\lu“:‘r-‘:
larger 1n this group and thus the \enlncbc!:wﬂ
easter to delmeate Even m the not measur e
on CT it was possible to evaluate the size :mmu v(’
of the ventricular system and (o dcmolrlls e
exclude hydrocephalus This was evidently
case 1n echo VG
Previous reports have ndicated goo R
echo VG 1 children (SIOGREN €t coll 1 el
mixture of children and adults (HANSO e el
while SYNEK et coll reported less favours

 accuracy o

Table 4

b
crale

res n bet efn

Equatins for the hneir ceg ol e

V( imdcesante resp nd
— ‘

ge nA
Equation e

e
Echo-V G0 ¢91xant h rmndex o‘n 14 o
Echo-%G=07 1¥body index »0 158 s

«~0 164
Ant hom tndex =0 650X body index+0 1
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H
w.t\ CT and echo-\ G from a 3-month-otd boy with dilatation

tv
Fi mg{ 21200t and postertor homs (anterior horn index 0 68

€00 43 and echo-V G 0 30)

It
Rad,
; ults This seems to indicate better accuracy 1

,:‘r“e"“ Patients It 1s well known that echoes are
casily obtained the younger the patient1s The
5\\2:5 lSl 2lso facilitated by large ventncles
ta S!Oé:: | recorded echoes at a more frontal site
KRUGS\H EN et coll Hanson et coll and
‘\’dv . ™ Itseems that the ventncular wall m the
. akcthnA reflects the ultrasound better which
sty concluston made by KRUGSMAN Be
4 acurm A more suitable method for companng
“eur o h‘l :l’ echo-VG than encephalography as
T l9asgo Istort the ventricles {LINDGREN  JIR
Ly e ol T;R’sox et coll 1969 OIGAARD 1971
T lnthe g PROBST 1973 \OSELEY et coll
comelar Present senes no difference ewsted
/h”’md“ ‘xcn between echo-VG and the antenor
ety n the different age groups The correla
tavg, hm}:l €cho-VG and the bady ndex was only
Ty The :’ ™ the younger than in the older age
“tang gg ifference was not tatistically stgmfi
Osexes \\h’eur’t exceed the diffurence between the
© no difference « uld be expected

method 1n a smgle sustable CT section 1n odor to
assess the size of the ventncles on CT Howeser
plammetry 1s an eleborate method and 1 vemams
doubtful whether amv advantages could be achisved
compared with hinear measurements Theretora the
latter approach was preferred Companns the two
CT wdices with the echo-\ G ind=\ 1t must be borne
m mund that the different mdices are measured m
difterent wavs and represent different parts o the
lateral ventnies In the antenor homn mdex the
width of the anterior horns 15 compared with the
largest internal skull diameter The mdex wik con
sequently fall below 10 even if there 1y no brain
parenchyma at all at the site of the antenor horm
In echo-V G the width of the Iateral ventniiles was
compared with the skull dameter mcluding shar
and bone whil2 10 the body mndex 1t was compared
with the internal shull diameter The echo-V G index
15 less clearly defined as the position of the trans
ducer was changed until the best possible ventnicu
lar echoes were found evertheless the echo\G
ndex and the body mdex were measured 1 the same
region thus 1t 1s patural that the correlation be
tween them should be better than between echo-VG
and antenor homn mdex

An amalysis of 12 cases with a deviation of more
than 2 SD from the regression lines between Sjd-
gren s index antenior homn index and body index
showed that all of them had abnormal lateral ventr
cles (Fig 2} In 7 cases with a locahized dilatation of
the posterior homns the anterior horn ndex and the
body index were low while Sjdgren s index was high
(029 028and 070 respectivels mn the case shown
m Fig 3) because the transducer had to be placed
1n a more postenor position than usual i order to
recenve distinct echoes The 6 cases with adevation
more than 2 SD between the regression lines be
tween body ndex and echo-V G index are al! of this
type (Fig 1) This explamns why all 6 deviating cases
have gher echo-V G index than body mndex as in
the figure Thus no case was underestmated more
than 2 SDwithecho-VG In 3 cases both the antenor
and postenor horns were dilated but a near normal
width of the body of the lateral ventncles (Fig 5)
The antenor homn ndex is high (0 68) while the body
index 1s only shighthy elevated (0 43) and Sjocren s
index normal (0.0) In one case with a localized
dilatation of the antenor horns the antenor hom
mdex was high (0 76) but not the bods ndex (0 3
or Sjogren sndex (0 35) Inonecase (Fig d)acystc

n
EK & REUREN (1976) used 2 pl ¢

n the nght h caused a high
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Syogren s index (0 69) in companson with the an
terior horn index (0 43) The body index was not
measurable The asymmetry and lack of mudline
structure was obsersed m echo VG and a malforma
tion was suggested Thus in all these 12 cases the
discrepancy between echo VG and CT was ostens
ible and explained by the anatomic shape of the
lateral ventricles and different sites of measurement
The anatomic information obtained from the CT
examnation facilitates the evaluation of the echo
VG examination  Animtial CT examnation 1s there
fore very valuible in follow up examinations with
echo VG

Conclusions

(1) The accuracy of echo VG as compared with
CT s farrly good in children

(2) For an accurate anatomic examination of the
cerebral ventricles CT 1s the method of chotce

(3) Discrepaniy between echo VG and CT indt
ces 1s often expluired by the anatomic shape of the
lateral ventricles and different sites of measure
ments

() Echo VG 15 useful as a screening method and
for follow up exeminations in children

SUMMARY

The acc iracs of echos entnculography (echo VG) using
CT hindimgs us a reference has been examined m 144
children Lateral ventricular index on echo VG was com
pared with antenior hom and body ndices on CT The
correlation coefTicient was 0 617 and 0 725 respectinvely
Tuelve cases with 4 deviation exceeding 2 SD 1 the
regression between the indices were analysed The con
clusion s that echo-VG 1s furrly uccurate and useful as a

:,crcemng method and for follow up examinations i chil
ren
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COMPUTER TOMOGRAPHY IN SUPERIOR SAGITTAL
SINUS THROMBOSIS

JAN BRISMAR

Thrombosts of the cerebral vemns and venous
;mnses isa comparatively rare condition which may
lht:elop either secondary to an infectious lesion

vicmty of the venous structures (septic throm
“:;LOL thllout such a connection (pnimary or
} Aseptic th b has been

E::’;: acomplication to pregnancy 1n various
o slryl or tumorous conditions as well as m
dcmmmmb;lees but may also occur without any
be e etiologic factor A detailed review of
Roors “%715 given in a monograph by KALBAG &
t5cuss 4 d) The aim of the present report 1s to
tagnostic problems on the basis of 4

&

bem Y comp graphy (CT) 3 of
" a,lso by cerebral angrography

mel ods Standard senal cerebral angiographic

n E’;‘l‘ll“l!;l\(;cre employed CT was performed using
e g head scanner with 160 160 matrix and
h;‘m:r‘":n?'l;n,:\l section thickness For contrast en
%2 gren 00 ml Isopaque Cerebral (280 mg I/ml)
ow n slow intravenous myection  directly
®d by scanning
hdloleo CXaS; histories as well as the chmcal and
8¢ findings nre presented n the Table

Discussion

”\:::e‘;:znl from the present cases as well as from
oL G:e (LEMAMI & LITTLE 1960 KALBAG &
0 geng nBRlELSEN & HEINZ 1969) the symptoms
“‘mmbos|5 ssocated with a supenor sagittal sinus
Rt by be Mmay vary considerably The mortality
€1 estimated to be 30 per cent (KENDALL

w,

1948) The real mortality 1s probably considerably
lower as the chimical diagnosis especially in less
severe cases 15 difficult while the autopsy diagnosis
1s easy The clmical course and the prognosis are
determined by the development of collateral venous
channels [n this context the location and extent of
the thrombosis anatomic vanatons as well as the
rate of evolution of the condition will be of crucial
importance (KALBAG & WOOLF)

Headache 1s the most single symp
and often precedes the other symptoms by hours
days or even months (KALBAG & WOOLF) In the
present series 2 patients had headache and vomitig
for a month before onset of other symptoms The
headache may be associated with facitl neuralgia as
in case 3 Following the acute episode of cerebral
venous thrombosis headache may remam as an iso-
lated symptom for years (HUHN 1961) In case 2
headache persisted 4 months after disappearance of
other symptoms

C i esther lized or Jack
seizures are common Focal seizures in these cases
have a tendency to spread (BiEMOND 1935) as dem
onstrated by the only patient m the present senes
exhibiting serzures {case 2)

Disturbance of the motor function 1s frequently
encountered 1t occurred i1n 2 of the present patients
(cases 1 and 2} Ascending hemiplegia due to suc
cessive spread of the thrombosis has been pornted

From the De of Diay tic Radiology Us t
Hospital S- .185 Lund Sweden Submutted for publication 16
May 1979
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Table

Summan of case lustories chimeal and neurologic findings in 3 patients with angrographucally confirmed and one patient with possidle
thrombosis of the superior sagutal sinus

Case Sex age pre History on Chincal signs. Ophthalmoneuro Brain Computer
Mo wvious diseases  admussion logic findings scintigraphy tomography
1 F43 p y 4w Left p: Normal — Extenst ¢ bduerady
healthy vertigo somiting deviation conjugee intracerchral hez
Day of admission 10 nght left orhages With sz
paresthesia left central facial rounding kow
sude weakness palsy aftepualingfepoe.
. Fa6 Crohns 4w headache fever  Normal neurologic Normal Normal I w before  Smalinght ford
disease and vomuung followed findings admssion 3w hemorrhage 374
healed pul by epileptic serzures later positive at sugrounding ede
morary tu (After admission tran stcof CTlesion  ma fal’d i
berculosss stent loss of muscular sorption "”":"
strength i right hand) orthage (g °9
3 M62 previously Sd sesere head Normal neurologic ~ Normal on admus  — Probably nerrdd
healthy ache round right dental and ENT sion 4w later
eye and cheek 2d findings bilateral papille
hegh fever dema (2 D) with
hemorrhages
detenorating
following month
4 F6% dabetes 3w confusion b~ Normal neurologic — 1w beforelossof  Afer ‘“‘:’:‘;
mellitus dominal pains vomit  findngs before conscrousness “"’“s";u,,‘m
g minor seizures loss of con findings consstent  fronsl Fetem ¥
sudden detenoration sciousness with nght frontal lumo:fdw
with persistent loss tumour ko SR
of conscrousness :or"mn:f:’ edema
(Fg 4

P ————————

of the O
n

Fig 1 Case 1 Sudden onset of Jeft snled hemiparess CT on hancement (nght) At angrography occls ®
admuswon Bilsteral multiple intracercbral hemorthages sur of the superior saptial sinus
rounded by Jow altenuatu n regons (feft) with moderate en
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Table (cont )

 egopraphy Further course

1Bterd frontopa Progressive detenioration death

t ralmasses ocely 2d after admission in cerebral

1 s of frontopanetal herniation Autopsy confirmed

© pantof supenor diagnosis

£ szt stnns
¥ after admussion Gradual improvement but some

+ Pl thrombouts of remaiming headache

¢ postenior thurd of
Spener sagittal smus

[N )

+ baler Thrombo- Almost complete disappearance of
ol postenor {3 pamns and papilledema in 6 m
xepenor sagttal
wes(Fig 3)

Death3d after admission
No autopsy

—
~ Ca
Gt SR seizures following one month s history
Bt by remon op | LUPPEF FOW) mghtsided hemorthage sur
Diloney o OF low attenuation Two weeks later a second
! # s mr::’ ﬂb s ption of the At
{ etae gy (,ab,m""‘l at bran scintigraphy with "Tc™ per
W e Defeet s 2P view Carotid angiography another
and e filling of postenor part of the supenior
rregula tortuous cortical veuns

One month afy
T e puplary cqui T onset of severe facral paans and

.o & al CT examination v e months
PEOr saga) wee PEOEraDhY  Occlusien of postenor part
$S0rtcal oy S With collateral circulation through tor
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Fig 4 Casc 4 One week s symptomatology consistent With a
bram twmour Right sided frontal lesion found at “Tc¢™ bran
scintigraphy CT one week later upper row before lower row
following 1 v contrast medirm n addition to findings consistent

out to be a tymcal form of paralysis among these
patients (BONNET & GAILLARD 1942) The paralyses
may vary 10 extent and intensity may change from
hemiplegi: to monoplegta or the reverse or from
side to side (DUBOIS 1956) Case 1 had a progressive

R

m erhane

hmfir

with a malignant frontal nght sided tumour wuh::"
ment also a large left sided low attenuation regior
hemorrhages

sinus mabes 1B

supertor sagittal
thrombosis of the sup it e

clinical diagnosis dufficult especill g
of known predisposing {ictors such as 2 P:“ i
state or oral contriceplives {BuCHA et
BRAZINSKY 1970) Thus m none of the pres¢

paralysis case 2 s brief peniod with loss of )
strength t the nght hand as well as a rightsided
fucial palsy It has been suggested that convul
soparilytic manifestations dicate that the throm
bosis 15 no longer limited to the supenior sagittal
sinus but has spread into the cortical veins (hALBAG
& WOOLF}

Cranuwil senve symptoms or signs are normally not
observed 1n cases with a thrombosis limited to the
supenor sagtital sinus and imdicate thrombotic 1n
volvement of the cavernous sinus (N 1If V V1) or
the jugular bulb (N 1N X XI) Iso

In some cases asincasc | early signs of raised
mtracramal pressure rapidly progress into lethargy
and coma

Papilledema the most evident sign 1n case 3 was
present in 10 of 18 patients in the matenal of KAl
BAG & WoOLT

The sanable symptomtology 1n cases with a

was the 2 of thrombosis chmclulléTﬂ“”
templated before angrography or {(cas¢ dleo\«
vivo thrombosis ¢ be conclusively m‘;aw
only by means of angiography dcmunslrnl o 1
tial (case 2 Fig 2b)or complete mﬁc;“ ot
Fig 3) occlusion of the stnus as wel pr
rreguiar cortical vemns In recent )cn:\mc o
many centers replaced ingtography 2 f"‘umk‘p
radiologic procedure 11 the eyaluation nm i
conditions with 7 sy mptomatology m;(he wper
countered 1n cases with 1 thrombosts nS( e
sagittal sinus Therefore s of mxcrtlS o e
whether the CT findings 1t such patien! e
teristic so as 1o suggest ¢ sinovenot’
ndicating angiography PR
1 A fcwgrepins concermng the CT;{“I‘: ‘;ﬂﬂm
ntracrantil sinosvenous thrombosts 2:[ ol
(BUONANSO et coll 1978 l\l\(‘ili\kd
WENDLING 1978) WENDLING desen
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213 month old ch 1d with a thrombosis of the great
of Golen and the straight swus W ho at CT
fhited increased attenuation o the regon of
occluded vessels
BLovisnO et coll reported on 1 patients with
pacanal siovenous occlusion 6 of them with
e non mfectioys venous thrombosis nd an
e chrucal onset In § patents the thrombosis
hed the supenor sagittal sius i the 6th pa
bo h middi~ cevebral veins were thrombotized
of these 6 cases presented 4t CT with distinct
zc findings 1n one case muluple biateral
rebral hemorthages n one a sofitary w

$3of the 6 patients the ventncles were small 3
frlenhancement was observed and in2an empty
!U' f 1¢ anon enhanced region At the site of the
Tiof sinus 1n sections perpendeular to the sius
i eenorly If occurnng on different levels this latter
:h:;:‘ny was considered pathognomonic con
mselneoprcsmce of an 150 attenuating clot in the
nly one of these patients was the CT
- famingtion considered normal
FPS;G:LEV et coll presented 5 patients with n
Nm‘;f'::ly confirmed pnmary aseptic throm
Coneg “;hsupenor sagttal sius  All 4 patients
vt Vtmnc;:slh: ﬁr:t week after ictus had enther
"‘ * eement on su:s: euel::nal scan or ventnicular
o “‘“Nwel]mg e q scans One patent had
lon s ne hemisphere and one had bilat
o s i “E”u:uon areas with hemorrhage
# Ymanhy mfﬂo\m fact that multiple intracramal
T, “Tlh arcts ate often found at Autopsy 1
s Veungg “eo'(tensne sinovenous  thrombosis
-~ BT snn(,)”) It 1s therefore not surprising
= %ot sagmg e cases with 4 thrombosis of the
[fn w'“""hagess;“us demonstrates bilateral multy
S Th g murmunded by low attenuation e
s mm/mbam“ouﬁica\se ncasel (Fig 1) Incwsed
'J“" i g (F explain the otherwise confusing
A "D'ldmo:]g 1_4) as well as the rapid impairment
1%y tven bll::\’ the patient The finding of multt
‘”“’d"manc eral intracranial hemorrhages m a
. patient 1s strongly indicative of the

YENce of gy
2]
AR with mbosis of the superior sagittal sinus

AL,
f

PRy ‘2 single intracerebral hematom sut
4 s a) the W altenuation region as m case 2
LA probability of an underlying throm

~ - Mmuch ),
1 "y e ess However ut should be borne
w~ Possibildy exssts

% hether the ventnicles are shightly compressed 1§
often difficult to determme from a sinele CT examu
nation In case 1 the extensne hemorrhages com
pressed the ventncular sy stem (Fig D) cases2nd 3
had normal ventacular size at the initral scan as well
as at subsequent examimations However the senal
CT exammnations reportcd by RINGSLEY €4 woll 1
dicated that 1 saattal sius thrombosy often causes
a compression of the ventncles The finding of a
small ventricular system though huphly unspeerfu
should therefore cill attention to the possibiltty of 1
thrombosts of the superor sagittal sinus

No gyral cnhiement increased altenuaton
\long the occluded venous Lhanmels of 2 non en
hanced regron was tound m the presert SeRes

1t 1» debatable whethes the diagniosys of 2 sinove
ous occlusion s ary Mapi therapeutic 1mplic
tions The frequent assouiation pelWween soyenous
occlusions and hemorrh gl infarcts has led 1o a
reluctance to use anuco rgulants GETTELFINGER &
RORMEN (1977) reported 3 patients tre ited with an
ticoagulnts for o sinas thrombosis 2 died from
hemorthagic ntracerebral compl cutions It was
concluded that the sk of uatow ard compheations
was great enoush that one should rely en more con
sersative therapy with anuedematous ageats and an
ticony ulsants

SUMMARY

Three wngrographically confirmed cases and oné possi
tle case of aseplic supenor sagital smus thrombost had
CT findings rangmg from apparently nortal to single or
even bilateral moluple imtracerehral hemorrhages sur
rounded by fow attequatton regions The latter finding
particular suggests 2 possible supenor sagittal sinus
thromboses
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COMPUTER TOMOGRAPHY IN THE EVALUATION
OF SUBARACHNOID HEMORRHAGE

B LiuEQuIsTand M LINDQVIST

The mtroduction of computer tomography (CT) n In order to evaluate CT in subarachnoid hemor

::’;3 has changed most aspects of conventional

roradiology The impact of the new method has
com Breat and the indication for most 1f not all
m“nd‘v'mtlonal newreradiologic procedures has been
- h\ﬁ[ed O even considerably changed Thus en
Phalography has almost entirely been replaced by
e f}:ebml angiography stlf ts indispensable for
tmonhl:mamn of patients with subarachnoid
aﬂf“rysmge as the size and shape of an artenal
g An cannot be assessed in detail by CT scan
uy dmﬁmdmphy ©on the other hand seldom gives
knson ofe information about the volume and ex
o rupty apossible mtracerebral hematoma follow
e blo‘:dof an aneurysm nor does it reveal c1s
raly 9T a penetration of blood into the cere

entncles

kensfl:\f:, angiography of the relevant vessel has
fation as 1I:d over a complete angiographic exam
6o e "l procedure (KENDALL et coll
due 1o a ¢ argument that a new bleeding 1s seldom
Me anen, Tupture of a second aneurysm when multt
hnbellr:::’:s are present The imtial angiography
Shen adere to the vesse! harbounng the aneurysm
thmc-’illy Inite location of the aneurysm is indicated
BVeurysm Or if i other ¢ v»s the site of the

s “oumcould be more adequately determmed
“perate §; be of advantage 1f the modem trend to
Vae m"&tular Intracrantal ineurysms at an early
dom, T a subarachnoid bleeding will be the

inating surgical policy

rhage a review of 68 consecutive patients has been
performed as an extension of a previous report
{LILIEQUIST et coll 1977) Some of the patients are
mcluded m both reports Special nterest has been
focused upon the time relationship between the in

1hial bleeding and the persisting appearance of bleod
m the cisterns and also upon the possibility offered
by the new method to reveal infarctions

Matenal

The matenal consisted of 68 consecutive patients
whose sex and age distnbution does not diverge
from what 1s y found i a pop of
patients with subarachnoid hemorrhage (Table 1)

All patients were referred on clinical suggestion of
subarachnoid bleeding all had blood n the CSF at
lumbar puncture In all patients CT scanning was
the first diagnostic procedure followed by cerebral
angrography 0 all but 3 patients In one of these 3
patients CT demonstrated a cerebellar hemorthage
which was evacuated 1n another the intracranial
circulation abolished at the time of angiography due
to a huge intracerebral hematoma  the third patient
died before angrography could be performed In
these 3 cases the hematoma could subsequently be
shown not to have been caused by a ruptured
aneurysm

Submtted for publication 3 May 1979
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Table 1
Sexand age distribution of 68 patients with chmcal
signs [ subarachnod hemorrhage evammed wuh
CT and cercbrat angioqraphy

Age WYomen Men Total
tyears)

=20 1 1 2
0-29 - 2 2
30-19 4 4 &
4049 9 8 17
<0-59 10 n 21
60-69 n 2 13
70- 2 3 5
Total 37 3

One vessel angrography was carmed out n 5 pa
lients two vessel angiography tn 15 and three vessel
angiography tn 32 patients

In 10 patients no aneurysm could be found at
angiography or autopsy In 8 of these three vessel
angiography was carmed out in one two vessel
examination and 1n one a ¢ irotid 1ngiography only

In 55 of the 6% patients at le st one imtrcrantal
arteral s iccular meurysm was demonstrated One
patient was excluded from the series stnce gross
artificts at CT g prohibited a detailed
analysis In 2 patents an ntracerebral hematoma
was evident on CT not caused by the aneurysm
documented at wgiography  For a further analysis
S2 patients with subarichnoid hemorrhage caused
by confirmed aneurysm rupture remain (Tables 2
E)]

Results

The time relationship between the 1mitial blceding
and CT evidence of blood 1 the CSF spaces 1n the
S2 patients 1s ilustr yted 1n Fig 1

Table 2

Nember S ancarams n 57 pg
fents wath stl trachn 1 hemer
rhate  caused by ruptire  f
aneunsn
No oof No of
cases ancurysms
4 t
] 2
3 3
Tetal < 123

Table 3

Sute and number of aneury sms in 57 patients with sub racha of
hemorrhage caused by rupture « f aneursm

Antenor mfenor cerebellar artery
Ascending frontal artery

Total [

Site Nomber
Middle cerebral artery 9
Anterior communicating artery 13
Postenor communicating artery AU
Pencallosal artery L}
Basilar artery N
Posterior inferior cerebellar artery 6 -

!

1

In the 32 patients who were examned within ?
days after the bleeding episode blood could be 1den s
tified 1n the cisterns 1n 27 In another {1 patsents ?
examinations were carricd out with 3 to S days 6
of these patients had blood 1n the cisterns Among
the remarning 9 patsents examined after the elapse of
5 days blood in the cisterns was apparent in only on¢
patient Altogether 22 repeat examinations were &7
formed after the elapse of S days Blood was dem
onstrated on one cxammation only mn & pﬂ"flﬂ‘
with an aneurysm on the postertor ifenor ceretellar
artery with climical indic ition of repeat blucdmgw

In 31 patients with one or several aneurysms "
blood in the cisterns at CT scanmng the ﬂlP"’I
aneurvsm was dentified In search for a de"";i‘ “
feature related to the stte of the aneurysm the dlm ‘
tribution of the blood 1 the cisterms s analys¢

ts (Table 4)
‘h(l)rs157p:::ll'e; c;ses with middle cerebral 1ﬂ;ﬂh::l
eurysms blood was found 1 one or both )rom
fissures (Fig 2) and all cases with anlcno:he o
municating wery aneurysm had blood 10

csterns

terhemisphenie fissures  ind SUP'““I::C” anes
n,

(Fig 3) In posterior communic ting  cises

rysm 7 of 8 had blood in the xul"‘“‘"“‘h "
and 6 of 8 also 1n the imbient Lstem Bm,,(:‘:htm"
losal artery ineurysms hd blood 1n "‘: 'm re
sphenc fissure and the pen allasal e C"u' fossd
rysms located within the postenor € or €7 A
as well as one ancurysm on the r“’“‘“am”‘” N
municating irtery hid blood 1n the pontine
tocercbell ir cisterns adant
Among the 52 pitients with ineury 5”“(;5 ;‘n 12l
inteacerebral hematom Hem itomas 17

or €07 4
lobe were ciused by rupture of an antef!
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e examingtions.

>5days repeat
examination only

£ 1 Blood in subara hnoud cisterns demonstrated at CT after
t:;.ﬂblc:dm Hatched Blood in cssterns Unhat hed No
i m e Location of the aneurysm 1 antenor com-

mg antery 1 postenor communicating artery . pencal
bk ‘r; ! postenor infenor cerebellar artery 1 muddle
r,l_‘(“ﬂ:tr‘y 3 postenor communiating artery 2 postenor
Vot bkli: :ﬂery postenior mfenor cerebellar artery

fimcating artery aneurysm or (in one case) 2
Rencallosa) artery aneurysm Hemtomas in the tem
:”j}:o‘l:ee mf the Sylvian fissure or n the basal
e a: ound with aneurysms on the middle
sty ery A small hematoma in the midime
"m‘acx:ns}; mrlhe cisterna Jamima termunalis was 2
o 1c finding 1n antenor communicating ar
s uste:\sms as was a hematoma n the pencal
Repen c{.\'llh pencallosal artery aneurysms
ents anq exammations were performed wn 22
X SAm:?] cerebral angiography mn 20 of them on
Y vy ay as the repeat CT scanming Vascular
B onhe]:resent at 16 angiographic examnations
Schemg C“C‘P:uems no chinical mdication of bran
i Is eh and CT scanmng did not disclose
ton Dflhec[n the remaming 6 patients a detenora
inical condition was recorded and m 5 of

Distriby tion of casternal blo d v 131 p iteents v ith et

Fig 3

-

s1an fissures pred rrnantly <n the side of the aneury

Fig 2 Aneurysm of muddle erebral artery B i both Sik-

m of antenor ommuny ating artery Blwdin the
fissure and tlar csterns as weltasatwat
mdlime hematoma

Fig ¥ Aneurys

them the CT scan had changed to abnormal either
ndicating nfarction (3 cases) or newly formed
hematomas (2 cases) In 3 patients w ithout spasm at
angiography or a detenoration of the clinical cond:
won the CT scan was without ~bnormality One
patient had no spasm at angography but clmical
signs of bram ischemia CT scanmng revealed a
newly formed hematoma No repeat angtogriphy
was performed i 2 patents 1 both the chinnl
condition deteriorated and 1 both CT findings inds
cated edema or infarction

Discussion

In 33 of 44 patients (75 ) examined by CT within
5 days of the bleedmg episode blood could be te
corded n the subarachnoid cisterns The number of

Table 4
ther a sinele anet nsm or dentified rt pti red aneurvsm
Inter Sylvian  Sylvien Supra Ambsent  Pontine  Ponto- Pencal
hemi fissure fissure sellar crstern cistern cere Josal
sphen  bifat undat  cistem bellar  istern
fissure cistemn
Vgt
@
e cr:bn‘ artery AR 618 18 R 3R - - 18
) mmunicating artery 1010 110 10 410 10 - _ _
Mgy TmMTICatg attery s 3 S8 71 o8 1" 18 -
lartery o - ) " - - N »

o
wnr;or tnfenor cerebyllar

\
s
ey nfenor cerebellar

il 1t i

" " "
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patients with altered attenuation values 1n the cis
terns was certamly higher as only those cases where
the attenuation values were distinctly above the val
ues of the brain tissue were defined as blood 1n the
asterns If the CT scanning was performed within 2
days 27/32 patients (81 %) had blood 1n the cisterns
No blood was found in 5 patients with the following
location of the aneurysm one on antierior com
municating one on postenor communicating artery
one on posterior snferior cerebellar and 2 on perical
losal artery In 6 further patients exarmined within 5
days without blood m the cisterns the aneurysm
location was one on mddle cerebral 3 on posterior
communcating and 2 on posterior inferior cerebellar
tery

These results are wmn accordance with those re
ported by KENDALL et coll and confirm the high
accuracy of CT scinning 1n the detection of sub
wachnoid hemorrhage

The lowerning of the cisternal at lon values

B LILIEQUIST AND M LINDQVIST

An analysis of these appearances together wil $
the existence of a hematom will usually be suffi
cient to decide the vessel to approach priman) ai~
angtography Large hematomns in the basal gangly /2
with or without blood 1n the Sylvian fissure canb !
found with muddle cerebral artery aneurysmand s -
such cases an angiography 1s necessary for excl.
ston of such 1n aneurysm when there 1s no evidenc ™
of blood 1n the cisterns -

The umgque potentinl of CT to detect patholog>
alteration of the bratn substance makes it possible b~
record not only intracerebral hematomas but aly
regions with edema or necrotic brain lissue T
vascular spasm occurring as a secondary phenome
non in subarachnord hemorrhage 3 days or laterafte
the bleeding episode 1s stll of questionable signii
cance as it may be angiographically evident withou
any clinical signs of brain tschemia On the othe
hand a high degree of vasculr spasmisa regulat

after the elapse of 5 days 1s probably due to the
" ation of the h lot ! le 1t comn

panying ph to of the bray

or a mamifest tnfarction During the peniod of ang0
hically d ated vascular spasm on

cides 1n ime with the appearance of vascular spasm

No strict correlation was found between the dis
tribution of blood In the cisterns and the site of the
ruptured aneurysms although some features are dis
cermible In rupture of an antertor communicating
ancurysm blood 1s commonly found 1n the suprasel
lar cisterns both Sylvian fissures as well as in the
mterhenusphenic fissure with a small localized
hem stoma in the cisterna lamuna terminalis (Fig 3)
A flat hematoma in the pencallosal cistern may
be found with rupture of 2 pencallosal artery an
curysm Presence of blood 1n one Sylvian fissure
or a preponderance of one side sometimes with a
locahzed small or large hematoma n the Sylvian
fissure  occurred with muddle cerebral artery
ancurysms Blood i the pontine or ponto cerebellar
cisterns only occurred with a posterior fossa lo-
calization ndicating vertebral angiography as the
first angiogriphic procedure  The distribution of
blood in the ventricle has not been analysed in de
tul Apparently blood can be present mn the fourth
ventricle without being detectable in the lateral ven
tricles in rupture of a supratentonal aneurysm
probably because of a retrograde circulation of the
cercbrospmd fluid The distnbution of blood 15 not
only depending upon the loc ihization and direction
of the uncury sm but probably also upon the posttion
of the he 1d dunng the bleeding episode (HAYARAWA
& WAL TZ 1978)

thos y hadCl
those patients with clinical signs of ischema

findings indicating an nfarction or (in one case)d
new ntracerebral hematoma

Conclusions

CT scanming ts a useful and relable mcll‘i‘odtl“
wdentify a subarachnoid bleeding provided ‘b:l«d
amnation 15 performed within 2 days of\h:e o
ing The distribution of cisternal blood can ot
tified which n combination with the focalizy ;:the
a possible intracerebral hematoma }:c:)ds:mwm
good predictability as fo the sit¢ of the g
aneurysm even when multiple aneurysms o
ent Thus the subsequent angiography cnnmrm)
rected to the relevant vessel in most cases Sslm
ing the identification of the ruptured ;\ncur‘)l o

Repeat exanunation demonstraies 2 50:’ ol
tron between CT findings and the ex1s :o e
clinically important tschemic lesion dl::c bt
spasm Angiographic sphsm seem> ] g
mificance if not associated with chmcnldsgcm T
a repeat bleeding can be differentiate
farction

CT should be the first dragnostic p
Jowed by sngrography Repe st ang!omf;‘r
replaced by repeat CT for ox nmm.monn
with deterioration of the chme 1l condie

rocedure i
hy €3
pat {43
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SUMMARY

Repeat CT scanning and cerebral angiography has been
gerformed in 68 consecutive pattents with subarachnoid
pemorthage Blood in the subarachnoid cisterns could be
discened m 27 of 32 patients provided the exammation
was performed within 2 days of the bleeding The distnbu
uon of eisternal blood can be identified which i combina
ton with the localization of a possible ntracerebral
hematoma yields a rather good predictability as to the site
of the ruptured aneurysm The sub
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EPIDUROGRAPHY WITH METRIZAMIDE IN RHESUS MONKEYS

D K Kipo R A BAKER A SAUBERMANN J SALEM
W C SCHOENE and P FOURNIER

Enid, 1

graphy a pi that can ate
protruded intervertebral discs concealed within the
epudural space has not been widely accepted be

cise ionic water soluble contrast media are toxic in
the subarachnoid space where they are capable of
cusing hypotension convulstons and even death
(NOZRK1 1964 LUYENDUK & VAN VOORTHUISEN
1%66 NAGAMINE 1970) However epidurography
#ith metnizarmde (Amipaque Nyegaard Oslo Nor

#2)) a non tonic water soluble contrast medium

appears to be safe since 1t 1s relatively non toxic
m the subarachnoid space (GONSETTE 1973 SKALPE
etcoll 1973 HAUGHTON et coll 1977)

Matenals and Methods

’ The senes consisted of 12 adult Rhesus monkeys
Macaca mulatta) equally divided nto 3 groups In
¢ach group of 4 monkeys epidurography with met
fzamide was performed in 3 monkeys and an
¢pidural jection of physiologic saline was per
formed on the fourth monkey who acted as a con
ol Before the iyjection of contrast medium the
monkeys were h d with
Xetamine hydrochlonde (10 mg/kg) and booster
doses were given every 20 to 30 mim The lumbar
ad sacral regions were shaved and cleaned

In Group 1 one epidurography was performed
¢ich monhey with a No 17 gauge needle (1 50 mm)
ﬂmmscoplcally directed through the sacral hiatus
Wik the monkey in the prone positton Advance
Ment of the needle to the S1 $2 interspace wns per

formed after the monhey had been turned laterally 3
S

to 5 ml of metrizamude was myected mto the epidural
space at concentrations of 200 or 280 mg I/ml and in
the control monkey 5 m! of saline CT scans of the
lumbosacral region were performed on one monhey
following eprdurography

In Group 11 2 epidurographtes were performed in
each monkey the first in a manner similar to the one
in Group I 1n the second a catheter was used The
catheter was advanced through the needle to the
L7 S1 mterspace after the needle had been intro
duced through the sacral hiatus Three to 5 ml of
metrizamide (280 mg I/mi) was injected and 10 the
control monkey 5 ml of saline CT scans of the
lumbosacri region were performed on 2 monkeys

In Group Il a lumbar myelography was per
formed immediately followed by epidurography
The myelography was carried out by fluoroscopical
ly advancing a No 22 gauge needle (0 72 mm) be
tween the L7 S1 spinous processes and myecting | to
2 ml of metnzarmide 200 or 280 mg I/m! into the
subarachnoid space The epidurography was per
formed d after the aphy by
ether advancing, the needle nto the antentor epr
dural space or repositiontng 1t laterally where an
addtiont 3 m! was injected In the control monkey
3 ml of salme was imjected nto the subarachnod
and epidural spaces CT scans of the lumbosacral
region were performed on one monkey

In all groups the position and extension of the
contrast medium was recorded by radiography Al

Submutted for publication 23 May 1979



34 D k RIDO R A BAKER A SAUBERMANN | SALFM W C SCHOENE AND p FOLRNIFR

Table

Revien of the eprdurograplues performed with metriamide

Ingection techmque Concen Volume No of
tration (mt} exammna
{mg Wl tions
Epidurography
Group | Needle 200 5 L
280 3 1
80 5 1
Sahne 3 1
Group (I Catheter 280 - 2
280 s 2
780 5-5 2
Saline 55 2
Mselography and
epidurography
Group I11 200 33 i
280 13 1
%0 213 1
Sakne 33 1

monkeys were periodically exammed for any change
n behavior or physical actmity The weights of the
animuls were recorded At the beginning and end of
the mvestigation period The monkeys were killed at
approximately 3 21 and 42 days after the last
epidurography  The fumbar 1nd sacral vertebrae and
accompany ing femora! nerv es were removed en blog
and fixed 1n 1 )5 per cent physiologically buffered
formalm solution for dpprouimately two weeks be

fore the spinal cords with meninges and epidural
Bissues were removed Representative sections were
made of the lumbar and sacral spmal cord and
femoral nerves Specimens were embedded in paraf
fin and stuned with hemtoxyhn eosin

Results

Puncture of the sacral huatus in Groups [ and I}
was frequently difficulr (5/12) because of the rela
tvely large needle when compared with the size of
the sacral hiatus Duning dfficult punctures the mon
keys were often fepositioned bec wise needle depths
could not be determined fluoroscopically with the
monkeys prone and centenng of the needies was
equally difficult with the monkeys on their sides
Subsequent needic advancement to the S1 S2 level
frequently resalted in the needle Up hittine the bane

Dufficulty Quality of Interval Mt roscory
dunng ecamina between last
puncture tion epidurography
and killing
(days)
+ Good 30 hormat
+ Good 3 Infecton
0 Good 7 Narmal
0 _ 3 Norma}
+ Good 0 Degenrs va
+ Good 40 vorma}
+ Good 1 Nogmd |
0 _ "0 Normd
0 Poor 7 Normit
[} Good 4 Normd
0 Good 45 Mrmid k
. - o Noml

&

1
1t was then withdrawn slightly and redirected ::l .
4 but certhe-
of these monkeys bleeding occurre A
spinal fluid was never detected in the nee o
vancement of the catheter i the epidural spa "
the S1 S2 fevel was more time-consuming k‘ﬁm
optimum catheter postiioning required manipe’ <=y
1th gmde wires
" A fotal of 9 metnzamide cpzduroxmrhlﬂlfz"
performed i Group ] and II (Table) m;’i’mm
space was well outhined with contrast mxde T,
gardless of the concentrition of mclnmn: i
antenor portion of the eprdural space \\Jl o
strated on lateral films while the lalgﬂ s
was outlined on postero antenor and o ‘[::ﬂl) i
{Fig 1) Nerve root slceves were ncmnka T
lined beyond the mtersertebral forami e
B, of a partial 1y of contra“m -
nto the subarachnoid space nernve m;‘(:ngm et
onstrated m one monhey Three ml t:u e a7
usually filled the cpidural spacc(”ﬂ, peer
thoracic region while S m usually |;|c AN
emdural space from the sicrum wm“m-\"f‘ e
cipital yunction  Films exposed aN‘d 3 decrese
15 min following snjection show e i) betsrct
concentration of the medium the "‘\“" e k:‘

the contrist medium ind n:r\hc romluv""
el afinmt e axrnnscd 2t the C
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Fig 1a Fig 1b Fig 2
Jo b M d alAp P Lateral
eudural space and the nerve roat sleeves d d b) Lat

Fig 3a Fiz 3b

®lprojection Ventral epdural space outlined

F& 2 Lateral recesses desmonstrated Contrast medwm extends

fvyph several interveniebral foramina pastially outhning pe
era) nerves Medwm has Jso madvertently entered the sub-
hnoid space

umination occasionally showed contrast medm
‘he pelvicalyceal system
Three monkeys from Groups I and II were
" scanned followwng eprdurography The scans
wed that metnzamide clearly outlined the dura
tthe borders with the bony canal were difficult to
fine even with mantpulation of the window width
W fevel because of their simular attenuation (Fig
! It was not possible to evaluate metnizamide and
srelationshup to nerve roots m either the nterver
*ral foramen or paravertebral soft tissue
No change 1n behavior or physical scltivity oc
%rred in the monkeys in Group { and I1 However
$"uficant microscopic abnormalities were observed
W monkeys 1 which the sacral punctures had been
EMicule The first monkey killed 3 days after the
‘?‘d“fﬂgmphy had an acute ;nflammatory reaction
“‘“Olung the sacral dura and its adjacent epidural
Pae Ths inflammation was presentin the eprdural
bt ddd not mvelve the epidural nerve or gangha
?’:smm\l mflammatory cells were seen i the sub-
\ &rﬂspﬂc: The wall of one biood vessel within one
smnal 1001 showed acute mflammation Cul .

W

Fig 3 a) Myelography Subarachnoid space and nerve roots

b; di pinal needle moved from the
subarachnoid space 10 ngm Tmeral epilora} space Comtrast
mediem 1 the epidural space difficult to observe except where 1t
has extended through the intervertebral foramina

tures of the ¢mdural space were not taken because
gross abnormaliies were not present In the second
monkey killud 3 weeks after the last eprdurography
the advancement of the needle had been difficult
resulting 10 bleeding through the needle Micro
scopically degeneration of at least one dorsal spinal
root and at least one penpheral nerve fascicle was
found (Fig 4) Both axons and myelin sheaths were
degenerated and associated with some macro
phages These abnormalities suggested that this pro
cess was at Jeast weeks but pot months old No
abnormality was found n the 2 control monkeys

The myelography in Group HI did not require the
monkey 1o be repositioned and was successful as
long as the needle was mamntained 3 the midline
The epidurography was more easily performed by
repositiomng the needle twto the lateral epidural
space than by advancing it into the anterior portron
of the epidural space

The myelography outlined the subarachnoid
space (Fig 3a) The eprdurography which followed
outlmed the epidural space but the contra. *
Ar}_ih: subarachnosd space dsstracted

-
(L
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Fig 4 Deener HnE nerve fascicle m the cauda equina Hema
toxyhinec n

Fig & (T sun through 4 lumbur venebry Width and position of
epidural space The auter border 15 poorly defined (—}

Fig & CT syn through & lumbar vertebra In the center of the
spinal canal gy 4 homogeneous tugh altenuating area represent
g subarachne sl metn2amde  Fpidural contrast  medium
surrounds the subarmchaond $pace Some medium extends snto
the paraertebral soft tissues t—t

tton of the eprdur) space (Fig 3b) CT scans were

Discussion

Eprdurography USINg tomic water soluble contrast
media has proven cffectine in diagnosing herniated

racy an eprdurogruphy (9pe7) 4ppears 1o be higher
than that n subarachnoy myelography (YAMAMURA
1967) The reasons for this high accuricy  are

Fig 6

sations defer®
twofold (1) dish protrusions and hern! e

the epidural space before they d‘r:"’mm" ofth
arachnoid space thus contrst c;ﬁmr accurih
epidural space allows eirher an” omelaon 1
diagnosis of these fesions amd (2 o ard
tween the panents ongmal s)m?\m o ot
plamts of pun durng the inec e hem
medium has been hclpfulvzot;f:ﬁ:‘m\ Host™
discs (LUYENDISA & VAN .
Je ¢

Ig:?;mzumldc 4 nop 100 ualc(l:‘::‘:;m“ x
medium  demonstrates the Cl"d“‘:"h’ v uEe®
tonic water soluble medts but tﬂ“ foe Wb .
being relatively non neurotouc o



EPIDUROGRAPHY WITH METRIZAMIDE IN RHESUS MONKEYS

race The necessity of having a safe water soluble
barachnord contrast medizm was evident in one
wnhey where medium was inadvertently iyected
o both the eprdural and subarachnoid space
pdurography by either 1onic or non 1omc contrast
edia causes less morbidity than myelography 1s
ng as the subarachnoid space 1s not violated In
¢t the morbidity has been sufficiently low to allow
onte authors to suggest that this procedure can be
erformed on an out patient basis (KRETTUNEN &
ALENIUS 1963 BROMAGE et coll 1978)

Metnzamide epidurography in dogs resulted n no
dserse clinical reactions or injury to tissues around
e epidural space which could be attributed to met
zamude (R1DO et coll 1978) and the same results
¢re achieved in the present senes of monkeys The
cute inflammatory nfiltrate found in the epidural
pace dura and around one blood vessel in one of
e spimal root fascicles 1s probably secondary to an
fection which occurred duning a break m sterile
chiuque  The degeneration of the dorsal spinal
0t 1n another monkey 1s consistent with Wallerian
2 of app fy 3 weeks d It
 reasonable to attnbute this to trauma possibly
reanng a nerve root which occurred during a dif
cult needle advancement duning which bleeding
ccurred through the needle It scems reasonable to
iggest the use of metnzamide for epidurography in
umans since the pi e can detect led
scs and 1s safe 1f care 1s taken to mamtam stenle
onditions and the patient 1s monitored dunng the
cedle manipulation

SUMMARY

Epidurography with metrizamide was performed on 9
hesus monkeys phvsiologic saline was substituted for

337

metrizamide 1n 3 control monkeys Metnzamide success
fully outlined the epidural space without causing any ad
verse clmicat effects or direct tissue igury

ACKNOWLEDGEMENT

Supported 10 part by Sterling Winthrop Research Insti
tute

REFERENCES

BROMAGE P R BRANMELLR S B CaTCHLOVER ¥
H BELANGER G and PEarcE C G A Penduro
graphy with metnzamide Animal and human studies
Radiology 128 (1978) 123

GONSETTE R E - Metnizamide as contrast medium for

y hy and v Actaradiol (1973)
Suppl No 335 p 346

Hosuino T Diagnosss of iniervertebral disc herma with
pendurography Orthop Surg 17 (1966) 464

HaugHTON V M HOK C and LARSON S J  Expen
mental production of arachnoiditis with water soluble
myelographic media Radiology 123 (1977) 681

KETTUNEN K and SALENIUS P Pendurography in the
Iumbar region for the diagnosts of protruded interver
tebral discs Ann Chir Gynaec Fenn 52 (1963} 709

R0 D K SCHOENEW C BAKER R A and Ruwm
BAUGH C  Metrizamide epiduropraphy 1n dogs
Radiology 128 (1978) 119

Luvenpuk W and vaN VOORTHUISEN A E  Contrast
examination of the spinal epidural space  Acta radio!
Dragnosis 5 (1966} 1051

NAGasine K Chaical and brochemical study of accr
dents mm pendurography Nagoya J med So 32
(1970) 429

Nosrki K Expernience i side effect of pendurography
Diagn Treatm (Tokyo)4 (1964) 156

ShatPEl O TOBERGSEN T AMUNDSEN P and PReST
Hus J  Lumbar myelography with metnzamide Acta
radiol (1973) Suppl No 335 p 367

Yauavura T Studies on the pendurographic examma
tion for lumbar disc hermiation J Jap Orthop Ass 41
11967) 994







Acta Radiwlogica Diaenosts 21 (19%0) Fase 3

FROM THE DEPARTMENT OF NEURORADIOLOGY (DIRECTOR B LILIEQUIST) UNIVERSITY HOSPITAL § 90185
LMEA AND THE DEPARTMENT OF NEURORADIOLOGY (DIRECTOR T GREITZ) KAROLINSKA SJIUKHUSET
S 10401 STOCKHOLM SWEDEN

CISTERNAL ABNORMALITIES PRODUCED BY CLINICAL F'UMOURS
IN THE POSTERIOR CRANIAL FOSSA

11 Tumours of the brain stem and pontine angle

M LINDQVIST

Previously cisternal distortions produced by ex
pnmental  tumours in the posteor fossa
(LNDQVIST & MOLLER 1978 LINDQVIST 1978) and
meumographic cisternal distortions i a chimical
senes of cerebellar tumours (LINDQVIST 19802) and
fourth ventnicle tumours (LINDQVIST 1980b) have
been reported In the present report the cisternal
dterations associated with tumours in the bram stem
and the pontine angle are descnbed

DaviDorF & EPSTEIN (1950) reported 2 cises of
pontine angle tumours examned with encephalo

1graphy  LINDGREN (1950) emphasized the advant
iages of encephalography over ventniculography for
the exammaton of the postenior fossa encephalo
graphy permitting a more comprehensive analysis of
Blhe subarachnoid cisterns  both 1 the dragnosis of
pontine angle tumours and for distingwishing tumours
of the brain stem from extraaxial tumours such as
thordomas of the chvus LINDGREN & DI CHIRO
{1953) reported charactenstics of the aqueduct and
fuadngeminal cistern with different tumour loca
Yons and ROBERTSON (1957) briefly described some
¢sternal  distortions n bram  stem  tumours
LitiequisT published a detailed analysis of the
formal anatomy of the subarachnoid cisterns
1959a) as well as the pneumographic findings n
Rmours in the pontie angle (1959b) He also briefly
) "tPorted some crsternal abnormalities occurming in

Wmours of the pons (LILIEQUIST 1963) ISHERWQOD
1972 a for

‘:;":ﬂnslmlmn of very small tumours 1n the pontine

gle

Defirutions The onientation of the structures of
the postenior fossa 1s that given by CORRALES &
GREITZ (1972) 1 e supero infertorly parallel to the
clivus antero posteriorly at right angles The defim
tions used n the present report are the same as those
used previously (LINDQVIST & MOLLER LINDQVIST
1978 1980a b) For nomenclature and a schematic
survey of the normal anatomy of the cisterns see
LINDQVIST(1980a Fig 1)

Matenal and Methods

The matenal consisted of patients with tumours of
the bram stem or the pontime angle exammed with
encephalography duning the period 1969 to 1975
belonging to the same clinical matenial as the cere
bellar and fourth ventricle tumours previously re
ported by LINDQVIST (1980a b) Patients previously
operated upon in the postertor fossa were excluded
Cases with brain stem tumours of the quadngeminal
plate and adjacent structures were also excluded
partly because the preumographic findings 1n these
types of tumours have been reported mn detail by
GREITZ (1972) and partly because nformation on
the exact position and type of these tumours 1s often
not available

The examination technique was the same as n the
previous reports on cerebellar tumours (LINDQVIST
19803) and intraventricular tumours of the fourth
ventricle (LINDQVIST 1980 b)
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In many cases with brain stem tumours surgical
and microscopic confirmation was not available
stnce patients with this tumour location are as a rule
given radiation therapy without surgical interven
tron Tumours in the pons and medulla oblongata
were therefore included even 1f no surgical confir
mation existed provided that the s1ze and posttion
of the tumour were clearlv demonstrated 1t the
neuroradiologic exammnations In a total of 21 cases
were excluded 2 cases becruse the size and position
of the tumour could not be defimitelv established
one because the enceph uogrphy failed for techm
cal reasons and one because the films had been lost
The remaining 17 casty form the basis for the pres
ent analysis of tumours ¢ f the brain stem

Of 1 total of 70 cases with tumours in the pontine
angle only tho ¢ vere included in which the type
and position of the tumur was established at sur
sery or autopsy w inut ¢ months from the time of the
pneumography Tt {ollowing cases were therefore
excluded 12 p¢ ents with small pontine angle
tumours becw  they were treated with closed
stereotictic Twntion surgery (LEXSELL 1971) mn
stead of op 1 surgery 12 not operated upon for
other rease  tisually old age or complicating dis
easel nd  utwide the settled time interval be
tween pn urieriphy ind surgery or autopsy The
remaimng, 40 ¢ 1ses form the basis for the analysis of
the pontine wgle wumours

The sex nd age distnbutson of the matenal ap
pearsn Figs land 2 \nd the tumour type 1n Table 1

The bram stem tumours were divided tnto (T-ble
2) ta) tumours grow ing mamly in the medulla
oblongata (or 1o the same extent in the medulla
oblongata and the pons) and (b) tumours growmng
mamly n the pons

The pontine angle tumours were divided mnto {Ta
ble 2) (1) tumours limited to the pontocerebellar
crstern (b} tumours mmly indenting the cerebellar
hemisphere (c) tumours mdenting, both the cerebel
lar hemisphere and the bram stem and {(d) tumours
mainly tndenting the bram stem

The posttion of each tumour was established by
o experienced neuroradiologists who had 1ccess
to all neuroridiologre examinations surgical ind au
topsy reports

The pneumographic  films  were reviewed
anlysed and recorded in the same “way asn previ
ous reports on tumours of the cerebellum and the
fourth ventncle (LINDQVIST 19804 b) Thus afl
lateral tumours were treated as of suituated on the

M LINDQVIST

Ho ot
cases

0-15

16=30 31-45 48~60 §1-7

i
Ftg 1 Sex and age distributton of 17 cases of brain stem tumw
€2 males {J females

No ot
cases
"
10
5
d 7
0-15 1§-30 31-45 46-80 Hl:E
Fig 2 Sex and age dninbution of 4 cases of pontiee +

tumours £ males O females

withatendet ¥

umours
nght side and alf midhine t e

laterlization were treted as 1f
was right sided

Results and Discussion
nd the chard
riant cterm
ol fealdf
o

Ia Tables 3 4 and 5 the ar filling &
tenstic distortion of the most 1mpa
structures arc presented Some c1s¥e e
that may be used to destingsh dzﬂ'&rcn“ i
of brun stem wnd ponime angle tumolt e
Tables 6 wd 7 Only cisternl <\‘Iruﬂuf:m o
filled 1n at feast 20 per cent of the :m“m ord
garded 15 valu sble for locating the (rulumouf o
tinguishing them from other types ©
posterior foss y wer acluded

Cisterna masne percs @

Tonsilar heraton was presest 1 -ﬂmfl?" o
the br un stem tumours and 1n 45 Pcrf;trr"" ey
tine angle wmours (T 1ble 3) Inthe henr b
hernation occurred only 19 mmour;n et ©
not 1n medutla oblongata mours
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Table 1
Class fcation of brawn stem and pontine angle tumours in chil
dren and adults
Type of tumour Children  Adults  Total
(©0-15 (16 years ————
years} ormore) No of Per
No of  No of «cases cent
. cases cases
‘Temours of the brain stem
Brain stem glioma 8 9 17 298
Tomours of the pontine
angle
Neunnoma 1 35 36 632
Memngioma 0 2 2 35
Cholesteatoma 0 1 i 18
Clivus chordoma o 1 1 18
¢ Total 9 a3 57

Microscopic confirmation not available in 11 of the cases

Table 2
* Ban stem and pontne angle tumaur Subgroups according to
position
No of
cases
{Bran stem a Tumour mainly 1n the medulla
tumours oblongata or equally w the
medulla oblongata and the pons)  §

{ b Tumour mamly in the pons 12
Totad 17
Pontine angle a Tumour hmited to the ¢istern 4

tumours b Tumour matnly indenting the

! cerebellar hemisphere 17

¢ Tumour indenting both the
cerebellar hemusphere and the
bram stem 15
d Tumour matnly indenting the
brain stem 4
Tota) 0

silar herniation was more common (50%) and more
Marked when the ventricular system was widened
(Fig 7) than when not widened but a shight tonsillar
hermation was also relatively common (324%) with
Rormal ventneular size

The absence of tonsllar herniation 1n cases with
WMOUTS 1n the medulla oblongata is explained by the
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Table 3

Filling and distornon of the tisterna magnu in fumours of
the brain stem and the pontine angle All lateral tumours treated
as if sunated on the nght side Svmbols and abbrevianons
a T P i=inferior R=rght
L=lefi 0=no change (+}=nummal change or increase
+=moderate change or increase ++=marked change or in
crease (—j=mmmal decrease —=moderate decrease
=marked decrease open spaces =structure not possible to

evaluate
Tumour positton Bram stem Pontine angle
Filt  Distor  Fill  Dustor
mg  ton ng  tien
Lt} (e
Cisterna magna
1 Extracramal part
1at proy 100 95
tonsillar herniation (+) +)
ap displacement of
cervical medulla P+ p(+)
2 Interhemisphenc part
lat proy 100 100
s 1 diameter - -
3 Foramen of Magendie
lat proy 82 72
ap displacement P+t p(+)
4 Vallecula axl proy n by
width + )
lateral displacement [ L+
5 Retrotonsillar spaces
fat proy 23 30
ap displacement P+ p(+)
s 1 displacement 1+t “+
& Cerebellomedullary fissures
a nghtside axial proy at 60
ap displacement (33 pl+}
lateral displacement R(+} L+
b left side axial proy a1 60
ap displacement p+ [
fateral displacement L(+) L+
7 Paravermian sules axial
proy 47 35
width of infenor verms + o
lateral displacement of
nfenor vermus o L+

fact that the tumour displaces the tonsils posteniorly
and separates them to such an extent that they can
not herniate through the foramen magnum (Fig 3)
The shght degree of tonsillar hermation which 15
common n connection with pontine angle tumours
without hydrocephalus or other signs of inereased
intracrantal pressure may probably be explamed be



tig 3 Tumour of the medulla oblongata a) Axial view The
vallecula widened t—) the retrotonsillar spaces (++) between the
tonsils and the inferior vermis opened up The lateral recesses
>=10f the fourth sentncle surround the expanded medulta oblon
gats b) Axaal tomogruphy through the vallecula (—) The cere

y fissures {++) and slightly displaced pos
tenorly by the cxpanded medulla oblongata ¢} Lateral midline
tomography  The foramen of Magendie (—) markedly displaced
posteniorty by the expanded medulla oblongata Cervical medulla
(=) displaced postenorly below the foramen magnum

cause the tumour directly displaces the 1psilateral
tonsi] postenorly and tnfenorly

Posterior displacement of the ceriical medidla be
low the foramen magnum was often present 1n the
brun stem tumours especally 1n cases with a
tumour 10 the medulla oblongata (Fig 3c) In the
case of pontine ingle tumours such a distortion oc
curred only when the tumour was indenting the
bram stem

A moderate compression of the inte rhe nuspherte
part of the cisterna magna against the occipital erest
was obsersed both in bran stem and pontine angle
tumours

The forumen of Magendie was markedly dis

the bra 1
placed postertorly 1n cases with tun;?u‘: ﬁfu el
stem In tumours of the medulla o! D“Sn e 1t
gree of posternor displicement was 7 b
same supenorly s mfenofly tFig .
tumours of the pons the dlsplaccr;'l
marhed supenorly (Fip, 3¢ Tnb‘cfc:m:nl o
the pontime angle postenor duspl Jcn o
foramen of Magendi occurred \\hm Shaitw s
wds denting the brain stem but ! et ot
munly indenting the cerebellar hem

n €3¢¢
7 The vallccuda was m whedly % ldtn!\:; et
tumour of the medulla oblongata lldlg it "
of norm il or only shightly merese w

at was ™
a Lumouss o
"

s h
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tumours (Fig 4a b Table 6) Skght latera! dis
placement of the vallecula occurred in some asym
metre brain stem tumours
With tumours of the pontine angle the w 1dth of the
vallecula was as a rule normal or slightly decresed
%hen the tumour was indenting the cerebellar
bemisphere  but shghtly mcreased when it Was
tdenting the bram stem (Table 7) In most cases
o pontine angle tumour the vallecula was dis
Paced laterally which was more marked when the
mour was sndenting the bramn stem than when it
“dented the cerebellar hemisphere (Table n N
A wideming of the vallecula occurnng Wil
Ymours of the medulla oblongata but not with

Fig 4 Brain stem tumcur with its main ce mponent i the pons
a) Aval view  The vallecuta (—) not widened and situated 1 the
mudlme b) Axial twmoeraphy through the vallecula (—) Onlv
shght ¢ ympression of the lateral recesses (4+) of the medullary
cistern Cerebellomedullary fissures (>+) not di placed <} Lateral
tomography The foramen of Magendie (—) displaced po terarly
rarticularly m uts supenor part The infenor verms () di placed
posten rly and slihtlv infenorly The postenor part of the
superior surfuce of the pons (++) ulted supenordy in the (nter
peduncular cistern

tumours of the pons has previously been potnted out
by CORRALES (1972) The vallecula was often filted
n pontne angle tumours as pomted out by
LILIEQUIST (1959b) He also mentioned that the
postertor part of the vallecula was often more iy
placed thin the antenor part gnang it rchirtens
tie oblique posttion n the axiil projection Thes ap
peiriace w s however notaconstant findine in the
present muenil being present only in 4 cases (F 5
5¢)

Ther tr 10 dhir spaces were more often filled in
pontine than an medulhy oblong it tumours  They
were s trule murkediv di pliced postenorly and
infenoriy i both hinds of bram stem tumour (1
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Fig S Left sided acousts newnnoma maily indenting the bram ‘
stem a) Axmal view  The tumour surrounded by air i the pon ”
tocerebetlar cistern (—~) The circum mesencephalic part of the

ambient crstern widened on the tumour side (+) and compressed . L
on the contralateral snde (+} b) Lateral tomography The fourth - ’

ventnle (=) and the aqueduct () displaced postenorly re

sembing the arch shaped deformity caused by ntraaval bran

stem tumours [n spite of the larpe expandmg Jesion the ponting

cistern 14 only muigndficantly compressed (#+) ¢) Axial tomo-

pranhy through the salleculs which 1s moderately displaced t0-

wands the contralateral side more 1n its postenor (~+) than mts $

antenor (=) pant d) Axaal tomography through the tumour and ¥

the fourth ventrle The deformity of the fourth ventricle (=) 4 -

resembles that caused by an asy mmetnc bram stem tumour The Y
tumour by air i the p cistern € Axal 13 s
tomography through the fentonaf notch The crrcum-mesence . v

p’u]:;\'l{ﬂaful;:t a(nlwtm (I'\J:cmmlbc tumour sxde widened and *

rota ed frontal'y (=} on the contralateral siie the cistern 4 e
comprevsad and rotated sagettally (o -
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a) In cases of pontme angle tumour a moderate
fenior displ. of the llar spaces
asnoted but only shght postenor displacement
The cerebellomedullary fissures were separated
nd displaced postertorly 1n the medulla oblongata
imours (Fig 3b) while m cases with pure ponting
umours they appeared normal With pontine angle
mours the cerebellomedullary fissure on both
“des was displaced towards the contralateral side
The terebellomedullary fissure on the side of the

mour was tn addition semewhat displaced pos
“enorty 1f the tumour tndented the brain stem but not
Tt indented only the cerebellar hemsphere

The pararermuan sufer mdicate the width of the
Bferor vermis A shight wideming of the vermus was
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Fig 6 Bram stem ghom:n In the pons and medulla oblongata a)

teral space
(—) markedly dnsplzced postenorly and mfenorly The pre
pyramidal fissure {+) markedly displaced posterorly Large
amount of air in the cisterna cerebell superior which 1s not
compressed The quadngeminal cistern {#+) and the precentral
fissure (o) displaced posteniorly b) Encephalography axial to-
mography at the level of the pontocerebellar cisterns  The taterat
part () of the cisterns less han the
medial part (&) ¢) Ventnculography lateral tomography Typt
cal deformuty of the aqueduct and the fourth ventrcle

present 1n bram stem tumours as well as in pontine
angle umours mdenting the bram stem In most
cases of pontine angle tumour a lateral shift of the
mfenor vermis towards the contralateral side was
also noted

The cerebellomedullary fissures indicate the bor
der & the medulla and the tonsils
An expanding lesion 1n the medulla oblongata will
cause separation and posterior displacement of
these structures The displacement of the retrotonsil
lar spaces tn bran stem tumours 1s due to the fact
that the tumour displaces the tonsils and the inferior
verms posteniorly and nfenorly The tnferior ver
ms thus becomes compressed resulting m an in
creased width
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Table 4

Felling anmd distortion of the medullany cistern pontine cistern

and the pontocerebellar cisterns in tumours « f the brain stem and

the pentine ansle Tum mr posions ssmbols and abbreviatons

as in Table 3 Additi nal abbreviations Ra=right side rotated
anteniarhy. Rp—risht side rotated postenoriy

Tumour position Bramn stem Pontine angle

Fll Distor  Fill
mg  ton ng
(43} “)

Distor
tion

Medutlary asstern
I Premedullary part
lat proy 53 60
P dumeter -= -
L ateru] recesses
nght side avial proy 13 92
4p duameter - +
lateral extension -
left side avial proy 28 %
ap duameter -
fateral extension -
Diameter of medulla oblon
£3ta
ap dameter lat proy -+
transy erse diam
atsal proy -
Laterad diplacement
medulls oblorgata vl
Py )
Rotati 50 f medulls medutla
«Pere taar und aus puralled 1o
sy 0

Ed

-

=

L+

Rp+

Pontine & temn 1yt pr 100 97
4 p duamcter - -
tefiden s (f upenor pant of
PONS 1 recede f om feaus

Pontacertbellar cisterns
1 RgMoade aud proy 8 &7

w8 hof Lateral part - .
*M b of medual pant -

Left sde anadd proy 76 BS
b < f Latera] pany _
wd b of medial part _

‘e

2

Medullan cistern

M LINDQVIST

Fig 7 Pontine angle twmour indenting the cerchellar be
ph%re Hydrocephalus  Encephalography lafersl lv\"':.'*r K
Tonsillar hermuatton (—) marked compresswn of the o M
cistern () and of the premedullary part of the medullin cne
Widenmng of the pencaltosaf cintern £—)

In the brain stem tumours both fareral mnm;ﬂs .
the medullary cistern were compressed 1 both ‘\l
rections the compression bemng more marhed m; 3
medulla oblongata tumours than ( thosé I &

ors
’ With pontine angle tumours the lateral rec
widened on the side of the tumour and com
on the contralateral side (Fig 8 i

The medulla oblongata was marhedly HN“‘; "
cases with tumour of the medull: ob!onsﬂ&“‘
cases with pontine angle tumour it cncnjr(:m“‘
compressed on the tumour sid¢ m the asmd ﬂ-
ton particularly when the tumour 1 i
cerebellar hermsphere In the Lateral proJ il
medulfa as a rule was of normal suze bt ;“m\ o /
an apparent expanston of the bram “;mr::m ras
jection were also encountered when the e
indenting the bramn stem In pontine ﬂ’:‘F A
the meduli oblongata was often sotated O .

a3 ¥
on the tumour side m the aval pm):cl"‘ !
11 fisplaced towards the contr

ese WY
presst

ateral s

The premedullun part of the dullary cistern
Was compressed agamnst the chus 1 the cases with
Prun stem tumour (Tuable 4) as 4 rule more 1In
medulla oblongta tumours than m pontine tumours
(Table 60 A aumilar compression occurred tn the
rontne ingle tumours most marked in tumours in
denung the cerebellum (Fig 7 leastin those indent
ing the brun stem (Fig Sby

) e &

Thus brmn stem fumours s"um‘fdmfrm e

produce relatively sm:xlldxslxvrlmnsczuuJ o
m

cistern while tumours i the S R T

compress all parts of thts cistern o P

view of the mumate relation of the

medulla oblong 1t

Pontine ngle sumours dinplac

t
¢ the med r et 4

<
y
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‘8 8 Right sided woustic neurmoma mannly wndenting the
ebellar hermisphere a} Axial view b) Axtal
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b

recess of the medullary @istern widened {—) and the medulta
=)

ough the meduliary cistern On the tumour stde the lateral

S

; e ¢
«

A e

i KL K w T en d

a

Fg 9 Right suled acoustic neunthoma mamty indenting the
“tebellar henusphere ) Axial view b) Axial tomography at the

bngata towards the contralateral side and also cause
| Pstenor rotation of the medulla on the side of the
Yimour Thys causes widening of the fateral recess of
the medullary cistern on the tumour side mfersor to
B moye < characteristic appearance that has
feen descnibed by LILIEQUIST (1959b)

tated p

level of the pontocerebellar cisterns The brain stem (~ ) de
formed and rotated postenorly on the tumour side

Pontine cistern
The pontine cistern was markedly compressed 1n
the a p direction in cases with bramn stem tumours
(Table 4} With pontine angle tumours the compres
ston was moderate and usually more marked when
the tumour ind the bellar h here (Fig
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ig 10 Tumour of the medulla oblongata. a) Azl ri
rough the pontocerehellar cisterns p‘!‘h: Iaxerallr:::‘:%;(;:z
ontacerehellar cisterns (—) slightly compressed w hile the medial
Su‘ au! totally compressed b) Lateral tomegraphy The inter
lu:r:lcu);\‘; <1s1em (=) 15 norma! Foramen of Magendie dis
p postenory 1o the same extent m its supenor («») as in sts
fenor (s part The infenor s ermis () displaced postenorly

) than when it ndented the bram stem (Fig 5b
able 7)

In the pontine angle tumours deformation of the
ons on the tumour stde was often observed m the
x1al projection and at the same time the pons was
omew hat rotated postenorly on that side 1 some
ases also shghtly displaced laterally towards the
ontralateral ssde (Fig 9)

The local deformity of the pons on the side of the
smour was desenbed by Liste QuIsT (1959 b) in the

Table § r

Filling and distortion of the interpeduncular costern amh et ¢

cistern and quadrigenunal cistern in fumours fthe br n1em g

and the pontine angle Tumour posirens symbols and ahbreva

tions asn Tables 3 an 14 Addwonal abbsevatims frofror #

sag=sagutally 1 a =infertor end rotated anten rhy ip wlene
end rotated postert orly

Tumour position Brain stem Pontine angle
1
Fill  Distor  Fl Duty
g tion g ten
) )
Interpeduncular cistern li
Lat proy 100 o '
ap dameter 0 LI
s1 diameter - =) ;3
51 displacement of pons. s+ 34}
s 1 inclination of the pos
terior part of the supcnor
surface of the pons s+ 0
Amblent cistern M
Circum mesencephalic pant
aval proy
a width of postenor part
nght side 0 b B
left sude 7m0 L
b width of anterjor infr
tentorial part
nght side 30 no
leftside 30 o
¢ width of antenor suprt
tentorial part
nyht side B - 7o
left sute a - 9
d rotation around sagutal ,
awus perpendicular to clus R
nght side sagl4) fﬂ:‘" ‘
left sude sagt+)
Quadrigeminal cistern e
I Body of cistern lat prog 7 e
ap dnplacement prt
Kinking of quadngeminal . 0
plate
rotation of inferof end )
of quadnigesminal plate et
2 Orecentral fissure -
lat proy "6 PR
ap diplacement per
na
following way In the posxm»amtn::‘::‘;“u‘
pears 1s a layer of air runming alons L  the (e
the deformed pons Behind this aur fay e e
ore decply o e I

may howesver pencirate m

mouf €37
The medual border of the pon et

tine ang}
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cistern (4+) and precentral fissure {#2) The supe

1t Bram st

'em tumour with 1ts main
‘%::;l ©mography a) Encephulograph v
feeduncular cistern (~) markedly compressed s the

| Senor-nfenor duectson Marked postertor displacement of the

m the pons

LR}
= o EM12ed pontine angle tumour indenting the cerebellar

nor cerebellar ¢istern (~ ) markedly compressed and the supenor
vermus deformed as in expanding leston in the anterior compart
ment The tonsits hermated (=) below the foramen magnum

P o

A

)
~, -~
{

i
-

t/ s
-
e

moderately compressed both laterally and mednlly b) Lateral
hy The widened ambient Lestern superiar to the tumour

h)

b

Deq 37 the bran stem 2y Axral hy at the level

mo;
“r The 1 cistern (+)

welt aistern () and the

e
crstern (#+) are normal

Aoy
<y C20ls The ambient crstern widened (o») superior
|

““wﬂcn not
“opraphy

| be established at encephalography At
| s ofgey
Ay

O at computer tomography these

L gy 0 Teach surpnisingly far in the medinl

Pontocerebellar cisterns

Both 1

g gyl oblongata and pons tumours the

M of the pontine angle cisterns was Sym

metncally compressed (Table 43 The compression
reached further laterally 1n cases with tumours of the
pons (Fig 6b) than m those with the tumour hmited
to the medullh oblonat 1 (Fig 10a)

With pontine angle tumours the cistern of the
tumour side was markedly dilated but at the same
time partly occupred by the tumour Sometimes ar
filling of the crstern occurred also lateral to the



Table 6
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Irarn stem tumonrs Cisternal dist srtrons wsefud for differentiar
1y tumonres n the pons from those n the medulla oblongata

Svmbols and abbreswat ms as tn Tables 3-5

[umour position Medulth

ablongata

Pons

Cisterna magna

Extracranial part lateral projechion

4 tonsullar hermiation [
b ap displacement of the wer 1cal
medulla p+
Foramen ot Magendie later «| progection
a ap diplacement of upuri £ part

b ap displacement of it nar part
Villeculs axal proje tn

width ++
Cerebellomedullary fissur  ajal

projection

a ap diplacement pe+
b lateral displacem ni .

hd

pt+
pt+

Al

Rl

Medullary cistern
I Premedullary p it baer ) progection -
Y Lateralrecesse 1l projection
a ap diameter -~
b lateral extensi n -

Pontocerebellar asterns aniil projection
s width U e duad part -
b owidth £1 1 rgdpun

Interpeduncular cistern Literal projection
1 melinanon of the posterior part
of the supen 1 urface of the pons [

Quadrigenunal cistern lateral projection
@ ap di placement
b ap rctation of infenor end P+

tumour This w v most common with small tumours
but was also encountercd 1n some cases with lrge

pl+)

p++
p+

p++
pe+

tumours (F1g 5a d) The contralateral pontine a0

gle crstern was 18 a rule moderately compressed 1n

cases with pontine ingle tumours

The difference 1n width between the medil ind
the Lateral part of the pontine ingle cistern s to some

extent chiractenstic for brum stem tumours 1 fen
ture that has not been reported previously RUG

GIERO (1957) 45 1 rule found no distortions of the

pontine angle cistern in cases of bram stem tumour

On the other hind the typreat distortons of these

cisterns 18 ponline angle tumours are well hnown
and 1T RIEQUIST (1959b) 1lso described the com
pression of the contral steral pontime angle cistern

Py

’

-~ i
- [
?
/\-/ e
Fig 13 Tumour of the pons and the mesencephalm it
lofmn;mphy Marked local widéning of the quadngeminal ek

Marked postenor displacement of the quadngeminal plate |
and the precentral fissure (+]

Interpeduncular cisternt

Neuther in bram stem nor in pontne &
was the a p dtameter of the cistern reds
5) On the other hind the supere infenor duame
wns reduced 1n br un stem tumours usually mor¢
tumours of the pons (f1g 112 thin lumuun‘
the medull1 oblongata (Fig 10b) The compresy
of the cistern in this direction %as lso more mar
n cases with wideming of the ventncolar 5)\1;
Moder ite supero inferor compression of the cn”
was also encountered m cises with pontine
tumours with widening of the ventnculir s)“‘"}l

With tumours tn the pons the postener p:f: (\(F
upper surface of the pons w15 tilted supcm:‘ffiu.|
4¢) while such a distortion w1s not dcmonob‘ o
tumours of the medully oblonga (g ‘: o
the pontine angle (Fig 12b) A modu'-: b
displicement of the pons oceurred 10 b&:! ’f'\on
brain stem tumours on the other h:\r:I ‘I e
ngle tumours only 1 shight upward dup
was found ‘

The distortion of the xn!cmeduncuhr c;’\:;:‘“
thus be expl uned only partly by h)d"‘;i“’l et
widening of the antenor part of the thy e €
(1 InDQVIST 19802) Some of the .hnon:-:‘nm P}
the supenor displ icement of the pons l(cm‘f pat
tumours and the supcnor tlt of the p::mc -
the upper surfice of the pons M l"““u‘c entern
are probably duc to direct influence O
the tumour atself

ngle tumat
e (Tal
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Table 7

Pontine ancle rmours Cisternal distortions useful for dyferentianing pontine ansle
tumours 3ymbols and abbrevithons as i Tables 3-6

7
Tumour position Tumot,~ manly indentmg
_—
Cere Cercbellum  Brain
beltum and brain stem
stem

Cisterna magna
| Foramen of Magendie lateral projection

ap displa ement 0 pi+) p+
2 Vallecula awal projection

a width =) =) +

b lateral displacement + + ++

Medullary astern fateral projection
width of premedullary part - .

Pontine astern lateral projection

width - -) 0
po I astern tateral

a ap displacement Py p(+) p+

b ap cotation of inferior end o+ pl+) P+

Ambient cistern and often consisted only of a small postenor rotation

The circum mesencephalic part of the ambient cis of the wfenor part of the quadngemmal plate and
™ was only shightly deformed m cases with brain  postenor displacement of the precentral fissure (Ta
tm tumours (Table 53 With pontine tumours a  ble 6) On the other hand pontne tumours caused
ency towards compression of the antertor supra marked posterior displacement of both the quad

ntonal part of the ctstern and towards sagittal  rigemunal plate and the precentral fissure (Fig, 11

tation of the cistern on both sides was noted Table 6}

In the case of pontime angle tumours the width of
teistern was as a rule increased on the side of the
mour and normal on the contralateral side an

Pontine angle tumours ndentung the bram stem
altered the quadnigemrnal cistern as with bram stem
tumours (Table 7) other types of pontine angle
“ous rotation frontally on the tumour side and  tumour caused only shght distortion of the quad
"ne rotation sagittally on the contralateral side was nigerinal cistern
o noted (Fig 52 ¢ for a detailed descnption of In 2 cases with pons tumours 2 marked local
s complex rotation movements ¢f LiNDQVIST  widenng of the guadngeminal cistern was observed
"8 p 572) The widened ambrent cistern on the  (Fig 13)
wour side was sometumes also demonstrated wn the The typical deformity of the aqueduct and the
tnal projection (Fig 12) quads, 1 cistern with brain stem
« widening of the ambient cisten on the  tumours was described by LINDGREN & DI CHIRO
our side 1n cases of pontine angle tumour was  and by LILIEQUIST (1963)
*eribed by LILIEQUIST (1959 b) as a common and
1 real finds ng 10 thts type of twmour Remauing cisterns
' The crural asterns delimeate the anterior lateral
part of the cerebral peduncles In 4 cases of pontine
‘| tthe cage of tumour in the medulla oblongatathe  tumour the peduncies were expanded indicating ex.
*| Yoruon of the quadngeminal cistern was shght  tension of the tumour to the mesencephalon

—

Quadnigenunal cistern




Eig 13 Drawings of some impurtant enternal deformitics in
tumours of the vermis a) Laters! view b) Al view of the
<1 tems infenor (o the { unth ventncle ¢) Axial view of the
€ terms adjacent 10 the tentorial notch The normal appearance of
the €1 tems 1 and vated by means of continuous hnes Cisterna)
structures po SiME 10 evatuate 1n tumour cases Indiated with
shaded areas (From ListosisT 1 %00 $ag 161

Fig 15 Drawings of wme important cnternal deforsuties in
tumouts L the rht cerchellar hemasphere ¢ef T 19) tfrom
Ling pe1st 19%0a Tig 17)

Fig 16 Drawings «f some important cisternal deformities n
tumours from the roof of the Durth ventncle tef Tig 14) (From
Lint pnT190k Fip K)

M LINDQVIST
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b Fig 15 ¢

h fig 16
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a
? ?
& l
b Fig 17 < b Fig 18 €
A
—
J,
/
a
f\ Fig 17 Dravang of some important cisternal deformities m
. tumours from the fl wr ot the fourth ventncle (cf Fig 14) (From
‘f LivpevisT 199 Fig 9
ot
Fig 18 Drawing of some tmportant cisternal deformities m
- tumours of the br n stem (cf Fig 14)

Fig 19 Drawings of some important crsternal d
Fig 19 < tumours of the nght pontine angle (cf Fig 13) cfommites 1
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Typical cisternal features of brain stem tumours
and pontine angle tumours

Lateral projection

Avial projection

Tumours of the brain stem

Tumours of the pontine angle

Tumours of the brun stem

Tumours of the pontine ang

Tonsillar herniation with
tumours of the pons but not
of the medulla oblongata

Compression of the inter
hemesphenc part of the
cisterna magna agamst the
occrprtal crest

Postenor displacement of the
foramen of Magendie

Marked postenor and irfenor
displacement of the retro
tonsitlar spaces

Marked compres ton of the
medullary and pontine
erstems.

Madente supero-nfenor
compression of the inter
peduncular cistern moderate
upward displacement of the
pons In pontine tumour
supenor tilung of the
Postenor part of the upper
surface of the pons but notin
medulla oblongata tumours.

In cases with pontine tumours
marked postenor displace
ment of the quadngeminal
plate and the precentrat
fissure as well as postenor
rotation of the infenor part of
the quadngeminal plate In
tumours of the medulla
objongata shight postenor
rotaton of the mfenor part of
the quadngemunal plate and
marked postenor displace
ment of the precentral T ssure

Tonsillar herniation 1n many
cases particularly in those
with widening of the ventn
cular system

Compression of the inter
hemuisphenc part of the
wisterna magna against the
ocaipital crest

Some postenor displacement
of the foramen of Magendie in
cases with tumours indenting.
the bran stem

Moderate postenor and shight
fener displacement of the
retrotonsillar spaces

Moderate compression of the
medallary and pontine cis
terns more marked i tu
mours indenting the cere
bellar hemssphere than in
tumours :ndenting the brain
stem

©Only slight supero infenor
compression of the inter
peduncular cistern and shght
upward displacement of the
pons

Noor very shight distortion of
the quadngemunal crstem In
tumours indenting the brain
stem shght posterior rotation
of the infenor part of the
quadngeminal plate and some
postenor displacement of the
precentral fissure may occur

Slight widening of the infenor
vermis

Width of the vallecula marked
Yy increased in tumours n the
medulla oblongata pormalin
pontine tumours

Cerebellomedullary fissures
separated and displaced
postenorly 1n medulla oblon
gata tumours unchanged in
pontine tumours

Compression of the lateral
recesses of the medullary
cistern most marked 1n
medulla oblongata tumours.

Both pontocerebetlar cisterns
uniformly compressed with
tumours of the pons In
medulta oblongata tumours
the medial part of the cisterns
more compressed than the
faterat part

Very shight distortion of the
circum mesencephalic parts
of the ambient cistern

Contraaterat & placement
the nfenor vernus amd st
widenng of the verms
particularty in caes wit
tumours indenting the b
stem

Normat wdth of the sallc
which s often displaed
towands the contraltersl

Cerebellomedullary fivur
both sides displaced cor
tralaterally on the tumx
sude also postenarly

The lateral recessof e
medullary ct tem wie
the tumour sade com, ¢
on the contralateral sle
Medulla oblopgata foute
postenorly on the tum!
sude amt doplaced
the contralater ssie

The mmn«nklhm n
on the tumour s mo
widened and totaly (R
occupied by the fumee?
Maoderate compress?
contralateral pom¥er™
cistem

el

The an"‘MNwl;
part of the ambecat €™
on the tum™T

astern "
sude rotsted s267
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In most cases of pontime angle tumour with filing

the crucal cisterns no abnormality was noted but

some cases the peduncle on the tumour side was

splaced posteniorly or medially This should inds

te extenston of the tumaour nto the tentonal notch
hich was also confirmed by the surgical report 1n

emajonty of these cases

The superior cerebellar cistern was possible to
aluate m the lateral projection 1n approximately
If of the cases In all cases of bram stem tumour
th filling of this structure the superior vermus was
ompressed sumlar to the findings i expanding 1
ons In the antentor compartment of the postenior
salbig 11)

Tncases of pontine angle tumour the shape of the
iperior vermis was usually normal but mn some
les particularly in those wath the tumour wdent
g th* bram stem the vermus was shightly com
essed as in expanding lesions i the anteror com
wtment

The cluasmatic cistern was fiilled n nearly ail
5¢s As 1n cases with other tumour positions 1n the
ostenor fossa (LINDQUIST 1980a b) this cistern
as often when hy phalus was
resent but was otherwise without distortion

The cistern of the lanuna termtnahs was filled ina
ttle less than one third of the cases and was without
bnormality

The pericallosal cisterns were filled in the axial
rojection on one or both sides 1n approximately 20
er cent of cases wath brain stem tumours and tn
pproximately 35 per cent of those with pontine
ngle tumours the wings of the ambuent cistern
iere filled in approximately 30 per cent wath bram
tem tumour and 1n 60 per cent with pontine angle
umour The cisterna velt interposit was filled 1n
ipproximately 10 per cent in bram stem tumour and
n 20 per cent in pontine angle tumour All these
tsterns were often widened 1n cases with supraten
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1980a) Figs 16 and 17 those in tumours ongmating
from the roof and floor of the fourth ventricle (LIND-
QVIST 1980b) and Figs 18 and 19 those in cases with
tumours of the brain stem and pontine angle respec
tvely Typical aisternal distortions associated with
tumours of the bram stem and pontine angle are
listed on page 354

Within the groups the cisternal features vary
somewhat betueen different cases due to the size
and position of the tumour the absence or presence
ofhydrocephatus etc nevertheless the cisternal dis
tortions are usually so charactenstic that the differ
ent tumour groups can be distmguished from each
other

SUMMARY

The L P of the subarachnoid
cisterns have been analysed n detail in a clinical series of
17 patients with bram stem tumours and m 40 with pontine
angle tumours The cistemal distortions may be used to
distinguish tumours n the pons from tumours m the
medulla oblongata and also to disunguish tumours of the
pontine angle with different modes of growth ey
tumours mainly ind. th bellar h phere from
thase mamly indenting the brain stem The results should
be applicable also for an analysi of cisternal pathology by
ather methods such as computer tomography and cister
nography with postive contrast medsa
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IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS

Il Analysis of the myocardial fibre shortening of the free left ventncular wall
by means of geometric models

G hvaMm

The unique shape of the hypertrophic muscular
erventricular septum 1n diopathic hypertrophic
sthaortic stenosis (IHSS) convex longitudinally
and concave transversely towards the Jeft ventncle
(HutcHINS & BULKLEY 1978) results m an 1so
metnic mode of contraction of the septum (Part [B
Kvapn 1980) Some degree of contraction of the
wall around the septal attachment most probably
causes the thickness of the attachment to be re
duced therefore the more awal parts of the septum
mcrease 1n thickness contributing to a straightening
out of the transverse concavity durmng the contrac
ton The outer wall at the septal attachment also
ncreases 1n thickness n systole Consequently
shis increase m wall thickness effects a squeezing of
the septum from the sides and the apicalend There
fore st increases shightly 1n thickness contributing
lo the decrease in left ventrnicular volume

The systolic septal shortening 1s markedly re
duced (Part 1A hvam 1980) and the septum does
ot bend towards the nght ventricle durnng the
$ystolic contraction It therefore acts as a suspender
Tor the rest of the wall For the sake of simplicity
11s here regarded as a suff flat structure with the
Tree wall attached around its sides and one end the
free wall encroaching upon the septum dunng
tontraction The diastolic transverse section of the
Yeftventricutar cav 1ty in IHSS may then be regarded

Bahalfcircle the diameter representing the septal
wall (Part [ B)

When the free (non septal) wall contracts its in
crease In thickness consequently causes some
expulston of the ventrnicular volume Therefore
a thick wall does not have to shorten to the same
extent as a thin wall in order to effect the expul
sion of a certain amount of blood

The change 1n relative oblonguity of the cavity
durmng contraction also mfluences the effect on the
ventricular volume produced by a certan degree of
myocardal fibre shortening

CATE et coll (1977) proposed that the systolic
function of the left ventnicle can be mamtaned by
three different compensatory mechamsms (1) n
crease of d (Starling )} 2)m
crease n systohic thickemng and (3) mcrease
systohc contraction velocity

In this report other mechanisms secondary to
the specific geometry s described are discussed and
evaluated These mechanisms cannot be regarded as
compensatory 1n the ordmnary sense of the word
They represent geometnic properties of the heart
itself and d which p y mech
anisms are possible 1n a givent heart The compensa
tory mechamsms which then occur should be de
pendent upon the tenston distnbution 11 the ventrt
cular wall the state of the heart muscle the func
tion of the valvar apparatus the blood pressure
and other physiologic vanables

Submutted for pubbication [4 March 1979
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THSS 1s charactenzed by a high ejection fraction
(EF) and an early ejecton of a large fraction of the
strohe volume (SV) (HFRNANDEZ et coll 1964
GoTsuan & LEwis 1974) The specific geometric
shape and mode of contraction of the left ventricle
in THSS may explain these facts The maximum
velocity of the free wall myocardial fibre shortening
in THSS may be normal and the degree of the
sy stolic fibre shorteming 1s probably subnormal

A mode! has been designed for calculating the
myocardsal fibre sho: terung of the free wall in JHSS
during systolic cont « uon  Another model was
designed for caleul ity the fibre shortening of the
normally shaped | 1 ventncular wall from cardio
anglogriphic piruancter~s  Both models were de
signed with 1 <ot 1 d=pree of stmilanty wn an
attempt to heep sy tumatic errors sumilar They
were built up fro v veoometrically simple structures
morderto heep'™h 1 thmetic simple

The myocard i te shortening of the free left
ventnculir wall 1455 1s compared with the fibre
shortening of iett ventricular wall 1in control
patients The t « modcls are evaluated with re
spect to the eflec of dter stion of the different mput
values

Materials and Methods

The matenyl consisted of the same 4 IHSS
piients asin Parts [ and 11 (Kvas 1980) They were
males ape range 24 to 64 years with subaortic
chambers and subsortic pressure gradients from 35
to 130 mmHg ind with elevation of the left ventn
cular end dustolic pressures Three had a shght
mitral regurgitition  negligble relative to the
stroke volume The heart frequency had a mean
v 1lue of 83 beats per minute (range 64-95) One of
these ptsents was [ iter operated upon and had the
diagnosis confirmed

The 10 patients in whom brplane cineangrography
had beun performed (Part 1B) were used as controls
They were aged 23 to 60 years and examined be
cause of angmal pain but with normal coronary
angrography and with normal cine left ventricular
exwmmnations  The heart frequency had a mean
svalue of 66 beats per minuts (range 55-80 SD 8 6)

The cincangiography was performed as descnbed
in Part I1 and the enlarpement fuctors were deter
mined acconhing to the catheter gnd techmique

In both groups of patients an end dusstolic and
subsequent end systolic frame were identified as

G RVAM

the one with the largest and smallest ventncular
area respectively before any contraction or dilata
tion could be observed

&

The end dastolic volume (EDV) was esumated :

from the biplane cme films A reduction method
was applied for the area of the IHSS lkft ventncular
cavilies 1n the 60° nght postenor oblique (RPO)
view to compensate for the septal bulge as de
scribed (Part 1I) The end diastolic areas Ay and
Appo Were plammetrically determined and the
longest ventricular axes Lpw a0d Leu me
sured The width Wy was then calculated from the
30 nght anterior oblique (RAQ) view and the depth
D4 from the 60 RPO view according to the ellipse
formula x=4A/nL

The 60 RPO length 15 considerably shortened
Therefore the 30 RAO length 15 used for the cal

/

[

1

culation of EDV which was calculated according

to the ellipsoid formula as

T
— LW
6L‘D

L equals the length W the width and D the depth |

after corvecting for magnific stion

The 30° RAO ;
systole including the end-diastolic and the tnrt
systolic frames were analy sed The areas A ;\tm
plamimetrically determmned and the lengths L f:]
the apex to the center of the aortic nngs m::uuzm
With a constant relationship k, between the W ,
and the depth of the cavity during systole and “:c
an enlargement factor k  the ventricylar sofume
cording to the ellipsord formula ts

11, dA_, A

I EE
k\k/6 =L

e accordingly cal

fatv e volumes a
ular volumes wET®

The relaive volume bV we
culated as A /L From these re
from the hnown EDV the ventnc
calculated for every frame analy sed T
The width according to the cllipse fnrm: :“J e
=L The relationship between the |=ng:d gt
width of the cavity LAV was c:lcul,nms o
4A from the end-duastolic frame 17 the ¥
and from all the frames m the contro! Fm"f’rm 1t
The end-dastolic thichness tmt of ‘Mm’() ol
\entncular wall was measured m the lﬂc e e ¢t
Jection This projection was used bec m\;deqm!r"
contour of the left ventncle could potbe e
dentified on the end-drastolic 30° RAO ¢

frames every third frame dunrs



! IHSS teft ventncular modet n duastole a) Perspective

Tlr:;r!:x::::lodel Savity A semicyhinder ending 1t a quarter
215 semy s 20ical part b Transverse section of the
tal lne ‘g’ *'Lo"cal part. The model ends along the upper
alnentar o gitudinal section of the model LVC
A m,:\vlly RVC Right ventncular cavity The
iy indicate lines of contraction of the free left ven
2rmows indicate counterforce from the night

M e heart whicy
15 not included m
gt e o ncuded n the model calcula

;‘e’:slﬁc Zauents withTHSS ‘The wall thickness
'antnre] along a line at night angles to the
g :u a; contour from a point on the outer
g a::i u:om the intersection between the
dstance o IS outer ventricular contour (2 cm
N The ter multiplying with the enlargement
dby ‘heme‘ﬂsumd wall thickness was then
olums enlargement factor to obtan t,s The
nasn hCSlgned to aveid measunng the apical
xle 3s a thinner wall than the rest of the

;;:c:u calculation of fibre shortening m the
PUt i l: the following, parameters were used
e (3 (g o€l program (1) the end-diastolic
e -d € Itermeduate or end systolic volume
ddiastohic myocardial wall thickness tma
. :‘;\d-dlaslohc length wadth  relationship
b wudgh () the intermedite or end systolic
P relationship LW
:IH‘;uSr Parameters were used as nput values
e model The design of this model 15 such
N 'ehllonshlp between the long and the trans
:t::ixlsd of the modet caviy 15 automatically
bleg dH’EClIy dependent upon the other input
unng the simulated systolic contraction

R BT AT B P 2 R TG R R

b <

Fig 2 Normal left ventnicular model a) Perspective drawing of
the model cavity with its semisphernical apical end and continuing
as a cylinder with the other end open corresponding to the out

flow end b} Transverse section of the cylndncal part of the
mode! with a circular outlme and even wall thickness The half
crescent part indicates the nght ventnicle which is not part of the
model ¢) Lonmtudinal section of normal left ventncutar
model ! 1sthe length and w the width of the model cavity

Therefore the fifth mput parameter histed the wnter
medate or end systohc length width relationship
was excluded

The model representing the end-diastolic THSS
left ventricular cavity appears in Fig 1a The trans
verse section of this diastolic model cavity 1s 1 half
cirele Its formed as a semicylinder with one end
open the other end continuing into a quarter sphere
representing the ventricular apex The muddle part
of the left ventricular cavity 1s shallower than the
rest because of the septal bulge The septal surface
1s represented tn the model by a flat plane The mamn
error 1 using an even heght of the semicylindncal
part of the model cavity s therefore pnmanly an
error 1n the configuration of the model septum

The normal left ventncular cawvity resembles
more a full circle on transverse sections of anatomic
specimens (MCALPINE {975) The model repre
senting a normal left ventricular cavity 1s illustrated
m Fig 2 a At transverse section it appears as 1
circle The ventricle 15 formed as a cylinder with
one end open representing, the ventncular outflow
tract The other end 15 closed by a semisphere re
presenting the model apex

The length of the diastolic cavities 1 the IHSS
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Fig 3 Perspective drawing of the 1HSS left ventneular model
in diastole  The upper flat surface corresponds to the heavy hne
and ifs continuation in the mterventnicular septum in Fig 1 band
¢ The model septum indicated along its borders by oblique Iines.
was piven half the thickness of the rest of the ventricular wall
which has a thichness equal to the measured free wall i 1he
patient The outer shape and size of the upper plane are kept
constant dunng the systolic contraction of the model

Fig 4 Transverse section of the diastohc IHSS model S
Interventncular septum of the model LV Left ventncular cavity
of the model The contracting wall of the model 13 divided into
10 concentne elements of cven and idenucal thickness for the
calcutation of the diastohic volume weighted mean myocardial
area Ag

and in the control model s equal to the length of the
semicy inder/full cylinder plus the radws of the
quarter sphere/hnlf sphere respectively The widih
of the IHSS and the control model cavities 1s equal
to twice the radius of the semicy hinder/full cyhinder
respectively  The radws of the qurter sphere/half
sphere obviously 1y equal to the radis of the semi
cylinder/full cyhinder respectively Designating this
common rdws 1y the length of the semcylinder/
full ¢y linder m1y be expressed as h rg

In exch analy sis of fibre shortening a value of k
was used which made the reltionship between the
length and the width of the model cavity equ il to the

G KVAM

¢

Fig 5 Transverse sections of the IHSS lch\htn;l‘rrI'\:ﬂJ":‘r
a) Drastolic situation (cosresponds tobi ) ; wpoh
the transitron between the ¢ uter semcarcubir po :‘ PR
part which bord rs the septum Thes strarght )'m“ b
thickness to the free w dl of the model b) Ur-:;n‘hc o
straight part above the arTows s first reducc! e e
ness mcreases when th free will thichness ! 0
further contraction when the stranht part ss fe By
the model forms an outer and an iencr ey e
ventncularca llyn.\mmnmrenmgl) bcra'uh Nt
of the wall and because of ncreasing <eptal thn!
ventnicular cavily of the mode}

r
distolic length width rehtionship Lava ©

particulir patient 1€

!
U+kry _f L =(2~.,_,)
7 “(g)» (2w

I

1HSS modd calculanons The i ‘TI(';:LKCI:FF

model cavity his nonner ridws fs ot
width relationship ka of the model €7

tricle
the s rlue LMy of the panent s left ‘\t:th
volume V4 of the distolic model cavty

Tris g riha= e
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n Vyeetthe EDV value of the patient then

1
0430k, -1)=EDV and ry=]6EDV_
7(6khg—1)
sacordinely caleulated
edastolic THSS model vas given an even non
d wall thickness 1, of the particular patient
wall curves around the semicylinder nnd the
ter sphere and continues up on the sides and
UTend of the septum of the model Both the
Aseptum and the model watl stops abruptly in a
sparallel to the plane representing the septal left
wular wall (Fig 1 b ¢) The thickness of the
1 septum 15 kgtma and this s obviously the
tof the horseshoe shaped part of the wall sur
Ing the septal attachment (Fig 3) hy was
the value 0 5
owing the inner radws 1y the wall thickness
ind thus also the outer radius (rg+tnq) the
1of the semicylimder | Tq and the septal thick
the outer drastolic volume of the model vas
lated Then the septal volume was calculated
hereafter the volume of the wall myocardium
¢ outer volume minus the volumes of the
mand the cavity
.:ff“ “all including the part corresponding to
Plal attachment was divided into 10 concen
::I:cnlts with equal and even thickness (Fig 4)
'xlhme ement the inner and outer surfaces and
meamc mean between them was calculated
N otﬂthsurface was then multiplied by the
¢ particular element The sum of the
!Surface volume products of each element was
"1ded by the sum of the volumes of the el
ﬂ(xlch: volume of the model outer wall) In this
N olume weighted mean myocardial area 1n
4 Was calculated
::v ‘ine angiography does not show any out
k ment of the left anterolateral heart border
PSystole This is reflected by letung the outer
Plane of the model (Fig 3 uppermost
' Temain constant 1n shape and dimension
Hthe simulation of the »ystolic contraction
‘average increase 1n the overall IHSS septal
f;‘ duning systolic contraction has been 1€
M & 5 per cent to 22 5 per cent (ROSSEN
| 1974 Conen et coll 1975 CATE et coll)
Ompression of the septum 1s rather modest
IMerposed as 1t 15 between the night and left
Stlar walls and thus atso the ncrease m thich
fthe myocardial wall around the septal attach

ment This is depicted in the model by making the
septum rather thin but letting the outer wall around
the septal attachment have the same thickness and
mode of contriction as the rest of the free wall

The catenoid like IHSS left ventricular septal sur
face convex longrtudinally and concave trans
versely 1s charactenized by an overall stmilar pres
sure on either side (HUTCHINS & BULKLEY) Very
small addtional pressure i1s needed to move the wall
Therefore 1t 1s reasonable to suppose that a major
part of the systohic increase in septal thickness
contnibutes to the narrowing of the left ventncle

These two aspects were reflected in the model by
letting the whole increase in the septum encroach on
the left ventricle but letting the septum only have
half the thickness of the free wall (0 5t4) The mus
cular mterventricular septum of the THSS heart has
more than 1 3 times the thickness of the free wall

Fig 5 a1s a transverse section of the cylindncal
part of the IHSS model in diastole The outer heght
of the model 1s the greatest distance from the upper
most septal plane to the outer non septal wall mea
surcd along a hne at night angles to the uppermost
septal plane The systolic contraction s inttiated by
reducing the outer height This 1s first performed by
keeping the outer shape and size of the semicylinder
and quarter sphere but reducing the height of the
straight part (1bove the arrows in Fig Sa b) Upon
further contraction the straight part 1s reduced to
zero

Thereafter the semicylinder and quarter sphere
are changed mnto a cylindnical segment and a seny
spherical cap respectively In order to simulate a
contraction beyond this (Fig Sc¢)

The free wall of the model bordering the cavity
and the septum tncreases in thickness during the
simulation of the systolic contraction but the thick
ness of the wall remains even

The outer volume of the whole diastolic model 15
now known The difference between the outer dia
stolic volume and the outer systolic volume 15 equal
to the difference between the volumes of the model
cavity V4=V V4 and V bemg the end<dwastolic
and the systolic model cavity volumes respectively

The volume V. of the septum plus the wall
bordenng the septum in diastole corresponding to
the straight part above the arrows in Fig 5a was
calculated

If Vg=V <V then the systolic model keeps an
outer shape of a semicylinder plus a quarter sph
plus a straight part with a height of zero or ™
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If V4~V>V,, the systohc model obtans an
outer shape of a cylindncal segment plus half a
sphencal cap

The further calculatton depends upon this com
panison of the volumes If V,—V, <V then the
following relationships prevail The volume of the
straight part 1s reduced by a volume equal to V-
V, Thenew systolic straight part therefore obtains
a volume equal to Vg —(V4~V,) which 1s the
volume above the arrows 1n Fig 5 b This volume
1s divided by the area of the outer limiting plane of
the model (corresponding to the uppermost plane in
Fig 3) The thickness of the systolic new straight
part above the amows in Fig 5 b was thereby cal
culated

The volume inside the contractile wall 1e the
septal volume S plus the systolic cavity volume V,
has a form stmilar to the outer volume an nner
semicylinder plus a quarter sphere both with an
mner radius ¥ and tn addition the straight part
which 1s a flat structure with a new known thick

G KVAM
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Fig 6 Transverse section of the IHSS systobe model ser
spherical cap/semicylindrical segment vanant The same as F g
5 ¢ but turned upside down ¢ Center of the associated sphere &
both the outer and nner circular sepment r Raduus of the irne
segment r Radws of the outer segment a, Half the chord v
the inner segment o, Half the chord of the outer segmeat a
Half the chord of the cavity segment h Hesght of the inner sce
ment h, Hesght of the outer scgment b Herght of the cawt
segment n Distance from the carculur center ¢ to the culer scpta
plane n  Distance from the circulir center ¢ 1o the nncr sepla
plane te to the septal wall of the model cavity

If Vq—V>V,, the outer volume of the systols
model 1s smaller than the orginal outer semicylindr
calfquarter sphencil parts of the dnstolic mode!
The outer septal plane 1s constant 10 shape and
d from the diastolic to the systolic mod]

ness This flat structure 1s formed as a 1

with radius ¥, plus a rectangle with the same length
as the semicyhinder kry and the width 2r, K and 54
are known values This volume 1s expressed as a
functionof r f(r,}=S+V, The inner radius r,1s cal
culated by solving {f(r )—(S+ V,)|<0 0 m! using the
principle of bisection (FORSYTHE et coll 1974)

In the model the ventricular surface of the
septum 15 flat parallel to the outer septal plane
during systolic contraction The systolic model
cavity thereby becomes a semuspherical cap con
tinuing as a cylindncal segment Both of them have
the rmdws r, of the associated spherefassociated
circle respectively The length of the cylmdncal
segment 1s kry These values are now known There
fore the volume of the systolic model cavity can be
cxpressed as a function of the cavity height (equal
to the hetght of the circular segment depicted on the
transverse section 1n Fig 5b) V,=g(h)

The herght of the cavity was calculated by solving
Jgth)-V,|<0 01 mt

The outer systohc radws obviously equals the
outer diastohc radws equal 10 rg+tme The mner
systolic radws r, of the contractile wall known the
systolic wall thichness equals (g +1ag) -1 The form
and thichness of the free wall of the model 1s now
hnown 1n systole As for the diastolic THSS model
(Fig 4) the free systolic wall was divided tnto 10
concentnc  clements  and the velume werghted
systolic mean area A was calculated

The outer systolic model 15 formed 1n this imtance
as a semispherical cap plus @ cyhndncal segment
Fig §c transverse section)

‘ 'Ighxs transverse section 1s redrawn Fig 6 vp
side down with the septal planc below The centet
of the assoctated circles of the outer and nacr c'l;
cular segments ¢ 15 also drawn The outer 2

inner heights b and by and also the ‘t:,sd?::‘:f the
orTes
cavity h are shown The ¢ J:’u:llaﬂh(

chords a, 7 and a e also shown
radu 1, and r of the wsoctated circl
and mner circulir scgmcm}sl

The outer volume of t y
equal to the muscle w il volume Vi r]'hl‘:h‘f (Tr
volume S plus the systohe cavity 10! ':]'“s et
known (equal to the outer diastolic M I‘Uﬂ et
ty) and the Tength hafa of the cylindn e
1s also hnown The outer volume w3

for the semphe™
pressed by means of the I’ormuln}‘:lab‘ by mew

d cylindric il segment c 1
f’?]hcq{,(f:r;=v),’..+5+V. h was ealculated by 0"
\(h,)—(Vat S+V <0 01 mi .
I(hT“he d:tuncc n from the circular c,\‘:;rrdr:\g .
outer septal plane appars w Fig 6m"
Pythagoras al+n =r Obviously h "

Accordmgly  avtni=h +n)’l l:md
hOf2h  h,and a, known pwas ca cu(' < e

The whole tnner sepment 10 Fig e <
v, and a half chord 1, The distance B

les of the eute!

¢ systolic model Ve ©

et
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Table 1

The f rmulas apphed sn the 1SS model calculanions v The radus of the wall lover

bewng calculated Ru The rudius of the ner ventmentar covity g d ast e R The lencth

of the diastolic model cavih donded by uis width |t The hewght ¢ f the circular segment

and semusphencal cap beng colentared 1, The thickness of the strawght part tabcre

the arrows it Fig 5 o and b The horseshoe shaped band 15 the ares of ocine muscle

bordenng the septim above the arany fix 5 aand b corresponding 1 the upper
strasght parts on transyerse sectonn Fig 4
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Volumes
-
The quarter sphere —Sr‘
n
The semicylinder :r‘ﬂlw-lma

The base plate

—
]

M

“The semusphencal ¢ap h{3r-hy

The cylndneal segment

—
i)
n
2
a

Areas
The quarter sphere
curved part E
The semycylinder
curved part Trl-ha=brs

The horseshoe shaped
‘band of straight part
The semusphencal cap

curved part b

The cylindnical segment
curved part

Outer septal plane

ular center to the common chord 1s obviously
dentical for the inner and the outer segment Ac
ording to Pythagoras a +n=r The height of
be nner segment 1s by, Obviously hi+n=y;
Therefore  a’+n =(k+a} 1e a=h+2hn
nd 2 =Yh2+2hn nis known and a 15 exp d

(=

+{'Ra »hr,.'lx]l

(r—h)¥The 7k\]("k. (5193

[re+tha~Dra It

)
rcos (—‘—)1 Kq—lira

Zeta( KemDra’r

segment to the circular center cisn k as well as
i are now known hy+n=r,

The heght b of the cavity segment plus the
distance n also equals r Therefore h +n=h +n
1e 0 =(h+n~h) 2 15 half the chord of the cavity

2 funcuion of b, The volume of the model nside
e wall representing the active myocardium was
% expressed by means of the volume formulas for
te half spherscal cap and the cylindncal segment
able 1) with b, as the only vantable 1 (h)=V +3
Bt obviously 1s equal to the cavity plus the septal
*olumes by was caleutated by solving lith)—(Vy+5)
<001 m)

The model cavity 1s a circular segment on trans
Verse section the cavity segment It has a common
Ut and thus a common center ¢ and radus r; with
Be maer segment The distance from the cavity

t A ding to Pythagorss n +a =r=
m+hy 1e a =(n+h)y-n*

Substituting the expression above for n i this
fast equation a ={n+h} —~th +n~h)
Vin+h)-—(h;+n~h ) are obtamed

In thts manner bothp and a were expressed as
vanables of the cavity heght b Agamn usmng the
volume formulas for the semusphencal cap and the
cylmdncal segment the systolic cavity volume was
now expressed as an equation with only h as
vanable ih )=V, The cavty height h was cat
culated by solving lith )~ V,}<0 01 m?

In this systolic model the thickness of the walt

and a ~
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representmng the contrictile myocardium obviously
1s the difference between the outer and inner
heights t, =h,~h t, was calculated

The shape and thichness of this wall 1s now
known As for the diastolic IHSS model (Fig 4)
the wall was also 1n this case divided mto 10 con
centnic even and equilly thick walled elements
Using the surfice and volume formulas for the semt
sphenical cap and the cylindrical segment the
volume weighted mean systolic myocardial area A,
w1s cnlculated 1n principle 1s described for the ¢l
culation of the dinstolic mean area The formulas
appled appenr in Table | (BRONSHTEIN & SE
MENDYAYEV 1973)

Normal moddd catcudantons  In the normal model
the calculations are simpler If rq 1s the internal
radius of the normal model cavity 1n diastole and Ky
the dinstolic  length wadth  relationship  then
(Tble 2)

2 g 3EDV
o WK = Dry= Y
31rr,,+‘n'r.,(-K,, Dry=EDV ) ry l‘rr(6Kd—l)

ry was nccordingly calculated The length of the
cylindrical part 1s (2hq—1)r; The model was given
an even wall thickness equal to the dnstohc wall
thichness tyg of the patient tnalysed (Fig 2b c)
The outer diastolic radius 1s thus ry+tye Using the
formulas for the semisphere and the cylinder the
outer model volume was calculated Subtracting the
cavity volume V, from this outer volume the myo
cardinl wall volume of the model V,, was cal
culated

The wall of the diastolic normnl model was di
vided 1nto 10 concentric clements with even and
equil wall thickness (Fig 4) The volume weighted
mean myoc wrdial arca in diastole A, was then cal
culated 15 described for the IHSS model but using
the appropnite formulas (Table 2)

The normat model tn sy stole 1s much simpler than
the THSS systolic model The normal heart con
tracts more concentrically The model cavity was
designed with the same shape as the dnstolic model
casity 1 semusphere continuing 1n a cyhinder with
one end open corresponding to the outflow tract
(Fig 2) The rclationship between the length und the
width of the model cavity was given a v slue 1dent
cal with the me wured length width reltionship of
the patient s left sentncle in the particular systohic
phase beng analysed The nner ewity radiss in

Tahle 2

The formul 1s applied tn the n rmal m el cakeula
tons 5 The radurs of the v all Iner beny cif
cidated v The radws  f the inner ventrcu'ty
cavin A Thelensthofthem d Ieavin di wed b

ats v ulth
Volumes N
The semisphere jrrr’
The cylinder ar(*h-lr
Areas
The semuspherce rt
The cylinder ot K ir

systole ts r, The cylindncal part n systole wa
accordingly given 1length

Ls
a5
e ')
L, and W, are the length and the width of the pa
tient s left ventricle m the actual systohc phase

This 15 exactly pralkl to the pormal dinstels

model (
V, ts the volume of the systolic mode] cavity an

Ls/Ws=K Then
7 3Vs
" =hehs-D

5

t
r, the intermil radws of the systolic model cavty

v as accordingly c-nkulalc;l [
The systolic wall thichness tnm
even Tl)l,c outer radius of the systolic mm‘!;lhﬂ;
cordingly equals  +1m The outer volume rq“ o
plus the muscle volume V,, whichts knuum p
the dnstolic model The outer yolume :;\cm
pressed with the outer systolic radms a:” o
vriable f(r)=V,+Vm T W48 calcuhited 1Y
mg[f(r,,)—(V.+V,,\)]<() 01 m!
The systolic wall thichness I
as the diffurence butwcen the
s odel
mt#:crc.:l'xcr as desenibed for the d“(‘tn‘c‘h:k?f )
the wall was divided mto 10 concen! Lan e
(Fig 4 and the volume weighted
area A was ¢ lcul ted
Irrespective of whether 2
group wis anmlysed by means
model or ahet with THSS w e 8
of the JHSS heart model the left v o
shortening W 15 calculated :ccnn!m;‘m s
formula Aqssthe volume weighted m

of the model 1

was then caleuta™a
outer and the ree

hert from the coetrt

of the nonmd ‘f‘
naly sed by "":“
entrnulxf

the «™

oftt
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F2 7 Graphical drawing of caliulations showing the error of
& § the square root of the product of the systolic average
kg and width expressed as fraction of the corresponding
fastolc values wstead of the anthmetic mean value of the
H3tolc tength and width expressed m the same manner 1 the

Uaion of average systohc fibre length A Volume
iMted mean myocardial area of the model i systole Ay
\olime werghted mean myocardial area of the model
dastole nAverage systolic length expressed as a fraction of
“rT ponding dhastolic length m Average systohc width ex
mused as a_fraction of corresponding diastolic width The

f4tesuon Yam exactly Subshivtes the expression {A+my? m

te caleulation of average systolic fibre length and thus in the

zuhhou of systolic fibre shortenmg only when n=m (upper
0Ws)

wall representing the actively contracting myo
cardium in diastole A 15 the corresponding volume
%eighted mean area n the particular phase of the
systole bemg analysed The myocardial fibre
shortemng, (in per cent) was calculated accordmg to

the formula
(1—]/::;)100

Accordmg to d gs the i}
wall is layered and the fibres are onented 1n defi
mie directions depending on layer and location
(S0BOTTA & BECHER 1957 KATZ 1977) However
s very dufficult 10 recognize these different layers
 macroscopic sections of the heart (MCALPINE
1975) No functional difference exists between the
different parts of the contractile left ventricular wAall
#itbehaves quite as a single muscle

The area reduction and the consequent mcrease in
%all thichness are both reflected m the systolic re
dauon of the mean area of the myocardial wall
U1s the area reduction which effects the reduction
o the cavity volume The mean area reduction
ould be used directly as an estimate of the systolic
“ntracion

In a geometnc sense the mean fibre shortening
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may be defined by relating it directly to the length
wise and crosswise shortening of the mean area
The mean drastolic area Ag may be reduced to a
rectangle with the same area and with the length a
and the widih b The mean systolic area may cor
respondingly be reduced to a rectangle with the area
A, with the [ength na and the width mb
The asverage lengthwise shortening of the myo-
cardial wall 15 less marked than the average trans
verse shortemng and therefore m<n The wall
shortens both lengthwise and crosswise therefore
both n and m are smaller than umty
The length of any fibre which runs cbhquely will
dunng myocardial contraction shorten tn an obligue
direction  This shorteming may be descnibed by
vector principles as occurring partly lengthwise
partly crosswise 1t may be regarded as contnbuting
both to the overall lengthwise shortening and the
overall crosswise shorteming and the overdll
shortening tn these two directions 1s descnbed by
the factors n and m
The systolic fibre shorteming i the longitudinal
direction expressed as fraction of the corresponding
diastolic fibre length equals nafa=n The systalic
fibre length in the transverse direction expressed 1s
fraction of the correspondng thastohe fibre length
equals mb/b=m
The overall fibre shortening may be defined as the
anthmeutc mean of the lengthwise and the crosswise
shortening The fibre shortening expressed as a frac
tion of the diastolic fibre length thus equals

(-n)+(1-m) ( n+m
3= l—_'—)
Expressed in per cent of the duastolic fibre length
this equals
12100

( n+m

The expression actually wsed to calculate the
fibre shortenung was

(I—l%)lm per cent

According to the statements mentioned A = namb
and Ag=ab Therefore

I/X':lm: Vam

v 25 nm
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In Fig 7 Vam/(n+m)/2 15 shown for the different
values of n at different values of As/Ad The actual
values for the systohc areas were from 0 57A, and
upwards i the control group and from 0 79A, up
wards in the IHSS group

In the model calculation the systolic length of
the long axis in a wall layer approximately cor
responding to the mean area expressed as a fraction
of the corresponding diastolic length had a smaller
value than 0 9 1n the end of systole in the control
group In the IHSS group this value was larger than
n the control group

Fig 7 shows that the effect of using the term
Vam(= VAs/Ad) instead of (n+m)/2 gives an under
estimation of the systolic fibre length as a fraction
of the diastolic fibre shortening By the end of
systole the calculated fibre shortentng tn the
control group had an average value of 19 I per cent
and the overestimation 1n terms of fibre shortening
was less than 1 25 per cent

In the IHSS group the calculated fibre shortemng
by the end of systole had an average value of 98
per cent and the overestimation in this group was
then less than 0 6 per cent in terms of fibre shorten
mg

In the carly half of systole the overestimation
for both groups 1s smaller than this but actually a
little higher i the IHSS group than in the control
group This ts because n this phase of systole the
calculated area reduction 1s similar n the two
groups but n has a hugher value in the IHSS group

Vom equals (n+m)/2 only when n=m 1e when
the lengthwise and the crosswise shortening ex
pressed as fractions of the diastolic values are equal
However the overestimation caused by using the
one term for the other does not wterfere with the
general arguments presented in the following

The calculations were performed on a Texas
Instriments progr le pocket calcul TI 59
equipped with a thermuc wniter PC 100B

Results

The cardioangiogrphic data which were used s
mput vanables in the model evaluation of the fibre
shortening for the two groups of patients appear i
Table 3 1 men values ranges and standard devia
tions According to the descniption of the models
only the distolic length width relationship was used
as mnput value 10 the ITHSS mode) In the normal
model the specific length width rel stionship of the

G KRVAM

Table 3

Left semnenlir cardwangiographic d e frim the 1155 o .

control groups of patients presented as mean valier ran ¢ o

values and standard deviation (Rother mm deaimils s clude
wndicates that the values are imermed, we results)

Left ventncular IHSS Contrwl
parameters group group
End-distolic volume 1160 mt 1579 mt
Range 103-130 87 189
SD i 6
Mad systolic volume 43 7ml 101 Y mt
Range 39 81
5D 37 07
End systohc volume 173ml #7m
Range 143 64
sD 40 13?7
Systohc ejection fraction 08S 0 0%
Range 087083 om0
sD 004 088
Ventncutar length/
width relationshi (LIW) @
End diastole 7 l
[FR
Range 194 4
sD o (3%
Mid systole ; z‘ @
Range
03
SD
!
End systole ok
Range
9iem
Diastolic muscle thichness 06 em 0 "
1Ry 061
Range o oth
sD he

analysed was alw

particular systolic situ 1mon bung s

used as nput value For this reason ther
empty spice in Table 3 for the 1HSS gmuy:m;‘"m

The average end-dnstohe volumes are s
the IHSS group (the chance that the s
volumes come from the s1me population I\nm e
5 per cent assuming normi! dmnbu! i
p<00S) The mid systolic volume 1 c:r.u;m m
in the THSS pauent group (p<000 ,n(SS s
systolic volume 15 also smaller m the i
(p<001) The gection frction 15 dcuxghc ki
the 1HSS group (p<0 001y The :nd»dl:\" e
width relationship 15 definitely 1rper ;r“ -
group (p<0 0005) and the diastolic
thicher (p<0 0003)

In Fig & the nvempEe jengt -
ship through the sy Jolic period 18

M

width rehy e
h o for tt
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Total systolic time

Fig 8 Left ventncular length dwided by the cal ulated width
LW for the control group average values interpolated at every
10 per cent systolic fime interval
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Fig 9 Lef ventncutar vofumes nterpolated at every 10 per
S50 systolic time nterval presented 1 3 different ways for the
wmm of patients {HSS group (O) Control group (@) Upper
h;:.“ m cach group Left ventneular volume in ml (nner left

dscale) Middle curve i each group Left ventricular volume
1 el cent of EDV (outer fen hand scale) Lower curve

Eroup Percentage of stroke volume which has been ejected
[rerries Bhiiiaiiers )
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control group at every 10 per cent systolic interval
The width decreases reltisely more than the length
In Fig 9 the averge sentnculy volumes at
every 10 per cent systolic mterval are given m three
different ways for the two groups of pitieats In
each group the upper cune represents the ventn
cular volume in ml (inner JeR hand scale) the middle
curve the left ventricular volume 1n percentige of
LDV (outer left hand scale) the lower curve the
percentage of the stroke volume ejected (nght hand
scale) The figure illustrates lower ‘entnicular
volumes higher EF and faster ejection of the
strohe volume in the THSS group
The left ventncular data from the JHSS and the
control group (Table 1) were used as input pira
meters i the model calculation of fibre shortening
At mud systole the calculated fibre shorienng
among the IHSS patients had an average value of
7 1 per cent (range 57-8 5 SD 12) n the control
group 8 1 per cent {range 47-115 SD 19) This
difference 1s not sigmificant
At the end of systole the calculated average
shortemng among the IHSS patents had an average
value of 9 8 per cent (range 8 8~11 4 SD 1 1) inthe
control group 19 1 per cent (range 157-247 SD
3 0) Thes difference 15 highly significant (p<.0 0005)
The mean patient values for every 10 per cent
systoli ime interval were used as input parameters
m the models In Fig 10 the fibre shortenmg 1s
plotted together with the fraction of the stroke
volume ejected at every systolic time interval for
both groups The calculated fibre shortenmg 1s
similar for the two groups durng the first half of
systole thereafter the fibre shortenmg lags more and
more behind in the IHSS group A certam degree of
fibre shorteming causes the ejection of a larger
fraction of the stroke volume n the IHSS group than
among the controls
The height of the IHSS model cavity averaged
1 60 cm at half systolic time and 0 77 cm at the end
of systole The height of the normal model cavity
(the drameter) averaged 4 23 cm at half systolic time
and 3 13 cm at the end of systole From the model
analysis using the mean pauent values as mput the
cavity heights of the two models at every ten per
cent systolic time interval appear n Fig 11 The
rapidly decreasing height of the THSS model cavity
illustrates the shit like form of the cavity towards the
end of systole

The influence on the calculated fibre shortenmg of
the different 1ADNIT BAPS Mt ore v are ovmem s e 4 L
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10 20 30 40 50 60 70 80 90 100

Total systoiic time

Fig 10 Per cent fibre shortening tleft hand scale) and percentage
of the strohe volume ejected (night hand scale) for the 2 groups
of patients using mean salues as nput values m the model cal
culanons Systoli period expressed as percentage of the full
systolic period  elapsed along the ab Cissa  Average fibre
shortening s simular for the 2 groups of patients dunny the
first hulf of the systole From then on fibre shortenung lags more
and more behind 1n the 1HSS group Fibre shortening i the tHSS
group (@ and the control group (O) Stroke solume ejection
wn the THSS group (M) and in the control group (Ch

werc vaned one 1t a ume heeping the others
constint at average patient values Vq and V, were
also sared m paraliel keeping the same relationship
between them as between the average EDV and
ESV

In the control model the diastalic and systohc
length width relationships were also varied n
parillel The relative magnitude of the two was then
for each calculation kept constant as between the
averge end-diastolie and end systolic length width
relationsfup

The ifluence of the different 1nput parameters on
the THSS model calculation of fibre shortening
ppearsan Big 12 Increasing the muscle thichness
inere wsing the length width relationship of the dia
stolic left ventncular cavity or mcreasing the left
ventneul s part of the septum refative 10 the free
wall thickness all decre wed the calculated mean fi
bre shortening which was necessary 1o perform the
aserge solume reduction from end-diastole to end
svstole i the THSS group (Fig 12 1) Obsrously
to reduce the end systolic solume the contmctile
wall must contrict more  and to effect volume

T——r———T—
10 20 30 40 50 60 70 80 90 0O
Total systohc tume
—) 3
Fig 11 Calculated henht (F the THSS made} ity &
cnlgculaxed diameter of the control modef cavity € ) 3! wi:.:
systolic period  Average paticnt vafues fiom each groep
used as input parameters

reduction from a large end-dh wstolic volume m’:
fixed end systolic volume the will mudt a"\;
contract more Increastng the end systolie andl "
end<diastolic volume together the systolic epee “;m
fraction staying constant o demands more m;m
fibre shortening but not to the same degree 1::'
only the end-diastolic volume i farger (118 fl -

The corresponding mfluenee of the mpu p
meters 1n the normal modet esumates of lht:’ i
shortenng 1s shown in Trg (3 When lh'f r:lolum
stolic volume tncre yses or the end systolic e
decrenses the estimation of fibre ﬁhur‘l‘t::;:“mm
expected increnses When both the whx! -
and the end systolic solume Ingreases .
remains constant aciu lly me g that @ =;Jr e
fraction yemams constant  the cxnm'llt‘mg g
shortening, changes very Jitle only mcrr.;»l R e
19 to 20§ per cent when the dm;m ;&u,hm
incre sses from 100 10 300 mi (Fig | I«\Jr} e
creastng. myoctrdi! thickness the acce e
shortening to perform the casity \olﬂ‘mf‘ o el
from the stand ird Vg 10 the stwdrd |“"g o
The opposste i also true Aith decrea
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Per cent mean 1 bre shortening

Ka

'm\

0
ktd
Ka
tmd
0 03 206 308 412 4 nem
V4 228 342 456
o 925 05 075 1

a

1 Input parameters i the 1HSS model varied systematt
' Average patient values are used for all parameters not
:d fend systolic values are used) Eifect on calculated fibre
tening shown a) Effect of varying diastolic free wall thick
+lag and relative thickness ki of the model septum (actual

dual thickness the mean fibre shortening nec

ary to effect this volume reduction 1s increased
g 13b)

f a normal ventncle with dastolic volume
'9 ml and with average length width relationship
| muscle thickness dilates to a new end-diastolic
ume of 300 m! keeping its length width relation

p then according to the model the end~diastohc
ocardial wall thickness 1s reduced from 091 ¢cm
065 ¢cm This heart must perform 18 9 per cent
an left ventricular fibre shortening to obtam an
ction fraction of 0704 when the end-drastolic
lume 15 1579 ml but 22 9 per cent mean fibre
ortening to reach the same systolic ejection frac
n when the end-diastolic volume 1 300 ml

The curves in Figs 12 and 13 are extended mto
'probable regions of the values for the different
Put parameters Within reasonable limits of these
arameters the calculated and sy stolsc fibre shorien

‘g of the THSS model s always much less than the

bre shortening of the normal model at the end of
¥stole

Discussion

The smaller EDV i the THSS group has been
Incussed 1n Part 11
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Per cert mean fibre shortening
20

Vg vanes

Vs constant 17 ml

Ve vames Var¥s
constant

Vg constant 116 mi

Vs vares

[ 58 16 174 232 Vg

85 17 255 34

b

drastolic thickness of the model septum K qtmq) Influence of vary
sng the diastolic length width relationshup kg of the model cavity
alo shown b) Effect of varying end deastolic volume Vg alone
and together with end systolic volume V  relationship between
them kept constant Effect of varymg \ alone also shown

As long as the ejection fraction and therefore the
relationship between V, and Vi of the model 1s
constant the estimation of fibre shortening s not
much dependent upon a very exact measurement of
the EDV used as input V, of the model This 1s
apparent from Figs 12 b and 13 a The relationship
between V4 and V used as mput variables 1s inde
pendent of the exact value of V4 because V, was
calculated from the measured Vg by using the rela
tive volumes through the systolic pertod

The measured wall thickness in the control group
1s somewhnt smaller on the average than reported
by DoDGE (1971) for normal patients measured on
the lateral wall The wall thickness 11 the control
group was also measured by a planimetric method
{RACKLEY et coll 1963} from the 30 RAO view and
corrected for magnification The average value was
then 0 985 cm (range ¢ 80-1 23 SD 0 16) in the con
trol group These values were also used as mput
instead of the muscle thickness as measured n the
60 RPO view At 50 per cent systohic ime the ca!
culated shortening had 1 mean value of 7 % per cent
trange 49-99 SD | 3) and at the end of systole
the cilculated shorteming was 18 5 per cent (ringe
16 1-"09 SD 15) The latter mean values do not
difter sicnsiicantly from the mean values calculited

o e
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Per cent mean fibre shorten ng Vg varies

Vg constant 46 7m|

vg vanes
Vs varies
Vg / Vs constant

20

Vg constant
Vs varies

1579 mt

[+ 7895 1579 23685 3158 Vg

o 2338 467 7005 934 v,
s

Fig 13 Input parameters in the control mode! varied systemati
cally Average patent mput values are vsed for all parameters
not vancd (end systolic values are used) Effect on calculated
fibre shortening shown a) End-dastolic volume and end systolic
volume vanced alone and together In the latter case the relation
ship between them and thus the ejection fraction kept constant
b) Diastolie wall thickness svaned  ¢) Diastolic Iength width
relationship Ko vaned alone and together with the corresponding
end systohc value k. Relationship between the 2 (K /K ) hept
constant K also vaned al ne

when the myocardial wall thichness as measured on
the 60° RPO film was used (8 1 and 19 1 per cent
respectively)

The pulse frequency was different in the two
groups (p<0 01} The relationship which has been
shown between cavity form fibre shortening and
expulsion of the stroke solume 15 present neverthe
less The calculttions of the fibre shorteming are

G KVAM

Per cent mean fbre shorienng

20

1365

84
o] 0455 O9N 182 2 tre

em

b

Per cent mean fibre shortening

Kg vanes
Ks cor 3

20 X vares

Kg vanes
/¥s

e corsa

Kg corssr

Ky vares

r __  —
O__L,‘a__—zdd-—n"a
’_—__'___,._’vd-—

a 156 212 2318 42k

4

d by the bes
t influence putoth

strictly geometnc nnd no
r:ltc ';'hi relationships shownare present
interrelated refationships are P .
between heurt rie  strohe \ohl;x:'c e
output and between hert rate FT " nl.awn"‘
tonotropy of the heart 1 most comp

(11 FRERA et coll 1978)

cate
The npplied geometne models are amplific
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toth for the normal left ventnicle and for the IHSS
kit ventncle  but they serve to illustrate essential
dfferences between the two

The flat drastolic left ventnicular wall of the sep
tumm the IHSS model 1s a geometnic simplification
of the catenoid like surface convex longitudinally
od concave transversely Longitudmal sections
of the IHSS septum show that the longitudinal con
\euly causes a larger bulging towards the cavity
than the transverse concavity curves away from the
uly (FARRERBROWN 1977 HUTCHINS &
BUKLEY) The THSS left ventncular cavity 1s long
rlbve to the width and the longrtudinal curvature
doesnot seem less marked than the transverse per
krgth umt The design of the model septal surface
2t plane seems an acceptable approximation of
te overall bulging towards the left ventncular
1y when the transverse section 1s designed as
bifa circle
W;ﬂ: |§crease n thickness of the model septum
" :e 2bout 40 per cent m the IHSS group durnng
tirunylmhc contraction However the model
i \;/as only half as thick as the mode free wall
‘!mnc‘:!]e Inthe actual heart with 1HSS the inter
e \:r Septum 1s at least 1 3 times as thick as
o RE:" (EPSTEIN et coll 1974 MARON et coll
enon WOOD et coll 1974) The effect of the
vl lsSUrface which has no net pressure across
s, lmost probably that the greater part of the
ol c:v:: thickening oceurs towards the left ventn
cu, ml (})l, IFat least 10/13 of the septal thickening
e 1s direction then a layer of the septum

3L as thick as the free wall participates m the

I
l;”m“’mg of the left ventricutar cavity (1 3%10/13=

.{:;;nc““e in thickness of a septal layer at least
ity 23 the free wall towards the left ventricutar
Mice asls| fepresented in the model by a more than
 septy AIge systohc mcrease in septal thickness of
‘)“Ohcm less than half as thich The 40 per cent
torese Increase 1n thickness of the mode! septum
Pauemms an overall mcrease n thickness of the
Nerventncular sepium of 20 per cent of
:em?'s 1S 1n agreement with echographic mea
nts (COHEN et coll )
¢ anpiographically observed merease tn thick
¢ avoided by only measunng the diastohc
ton g5 considerably more marhed than according
!ll?e Calculations of the mode! This may mn part be
\nf] Aned by encroachment of the papillary muscle
the trabeculae duning late systole These

Uy

®sg

3N

possible mistakes in the systolic increase 1n thick
ness are avoided by only measuning the diastolic
thichness and thereafter cnlculating the systolic
thichness according to the pninciples of even wall
thickness and constant myocardial volume (HUGEN
HOLTZ et coll 1969)

The myocardinl wall seems to have a somewhat
uneven thichness (MCALPINE) The actual systolic
increase m wall thichness may be unevenly dis
tnbuted The left ventricular myocardial mass i the
control group was according to the model 162 g
on the average (range 103-213 SD 35 myocardial
density 1 05 BARDEEN 1918) These estimates of the
myocardial mass 1 the control group lie within an
acceptable range (RACKLEY et coll } even though the
heart has an uneven wall thickness

The calculated average end systolic fibre shorten
ing n the control group was 19 1 per cent In wvitro
stimulation of cat papillary muscle with an 1sometric
myograph showed increasing tension from 70 to 100
per cent of an optimum length whereafter the ten
sion decreased (the optimum muscle length had a
resting sarcomere length of 2 I8 measured after
glutaraldehyde fixation SONNENBLICK & SKELTON
1974) The calculated esimates of fibre shortening
are thus within an acceptable physiologic range
even though the actual systolic increase m thickness
of the heart wall may be unevenly distributed

Duning systole the posterolateral wall narrows
the ventnicular cavity making 1t more and more sht
like As shown the free wall fibre shortenmng 1s very
effective 1n expelling the stroke volume The work
per unit fibre shortening 1s increased The conse
quence 1s work hypertrophy of the free wall

The narrowing of the ventncular cavity duning
the late part of systole 1s marked 1n the aprcal and
mddle parts of the cavity The postenor and septal
walls actually meet except along an 1xial small part
of the cavity This open part 15 crused by the
transverse concavity In the other parts 1n which
septal and postenor walls meet significant further
shortemng of the posterior wall v impossible
Therefore the apical and middle parts of the pos
terror wall perform essentially 1sometnic contraction
during the latter part of systole with hypertrophy
as a consequence

The basal part of the ventnicular cavity near the
valvar apparatus 1s decper than the middle and ap1
cal parts The postenor wall therefore runs obl
quely from the vahar apparatus to the more shallow
mddle part relatine to the septal plane During con
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traction the basal part contracts more concentn
cally because the contractife part of the circum
ference 1s larger in this part of the cavity Thus the
basal part of the posterior wall does not move
actively m the anterior direction to the same degree
as the middle and apical parts Consequently 1t does
not perform late systolic ssometnc contraction this
stimulus to work hypertrophy 1s thus absent
Towards the nuddle third of the cavity the most
basal part of the posterior wall 1s transitional tn
this respect It encroaches upon the septum de
finitely more than the part attached to the valvar
apparatus  The most basal part of the posterior wall
also moves antertorly towards the membraneous
part of the septum reflected n a late systolic oval
shape of the mutral nng But 1t does not move anten
orly as fast as the middle part because of a larger
circumference with a more concentric contraction
The effect of thrs 1s that duning the first half of systo
Ie the posterior wall is increasingly tilted relative to
the septal plane Duning the latter part of systole as
the most basal part continues its contraction this
ulting 1s reduced
The overall systolic fibre shortening of the most
basal part therefore lies more within a normal range
The tilting causes the speed of the systolic contrac
tion to appe i ncreased 1t echography duning the
first part of the systole and the reduction of the
ulung duning the latter part produces the echo
graphtc impression of the systofic thickness reaching
a platew as described by COHEN et coll They
found a total systolic thickening within the normal
ringe However the measured echographic velocity
of this thickening was increased dunng the first half
of systole then a plateau was reached No conflict
therefore exists between ther obsenvations and the
present ones but the evaluation of their data 1s
different
IHSS also exssts in a non obstructive form
(EPSTEIN et coll ) The basal part of the left ventnt
cular posterior wall does not have the obstructive
stimulus to work h)pcrlroph) esther tn this variant
of the discase This explatas why the postenior wall
hypertrophy i these cases 15 uneven the most
basal part not being hypertrophic  RoBERTS (EP
STLIN et coll ) states that an unusual type of distrt
bution of myocardial thickness however s found in
patients wath the nonobstructine form of the discase
In these patients the portion of the feft ventncular
free wall directly betund the postenior mitral feaflet
always 1s of normal thickness (confirming the echo

cardiographic findings) even when major portnn
of the remainder of the left ventncular free wa'
may be thichened

The mucrostructural abrormalitics of the b per
trophic nterventncular septum are not specif
but occur also m the free left ventrular wall v
IHSS as well as n other conditons with rsometn
myocardial contriction (BULKLEY et coll 1977
HUTCHINS & BULKLEY WIGLE & SILVER 19/

In the free wall of the 1HSS left ventncle mio
cardial anatomic abnormahities charactenisti of 1o
metnic contraction are observed m non-obstruutn
cases of the disease 1n cases with obstructon
the myocardium 1s more normal (MARON et coll
1974) The reason 15 probably that when subacris
obstruction occurs the metnc contraction of the
free wll 1s slowed down considerably i the late
part of systole The obstruction acts {ike a buffer
damping the abrupt isometrc contraction whw!
would otherwise occur and which sctuslly e
when the free wall encroaches upon the sefiv”
1n non obstructive cises

According to the cculations and the rf“’;‘;’;
argumentation the free left ventrcular wallm IF r‘
has a normal velocity of the myouanhl lr'\\‘
shortening durmg the first part of systote 1¢! '}m
to the systolic time spn During lhchmrr‘ﬂ"‘“ -
systolic peniod however the free wall I‘““‘X“"ﬂ“
essentially sometric contraction €¥¢ept for ';” "
basal part A certun degree of fibre sho o
causes the expluston of 1 larger part of lht;ﬁ i
volume than normally W ork hypertroph) ofd co
whll ensues both for this reason and hecuud
1sometnc contraction and subaortic stenosts i

The fict thit a smallur degree of fre¢ “:m "
shortening causes the expulsion ofa hTSC[: e
of the strohe volume th n normlly ‘"““ ;N o
ejection fraction 1s larg.er than normJ")n‘: b
both functional and natomic 1hnon\nnm pend
may be summanzed s follows (”I\\l) fon
septum with no persisting cone ) rcdl reld e
ventncular cavity  tnd with 7 M7 n :N“m
shortening acling Jas & suspender for the
wall (2) some merease i the

septal thihress n:
ro, il hy
rowing the ventricular €ty (%)) m)uc.m! {fl
trophy of the non scptal

.
[ wall ¢4afons \‘I'“{'!’ :’ﬂ
¢
cavity relative to the widih 9a sf:ail;:"ﬂ ,
tncular casity and (6) @ somewha
than in normal patients
Conclusion Dunng the first p
peniod the myac wrdnil fibres of th

'’
st of the ¥
o free 1eft 3¢
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uular wall in THSS shorten with the same speed as
tormal left ventricular fibres relative to the systoltc
tme span The myocardial contriction causes how
awer the expulston of a larger fraction of the stroke
solume per unit fibre shortening even with the high
gection fraction of IHSS The reasons for this are
atibuted to the particular geometry of the left
‘entncle in IHSS

Dunng the latter part of the systolic period the
HHSS feft ventmcular free wall except the part close
fothe valvar apparatus performs essentiaily an 150
Melnic contraction

SUMMARY

Left ventricular cineangiographic data from 4 patients
¥ith 1diopatine hypertrophic subaortic stenosis (IHSS)
@d 10 control patients have been analysed by means of
&ometnc modefs The myocardsaf fibre shortening of the
free left ventricular wall n THSS has been compared with
e fibre shortenmg of the left ventncular wall i the
tntrol group During the first halt of systole the fibre
shortentng occurs equally fast in the two groups but
dunng the second half 1t lags clearly behind in the IHSS
Toup The stroke volume is ejected much fasier m the
IHSS proup and the ejectron fraction 1s much higher This
K caused by several factors related to both functional
ad anatomic derangements of the left ventnicle and the
Merventnclar septum (1) A hypertrophic septum con
tacting 1sometrically with no persinting concavity away
fom the left ventricular cavity acting as a suspender
0d the postenor wall encroaching upon the septum i a
it like manner (2) Some mcrease n septal thichness
tarrowing the ventncular cavity (3) A hypertrophic non
septal ventrnicular wall (4) A long venincular cavity rela
ve to the width (5) A shallow left ventnicular cavity
) A somewhat smatler EDV than normat

ACKNOWLEDGEMENTS

Professor Jan Gothlin gave valuable assistance both
inng discussions and i the preparation of the manu
%npt Associate Professor Jon Lehven Dig Rangnes
“nsuftant mathematictan Rr hard Eastgate  physicast
d Lars Hoiem and Carl Muwr eth comsultant radiolo-
Ests all contnbuted 1n vanous way - dunng the course of
the work towards the final production of the manuseript
Materials for the 1ny estreation were supph d ty the Dept
O Climical Phystology Hauheland Univer ity Hospital

Irs G S Johansen and other members of the photo-
rapie department of the University of Berpen Haukeland
Hospatal section placed their technical skall 1t the author s

w2t

3

REFERENCES

BARDEEN C R Determmation of the size of the heart
by means of the X rays Amer J Anat 23 (1918} 432

BRONSHTEIN | N and SEMENDYAYEV K A Geometry
In A guide book to mathematics p 195 Verlag Harn
Deutsch Zunch 1973

ButhtEy B H WEISFELDT M L and Hutchins G M
Isometric cardiac contraction A possible cause of the
disorgamized myocardial pattern of idiopathic hyper
trophic subaortic stenosis New Engl §J Med 296
(1977 135

CAtE T F 3 HUGENHOLTZ P G and ROELANDT J
Ultrasound study of dynami¢ behaviour of left
ventrcle in genelic asymmetnc septal hypertrophy
Brit Heart] 39(1977) 627

CoHEN M VvV CoorERvaN L. B and RoseNBLUM R
Regional myocardial function in tdiopathic hyper
trophic subaortic stenosis  An echocardiographic
study Crrculation 52 (1975) 842

Dopg: H T Determination of left ventncular volume
and mass Radwol Clin N Amer 9(1971) 459

EpsTEIN S E HenRY W L CLARR C E  ROBERTS
W C Maron B J FERRANS V] REDWOOD
D R and MORROW A G Asymmetnc septal hyper
trophy NIH conference Ann mtern Med 81 (1974)
650

FORSYTHE A 1 KEENaN T A OrGanich E 1 and
STENBERG W  Numerical apphications in Computer
science A first course p 617 John Wiley & Sons
New York 1974

FARRER BROwN G Pnmary cardiomyopathies fn A
colour atlas of cardiac pathology p 91 Wolfe Medical
Publications London 1977

GoTsMaN M S and LEwls B S Left ventrieular
volumes and compliance m hypertrophic cardio~
myopathy Chest 66 (1974) 498

HERNANDEZ R R GREENVRELD JRJ € and McCaLL
B W Pressure flow studies in by pertrophic subaortic
stenosts J ¢chin Invest 43 (1964) 201

HucevHoLTZ P G KariaN E and Hutt E Deter
mmation of left ventricufar wall thickness by anmio-
cardiography Amer Heart] 78(1969) 513

HuTCHINS G M and BuLhLEY B H  Catenoid shape of
the interventncular septum  Possible cause of 1dio-
pathic hypertrophic subaortic stenosis  Circulation
5811978) 39—

ILEBERK A LFRVEN J and Rl G Cardiac per
formance md: e of acrenergic and
chronotropk. effects Amer J Physiol 234(1978) %

KaT7 A M Structure and function of cardial mu cle
In Physiology of the heart p 1 Raven Pre  New
York 1977

Kyast G 1dopatiie hvpertrophi subdortie t n s §
Interventncular septum dumng the systol  contrac
uon A The shortening of the mascular mterventn

tlr entum B Analvar  f the protrudimg  nop
bty mu culsrinterven 1 lar septum Acta radiol
Drn b L1980 §3
— L& ~ 1k hypertrophy

subwre e w1 T



374

shallow left ventricular cavity Acta radiol Diagnosis
21(1980) 165

MARON B J FERRANS V J HFENRY W L CLARK
C E Repwo0D D R ROBFRTS W C  MORROW A
G and EpsTEIN S E  Difference in distnbution of
myocardial abnormalities in patients with obstructive
and nonobstructive asymmetric septal hypertrophy
(ASH) Light and electron microscopic findings
Circulation 50 (1974) 436

~— HenRY W L RoserTs W C and EesTriN S E
Comparison of echocardiographic and necropsy
measurements of ventnicular wall thickness in pa
uents with and without disproportionate septal
thickenmg Circulation 55 (1977) 341

McArpinE W A The normal heart fn Heart and
coronary artenies An anatomecal atlas for climical

d diol and surgical
treatment p 9 Spninger Verlag Berhin Heidelberg
New York 1975

RachLFY C E Dobct H T Costt. Y D and Hay
R E A method for determining left ventncular mass
mman Circulation 29 (1964) 666

G KVAM

RrDWOOD D R SCHERIR Y L and Enting F B
ventncular cineangiography i the evalwuon of
patients with asymmetnie septil hyperirophy Circula
tion 49 (1974} 116

ROsSIN R M Goooyvan D J In(HAM R | and
Pors R L Ventriculsr systolic septal thickemng
and excurston n 1diopathic hypertrophic subaortk.
stenosis New Engl J Med 291(1974) 1317

Stan P M Echocardiography in the dignoss of hyper
trophic obstructive cardiomyopithy Amer ) Med
62 (1977) 830

SopOTTA J und Becurr H - Herzmushultur fn Atla
der deskriptiven Anitomie des Menschen ? Ted
p 202 Urban & Schwarzenberg Munchen Berin
1957

SONNFNBLICK E H ind Ski1TONC L Reconsuderatin
of the ultrastructural basis of cardiac length teavien
relations Circulat Res 35(1974) 517

WIGLFE D and Suvir M D Myocardual fiber dinarmy
and ventncular septal hypertrophy asymmetncatl
hypertrophy of the heart Circulstion S8 {1978) IR

s

!



Acta Radiologica Diagnosis 21 (1980) Fase 3

FROM THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY UNIVERSITY HOSPITAL S 72185 LUND SWEDEN

ULTRASOUND EXAMINATION OF LESIONS IN THE THORAX

L ForsBERGand U TYLEN

Various ech

make possible a dif
Tentiation between cystic and sohd lesions by ul
sound In the thorax the normally aerated lung
renchyma reflects ultrasound preventing exami
tion of mtrapulmonary lesions whereas lesions m
ntact with the thoracic wall are within reach
herefore uitrasound may be used to differentiate
Tusions possible to drain from organized effusions
solid tumor

Material and Methods

Thirty five patients were examined once or sever

umes during one year A grey scale B scan umt
th 35 and 5 MHz transducers was used The
tients were examened in supine and sitting post

ms First a longitudinal scan of the liver was made
ith the patient supine 1n order to get a proper
tting of the d The subph

rea was then exaimined When the galibladder and
e intrahepatic vessels were demonstrated without
ternnl echoes with good penetration of the liver

he patient was moved 10 a rotatable chair where
ongitudinal scans were taken at 2 cm intervals of the
orsal and lateral parts of the hemthorax of interest

ventrally located lesions were moie often examined
vith transverse scs When the diiphrigm could be
lemonstrated its movements wer. measured with 1
ongitudinal scan 1n maximum inspir ition and expt

ration over the mud-dorsal area with the patient 10
Sititng position  The two scans were exposed on the
Same film to facilitate the measurement (F12 1) The
Marpins of an effusion were marhed on the shin of
the patient ats depth measured (Fig 2) und the
deepest spot mdcated

Results

Because of falure to dram flmd at repeat tho
racocentests 28 patents were referred for exami
nation On films exposed mn the lateral decubitus
posttion no free fluid had been demonstrated Echo
free encapsulated effusion was diagnosed 1n 25 of
these cases (Fig 2) while in 3 multiple echoes with
n the lesion indicated orgamzation of the effusion
Successful puncture confirmed the findings 1n those
patients with lesions without internal echoes In
another 2 patients pus had been obtained at previous
punctures and ultrasound demonstrated orgamzed
exudate (Fig 3) In one patient no aeration of the
nght hemithorax was found on chest films At the
ultrasound examimation a large amount of flud was
found After thoracocentesis a small cell carcinoma
was revealed A malignant lesion was also con
firmed n a patient with pencardial effusion (Fig 4)
Three patients were referred due to a suggestion of a
pernicardial cyst which was confirmed in 2 (Fig 5)
In the third case a necrotic tumor was demonstrated

Discussion

Ultrasound examination of the thorax dunng the
1960s and the beginming of the 1970s was performed
with A mode equipment measuring pleural effusion
and pleural thickening (VHKERI 1970 Gorbo~N 1973
Gryminski et coll 1976) When B mode and grey
scale were available the examinations bes 1me more
morphologic  gnang better detail (TayLor et coll
1973) However the use of the method 1s stll im
tted due to th- reflexion in the aerated lung

LIt isound ex imin thion of the thorax may be per

S ihmitted § rpublication | May 19 9

TN Pu



376

Fig

ton and espiration showing daphragmatic mosements

Fig 3 Organzed €mpyema contaimng multtiple echoes

formed i vanous ways BOUTIN et coll (1976) and
HIRSCH et coll (1978) used only transverse scans
while DOUST et coll (1975) Ravin (1977) and La
ING & FILLY (1978) used only longitudinal scans
POIRILR ¢t coll (1975) LanDay & HARLESS (1977)
and CUNNINGHAM (1978) took advantage of both
transs erse and longitudinal scans Transverse scans
seem 1o be of less value i lesions located dorsally
and hterally than in ventrally located Jestons due to
enhanced rib antefacts 1tis recommended that both
modalities be used 10 obtam optimum information
The very sensitive modern B scanners are some
times hard to adjust 10 avoud creation of false echoes
or crasement of the truc ones Lane & Fiity used

Longitudinal scan of the dorsal part of the nght
hemithorax of a patient with pleural effusion mn masimum mspira

L FORSBERG AND U TYLEN

Fig 2 Encapsulated pleural effusion with em marking Pleor
effuston (E) nb (R)

11 5,
Fig 4 Areas of organization sithin effu ton rm; :-:1:_‘)‘;“ h
only small amounts of hemcrrhap flurd C)}dwmn’d“‘, }
revealed pencardial carcinomat sis Heart (H) e

ston (E}

while at t*

the hidney for adusting the sctung WHC

department the Iner w18 used Ths wa e s
practical as examnation of the lver ann i
phrenic area 1s necessary 1o avord mn‘;l :N "
which may be connected with pleural :;mﬂr -
scesses mtrahepatic or subphremic .m" :—.wh\ bt
diagnose by other means Computer lom«fr‘:’ ot
to some extent mmproved the pombxlxneh‘m ol
nosing such lesions but ultrasound n"n‘m“m (ot
also less expensne method s a »\‘c‘ P
that gas 1n the stomach often presen “

of the left subphrenic arca and dnrh?fn peta b
rax on the left side must be evammed v;' st

The normally aerated lung corers the

&

The th- ¢
t
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Fg § Rounded tumor m the heart h ¢r anele oa chest rado-
f,hy Ultrasound examunanon showed a cyste leson con

wmpletely and only arteficts are seen on xhe
%reen When the diaph can be d
from the dorsal aspect of the thorax a pathologic
tondition must exist COSGROVE et coll (1978) have
panted out the interesting phenomenon that ghost
ksions may be observed m the lung region due to
thanges m the liver because of the reflecting abality
ol the nght hermidiaphragm when covered with nor
mal lung tissue Such lesions do not appear when
the abnormalities are present on the thoracic side of
the daphragm

Ultrasound 15 of great value 1n the treatment of
patients with encapsulated flutd The method has
been particularly valuable in those patients in whom
multiple at p of a
possibly flurd filled cavity h'ne been made The
method of drawing the margtns of the lesion with an
extra sign at the deepest place often seems to be of
more value than just marking the best spot for
Puncture (HIRSCH et coll )

Relatively new intrathoracic hematomas may

ave the same appearance as encapsulated fluid (L&
"G & FiLLy) but no traumatic lesions were en

fountered in the present matenal

The differentration between a sold tumor and a
Gsuc lesion may be factlitated by ultrasound n
%ome cases The demonstration of a pencardial cyst
% easy and accurate and puncture may therefore be
omtted Moreover the method may be used as a
®uide in fine needle biopsy of solid lesions adherent
‘the thoracic wall

firmin. the dugnos: pencandul ©y 1(C) a1 1 onmendinal scan
b Tran verse scan of the lesien

SUMMARY

Thity five patients with ntrathora 1 lestons were
examined once or several tmes dunng one vear With B
scan grey scile ultrasound The difference botween en
capsulated flurd ormamzed exudate or empyema and solid
tumor 15 discussed as 1s the procedure of the examination
and the possibility of using d for diagnost
punctures
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ANGIOGRAPHY IN LARYNGEAL CARCINOMA

H SOKJER and ] OLOFSSON

he usual examinations of patients with laryngeal
‘noma are mirror laryngoscopy palpation

tolaryngoscopy and radiography including con

honal films hy and lary: phy

'S¢ examinations can usually be relied upon to
> adequate mformation on the superficial exten

1 of the tumour (OLOFSSON & SOKJER 1977

) Vocal cord fixation and radiologic evidence of
llage nvolvement are indicative of deep tumour
sio0n However these abnormahties do not give
1se information on the depth of invasion which
tal to know for the correct selection of patients
partial surgery with preservation of laryngeal
tion Thus other diagnostic methods are
ded

he arterial anatomy in normal and carcinoma

 laryngeal spectmens was mvestigated (SOKJER
JLOFSSON 1979) 1n order to elucidate whether
delmeation of laryngeal carcinoma could be
roved by the application of angiography The
mal arterial anatomy of the larynx was found to
fairly constant Artenal abnormalities in the car
oma cor ded to

the supenor laryngeal artery which 1s the mamn
laryngeal artery usually onginates from the superior
thyroid artery although it may ongnate directly
from the external carotd This has been found to be
the case 1n 13 4 per cent of Europeans and m 4 2
per cent of Japanese (ADACHI 1928) The cricothy
roid artery another branch of the superior thyroid
anastomoses with the supenor laryngeal artery
lateral to or through the cricothyrodd membrane
The infenor laryngeal artery a branch of the mferior
thyroid artery accompantes the recurrent laryngeal
nerve to enter the lower postenor part of the larynx

The superior laryngeal artery usually enters the
larynx through the thyrohyoid membrane above the
posterior half of the thyroid cartilage (ADACHI)
but 1t may enter through the thyroid foramen n
the upper postenor part of the thyroud cartilage
This occurred n about 4 per cent of a French
material (TERRACOL & GUERRIER 1951} and 1 about
20 per cent of two Japanese series (ADACHI OKI
1958)

Within the larynx the superior laryngeal artery

dence of tumour invasion of the pre epiglottic
ce lateral spread to the thyrowd cartilage and
ead of the tumour outside the larynx by penetrat
 the cricothyroid membrine Information con
ming spread to these regions is mmportant for
1s10n on the surgical management
Angiography has now been applied n a chnical
Nes n order to assess whether this exammation
Uld be of clinical value No such report appears
have been published previously

e larynx 1s supplied from the superor and
fenior laryngeal arteries (RAUBER & KOPSCH 1955)

runs d medial to the thyroid cartilage
and gives orgin to 5 main branches (SOKIER &
OLOFSSON Fig 1) An ascending branch supphes
the epiglottis and the vallecula and also gnes off
branches to the pre epiglotc space one of these
vessels often ongmates directly from the supertor
laryngeal artery A dorsal branch runs beneath the
mucos 1 of the anterior part of the piniform sinus 1o
anastomose with the medial division of the inferior
larvage it artery i the postencoid region A ventrl
branch tun deep 10 the false vocal cord and laryn

S ted tor publication 12 Moceh 1~

M ~
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Fig 1 Normal artenal anatomy of the larynx a) Ap view b)

Lateral view AB=ascending branch AR=antenor ramus CA=

<ncothyrond artery CTA=antenor cnicothyroid arcade DB=

dorsal branch [=infenor laryngeal artery LD=lateral division
P

MD=medtal division PESB braach to the pre-epiglot
U space  PR=postenor ramus S=supenor laryngeal artery
TA=transverse arcade TB=te 1 v

branch

geal ventricle tn an antenor direction to termimate
above the antenor commissure The supenor lar
yngeal artery ends i a terminal bifurcation where
it divides into an antenor and a posterior ramus
The level of the terminal bifurcation vanes from
about S mm above the supenior surface of the vocal
cord to about 5 mm below The anterior ramus runs
lateral to the thyroarytenoid muscle m an antero
caudnl directton towards the antenor part of the
cncothyroid space It leaves the larynx lateral to the
cncothyroild membrane to anastomose with the
cnicothyroid artery  and with the artenes of the
opposite side v1a the antenor cncothyroid arcade
The postenor ramus runs latera! to the lateral cnco
arytenowd muscle to anastomose with the Jateral
dnision of the infenor lary ngeal artery The anterior
and posterior rami may be linked by a transverse
arcade

Material and Methods

Orer a two-vear peniod (1976 to 1978) lary ngecto-
my was performed in 11 male patients with fary ngeal
carcinoma (It was contemplated in one other but
not actually camed out) Anpiography was per
formed 1 & of these patients and these constituted

e (AT 4 VLUV WOV N

the present senies The other 3 patients were elderly
men with recurrent carcinoma whose treatment
would probably not have been nfluenced by the
outcome of angiography

Five cases had pnmary glottic one case trans
glottic  carcmoma—probably ansing m the supra
glottic region—and 2 cases primary epiglotti car
ctnoma In 2 cases angiography was performed after
radiation therapy on detectton of a recurrence
whereas in the other 6 cases angrography was
carrted out before any kind of treatment had ken
given In one case the angiography was performed
2 yeqrs before lryngectomy whereas in the other
7 patients 1t was performed immedutely before
operation or preoperative rradsation

The follow ing methods of examination were used
mirror laryngoscopy palpation and radiograrhy
compristng conventional films  tomography and
laryngography  After the radiologic examinalion
direct laryngoscopy w 1s carmed out the operatine
microscope and 90° optical instruments were used
(OLOFSSON & SONJER)

Angiography was performed on the side that was
the more extensively involved by the femour The
common carotid artery was punctured 2 Hanafee
catheter with OD 157 mm was inserted 50 Ihdlrll
entered the superior thyroid artery The tip of ! :
catheter had becn shaped as a semucircle about 2

o)
cm n diameter In the first five mngmf[[e:tllﬂ;;
views were obtamed using 0 3 mm focus o

ton of contrast medwm elicited sw illowing e
movement of the laryny even when meml:;mu
was used This necessitated general anaest e
which was used only n the three last pancn:‘ o
procedure applicd in these mtients “h‘d’lr“ i
sidered to be superior was 4§ follows nm o
good subtraction to be obtained the ﬁlm]ﬁ‘:‘m u
posed dunng apnoet Isopique Cercbral et
as contrast medium nd 3 to 9 ml was I)f‘ “
arate of 3 mlfs Three scnes of films “crcr:“::l”
an ordinary 1 p  alaterl sl:rcognp?:;cul:m D
using a 1 0 mm focus and a4 12 1 gn s s
of 90 ecm a latemf view using a 01 m“crc Iper
2 | magmificition The cxposure r:uc; o
for 4 s and then 1 per « for 4 st::‘onds 0
d X\ OMalIC SCreens W ere usc yre

‘mAngnogmph) was performed in § of the 8 13
ctomy specimens wha!
¢ All ’lh:’clmngcclumy spccum:mn:;::‘h,L o

nal sectioned and the ang |

organ scl pired

microscopic findings were com
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;“the Glotic carcinoma with sub and supraglottic cutension  hemuarynx

Teht sude fixation of the vocal cond and a metastatic
:Mﬂi"f"'a’ node Preoperative radiation therapy was foltowed by
M laryngectomy 1n which the neht lobe of the thyrowd
fin'jys T€MOved and a neht neck dissection ) Comentional  &res ode with met
aryeral view Destruction of the antenor part of the thyro
“2¢ b) Laryngographv pa view Tumour of the mght

-
P



382 H SORJER AND J OLOFSSON

./ = N A’l: j ¢ » A
f =Y AR Rz
E A3 SR 2 PO 5
0 oy, % Ak
\ <! G335 BTSN
PAE AT T )
# b

Fig 3 Same case as Fig 2 Coronal sections a) through the
midpart of the vocal cord and b) the antenor commissure
Arrows mdicate the ulcerated tumour of the nght hemitarynx
invading the thyroarytenoid muscle (a) and the anterior part of
the thyroid cartilage with spread outside the larynx through the
< y Ap of the laryng

ectomy specimen  Both supenior laryngeal arteries demonstrated

Results

In one case the tumour was superficial and the
angiographic appearances were normal

In another case the angrographic appearance was
considered normal and no cartilage invasion was
observed on the conventional films Onginally com
brned tr was pl. i but b the tuy
mour regressed rapidly duning radiation and
neither the routine examinations nor the angio
graphy andicated deep tumour nvasion 1t was
decided to give a full course (66 Gy) When two
years Jater recurrence was observed a lateral low
voltage conventional film showed destruction of
the antenior thyroid cartilage The patient s general
condition was t0o poor to allow 2 total laryngecto
my No angiography was performed Parual vertical
ldr)ngCClomy USINg an anterior commsssure tech
mque was cammed out (SOM & SILVFR 1968) At
microscopy invasion of the cartilage was found
but no spre wd beyond the Jarynx

In 4 cases microscopic evidence of deep latera!
insasion existed  Corresponding angrographic ab-
normalities were present in 3 of these (Figs 2-5) and
possibly also in the fourth In one of these cases the
angiography was also indicative of tumour penetra
tion of the cnicothyroid membrane and also of a
metastasis 1n a [ymph node In another case (Fig 5)
the angiographic changes were subtle but definitely
pithologic In one case the films were suggestive of

tion into the nght one Branches distal to the orgn of
lhhyex:i‘grcsal branch (o-)gnn the night side not demonstrated €
cncord cartilage E=epiglotns T=thyrond cartilage e 5 b
Comment Two mctastatic nodes were found mll l»ltm
specimen One normil parathyrowd gland was prescal 3
lower pole of the thyroid lobe

occlusion of the antersor ramus which howerer
could be a norm il yannt—the anteror mmus bcxr‘:
replaced by the transverse rexde (SOMFR
OLoFssoN Fig 1)
In 2 cases with ¢piglottic carcinoma the ulln:!:
invasion of the pre epiglottic space dd“g; :
microscopy wis nat demonstrated at xhc“p: Jrlhc
tive angiogriphy i onc of these nesthe
angiography of the Lryngectomy spccxm:ln“
Both the normal ind the pithologt scd s
the larynx displaycd more of Jess marhe achN .
tion of contrast medmm 11 the cupxllﬁnhg it
one case a defect probbly represente lr ke
(Fig 4) Otherwise the accumutation occ .
medwum did not ifford conclusne cvldtln < et
tumour nfiltration  Shight neovascularty
venous drainmng were found 1n one C::c;n;m,ﬂ. "
No comphcitions ascribable to the
were encountered

ssues of

rag .
hably primary P!
Jig 4 Transglotc  pro >t
F he nght side of the Laynt \uu: sl 108 e
of cartilage mvaswon on the conven ;“‘
graphy pa view Arrows indkate m;l ot
through the antenr third of the yox

which has a frany
e e No i aswon f €3 P <

reral amd 8

graphy of the nght supcnof thynu! :lr:z‘ ‘l: s ::.,‘,
traction) The ventral bramb 1% i ' :

(n; rrof ramus (<) ts partly Ched vt e ot "

;;ed i the capillary pool (e 8 &

epgts T=thy row carhlage

thy roarytenow! muscle



ANGIOGRAPHY IN LARYNGEAL CARCINOMA

% 4 (For legend see apposite page )



384 H SORJER AND ] OLOFSSON

Discussion

From the presvious investigation of the artenal
matomy n Iryngeal specimens (SORJER & OLOFS
SON) 1t was concluded th it angiography might prove
2 useful axd in determming whether the tumour 1s
approaching the thyrod ala invading the pre epr
glotic spice or the piniform sinus or spreading out
side the lary nx through the cricothyroid membrane

Cithetenzation of the supenor thyroid artery was
tasy to camry out but attempts to cathetenize the
supenior hinyngedl artery were unsuccessful and
elicted antenil spasm Selective mjection nto the
supenor laryngel artery should be possible when
this vessel onpinstes directly from the external
cwotdd artery

Maost of the angrographic information w 1s pro-
vided by the Literal views Stereoscopic radiography
1s necessany 10 distingush the Jany ngeal vessels from
the supenmposed branches of the supenor thyrowd

wrtery information obtamed from these films was
useful 10 anidysing detuls n the magnificition
senes

2 on the nght e
asion on €oa €
thyrod u"m

() Ven
Jateral view (subtraction) Anterior ramus I$ Imw"'ﬂ‘n\f'\ﬂl‘ﬂ

Fig 5 Glotuc sub- and supraglottic carcinom

with fixation of vocal cord and cartilage 1

tional films a) Angi praphy of mght supenet
nch normal (+) b) Coronal setion through "

L’r“'v'é'ci. cords Tumour (arrows} invades lowet p&r;mmx”

thyroid ala C=cnicoid cartilage =epglettis

ulage

Because the mycction of contrast medm mm“l:;
superior thyroid artery elicited a s\mlloumimn
movement of the hrynx and h)pﬂphm":dmm‘
when metnzamide was used as contrast mx(' i
general anaesthesta was needed (FACFRBE e

Arterinl displwcement indicated lun;‘nu;“nv“
antenorly through the cricothyrond mcm“l;'d b b
case Lateral sprend wis not suggest ol
displacement but v weular occlusons “t:: ol
2 cases and posstbly 1lso 1 another cﬂhc !
these cases the tumour spread 1nto l\mcluﬂ*‘
cartifage Because of the Jocation of lhcl o
medial to the thyrod carti ige artend
ndicates that the temour & only nrl‘““"c
not necessanly 1y iding the cartilage o €
¢ ithiber of the arteries suggestne of lurr:r i
ment were present in one C1¢ Tum:lm o
[inty and erly venous draming were o of €07
fertures A defect within the accumy e e
st medwm visible 1 the AP \IC‘:M of the 2
(Fig 4) comesponded to the cucn; e cne ™
mour s the whole-orgin sechons 10

e
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ar lusions could be drawn concerning the reh
&Ity of angrography for delineating the laryngeal
armoma as it was performed two years before the
prtal lary neectomy
Thes it 1s evident that the laryngeal arteries can
le demonstrated by angiography Moreover with
*! Bs technique 1t 1s possible to detect abnormal
katures providing information concerming the deep
b mading tumour that 1s not supplied by generlly
yphed methods of examinition However m 2
ases with epiglottic carcinomas and major invaston
dfthe pre epiglottic space the angiographic appear
iues were considered to be normal mdicating that
} Mason of the pre epiglotiic space may not be
P pssible to assess by angiography In this region
fomputer tomography may provide supplementary
- mlmation (MANCUSO et coll 1978) In glottic car
| mema angiography may be useful 1n assessing the
kerad and antenor spread However the number
o patients 15 too small for any definite conclustons
| e drawn
{
SUMMARY

A
) ﬁﬁfphy was performed i 8 patients with laryngeal
T de y (The findings suggest that angrography can
seful information on deep tumour invasion but

irther
du e¥penences are required before any defimite con
100 can be drawn
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ADRENERGIC AND CHOLINERGIC RESPONSES IN
THE UTEROPLACENTAL VASCULAR BED OF THE GUINEA PIG

N EGunpand A M CARTER

“I;hfblpftgnam uterus of the gunea pig 1s supphied
tenal [:0 by vadul arteries ansing from an ar
ad uteup formed by anastomosts of the ovanian
Coeerie artenies (EGUND & CARTER 1974
selecty, REON et coll 1976) Techmques for the
bees de cathetenzation of these two arteries have
P " developed (Eunp & CARTER) to enable
Plaa::;:[o angiographic nvestigations of the utero
aemoch circelation i an ammal with a discord
DERS 19:5na| placenta similar to that of man (EN
fespons ) The basie adrenergic and cholinergic
Culany, €5 of the uterme and maternal placental vas
Y gumea pigs are now reported

Matenal and Methods

POE:I Matenal consisted of 76 guinea pigs (Cavia
fodd, u3) of mixed breed They were given pelleted
byt °T (Astra Ewos  Sweden) hay and water ad
an:m Tocopherol and sclemum (Eselen N vet

X "g Sweden) was added to the drinking water
uai;ne"“ has shown that pregnant gumnea pigs ona
hy 4rd diet without this supplement may exhibit
mbclcn;,cn imparred placental circulation and
; “ental infarction nlso some dead fetuses are
A (INGELMAN SUNDBERG 1949) At examination
© gunea pigs weighed between 730 and 1460 &
rean 1036 g) The stage of gestation estrmated
(:m the mean weight of the fetuses m each htter
da:‘)PER 1920) ranged from 44 to 66 days (mean 60

S|

General anaesthes:a was obtained by the n
tramuscular injection of sodwum pentobarbitone
(Mebumal vet ACO Sweden) in an initral dose of
20 mg/kg body weight Rectal temperature recorded
with an electrother: was dat a
constant level with the aid of an infrared lamp (Os
ram Siccatherma 250 W Sweden) Artenal blood
pressure was r ded el 1cally from
a catheter 1n an axidlary artery Selective cathe
terization of the ovanan or utenne artery was
performed during magnification fluoroscopy as
previously described (EGUND & CARTER) A fine
polycthylene catheter (OD/ID=06/03 mm Sur
gmed Denmark) was used for the ovanan artery
The mtra artenal part of the uterine catheter had a
similar dimenston but was prepared by drawing out
the last 3 cm of a catheter (OD/ID=1 0/0 6 mm)
that provided Iess resistince 1o the flow of contrast
mediwm The utenne catheter wis advanced from
the ipsilateral superfiuit or deep femoral artery and
the ovanan catheter trom the nght carotid artery

Senal angiography with geometn magnification
(EGUND & CARTER) was performed before and at
vartous times after the mjection ot drugs  Each
senes compnised 7 films exposed at intervals of 1 s
followed by a further S films at intervals of 2 s The
contrast medium used was meglumine metrizoate
(fsopaque Cerebral Nyegird Norway) The vol
ume njected was 0 6 ml for the ovarnan wtery and

Submitted [>r publi aton T Apnl 1979
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Fig 2 Apphication of spllover lowmeter technique 10 x wn
utenine blood flow Contrast medium ys injected at 3 knoun ate
through a catheter with tts tip in the mouth of the utenne wien
U=utenne artery [=iliac artery ) Rate of blood flow equalto
rate of contrast medium inyection utenine artery completch
filled b) Rate of blood flow less than rate of ijevhon rewh ngm
spillback of contrast medium nto ilac artery <) Rate of thood
flow exceeds myectron rate and contrast medim 18 diuted mih
blood resulting in unsatisfactory filling of ptenne artery

were njected intra artenally through the angio-
graphy catheter Each dose was dissolsed in 1ml
isotonic saline solution the molar concentration k~
ing adjusted to 1llow for the dead sprce of 0 100

ml between the syringe and the catheterip tfadny
was found to lter uteroplacenta] circulation an at
tempt w1s made to est \bhsh the smatlest dose that
could elicit a clearly identifiable response This un
volved 1 comprehensive Sercs of prelmnary ¢t
periments The definttive experiments reported &€
summarized in the Tuble

The rte of uterine blood flow was estimated by

l"WﬂA’Lﬂh’ﬂ'n‘l'»312‘.#.',’1"/.'.',%\'{M‘{WH'{F. i 8P the spillover flowmeler techmque (OLIY 4 '::?(
Jt MAN 1966 CARTFR et coll 1971 Fig 1'“1::;: i
Fiy 1 Schematic drawing of the ! An of the contrst medum 1 0 the utenne

Ovanan artery ¢O) 1 cathetenized from the rnight carotid artery or
aulenne anery (Y)Y from the night femoral artery The c..lhe:Zr 13
cunnected to o high pressure syringe {(PS) for contrast medium
mpection Blood pressure i the nght aullary artery 1s recorded
“."h an clectromanometer (EAM) and rectal temperature with an
} An film changer (FC) s
Placed beneath the ammal The lower half of the dmir.\m repre
sents o 1y preal tracing from the potentiometer wpter which regrs
ters lme 'le]I_uumg vanables Time n seconds (T) rectal tem
perature (RT) contrast medium ingection rate
(£ Xpand artenat boaod pressure (B e IRy fimexposures

0 8 ml for the uterine artery The contrist medium
w s anjected nsng a high pressure syninge and 1ts
course w1y registered on a direct wnting polygriph
so thit the exict rite of injection could be deter
mined (Fig 1)

The effcet of the following substunces was
evalusted noradrenahine byt ntrate (Apotchsbolaget
Sweden)  phenovybenzamine  hydrochloride {D
benyhine Smuth hlme & French England) scetyl
choline chlonde (Hoffminn [a Roche  Switzer
Iind} and atropine sulphate (ACO Sweden) Drugs

1s the same as the rate of blood flow e
artery this vessel will be filled completely ‘"b el
If the rite of myection 15 (00 fast v spi T

contrast medium into the ilic artery oucurs e

Table .
et 8
Number «f experments with sefeett r' n;,"r -
drugs int s the utenne an sonin@ tere

xutne 1 {14

Uterme
prig artery A0
.

Noradrenatine : '
Phenovybenzimine
Phenovy henzamne .

followed by nc radrenil ne : .
Acetylh tne : '
Atropine
Atrepine Dl med By s

acetyhholine



Fig 3 Senal angiography of the right ovarian artery in a pregnant

Yumea pig about 48 days post coitumt Twofilm t m  h<enes
e shown exposed 25s(a ¢) and 655 b d 1t tart of
Sontrast medwm tyection Corpora lutea in the A nd
O¥aran vein (V) Other symbolsasin Fig 4 C Lot 1 Artenal

with contrast medium in a placental arter  The e ton
Tie (107 mifmin) exceeds the blood flow as evd n ed by
Spillback tnto the aorta b) Late placental artenal pha ¢ Pepe o
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examination 0 s after select ¢ anjectron of S nm | phe

n xyhenzamin~ ¢) Cal bre of the ovanan arfery h 3 incr  sed

and'the renal pha e 1 som what morc advan ed th 1 he
e pendin, ontrol Flm The imject nrate (13 ¢ m mn a

equbibn m with the blood flow demonstratn thatth h sy n

ere J n e the control exammation d) Th T4 it od
Pl phoscindicates afaster circulaton ¢ ntir teoo Mg
- n second more distally situated placenta

.
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of contrast mudm spht nto the .“:.qu Arendd
be diluted and therefore 'w:' t,: ensure s &
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blood pressure w15 me re the &€
served changes 1n bipod ﬂo“h ‘;‘;h—m of ks ¥
altered vascular resistance rathe!
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Fig 4 Seral angiography of the night ovanan artery in a pregnant
Runea prg about 59 days post coitum Two films from each series
at shown cxposed 4 s (a ¢ €)and 10s (b d 1) after start of
contrast medium mmyection  Letters indicate the catheter in the
abdominal aorta (C) the kidneys (K) the utero-ovaruan artenal

p (L} the ovanan artery {O) placental arteries (PY and radial
antenes (R) Control 1) Arterial phase The contrast medium has
ROt yet reached the placenta but the dilated radial artenes which
supply 1t are well demonstrated b) Early capillary phase Repeat
famnation after selective myection of 0 5 nmol

©) Artenal vasoconstriction s apparent d) Circulation s markedly
delayed compared with the corresponding control fitm and even
o later films less contrast medum n the placental blood vessels
indicating impairment of the placental circulation Repeat examu-
nation after 25 nmol phenoxybenzamune followed by 0 5 nmol
o s evident as after nor
adrenaline alone instead shght dilatatton of the ovanan artery
Filling of the placental artenes mdicates a more rapid circufation
than at control exarmination f) Later capillary phase than m cor

perfusion pressure In the gunea pig the ovanan
and uterine artenes anastomose formmg an artenal
Toop that supphes the ovary and the pregnant uterus
The calibre of the artenial loop was assessed 1t three
separate points on each film

Additional information was obtained by measur
ing the following circulation times From the start
of the injection until the point at which contrast
medm appeared in placental arteries from this
pont untl the placental capillary phase and from
the end of the wnjection untit the paint at which
contrast medium had disappeared from the radial
artenies (artenal washout tme ¢f LINGARDH &
LunDsTROV 1974) Note was also made of posstble
changes in the filing of the placentac and of the
Utero-ovanian ven

Some vasoactine drugs are able to evohe utenine
contractions of an sntensity sufficient to affect the
Placental blood supply (CARTER & OLIN 1973) In
order to avord utenine trauma the ntra utesnne pres

control fitm that the virculatton 1s faster

sure was not recorded 1n connection with the an
gography However 1f a drug was found to reduce
the placental blood supply its effect on the myome
trium was checked n separate expenments where
the drug was injected selectively mte the uterine
or ovanan artery dunng regtstration of the intra
utenine pressure through a sponge tipped cutheler
{BENGTSSON 1968)

Results

The gumea pigs had 1 mean arterial blood s
sure of 9310 hPa (69 827 6 mmHg) Scleitive
wmpection of drugs in the uterine or ovar in i 1y in
doses sufficient to affect uteroplicentn) cingitlation
resulted 18 no alteration of sy stemuc Blood proaatire

Noradrenahine 0 S nmol/hg evoked p it it 1P
both utenne blood flow and oviryin Pl HOW
assoadted with arternl vasoconstyfe thin ¥t Y€€
mmparrment of the placental bloog anpply nlar &



Fig ¢ (For legend see apponte page )
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Fig 5 Senal angiography of the left utenine artery n a pregnant
fuinea prg about 54 days post coitum Two films from each series
¥ shown exposed 3s(a ¢ ¢} 6s(D and 1> s(b d)afeer start of
tontrast medium injection  Letters indicate the catheter in the

tternal iliac artery (C) a thermistor probe (T) and radial ar
knes (R} Contro! a) Artenal phase i which contrast medm
lag just reached a placental artery (=) Spillback of contrast
Tedium into ihac artenies and their branches reveals that the rate
of utenine blood flow ts smaller than the injection rate (6 8 ml/
mun) b) Early placental capillary phase Repeat examination 17's

er selective imjection of 0 5 nmol acetylcholine ¢) Contrast
medwum 1s dituted with blood filling of utenne artery and its.
branches unsatisfactory since the rate of blood flow exceeds the

tured considerably less contrast medum reached
the placenta than at control angiography and the cir
ulation was sluggish (Fig 4) Lower doses (0 01—
925 nmolfkg) had no effect except n one expen
ment where 025 nmol/kg noradrenaline caused a
Vight decrease 1n the calibre of the uterine artery
Inea ytenne pressure was unaffected by the selec
e ingection of 1 nmolfkg noradrenaline

The effect of phenoxybenzamime at igection into
the utenine artery was vanable Thus 25 nmolfhg
p“‘ﬂoxybenzzxmme had no effect 1n two gumea pigs
ad caused slight vasodilatation 1n two others
Shilst two expenments vasodilatation an m

rate of mjection (7 5 mljmun) Contrast medium has advanced
further in the placental arteries (=)} than n the corresponding
control film d) Late capillary and venous phase in the placentae
which should be compared with the carly capillary phase of the
corresponding control film Repeat examtnation after another
njection of 0 5 nmot acetylcholine ¢) fnjection rate increased
more than twofold (17 5 ml/mun) and 1s i equilibrium with frate
of blood flow _resultimg n good filling of uterme and placental
artenies (—) Calibre of utenne artery larger than i the control
film £y Erly capitlary phase 6 s after start of mjection almost
comparable with coatrol film after 12 s Evidently a signficant
merease 10 tate of uteraplacental cicculatan.

crease 1n blood flow and a reduction of circulation
times occurred The effect at ijection into the
ovanan artery was more consistent 25 nmol/kg
phenoxybenzamine evoked a strong vasodilaiation
and Increased the rate at which contrast medum
traversed the placenta (Fig 3)

Noradrenaline 1 nmolfkg had no effect on utero
placental circulation when mjected into either the
ovanan or the utenne artery subsequent to the tnjec
tion of 25 nmol/kg phenoxybenzamine

The pnmary effect of acetylcholine was v 1sodily
tation and an increase i ovanan and utenine blood
flow (Fig 5) However the calibre of the main le(

4
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of the ovariin artery changed only little compared
with the dif tation that occurred 1n more peripheral
artenics  This ¢ffeet was invarnbly obtamed with
5 nmol/kg ind w 1 usully produced by as hitle as
0 5 nmolfky 1wctylcholine When the dose wis in
creased to 50 nmol/kg vasodilatition was mam
tuned or wccentuated but less contrist medium
reached the plwentae  The motility of the uterus
wis ilso atfrcted by this dose of acetylcholine
causing 1 v sible shift in posiion of the blood
vessels with + v single sequence of films However
the magnite !t the myometri il response to acetyl
choline vuwd onsideribly 1 determined from
1ty utenine pressure recordings
No chinge in blood flow or circulation time wis
observed eithur 30 s or 10 min after the ingection of
atropine 1nto i ov ir1n or uterine artery  Transient
dilntition of the uterne irtery was sometimes seen
after atropme but vessel cilibres otherwise re
mained unchinted
All the effucts of acetylcholine were effectively
bloched by 10 nmol/kg tropine
When v isculir resistince decreased following the
injection of scetylcholine or phenoxybenzamine 2
greater number of placent 1l vessels were often filled
(Fig 3) suggesting a shift in the partition of placen
1l blood flow between the ipsilateral uterme nd
ovarin arteries

Discussion

The effi.ct of Wdrenergic ind cholinergic drugs on
the cxtoinsic artennil supply of the uterus of the
gune 1 pig has been exmined in 2 perfusion prepa
ration by Brit (1968) Although the findings were
used 1 support of 1 theory concerming the control of
utenine v iseuhinty in pregnancy (Bret 1974) they
hve not been corroborated i guinca s with n
mt et uteroplcenta! circuliion Some experiments
have been performed with adren dine {(GIRARD et
colt 1971 and atropine (B t L. & BROWN 1971) but
in neither case w s the drug, inyected selectively into
the utenne artery  Furthermore although the
ovarin artery provides an smportint part of the
uterophicentsl blood supply 1n the guinea me
(Ecesn & CAKTER) no sttempt hs been made to
evluate the response of this vessel to vaso setive
substnces

Noradrenaline increases the resistance 1o flow
perfused ulenne artenies 4 weak response 1s ob-
taned with 0 03 nmol and 0 3 nmol produces a cle ir
cffect (Br1t 1968) The senstinity of the uterine

wrtery s evidently stmilarin vivo as vasoconstne
tion 1nd a reduction of utenne blood flow werc”
observed after the myection of 0 52 nmol norsdrens =
Ime (0 5 nmol/hg body weight) A stmilar response:
was obtatned when the corresponding dose was in =
Jected n the ovanan artery These effects of norads
renaline are evidently mediited by a adrenergic re <
ceptors s they are inhubited by phentolumine
vitro (BrL! [968) and phenoxybenzamine imvivo  x
The association of adrenergic nerses with the
uterine vessels of the gumea pig has been dem ¢
onstrated histochemtcally and their trinsmitter-
content pparently decreises dunny, pregnancys
(SIOBERG 1968) Nevertheless when rsolated vter »
ine arteries from pregnant gumnca pigs e stmu &
Ited electriclly they are able to relesse neradren
aline (BELL & VOGT 1971) Further evidence fore
adrenergic innervation of the uterus duning prﬂ!"iﬂ‘r
cy was obtuned by giving selective 1njeclmnslho
phenoxybenz imimne 1 a dose hnown to mhlhldmt,
response 1o exogenous norwrenaline W hml:.‘hmag
w s given in the nterine artery 1t evohed vas N-
ton m four gume 1 pigs and 4 gridation 1t "“’0‘ hh
oceurred suggestive of vaned sympathetic "’“:" et
should be emph is1zed that these ammls M"r.\lum
light nesthesta hid 1 normal body “f“:‘h““““
and hid an wdequ it arternl blood prmu‘r:‘whwh
unaffected by the phenoxybunzamune Awm') it
response (o phenoxybenz wune fhas piey e sttt
demonstrated m the utennt yasculanty o !

(CARTFR & O1IN 1972) conditon of
Isolted uterine arfefiLs ¢ l:‘:ﬂ etykhelne
minimum tonus nd do not respon drens

(BrL 1968) If tonus 13 rnsed by adding po

wnol 1
Iine to the surrounding bath sir nn_c[;;:cl:x_:t: s
icetylchohne chaits usodﬂﬂﬂmno Sy el
most maximum 1a the dose Tange ety
and 2 decrease 1 perfusion pressure 1s :‘:m i
nttle 15 55 fmol (BiLt 196%) ’ﬂlthl‘f s i
indicte that the utenne arter ofll :\j.ncuhﬂ "
consideribly luss seasiive 10 acetyic! i e
| state of physiwlogic toms The
found to evohe ® wsodi] o e
utenne blood flow » 15053 nmol ¢
weight) This sugeests tha o
@il tor mechantsm exists 30
pigs ind other species inch
1971} 1its amportnce may
phastzed 1L 18 nteresting o ecene ¢
humn utenine artenes appe T " oot 1€
ergic innenation pcrfu‘cd vgese

ding ann (B
beent

'
perd



wacetylcholine even when their tonus has been
rused by noradrenaline (BELL 1969)

Aninteresting difference was found m sensitivty
b acetylcholme between the mam stem of the
vanan artery and the remamnder of the utero
ouman artenal loop It exhibited little change 1n
altre on iyection of the drug even when the rate
#ovanan blood flow mcreased The nise n blood
o was clearly associated with increased conduct
e n the uteroplacental vascular bed but it was
W possible to assess whether the ovarian vasculart
weasaffected

1 targe dose of acetylcholine 50 nmolf/kg 1s
eted mto the utenne or ovanan artery 1ts mm
tedute effect 15 to reduce the blood supply to the
tacentae The increased resistance to flow is evi
Yaly presented by the intra uterine part of the vas
alinty since the extrinsic utenne arteries remain
:dhtcd Itss probably ascribable to compression of
e blood vessels due to myometrial contraction
ther than to vasoconstriction
k:;')':(;“[vonse of the uteroplacental vasculanty to
ot lg ine was abolished by the previous myec
dolne Isﬂmollkg atropine confirming that acety!
8Lt 1ogg ﬂgmg through muscaninic receptors
ity ]c) ELL & BROWN assigned an important
‘dtcmf Tole to these receptors as thev observed

mglh: 1 the calibre of the uterme artenes fol
Injection of large doses of atropme 14410
mnﬁn';"‘:]l/kg 1o the aorta It was attempted to
e an;u‘ results by selective injection into the
oy lha‘oveman artenes of 10 nmol/kg atropme
Cogengy " sufficient to inhibit the response to
Slibre o acetylcholine No diminution of vessel
. 0‘;"5‘1 suggesting that cholinergic inner
e b ;mnor mmportance as a determinant of

'Sdoesoo flow under physiclogic conditions
Pacenty) Rot preclude the possibility that the utero
Petateg zlrculauon 1s protected by cholinergically
0 j’"mmhasod|]atanon during for wstance a rise
" )h“;ncltonus m response to stress BELL
1o actlylc;: y documented the extreme sensitivi

ine of perfused utenme artenes in the

5
tnce of noradrenaline

SUMMARY

h'm:l'"{f“s ©n vterine and maternal placental circula
fiely l:l;cnc‘glc and cholinergic drugs njected selec
e gyt - O¥3MAN and utenne artenes of guinea pigs

"lysed by seral anmorraphy Noradrenaline 05

ADRENERGIC AND CHOLINERGIC RESPONSES

395

nmolfhg was found to cause 1 reduction in both ovanan
and utenne blood flow associated with artersal vaso-
constrction ind imparrment of the placental circulation
This response could be prevented by o adrenergic
blocknde with 25 nmolfhg phenoxybenzamime At njec
tion inlo the ovanan artery phenoxybenzamine alone in
crensed ovann blood flow and elicited arterral vasodilata
tion Atimgection into the utenine artery the response was
more variable but vasoddatation was observed 1n four
ammals of six Acetylcholine 05 1o 5 0 nmol/kg evohed
an ncrease in both ovanan and uterine blood flow and
artertal vasodilatation When the dose was increased to 50
nmol/kg dilatation of the extnnsic utenne artertes was

d but the was reduced due
to c of the my All the
effects of acetylcholine could be blocked by prior ad
mnustration of 10 nmol/kg atropine This dose of atropine
did not affect utertne or plicental crrculation when given
alone
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PROTEINURIA FOLLOWING NEPHROANGIOGRAPHY

V Tufluence of calcium and magnesium 10ns 1 non 1onic contrast media

S HoLTAs T ALMEN Kk

The introduction of the tri 1odinated contrast me
da 1n common use has lowered the misk of renal m
#ry induced by contrast medium but decreased
renal function followmg urography and vanous an
tographic procedures his been relatively frequently
Teported (STARK & COBURN 1966 SiDD & DECTER
197 MCEvoY et coll 1970 PORT et coll 1974
ANsAR! & BALDWIN 1976 OLDER et coll 1976
TEJLER et coll 1977b MiLMAN & GOTTLIEB 1977
HARKONEN & KIELLSTRAND 1977 KRUMLOVSKY
eteoll 1978)

The d in renat fu has been
and quantitated using different techmques and para
meters (LASSER 1967 ALMEN 1971} Proteinuna Is
one sign of injury to the kidney and 1t has recently
been demonstrated that it regularly occurs after
nephroangiography both 1n man (TEJLER et coll
19771) and n dog (HOLTAS et coll 1978a) Pro
tanuna following angiography was found both when
tonic (metrizoate diatnizonte) and non onic (metnz
amde C 29) contrast media were used In attempts
to reduce the proteinuna in dogs 1t was shown that
the chemical structure of the contrast medium was
of greater importance n ¢ wsing protenuna than
the high osmolality ot the contrast medum solutton
(HOLTAs et woll 1978b) The expenmental sub
stance € 29 induced wigmiticntly less protemnurti
than the other conttast media tested (HOITAS &

- TEILER 1979) Analyses ot the molecular sizes of the
excreted proteins disclosed that the contrast media
mereased the glomerular permeabihty (TEJLER et
colt 1977 )

The stabihity of cell junctions n membrines 1s
Strongly dependent on the presence of calcium ons

GOLMAN and L TEJLER

(SOGNEN 1967 ROSE et coll 1977) Addition of ¢al
cium and magnesium 10ns to metrizoate and calcium
or calcium and magnesium 1ons to C 29 have pre
viously (SALVESEN et coll 1967 GOLMAN 1979}
been shown to decrease blood brain barner per
meability followng selective cerebral angtography

Whether addition of these 1ons to contrast media
would also decrease the glomerular leakage of pro

temns induced by nephroangiography has been inves

tigated and the results are now reported

Material and Methods

Does The expeniments were performed on mon
grel dogs weighing on the average 21 kg (range [2-38
kg) anesthetized with pentobarbitone and breathing
spontaneously through an endotracheal tube Arte
nal and urinary bladder catheterizations were per
formed as previously described (HOLTAS et coll
19782)

The dogs were divided into 3 groups The con
centration of urinary albumin was recorded follow
Ing injection into one renal artery of the non ionic
contrast medium C 29 (group 1) € _9+CaCl (group
I or C 29+CaCl +MgCt (group 1IN The number
of dogs 1n the groups the dose nd composition of
the contrast medum solutions are given in the
Table

Unine samples were obtamed via the transurethral
catheter before and 1S 30 and 60 min after the in
Jection

Rats Wistar rats weighmg 240 to 350 g were an

Submitted for publ cation 14 M y 1979
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Table

Relatn e increase of urmary alburmin (max postiny conc | premy conc ) i the diffcrent expenment il grwps
(Dogs I-ll] Rats A-E) The concentration of all contrast media solutions v as 1 6 molll (370 my, Hml)

Group No of Injected Dose Electrolytes (mmolfl) Relative increase

animals matenal (m/kg) —— of unnary Jitumn
CaCl,  MgCl, {median and range)

1 9 c29 0s - - 49 (1 617 000

1 12 c29 05 10 - 35 (87230

m 2 c (] 5 25 150 (1 74 800}

A 10 Metnzamide to - - 76 107-2.0)

B 10 Metnzamide 10 75 - 14 (77

C 10 Metnzamide 10 25 - 54 (1895

D 10 c29 10 - - 231163

F 10 099 NaCl 10 - - 1500637

3
Statistical evaluation of differences in relative ncrease of unnary albumin between the groups 1 11 "Zg 3$
1-111 and 1I-111 no significant differences 1-D p<0005 A-B no significant difference A-C p

A-D p<001 D-E p<00$

esthetized with pentobarbitone and placed supine
Laparotomy was followed by an inciston into the
unnary bladder and a polyethylene tube (Intramedic
PE 60 Clay Adams) for urine sampling was ntro
duced and sutured in place Another polyethylene
tube for contrast medium injection was placed retro
gradely in the aorta and sutured 1n such a position
that the tp of the tube was just below the origin
of the left ren1! artery The supenior mesenteric
artery was hgated in order to avord the escape of
contrast medium via this route The solution to be
examined was then iyected with a speed of 10 mY/
min At this speed the solution was forced to a
level 2 to 3 mm above the origin of the nght renal
artery and flowed through both renal artenies s
confirmed on a film exposed one second before the
end of the injection

The rats were divided into 5 groups  The concen
tration of unnary albumin was recorded following
njection into the aorta of the non 1onic contrist me
divm metnzamide (group A) metnzamide with addh
tion of different doses of CaCl (groups B and C)
C 29 (group D) and 09 (w/v) NuaCl (group E)
The number of rats in the groups the dose and com
position of the contrast med:a solutions are given 1n
the Table

Unine was collected before and after the injections
durning 30 minute penods

Alburmun assans  The concentration of albumin
and creatinine 1n the unne ws determned as pre
siously desenbed (HOITAS et coll 19784) For the
albumin ass1y n rats goat anti rat albunun anty

serum (Cappel Inb  USA) was used Conccnlmuu;n
of uninary albumin were expressed per gram creatt
nine thereby relating albumn excretion to glomeru
lar filatration rate Pooled canine and rat plasma was
used as standards in the albumin assays They “:Ifli
assigned a concentration value of 100 artitrary U
of albumin per liter

The ratio between the maumu
concentrition of unnary albumm an
tion value was calculated for e1ch an!
ratio the term reltne crease of unna
1s used Differences were considercd !';
when p values <0 05 were obtuned by :I’:r
Whitney rank sum test or Wilcoxon s tes
observations

The structural formul
metnzamide (Amp rque) nd C2
used i the expeniments ire gIven

m postinjection
d the premyee
mal Tor this
ry albumia
gnifiant
\fann
“Jlff‘!

\s of the contrist medit
9 which hae been

1 the Figure

Results .

rapny

Dogs Following uni! teral ncpl’(;)t:-;':ﬁ':‘; cl:m

with C 29 significant incre 1ses (p<0 e 1 o

centration of unnary alhumin were od\ e o3

groups (Table) Additon of CaCl: :13 1

final concentrition of § mmol/l an -lhc e

respectively to C 29 did not mﬂucn;:" b wat

inere 1ses of unnary albumin but um ,,gmﬁ.ar!h

added to 1 concentration of 10 mmo!

atve mereases (P

:ﬁt:‘f \rfullh those found followsn
grphy with C 29 alone (Tble)
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HO

£ 1, CONHCHLHOHCHOH
CH
3C:N 1
¢
HocHEH, ' CONHCHEHOHCHOH
€29

temial structure of C.9 and metrizamide

The median preimjection concentration of uninary
bumn m the dogs was 0 51 (range 0 069-3 6) ar
trary units/g creatinine

Rats Followiny, bilateral nep aphy with
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CHZOH

HO 0
~H,0H

H/N’\ C,/O

NHCOCH3

CHLON 1
CH,

Metrizamide

mn following myjection of C29 occurred m rats
than n dogs

€ 29 induces sigmficantly less albuminunia follow

etrizamide or C 29 significant (p<0 05) mcreases

the concentration of unnary albumin were ob-

ved 1n all groups whereas mjection of 09%
v) NaCl did not cause such increases (Table)
he relative increases of urnnary albumin were
wer (p<<0 01) following inyection of C 29 than after
1 of the metnzamide formulttions Addition of
aCl, to a final concentration of 75 mmol/l to
itnizamide did not influence the relative increases
f unnary albumin following nephroangiography
ut when CaCl, was added to a concentration of 25
wmolfl significantly higher (p<005) relative in
reases were observed (Table)

The mjection of C 29 in rats resulted mn sigmfi
antly lower (p<0 005) relative increases of unnary
dburmin than mjection of C 29 1n dogs The median
semjection concentration of urinary albumin in the

ats was 6 4 (range 2 7-11) arbitrary umts/g creati
ne

Discussion

Following nephroangiography massive  albu
Mnurta occurs tm man (TEJLER et coll 1977a) and m
dog (HOLTAS et coll 1978a) The present results
show that the non 1omic contrast media metrizamide
and C 29 also induce albummurin in rats

The premgection concentrations of unnary albu
N in the rats were about 10 times fugher than in
the dogs This might be the reason why stgmificant
Ilower (p<) 005) relatsve mcreases of uninary albu

ng hy 1n dogs than metnizarmde (HOLTAS
& TEILER) In the present experiments injection of
C 29 induced sigmificantly lower (p<0 01} albumin
una than metnizamide also in rats This indicates
that the chemical structure of the contrast medium
1s more important as a factor causing alburmnuna
than the osmolality since solutions of C29 and
metrizamide have about the same osmolality at
equnl todine content

Contrast media ncrease the permeability of the
blood bramn barmer dunng cerebral anglography
(JEPPSSON & OLIN 1975 RAPOPORT 1976) and a pro
tective effect has been observed when calcium and
magnesium 10ns were added to the 1omc contrast
medium metrizoate (SALVESEN et coll ) and the non
tonic C 29 (GOLMAN) In the present mvestigation no
such beneficial effect on the glomerular membrane
was found since addition of calcrum and magnesium
10ns to C 29 m dogs and calcium tons to metnzamide
m rats did not reduce the albummuna following
angiography When calcium 1ons were added to C 29
n higher concentration (10 mmol/l} in dogs and to
metnzamide (25 mmol/) in rats the albuminuna n
creased significantly

Calcium ons are important components of the
desmosome structure which 1s mvolved in the cell
to cell adhesion and depletion of calcium 1ons by
chelating agents causes separation ot cell junctions
in some membranes (SOGVEN ROSE et coll ) Thrs
mught be the mechanism responstble for the benefi
cial effect of calcium 1ons on the permeability of the
blood brun barmer dunng cerebral angiograpts

~
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The present results indicate that other mechamsms
are involved in the incresed glomerular permeabil
1ty following nephroingiography since no beneficial
effect was observed after additon of calcium 1ons
The increased permeability of the glomerular mem
brane when high concentrations of calcitm tons
were added to the contrast medin cannot be ex
plained at present

SUMMARY

The mfluence on albuminuna following nephroangio-
griphy w s anvestigated fter addition of Ca? to the non
fonic contrast medium metnzamide (Amipaque) i the rat
and after wWdditton of Ca orCa  nd Mg * to the expen
mental aon wonic contrast medium C 29 1n the dog, When
Ca® or Ca  and Mg! were added 1o metnzamide or
C 29 1n concenirations 1wo 10 three times the plasm i level
00 ifluence occurrcd  Higher concentrations of Ca? (10—
25 mmol!l} in the metnzarmide or C 29 solutions resulted
0 mereased atbuminuna
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PROTEINURIA’AFTER SELECTIVE NEPHROANGIOGRAPHY IN MAN

Companson of three contrist media

J KRAKENES S ELSAYED J GOTHLIN and M FARSTAD

Proteinunia following angiography as an indication
of possible kidney mjury has only lately been
noticed 1n man (TEJLER et coll 1977) They reported
massive proteinuria after intraartenal jection into
the kidney of meglumine metrizoate n 25 of 28 pa
tents In dogs HOLTAS & TEILER (1979) dem
onstrated protemnuria not only after use of meg
lumine metnizoate but also after meglumine diatrt
zoate and metrizamide The present investigation
deals with the possible occurrence of protemnuna
followmng aortography and selective nephroangio
graphy m a chnical senes of patients Three different
contrast media were used

Matenal and Methods

The matenal consisted of 45 males and 15 females
feferred for routine nephroangiography Premedica
ton 0 6 mg of atropine and 10 mg of diazepam was
even Lumbar aortography using 40 mi of contrast
medum preceded the selectne examination at
Shich 10 to 30 ml of medium was wyected mto the
tenal artery unt or bilaterally The contrast medin
Used were Isopaque Cerebril (meglumine metrizo
e 590 mg/ml and Ca metnzoate 11 ms/ml wih
an todine content of 280 mg I/ml} Lrogratm 60
(Na amidotnzoate 80/mg/ml meglumine wmidotrizo
e 520 mg/ml with an 1odine content o 292 my
loly and Ampagque {metnzumde 280 my, Lmb

The procedure was the same in all panents The

LI P Nouer;

contrast medmm to be used was taken from a
predetermuined random table No differentiation be
tween angtographically normal and abnormal kid
neys has been made In 4 patents phlebography of
the mfenor vena cava (120 ml of contmst medium 1
each patient) was performed but otherwise no
additional angiographic procedure The mean total
amount of contrast medum used in each patient was
115 mt range 45 to 350 ml The sampling and
analys1s of urine was performed immediately before
2 hours 24 hours and when possible 2 or 3 days
after the procedure All samples were kept frozen at
—20 untilanalysed Atthat time the type of contrast
medm used was not known

The followng analyses were carnied out on the
collected matenal

Total protern (BRADFORD 1976) Coomasste bnl
Irant blue G method was applied utilizing 1 set of
reagents manufactured by Bio Rad Laboratones
Califorma USA  The influence of the contrast
media on the absorbance (Asq-) of the dye protein
complex was of no sigaificance

Creatinine was quantitated by the stindard Tech
nicon SMA 12/60 method

Albunun tmal wit 65000) Immunoglobulin €
sk CYimol wi 150000-160000) and o macre b bu
Iy Amcd we 725000y These were assived using
the Manum single rdial immunodiffusion (SRID)

~ n dt rpudblicaton 30 July 1979
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Fig 1 Median values of a) total protein b) albummn ¢} 8; micro-
globulin and &} 1G in unne from patients exanuned by sefective
nephroangiography before (Ty) 2h(T) 24 h (Ty) and 2 1o 3 days

technique (MANCINI et coll 1965) The LC (low
concentration) 1mmunodiffysion Partigen plates
(Behring AG) were applied for the analyses

Bemucraglobulin (mol we 12000) (PETERSON &
BFRGUARD 1971) g8 microglobulin was estimated
by the radio-tmmuno assay Phadebas test (Phar
macia Sweden)

Protesn concentrations were calculated as mg pro
temn/mmol creatmine for total protein albumn and
1gG globubn and as prg/mmol creatinine for 8
mucroglobulin

None of the contrast media mterfered with the
determinations of protemns when added to urine up
ta a concentration of 50 per cent

Results

Most patients had slightly elevated values of 1017]
protem 1n unne before anpiography  As the aim of
the myestigation was to evaluate the effect of iyyec
tion nto the renaf artery no attempt was made to
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(T5) after injection of contrast media @ Jsopaque Ceretral
Amipaque A Urografin 60

0

evaluate whether the protemnuna was pathologre
physiologic

Wide variations i tohl proten va o
served both before and 2 hours am:o;)"intgjmmol
contrast medum with a rnge of 0o 5 o
The high correlation between tot protein
albumun appears in Table 1
Patrents with alburinun also excreted 156 B

fues were o

Table 1 N
alpare

inurine fr m

Cereelats nx between different pr temns NI

The
bef e tngectin o f < ntrary medwm n e3¢

wewel *
calculated from § g seansf med values (Spearmu
¢ efTcients)
e
Attamin B maresht
oM
oot .
Total protein [l o o
Alburin on
By mucroglobul n
<0 001
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Fig 7 Scatter dragram of the correlations of the values of total
Frotein in unne yn patients examned by selective nephroangio-
aphy before (abscissal and after (ordimate) wyection of contrast
mda a) Values after " h (n=50 r=04" p=0 001) b) After "4 h

b
Total protein

(n=36 =056 p=00001) c) After 2 to 3 days {n=21 r=059
p=0001) All values given as log transformed values {mgfmmol

creatiune)

Albumin

g 3 Scatter diagram of all albumn values before (T ) and after
h{T) 4 h (T, and * to 3 days (Ty) All values given as
og /i

sponds to T values The ordmate corresponds to T Ty and T,
valves respectively a}n=48 r=022 p=007] b)n=37 r=067

values Abscissa core  p=D 00O e)n=2 r=075 p=000003
5 5 5
. ’
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3l .
.
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Fig 4 Scatter diagrum of 8, microglobulin values a1 T Labs 1ssa)
T T,and T (ordinate) All values are log transformed

(pgmn
r=0%

2 nine) a) n=46 1
V0U0S chn=_3 =06

148 p=00009 b) n=35
=0 0006
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Table 2
Effects of indn idual contrast medsa on the changes i protan exerett n? hours after selects e nephroan
grography and aortography thetween Toand T) Bernucroglobulin tswnen as glmmol ereatimne  ther
protems as my, mmol creatinine

Protein Contrast Number of pauents with Increase 95 confidence
medium (median)  intenal of
De No In changes of
crease  change crease protetnuna
To1al protein Isopaque 1 0 16 170 131 2430
Amipaque 5 0 10 133 ~10-100
Urografin 4 3 1 80 0-100
Atbumin Isopaque 2 4 10 10? 0-1690
Amtpaque 3 0 12 70 7-700
Urografin 5 2 10 " -10-730
By microglobulin  [sopaque 3 o 3 0 7-7108
Amipaque 5 0 9 18 -77477
Urografin 1 0 15 "o 35171
1zG Isopaque 1 6 10 %0 0700
Amipaque 2 5 8 4 0-30
Urografin 2 8 7 050

p<0 01 (Wilcoxon one sample test)
p<0001

microglobulin and other proteins were not corre
lated possibly due to the fact that the concentration
of 8 microglobulin was 3 orders of magnitude fess
than albumin (Fig 1) Two hours after angiography
the median values of total protemn albumin and g8
microglobulin increased significantly (Fig 1) Me
duan values of total protein after Isopaque was sig
aificantly higher than after the other contrast media
(Fig 1a) However no significant differences were
found n the increase of albumin IgG and 8 micro
globulin after angiography within the patient groups
receiving any particular contrast medium Al pro
tein levels returned to preangiographic values within
24 hours ind remamed so at the 2nd or ird day
control The shght increase (Fig 1) in 8 micro-
globuhin 2 to 3 days after angiography was not st 1is
tically significant Fig 2 demonstrates a signtficant
correlation between the preangiographic and the 2 h
24 h and the 2 or 3 day values of total protein A
considerable albumin excretion occurred i many
patients 2 h after angiography (Fig 3) At this ime
no significant correlation between T, and T, vafues
for albumin was found but @t became significant
after 24 h (T ) and remamed so at day 2and 3

Two h sfter angiography B nucroglobulin had in
creased moderately (Fig 4) but the values were
stgnificantly correlated with the preangiogriphic
values and remamed so 1t 23 hand day 2 :nd 3 The

increase 1 [gG w s small and no meaningful corre
lation was obtaned

a macroglobultn was ni
patient at wny time .

The results tndicate o S¢l

on 0

glomerular perme ility shortly after xn)cc’:l(ta“
contrast medium into the renal wrtery Th‘\‘:‘mblul
was in the present material completely 1e
almost all patients

The calculated chnges 1n
tion 2 h after angiogriphy forevh
are given 1n Table 2 The inerens el
was highly sigmfic it Wfter Isopague e
mific ince after either Urografin of '\T;me-l\f .

A small but smficnt (p<00 e e
albumin excretion was found fter lw(‘-!:l e v
as the merease after Urografin 1nd Amipd!
not statistic iy signific nt o0l

B8 microglobulin ncre rsed MLmﬁC"‘f:‘r]:n‘fr‘wu
after Urogr ifin ind Ampigue A s;mlln" o
1gG excretion w1s found exclusively o aent
(p<0 01) No persistent pr\ax:inu:J w
\fter any contrast medim (higs 1-4

ot found in unne from an®

cetive merese ¢

urinary protein €3¢
coatrast med ur
¢ In total proter
no sy

Discssion

L TE
«elective ner
The results mdicate that - or Amipago© !

graphy using Tsopague Urografi
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2d by a transient increase in glomerular per
ity and moderate decrease in tubulir reab
n1n the hidney The changes are somewhat
rarked after Isopaque The transient nature of
anges mndicates that no persistent lesions ire
| Using 1odopyracet and metrizoate IDBOHRN
G (19>4) IDBOHRN (1956) BERG et coll
-« RIRKLAND {1959) RIRKRLAND & HASLOCK
%1) reported alb 14 after nept u
1phy but TEJLER et coll reported the phenomenon
oafter metrizoate 1n man and HOLTAS & TEJLER
 diatrizoate  metnzoate and metrizamide abso
dogs Posaible side effects of nephroangiography
both man and animal have been discussed by
NGetcoll (1963) Graziet coll {1967) TALNER
coll (1972) TESLER et coll offer two explana
ns for the fact that proternuna has not been re
Tted before ther report
The protemuria induced reaches its maximum
thin few hours after angiography nd 1s of limited
ration Immunologic assay not nfluenced by the
th concentration of contrast medium 1s needed for
2recogmuion of the proteinuna
Protemnuria caused by nephroangiography 1s mun
due to an increase in glomerular permeability as
monstrated by the protein 1ssay data In addition
: degree of albuminuna observed cannot be
used by impairment of merely the tubular reab
Tption (HARDWICKE et coll 1970) An increase in
¢ glomerular permeability 18 further demonstrated
' the presence of IgG n unne (mol wt 150000)
srmally retamed by the glomerular barmer (STRO
"R & WALDMANN 1974) The glomeruli exhib
xd some sort of selectivity i the protem filtra
on as demonstrated by the differences in clear
ace of IgG and albumm (RENNIE 1971 HARD
ICKE et coll} Furthermore as o macroglobu
a {mol wt 725000) was not present in any urine
ample gross vascular injury m the kidneys 1s un
hely
In normal patients B microglobulin (mol wt
?000) passes through the glomerular filter before &t
i tatabolized by the renal tubular cell {RavNSKOV
973) The samples contaimng high concentration of
3 microglobulm had similarly high concentritions
falbumun The ncrease n @ microglobulin mw be
“plauned by a probable overloid of tubular reib
Sorptive capacity due to elevated glomerular protem
keakage (HARDWICKE et coll RENNIE)and doe not
fecessanly mean an actual lesion of tubular celhs
The decrease of B microglobulin has pamllelly tol

lowed that of albumin further supporting the con
clusion drawn

Brovan & OLssON (1948) and ZINVER &
GOTTLOB (1959) have demonstrated that mntravascu
lar 1ny of d can change the
epithehal morphology and vascular permeabihity
Similar effects are lhely to occur mn glomerular
capillanes BERG et coll demonstrated spury to the
tubular epithelum n the rabbit after mntraartena}
mjection of acetrizoate todopyracet and diprot:
zoate but no changes occurred after diatnzoate
EVENSEN & SKALPE (1971} usmng metnzoate n
rabbits obsen ed a moderate increase in the mitotic
activity of tubulr cells indicating healing after
tubular lesions Extensive mvestigatrons on the
molecular and cellular levels are needed to reveal
the h of the p 12 follow tng angio-
sraphy

SUMMARY

The protetnuna following aortography and selective
nephroraglography n 60 patients usig Isopaque Cere
bral Urografin 607 and Amupaque was investigated The
results sndicate an increase in glomerular permeabtlity and
possibly an overload of tubular reabsorptive capacrty after
angtography The chinees are transient No permanent
njury to the hidney appears to occur
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CONTRAST ENHANCEMENT PHARMACOKINETICS
IN EXPERIMENTAL PANCREATITIS DIABETES AND
SUBCUTANEOUS GRANULOMA

P B Dean L Kivisaarl and M KORMANO

Contrast enhancement of the pancreas 1n ¢comput
¢ tomography has been of only limited aid 1n the
thnical differential diagnosis or pancreatic lesions
(KIRKPATRICK et coll 1978 GERMARDT et coll
1979) Therefore amimal expenments were designed
o the ¢ d
n experimental pancreatitis and diabetes 1n the
rt For companson expenmental subcutaneous
granulomas were exammed as well The effect of
tme upon the amount of contrast medium within the
pancreas and other tissues followmg the intravenous
mjection of the contrast medwm was analysed Pre
liminary results have been presented 1n part previ
ously (KORMANO et coll 1979)

Matenials and Methods

Sixty Sprague Dawley rats 3 months old were
Used 20 each with diabetes pancreatiis and
Eranujomas

In order to mduce diabetes an mtravenous njec
tion of Streptozotocin (60 mg/kg) was given 30 days
before the pharmacokinetic expenment All the rats
became diabetic and had permanent glucosura

Pancreatitis was induced after laparotomy under
Intraperitoneal pentobarbitone antesthesi: A blunt
feedle was passed through the duodenum  through
the papilla of Vater into the pancreatic duct and the
‘ommon bile duct was temporanly occluded with
Araumatic clamp to pretent regurgitation ity the
l"hﬂry ducts Olive o1l (0 1 ml) was mected n 30
Stconds after which the laparotomy incision w.as

closed Every animal developed pancreatitis with
pancreatic oedema pertoneal flud and typical cal
cifications Twenty hours after induction of the
expenmental pancreatiis ' I diatnzoate and '}
albumin were myected for the pharmacokmetic ex
peniments Eight rats died after the njection and
only 12 could be used in the experiments

In the 20 rats used as the control senes sponges
measuring 1 cmx 1 cmx0 5 cm were implanted sub-
cutaneously 1n the left anterior abdomen 10 days
before the pharmacokinetic experiments 1 order to
produce a well matured granulomatous tissue re
sponse (DOHERTY et coll 1977) Samples were taken
both from the granulomatous tissue adhenng to the
sponge and from the flind within the sponge as well
as from the pancreas for control

Under intraperitoneal pentobarbitone anaesthesia
a mixture of unlabelled and 2 [ meglumine diatrizo
ate (Angiografin) mixed with '*'] human serum al
bumin (The Radiochermical Centre Amersham
England) was injected imto each ammat i 5 seconds
The diatrizoate ation 1 the mix
ture was 512 mg/ml the dose per rat 1300 mg/kg
(612 mg 1/hg) and actvity 2 03 GBq/ml (54 8 uCif
mi) Correspondimng values for the human serum al
bumin were 1 92 mg/ml 4 86 mg/kg and 2 03 GBq/m]
(54 8 pC/mh The amimals were killed enher 40
seconds or 2 § 15 or 60 min by remon 1l of the heart
at thoracotomy  The following samples were taken
mixe 1 blowd from the thoracic cage and 1is ues frem

N e i for publication 9 May 1979
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Table

The calculated contrast enhancement (HU) and distribution volumes of diatre oate and albumin in o emal duabetic and pancrear 1
pancreases as well as tn granuloma tissue at various times after itrasen ms iyechim

Twsues Time
40s 2min 5 mun 15 min 60 mn
Pancreatic tissue
Control senes Contrast enhancement  HU % SEM 334414 227418 216337 R ¢ & _ 04
Contrast distribu
tion volume ct+ SEM 195+11 19619 28354 28775 01230
Albumin distnbu
uon volume +SEM 3304  36:0% 1220 34300 43204
Diabetes senes Contmstenhancement ~ HU + SEM 44208 204270 144304 114208 70230
Contrast distnibu
tion volume ~ £ SEM 150£12 IRS£17 O 7:08  "37HI8 014
Albumin distnbu
tion volume o+ SEM 34405 3805 $8:04 45304 48206
Pancreatitis Contrast enhancement  HU + SEM 484322 M6 965 87
senes Contrast distnbu 9
tion solume % SEM 275%10 416247 74
Albumin distnbu
ton volume &+ SEM 25503 8207 79417
Granuloma ussue v ger 964 1
Control senes Contrast enhancement HU + SEM 1§4+20 30036 316x08 93L
Contrast distribu o
tion volume e SEM 107510 267:4  d16sll 633x54 THES
Albumn distnbu 3404
tion volume %+ SEM 1501 18201 23203 20l =

pincres Iner spleen hidney (renal pelvis excised
and druned) stomach duodenum and rectus b
dommis muscle The saimples were placed tn pre
weighed test tubes capped weighed and the ' 1
and ™' activities mesured as descnibed 1n detail
previously (DFaN et coll 1978) The totl uissue
1odine content was calcufated from the activity of
the tissue samples  The potential contrast enhance
ment 1n Hounsfiekl units at 120 kV peak was then
estimated from the 10dine concentration using the
datn of HINDMARSH (1975) Contrast distribution
volume w1s calcuhted by dividing each tissue con
trast concentration by the blood concentration 1s
descnbed presiously (Diaxet coll )

Results

While the control ammals curying granulomas
were healthy both the disbetic and the pancreatiic
smmals were senously il The nemge plisma con
centrations of contrist medium were simular i ll

groups

Contrast medmm accumulation i the p”nf;,m:
(1 1ble) The highest contrst conce ntration 4% c:d
culated enhncement of the pncreas was obsers
at 40 seconds m ¢ich c(punmcnhl group ‘\ho :!:
afficant difference was ohserved between [:m "
hancement of normal and diibetic pneres b
pancreatiis M wrhedly ncrensed accn:lm(tng .
throughout the one hour obsery ition penic e
was found The volume of dninbutien o
crexs was Jihewise ne irly sdenticat 10 con:l e
dnbetic s for the first 5 min 1g1m:r o
distnbution volume 18 pancreatitis [ |§d.\)":h"m
hour 1 very large pacreatic volume of lnm v
(about 70%) w1 found with a hirge ‘m; '(‘nclh o
contro! and pncre e Fits hm'n n:llhc e
pancreatic distribution volume (307)In et
rts The distnbution yvolume nl’albx:r:\;‘: Biigeie
g the mtry weulir volume was of "
mitude tn the pancreis a0 the lgncc e
groups Thus there was RO €41 mc‘hc
breahdown ind albumin Jeak ige M e
e anim s dic shing that the nccumt
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rast medwm occurred in the oedematous extra
tellular space 1n pancreatitis

Contrast medum accumulation mn granuloma
Table Fig 3) In the granuloma tissue the ac
twwmulation was delayed and prolonged relative to
the pancreas and to other tissues examined with the
bighest lated contrast at
Smin The distnbution volume of contrast medium
“ose rapidly and steady throughout the expenment
Atone hour the concentrition of mediwm in the
tanuloma tissue was higher than that in the blood
“eumulation 1nto the 4r wutoma exudate was the
%ame as that in the &r tnutom tssue  The albumn
ditnbutton readings were low indicating relatively
Sfarse undamnged vasculanty responsible for de
yed wash 1n and wash-out of the contrist medium
1o the granulomatous tissue and exudate

Netghbourme, organs of the pancreas The con
st medium hmetics 1 the neighbourning orgns
"er spleen hidney stomach duodenum b
bminal musclc) and m the plisma did not differ as

h b d

Fig 1 Calculated contrast enhancement (HU + SEM) of rat
pancreas in relation to time {seconds) after itravenous iyection
of 1300 mefke diatnzoate A Pancreatitis O Control O Diabetes

Fig * Distnbution volume (% * SEM) of diatnzoate in rat
pancreattic tissue after mtravenous injection (seconds) A Pan
creatttis © Control (J Diabetes

Fig 3 Calculated contrast enhancement (HU + SEM) and dis
tnibution volume (7 + SEM) of diatnzoate m expenmental sub
cutaneous granuloma of the rat after mtravenous iajection (sec
onds) O Contrast enhancement 0 Distnbution volume

far as accumulition distnibution or albumin space
was concerned when the control dtabetic or pan
creatitic ammals were compared

Discussion

The kmnetic behaviour of contrast medium m the
control pancreatic issue was nearly identrcal to that
published previously 1n a report dealing with con
trast media kmetics in normal tissues (DEAN et
coll ) Streptozotocin causes irreversible destruction
of the beth cells (JuNOD et coll 1969) which are the
principal component of the pancrcatc sslets In 30
days diibctes causes no micioscopic changes m the
EXOCrIne pIncres or its vascut ity which comprise

the mun part of the pinceatic tissue mass
(KIvISAsRE 1979 The besence of sigmficant
change 10 the hinetre hehaviour of the contrist

medium i the pincreas following expenimental
diabetes 1s therefore no surpnise  providing that the
general hemody namic balance 1s not mrkedly mter
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fered with by other consequences of dinbetes
KIVISAARI also suggested that vascular alterations
may occur followng long term diibetes especially
1 muscular vessels but such morphologic aftem
tions were not reflected in the contrast enhancement
of the individual 1ssues

Pancreatitis induced by olive o1l 1s relatively muld
It produces a patchy iflimmation with interstitial
oedema and increased blood flow in the pancreas
(PAPP et coll 1966 GOODHEAD 1969 KIVISAARI)
The contrast enhancement either calculated or
measured from chnical scans does not reflect
creased blood flow unless a concomutant marhed
tnerease 1n the contrast contaimng blood volume of
the organ occurs The present results show no 1n
crease 1n the blood volume of the pancreas in the
pancreatitic rats although flow changes may have
occurred The increased contrast i

P B DEAN L KIVISAARI AND M KORMANO

usually llow sigmificant uptake into the cyst flud
Some contrast medium may enter into the glandular
lumen of the exocrine pancreas itsef which would
account for the excessively hich distnbution volume
rendings at one hour in the present expenments
Why such phenomena did not occur in dibetic rats
15 not readily explunable

The present expeniments show increased contrast
enhancement in the pincreas in pancreatmis That
such an incrense has not been chnically appreciable
may result from scanning artefacts and nabilty of
presently available scanners to resolve or dem
onstrate sufficiently small differences i contrast
enhancement A generl hick of appreciation of the
importance of the time course of contrist enhangce
ment and the difficulty tn quantitating contrast €n
hancement at specific times ter ingection are un
loubtedly also contnbuting fictors Improvements

lation 1n this situation probably results from the dis
tnbution of the medium 1nto an enfarged interstitin
fluid space representing oedema

The bsence of uniformity of the pancreatitis pro

duced 1n the rats s reflected in the data However

under such expenimental conditions the abnormah

ties are hkely to be much more uniform than those
occurring clinically  As demonstrated by the present
expeniment changes occur 1n the tissue contrast
Kinetics caused by muld acute pancreatitts which
theoretically could be detected by contrast en

hanced CT scanmng Several imuting technienl fac

tors artefacts and inhomogeneity of the lestons 1n

terfere with their detectability in chmical CT and
make hinetic contrast enhancement eximination of
pancreatitic patients with a slow body scanner un

rewarding (K1vIsAARI et coll 1979)

The grinuloma tissue contrast medium kinetics
was completely different from that of the normal
dabetic or pancreatitic pancreas and the neighbour
ing tissues In the stage of development of the ex
peniment I tissue was chi 1zed by a
delyed wash 1n and wash-out of the medium anto 2
poorly vasculanzed Lirge interstin 1] fluid volume In
chimend practice such a phenomenon 1s commonly
observed 1n brumn lesions where the absence of
bachground enhancement makes contrast mediem
accumulation eastly detectable (GADO et coll 1975
STFINHOIT & AVILES 1976 LEWANDER et coll
1979) Delayed and intense enhancement also oc
curs for example 1n the thichened wills of 2 pan
cre wtic pseudocy stURIRNPATRICK et coll ) but rapid
renal excretion of the contrist medivm does not

n scanner design  particulurly allowng entire of
gans to be scanned immediately after contrast njec
tion (ROBB 1978) should improve the chintcal apphea
tion of contrast enhincement Arterial ifuston of
a contrast medum during scanming (HACKIR &
BECKER 1979 PRANDO et coll 1979) greatly ranes
the level of enhancement ind 1mproves its chmenl
usefulness in slow scinners Further npcnmﬂ"-ﬂ
worh to define contr 1t enhancement 10 pthelopic
conditions 1s needed to direet chnicf attention 1 s
potentil for differentnl diignosts

SUMMARY

Contrast medium concentrtion 1N the
function of time fter intryvenous baolus tryects o
measured 1n 12 rats with ol mduged acute N‘;‘E:}‘::« S
rats with Streptozotocin nduced deibetes an e pan
subcutaneous grinufom 1 nduced by spange r“.ml et
creatic tissue was used 15 1 control Mo signi um e
of diabetes was observed Calul sted dmnbulum(m‘
and contrast enhancement m the pancrens “x‘rﬁ« e
n pancreatitiy relative to dnibetes and cunl b gher 2
creased enhancement wa duc to 3 n:hlncj‘m“"m
cumulation into the extras sseular flud cun\:’kd i
resent pancreatic oedemy Ancven mm: m‘mm‘k g
layed enhancement w1s otvenved with ‘erth‘ There
sue 1nd exudate PP wenily on & sl )
appearstobea possthility of differential d‘x;éT
pancreatic lesions using contristenhnce
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0M THE DEPARTMENT OF ORTHOPAEDIC SURGERY MALMO ALLMANNA SIUKHUS S 2101 MALMO SWEDEN

RADIOLOGIC EVALUATION OF CHONDROMALACIA PATELLAE

F LunDand B E NiLssON

Several morphometric methods for the evaluation
'chondromalacia patellae at radiography have
en ntroduced m the past (WIBERG 1941 FURr
MER 1952 BRATTSTROM 1960 FicaT & Bizou
72 STOUGARD 1975) The measurements sug
sted are the relationship 1n size and the it

Grade 1 Fragmentation and fissuring n an area
of 1 3cmorless

Grade 111 Fragmentation and fissuning 1n an area
of more than | 3cm

Grade IV Erosion of the articular carttlage down

tween the medial and lateral aspects of the patello
moral joint and vanables representing the size and
ape of the patella itself Normal values have also
ten calculated for some of these varsables (FicaT
Bizou) Subchondral sclerosts of the patella has
en suggested as indicating chondromalacia (FUR
MER DEPALMA 1954 FICAT et coll 1972) In
Idition to such morphometric measurement 1t was
aided to include measurement of the position of
¢ patella (patella alta. BLACKBURNE & PEEL 1977)
mally 1n patellae
this department a shallow excavation centrally in
1e subchondral bone of the patella has been con
idered to be related to chondromalacia

A series of morphometric variables 1n relation to
n established diagnosis of abnormalities n the pa
Hllar yomt surface 1s now reported

of chondr

Matenal and Methods

The matenal consisted of 66 patients 33 men and
3 women with suggested abrormalities 1n the patel
ofemoral joints Arthroscopy operston or both
has been performed 1n all cises In conjunction with
the arthroscopy or the arthrotomy the abnormil
ties of the patello femoral joints were classified ac
Cording to OUTERBRIDGE (1961) as follows

Grade I Light brown yellow discolouring the
Crtilage ytelds to the touch of the arthroscope or a
blung instrument no frigmentation or fissunng

to the sut dral bone This grade cannot be dis
tinguished from patello femoral arthrosis

With this classification the patients were distn
buted as follows Normal patello-femoral joint 23
patients (=normal) chondromalacta patellae grade
I and III 26 patents (=chondromalacia) and
chondromalacia patellae grade 1V or patello-femoral
arthrosis 17 patients (=arthrosis)

Only patients in whom before the arthroscopy or
arthrotomy radiography with a fairly good lateral
and awal view of the patella had been performed
were included otherwise the radiography followed
the standard procedure and no films were obtamned
specially for this investigation No radiologic ab-
normality ndicating gonarthrosis was observed on
the films After this selectron all films were mixed
and evaluated blindly with regard to the diagnosss
The variables recorded appear in Fig 1 The sclero
si1s was measured and classified as the extent of
scoliosis divided by the pateliar jomt surface on the
lateral film and the degree of excavation was classi
fied as non existent possible or obvious

Results

No difference was found between panents with
normnl patello-femoral joints patents with chond
romalacta and patients with rthrosis or grade IV
chondromalacta (Table 1) in ny of the anthropo

S pmt d for publication 1+ \Mur b 1979
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Lat

Fig | Morphometnic vanables Wiberg angle FHG Patellar  view IH/FG Patella alta sanable LNAL E Excavaten

depthindex FG/HK Patellar shape index GH/FH Patellar rela Sclerosis
tive thickness lateral BD/AC Patellar relative thickness axsal
Table 1
Dustribution of roentgen h sariables betw een sexes und diagnostic gre ups (v erage 25D
Measurement Women Men Normat Chondromalacia (Arlr;r‘v;"
(n=33) (=33 (=2 (= 6) "
41_0 085
Selerosts 00750062 003000 0050 0057200 % R
Wiberg angle (degrees) 122211 13110 124211 125¢ i 113108
Patellar depth index 370+081 4032062 379+0 60 e % 1040
Patellar shape index 1460 38 129+020 130017 ! 4%3 o4 04 _00¢
Patellar refative thickness latera 043+004 0432005 0442005 04‘:‘) o5 0454008
Patelfar relative thickness avial yiew 047004 0452005 0462005 04iz008 0018
Patella alta vanable 084£013  O0F0X015 0842016 0%
fo
\agnostic value
metric vanables except for an increased fr q Y the could be of diag

of a radiologically obsious excavation of the patella
in the lateral view of patients with chondromalacia
They differed significantly not only from controls
(001>p>0 001) but also from cases with arthrosis
(0 05>p>0 02 Table 2) Excavation was equally
common in both sexes

Discussion

With improved radiographic technique and with
a larger number of subjects 1t 35 possible that minor
nnd significant differences may be demonstrated
between anatomically normal patello-femora! joints
and jownts with chondromalaca However the
data of the present scnes indicate that these dif
ferences could neser be of sych a magmitude that

the individual patent with pwlellmf:mom: ‘23:
The finding of an excivation (hig ) S“mma“m
more rehable In the present serics this cxlc e
occurred in all 26 patients with chondmm*:c;ondmj
cept two Excavaton of the patellar su

Table 2 .
ot
Chy square representatt nof patellar ercarad! el
diagn 13
hros
ndro- Anl
“ormat Ch
Fxcavation b,
7
None n ; ’
Posuble 6 o
Obvous 6
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Fig 2 Patellar excavation and the anthrotomy fndmg n the
0

wme patient 19 year old man with p

snce one year Two months after radiography the knee was

bone was noted by HAGLUND (1926) who assumed
that this abnormality was related to trauma FICAT
{1970) referred to 1t as | encoche de Haglund ©WRE
11936) and others have stated that 1t 1s too common
10 be of chinical importance The abnormality 1s fre
Quently observed n films of patients with chondro
malacia 1lustrated n the literature and was com
mented upon by SMILLIE (1974) although 1t has not

en sy iy explored p ly The exca
vation of the patellar subchondral bone in combina
tion with a smacth ot even bulging patellar cartilage
at arthroscopy suggests that the patellar cartilage
may be thiker than average Since it has been dem
onstrated by WIBERG and others that the patellar
Jownt surface has the thickest hyalineous cartilage of
alk yomnts i the human body additional thickening
may be an obstacle for the distnbution and perfuston
of furd through the cartilage Therefore nutrtional
deficiencies which have been suggested as one cause
of chondromalacia (HIRSCH 1944) may occur A
tausative relationship between the excavation of the
subchondral bone and the chondromalacia or stmply
, | * interaction by some other unknown vanable may
tust Even if other diagnostic means today are
ailable for the diagnosis of abnormalittes 1n patel
I“femoral_yoml such as arthrography (HORNS 1977)
d arthroscopy (LUND & NILSSON 1980) the radio
logic abnormality descnibed may be of interest for
Ye evaluation of standard knee films

operated upon The lesion of the patellar cartilage was classified
as grade [If

SUMMARY
In a senes of patients 10 whom the patello-femoral joint
had been d by m with

arthrotomy or both previously obtaned films were re
viewed A senes of radiologic morphometnc measure
ments with beanng on the shape of the patella and the
patello-femoral joint was carned out and compared be
tween patients who had normal patelto-femoral jomnts pa
tients with chondromalacta grade II or II! and patients
with chondromalacia grade 1V or arthrosts No difference
between the three groups in any of the vanables was
found H a shallow i the hondral
bone was observed in the lateral view of the patella 1n

most of those patients with proven chondromalacia patel
lae
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FROM THE DEPARTMENTS OF DIAGNOSTIC RADIOLOGY MUNICIPAL HOSPITAL OF AARHUS AND RHEU
MATOLOGY UNIVERSITY OF AARHUS DR 8000 AARHUS DENMARK

SACROILIAC JOINT INVOLVEMENT IN CLASSICAL OR
DEFINITE RHEUMATOID ARTHRITIS

A DECarvaLHOand H GRAUDAL

‘ew reports have appeared concerning lesions of
sacrothac jomt i connection with rheumatoid
ntts (SHARP 1957 DixoN & LIENCE 1961 SiEV
3 & LAINE 1963 DIXON 1964 WILKINSON &
IKLE 1966) The present report 1s part of a
wologic survey of the progression of rheumatoid
iritis i all imb jomnts (DE CARVALHO et coll
0) m the cervical spime (DE CARVALHO &
AUDAL 1980) and  the sacrotliac joints The pur
ie1s to describe this progression in relation to the
‘ation of the disease and to mvestigate the assoct

Grade 2 small but defimte erosive lesions with
blurning of the jomnt surfaces

more severe erosive lestons of the jomt
surfaces possibly with some degree of
ankylosis caudally in the joint

Grade 4 defimite ankylosis (Fig 1)

The frequency of the abnormalities was mapped
1 relation to the time of chinical onset of the disease
As the degree of involvement of the night and the left
sides was 1dentical both sides are constdered simul
taneously 1n the following comments Together with

Grade 3

m of certain climcal and laboratory
1s with the more or less severe progression of the
ease

Matenal and Methods

The matenal consisted of the same 188 patients
th or definite rh d arthnitrs de
abed previously (DE CARVALHO et coll } A total
564 radiographic examnations of the sacroihac
nts was performed The sacrohac joints were
posed with the patient lying supine and the side
ncerned bemng rarsed by 15 to 25 In most cases
istero antenor films were also exposed with the
am directed cranially 5 1o 10° However 1 order
reduce the radiation dose these films were not
ken if survey film of the pelvis was available All
Ims were evaluated by the same observer (A C)
ithout knowledge of the cliical findings
Atthnitic lesions of the sacroiliac jomts were clas
fied according to 5 grades
irade 0 normal findings
irade | shight or doubtful changes (for example
osteoporosts)

.

the rad hic e tons a number of chnical
and laboratory parameters were recorded For
statistical purposes the mean degree of iInvolvement
of the sacroihac jonts which were examined 1n each
penod of duration of the disease was calculated For
this purpose the weight 0 was attached to the grades
0and 1 of the degree of invelvement and the weights
1 to 3 were attached to the grades 2 to 4 This was
done n order to avoid grade ! which 1s an uncertain
or non spectfic stage The mean degree of mvolve
ment as expressed mn this manner was found to
behave almost as a limear function of the square root
of the duration of the disease and thus a linear re
gresston analysis was justified The basic statistical
method has been discussed previously (DE CARVAL
HOetcoll )

After dividing the patients into two groups a
group with positive findings (nodul: high ESR etc )
and a control group (without such findings but with
rheumatoid arthritis) 1t was possible in each case to
compare the regression hnes by means of a scale 0 to
4 of the degree of divergence 0 means that no differ

Subm tt d tor publication 25 Apnl 1979
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Fig 1 Grades 2 1o 4allustrated in the same joint with ncreasing
duration of the disease

ence was found between the two groups 1 2and 3
express increasing degrees of divergence between
the distnbutions and degree 4 expresses 1wo com

pletely scparated distnbutions Equivocal results
were indicated by the Jetter E most frequently in
cases of mtersecting regresston Iines  The figures of
the 0 to 4 scale are accompanied by a sign +

indicating a posine relation between the factor
tested and more scvere degrees of mvolvement of
the Jomts Moreover the p-value was calculated in
each case The parameters tested and the control
groups appear i Table 2 Details concermning the
laboratory parameters can be obtamned from pub-
lished reports (BICHF1 et coll 1957 Fasrr & FL

LING 1965 FILING et coll 1967 DE CARVALHO &
GRALDAL 19%0) For statistical purposes the dura

tion of the discase was divided into penods of onc
year when the duration was 1 to 13 years With
fonger durations the penods were 1410 15 1610 17

18t0202and 21 10 28 yeurs

of involvement 1n
h segment of the
LHoeteoll )
the degree of
¢ degree of
sacroiliac leston the senes was divided mio als::"::
with positive finding and 2 control group usm:: .
of the sacroiliac jont as the distingushing ‘I:Ic i
This was done as regards 27 jomt groups (Tl our
The degree of divergence between the mxcrcsl:mmg
and the control group was 1150 chissified ace

to the 0 to 4 scale

Previously the average digree
20 groups of hmb jonts and n cacl
cervical spine was reported (D} CARVA
For an analysis of the relation between
myolvement of these joint groups and th

Results

The distnbution of the radologic ahncrrmlxhrc: :
related to the duration of the disease arpr:lw‘h
Table 1 and Fig 2 The percentagc of yoint o
grade 2 10 4 showed only a shght tendency oot
crease with the duration of the disease The pe



SACROILIAC JOINT INVOLVEMENT IN RHEUMATOID ARTHRITIS

Table 1

I ercentage of sacroiac joints with rhenmatod arthrinie lesions of grade 0 104 as rlated to the
duration of the disease based on 561 radiographtc examnations (1128 joints)

Duration of the No of Seventy of the affection
disease (years classified
from onset) Jomts Grade 0 Gradel  Grade2 Grade3 Graded
-2 12 321 357 95 27 ]
34 15 23 s 296 59 0
56 130 223 3 385 54 15
78 132 212 333 409 46 0
9-10 132 174 296 409 83 3g
1-12 94 192 296 404 96 43
13-15 140 121 329 46 4 64 21
1670 134 6 5 366 149 0
=21 107 3 33 539 78 2
Table 2
Relanonship bem een the course of thenmatond arthntis m the sacrohiac joints and climcal and {aboratory
parameters
Group with posiive findings Controls Degree of p<
divergence
{group with
posiuve
findings)
Age at the onset #41 years Remammng patients +1 003
Women Men -1 01
Presence of subcutancous nodules No no tules E 005
Elevated ESR (41 mm/h) at least Remaming patients +1 0005
at one time
Very elevated ESR (=91 mm/h) at Rematning patients +1 0005
feast at one time
Rheumatoid factor present Latex Rheumatod factor absent [ o5
Lest or Rose Waaler test po itive wn all investigations
at least at one time
Latex test and Rose Waaler test Remainng patients 9 02
both positive at least at one time
High titre of the Rose Waaler test Remaiming patient -1 o001
{>160) at lest at one ime
Very high titre of the Rese Waaler Remaining patieats 0 02§
test (>640) at least at one bme
Organ non specific antinuclear Organ non speuific anh ] 006
anuibodies present (4 ++ or +++) nuclear anybodie  absent
at least at one time m all mvestigation
Organ non specific antinuclear Organ non specif'c ant i3 0005
anubodaes strongly positive (- ++) nuclear antibodies absent
atleast at one ume +of ++nall nvestigin n
G spectfic G specific unt i 01
antibodies present (+ ++or +++) nuclear antibodies ab e
atleast at one ime wn all mvestigations
G specific 1 Gi Jocyte specific anti 1 03

antibodies strongly positive (+++)
at feast at one time

nuclear anubodies absent
4+ of ++ n all investigation

)y
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25 YEARS
Fig 2 Distnbution of grades 0 1o 4 of Jointt imiolvement as

related to the duration of the disease Areas between the cunes
express the relative frequency of each grade

WEIGHT
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Fig 3 Relanon between the average degree of 52 awha g 0
mvolvement and an age >40 years at the onset of the ds ease (+!
Controls (1) Degree of diverpence +1 (p<003)

WEIGHT

1 L3 9 %

25YEARS

Fig 4 Relaten between the average degree of sacroiac joing
Imolsement and a1 increased ESR (=41 mm/h) ot one ume at
feast(+) Contsoly 1) Degree of disergence +1 (p<0 005)

age with ankylosis (grade 4) was Jow and showed no
tendeney 10 incre 16¢ with the duration of the dis
case Grde 3 was also relatively infrequent Most
Jomis imvohed hyg shght erosne abnormliies

sith unspecific abnormalities (grades 0 and 1)
The relationship between chinycal and laboratory

definttely rehited ta more ACLrrr fmrveemc  oof o

H T g 16 25 YZARS

t
Fig 5 Relation between the aserge degree of ;:gr::?‘lf,):“o’
mnvolvement and presence of theumatond fact(r (+
Degree of disergence 9 Ip<d Sy

volvement were an age 1t onset =41 years ((lf m‘t’
and an ESR 241 and =91 mm/h at Jewstat On;l j
(Fig 4) Anmverse relation w15 found with Rov
Wa der titre >160

V:lo certaun relmonship w15 established t;c:::\
the degree of mvolvement and the fonomt:]g ?mur
sex  seropositivity for the sheum ot Al
positivity of both the Rose W wiler am:\l;“m(
tests very high titres (=630) of the Rose m,m o
and the presence or strong positivity o anmr .
specific and granulocyte specific  sntinuc

1S

“hT’:C relationship betwcen the degree of I s
ment of the sacroil: ¢ yoints and the reMunINg

k]
Toups 1ppears in Table e
group ppc,w-..mn e twa men and ¢

yolve

s TR
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Table3

Difference in the deg ree of affectt  of jornt
according to the presence or degree of sa

1 groups > hen the patients are selected
crothac lesion and compared s sth con

trols The degree of dn ergence beb een the regression lines for the average degree

of affeciion express

es this difference

Jont group S1 joint affection of Sl jomt aftection of
grade 3—% at least grade 2 at least
once {as compared with once (as compared with
the remamning patients) the patient group where
no certamn lesion was
detected)
Degree of p< Degree of p<
divergence divergence
C1-C2 segment +2 0001 0 08
€2-C3 segment +2 0 0005 +1 003
C3-C4 segment +1 0001 +7 0001
C4-C5 segment +1 025 +2 0 0005
C5-C6 segment. +1 004 +? 00005
C6-C7 seyment 0 06 + 0 0005
C7-Thl segment  +1 Qs +7 0 000>
Shoulder +3 0 0005 +2 00005
Elbow +3 0 0005 0 06
Wrist +3 00005 +1 oo
CMC1 thumb +4 0 0005 +7 0005
CMC -5 +4 0 0005 +2 00005
MCP 1 thumb +3 00005 +1 01
MCP2-5 +3 00005 +1 00005
PIP fingers +3 0 0005 +l ool
1P1 thumb +1 0. [ 01
DIP fingers +2 004 0 oS
Hip +4 00005 +3 00005
Knee +4 00005 +1 002
Ankle +3 0 0005 +3 00005
Tarsus +3 0 0005 +3 00005
Mudtarsal jont +3 00005 + 00005
MTP -5 +2 0 001 - 0001
MTP | hallux - 005 o 0.
PIP toes +2 00005 *1 004
1P 1 hallux +7 00005 + 0 0005
DIP toes +1 01 o

C Cervical segment CMC Carpometacarpal joints MCP Metac;

jomnts PIP Prouimal nterphalangeal jomts

04
arpophalangeal
DIP D tal interphatangeal jomts 1P

1jomts MTP

1 who were seropositive no seronegative pa
1ad psonasis

Discussion

reneral agreement conceming the value of the
nt projections for the sacroihiac joints exists

1 joints

The use of the obltque projection was based partly
on tradihon partly on the destre not to change the
technique in order to provide comparable results
duntti, 4 long period of observation Others
have preferred the postero-anterior projection
(GRAINGER 1960) the antero posterior projection
(FORESTIER 1964) or tomography (WILKINSON &

—— o~
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{EIKLE) Although tomography was performed on
everal of the present patients the results have not
een used for evaluation purposes in this report

The findings confirm that severe grades of sac
oiliac lestons are rare in rheurnatoid arthntis even
fter many years of the disease but small erosions
ccur rather frequently In other senes of patients
vith rheumatoid arthnitis abnormalities of the sac
oiliac yoints have been found m 47 per cent of 90
yatients (SHARP et coll 1954) and 1n 36 per cent of
20 jomts 1n advanced stages of the disease (DIXON)
Jnequivocal lesion was found i 22 per cent of 81
attents (MASON et coll 1959) Abnormaliies that
eem to correspond to grades 2 to 4 in the present
lassification have been found tn 36 7 per cent of
vomen with rheumatord arthntis (SIEVERS & LAINE
1963) but also n 16 3 per cent of a control group
The high percentage of grade 2 involvement after 1
o 2 years from the onset and the rather flat curves in
Fig 2 suggest that at least part of the involvement
may be caused by factors other than rheumatord
Jisease This 1s 1n accordance with the findings of
DIXON & LIENCE and SIEVERS & LAINE On the
other hand the positive relation of both grade 2 and
3 to 4 to severe involvement of practically all other
ownts and of grades 2 to 4 to a high ESR suggest a
connection with the seventy of rheumatoid arthntis
However the positive relation of sacroihac lesion to
an age at onset =41 years distinguishes this tnvolve
ment from that of all mb joints except the distal
mterphalangeal joints of the fingers and toes
Moreover definite involvement of the sacrolinc
joints was not associated with seropositivity for
rheumatoid factor or with the presence of granulo-
cyte specific bod. Ithough these
factors are assoctated with more severe degrees of
myolvement 10 most imb jomts except the distal
terphalingeal joints (Df CARV ALHO & GRAUDAL)
A positive relation 1o a higher age 1t onset and ab-
sence of relition 1o sex 1re features that differ from
those af ankylosing spondyiis Furthermore the ra
diologic appearance differs from that of ankylos
ing spondylitrs  the tendency towards developing
ankylosis was shight no tendency towards reactine
scleronis was found  involvement more often
occurred 1n the ¢rdal ends of the jomts erosions
were oftenill-defined  peeudo-widening of the yomnt
<pice was rarely found where 1y nirowing was the
rule

The findings 1n the sacroiliac joints give ase to the

auestion what the ibnorm liies 1ndicate Generally

a relation to the seventy of rheumitod arthnt:
rather than the immunologic condition 1s suggested

SUMMARY

In 188 patients with rheumatoid arthntis 564 radiologrc
examnations of the sacroiha¢ jomts were performed Se
vere blurming of the joint space or ankylosis were uncom
mon The myvolvement was related to an age >40 yearsa
the onset high values of the ESR and insols ement of mos'
Jownt groups it the hmbs nd cervical spine Sex presence
or high titres of the rtheumatoud factor and antinuclear
antibodies were unrelated to lestons of the sacroilic
Jomts A relation to the seventy of rheumatoid arthntis
rather than to the immunologic condition Is suggested
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EXTERNAL BONY AUDITORY CANAL AND THE TYMPANIC BONE

Morphologic properties and wnfluences on the tomographic reproduction

O EChErRPALandJ AHLQVIST

The external auditory canal 1s developed postna
dly At the time of birth the tympanic membrane
tiached to the border of the tympamic nng 1s
tuated in close relation to the surface of the shull
\tan early stage the brain capsule has 1 furly even
urface Several craninl superstructures as the sup
20tbital bone the otic and the mastoid bone de
elop postnatally ind a gradu il divergence between
be internal wnd external shull surfaces occurs
WEINVANN & SICHER 1955) In the tympam re
1on the bone remodelhing involves a development of
he roof of the external auditory canil The tym
nic bone develops directly from the C shaped nng
tthe middle ear This bone forms the floor and the
nterior wall of the auditory canal which ts normally
dosed tn the third year of lfe (WEINMANN &
SICHER)

The significance of morphologic varations and
therr influence on the reproduction i the tomo
eraphtc images may be of chimical mterest (VALYAS
SORI & PIERCE 1964 LAPAYOWKER & CLIFF 1969
ECKERDAL & AHLQVIST 1979) The morphology of
the tympamic bone nn integrated part of the tem
Poromandtbular jomt and the external auditory €a
"l vanes (ECRERDAL et coll 1978} In the closed
Medal part of the sheletal auditory canal small de
fects can persist even in the adult stage WEINMANN
& SICHER calculated the percentage to almost 20
%hile ECKERDAL et coll reported 5 2 per cent 1n an
2topsy matenal

Factors infl the graphic reprod:

My be defined n a generalized form Such analyses

e most often made on different hinds of test ob
2ts of 4 well-defined nature (MATTSSON 1969

LiTTLETON 1970) However n the diagnostic situa
tion 1t 1s of mterest to leamn about the special image
formation 1n the relevant morphologic area

in phantom expenuments ntended to decide the
hmits of reproduction of small skeletal defects in
subtle bony wlls of the head vON REISNER (1970)
demonstrated the mult: causal situation when re
producing true anatomic objects Not only the angu
lation of a bony wall but its thickness had a direct
mfluence on the image formation Other factors
were environmental such as adpicent high attenuat
ing parts of the object relations to soft tissues or
gasfilled cavities the tomographic movement and
angulations ECKERDAL (1973) made an mage for
mation analysts of generlized as well as specialized
character in an investigation of the petrous bone and
the proxtmal part of the mandible The conclustons
as concerns image formation factors were in agree
ment with those of VON REISNER

The external qwditory canal falls withm the tmage
field 1n several types of examinattons The mor
phologic conditions ncluding soft tissues and gasfil
led cavities 10 the area of interest vary Consistently
image phenomena may evxist perhaps not even
realized which in the indnidual diagnostic situation
may be o interest

A morphologic radtographic mvestigation on an
autopsy matenal was performed analysmg the
geometry and dimensions of different parts of the
closed bony wditory canal the width of the tym
panic bone seprating the temporomandibular jotnt
cavity and the auditory canal The osscous struc

Submutted f rpublicat<n  May 1979
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tures of the tympamic bone were also analvsed The
morphofogic base defined 1n this way created a basis
for an anafysis of the evaluation of chinica) tomo-
Juraphic exammations and offered o possibility to
" analyse and describe some aspects of the nature of
the tomographic hypocycloidal method per se

Matenial and Method

Fafts three autopsy specsmens 26 males and 37
females consisting of the temporal bone and the
proumal pirt of the mandible were used Age and
sex distribation appear i Fig 1 The speaimens
were chasen at random dunng a 6-vear penod No
known deselopmental disturbances were asccepted
The specimens were deep frozen embedded in car
bhowy methvl-cellulose snd frozen i 1+ mixture ofdry
tcc und hexane (ULIBIPC et coll 1971) Tomo
graphy of the specimen blacs was performed 1nd
secfmNg I 2 Sucrotome in cofresponding sagttal
Tivers (FCMRDATL 1973)  The tomograph was
Philips Massot with hypoeyclodal  mosement
nomunal focal s7e 0 € mm the exposure time was 6

O ECKRERDAL AND J AHLQVIST

A BC

a b

Fig 2 aj Daprammatic representation of the external bony a
ditory camalina p aspect Three sapttal morphok o Livers
B C areindicated These lavers were used i the morphomett
calculation of the area of the auditory canal b) Dragrammal
representation of a sagittal morpholc pic Layer The system uw
10 calculate the thickness of the tympanic hone separating 1
auditory canaf from the temporomandibulur yont A iine with
the auditory canal approumalely parallelized wuh a rangent
the posterior wall of the mandibular joant cavity was deided in
three even parts The thinnest part of the tympamic bone 1
scnibed between the perpendiculars X and ¥ was measured

seconds at 53 kV and 2 mA Sicmens Saphir intet
sifying screens ind hodak RP film were used

Microradiography of the specimens was pel
formed according to the techmque previously de¢
scribed (ECRERDAL 1972) The mucrotome section
were adhered to a cellulose tape (3M 810) The
nformation was gamed from hyers of differen
hinds which were related 1o each other with the
of the three<himensional onent wion system sistble
in the tomograms as well as 1n photos of the spect
men scctions Thus the information was ganee
from tomograms microridiogrims and histologi
preparations of 20 my microtome sections (FCAER
DAL 1973)

The micrordiogrmms ind somehmes a$ Suf
ments the histologic sections 1dhered to the ce!
lulose tipe were projected ind enlirged an aWenh
Profile projector Record 72 as descnbed by FOAFR
DAL & AHLQVIST The differcnt me 1surements were
tahen on three sagitl sections ntegrated 10 a con
tinuous series where the presenved ndys rdual layen
were sep wited by 1 mm The selected aectiomy were
taken from the totally closed part of the bony auds
tory can 1l iccording to the system mdscated in g
2.4 In the schematic drawing of an 1uditory canim
ap wpect the chosen morphologic tiyery were Q’
the first later! one where 1 totd closure of the
auditory canil 1s to be found B) a bayer 0 ‘h;
muddie of the closed p irt of the canal with s length ¢
6 mm (metn v stueh and C) the st medil h‘d"
within the complete wditory camil When the ind
sdual closed auditory coinal hud an unesen milme

ple
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Table 1
| Area {mm?) of the skeletal auditors canal in three different morphologic sections
apr Total group Femles Males
x N Range x s Range x s Range
/ Btermal 655 130 413-908 650 117 480873 661 48 413908
i 507 97 325878 516 106 3608 8 500 88 35698
Yedal 415 98 338788 479 104 363788 471 93 338733

trlength the central layer of calculation B was
dsplaced one step medially 1 45 cases and laterally
#8cases The latter was due to inadequate quality
« Mthe preservation of these layers The level num
bers could thus be 23 26 or 28 mm The thickness
+ the bony wall separating the auditory canal and
tie temporomandibular jont was recorded accord
g 10 a system accounted for 1n Fig 2b A line
. ¥thin the auditory canal approximately parallelized
Sith the tympanic wall was divided into three even
< Mrts The thinnest part of the tympanic bone 1n
- ¥nbed between the perpendiculars X and Y was
feasured Taking the measurements on the enamel
- Mper a shding calliper was used The area of the
- thsed part of the auditory canal was calculated on
' betracings with an Ansto plamimeter
Because the morphologic and positional factors
¥ere decided through the histologic and radio
faphic approach it proved to be possible to evaluate
te tomographic 1mages with close attention to the
sfluence of morphol v=nation 1n
kyers

L e

R

Results

Morphologic considerations The external bony
ditory canals proved to have continuous changes
o calibre as well as of shape when analysed 1n

- Sicceeding sagittal Inyers tomographic or his
blogic  The results of the calculations of the
 talibres of the sagittal projections of the canals are
Wmmanzed tn Table 1 The changes of the calibre
¢ transformed and given 1n a two-dimensional and
- Shematic drawing where the canil 1s given 1n a
 Mstero anterior view (Table 2) On the basis of
 Yese results the cannls could be divided 1nto 3
| Houps cone shaped hour glass shaped ovoid
 aped The difference between the areas in layers
| 3 B C could be considerable despite the relatively
| shory itertndividual distances which depended on
i

the total length of the canal These distances were
maximally 5 mm but as amean 3 mm In 4 cases the
areas 1 the medtal layers were 40 per cent of the
lateral The corresponding value of the whole group
was 75 per cent In one case only a remarkable
widening was observed n the medial layer which
was 68 per cent Inrger than the lateral Even the hour
glass shaped canals proved to have latera! onfices
larger than the medral (Table 1)

It was not only the calibre of the bony auditory
canal which vaned but also the shape as obseryed
n lateral sections This was represented by a wide
spectrum of for example stnct circular oval heart
shaped or triangular form (Fig 3) Diffe,
could be present m the same specimen In some
cases the mam character could be oval but the angy,
lation of its long dameter changed from layerg(
layer to describe - screw hike canal (Figs4 35) °

The anterior bony wall of the auditory camal f, d
rich morphologic vanation The width of the y ]]a
given in Table 3 The mean valye of the wid }:’a .
similar mn the lateral and centra] pants (4 B) th was
as the medial part (C) 1n the vicity of (p here
ear was considerably thinner The rap e re middle
dimensions was furly wide o 2to4 l%) of the vl

mm for the

Tent shapes

Table 2
Relation between the greq
sagitt il lavers £ the popy
transfc med 10 a schemaye
diffe nr 1pes are yec,

510 the ihyeq
@ diton, ¢angy

drangn
e T
ded g5 popre

alth <0 shape messp gat RIS
ear
Shape Number Perce,
nt

31
61t

3g

pnd)
= ,
-y

p—
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Eig 3 The shape of the external bony auditory canal vancs
A |
i

and heart-shaped Microradiography 20 mg sectimnsy from differ

conuderably for example aircular oval ¢ 1,

totl group (Table 3) The values were greater re
g rding males but the differences between the sexes
were not significint The bony structure differed on
companing the very thin wills with the thick ones
The thin walls were composed of compact corticl
bone The thicher w tlls somctimes revealed xsubtle
structure composed of minute ¢ wities Some differ
ent types are llustrited i Fig 6

Radographic considcrations Straight wdstory
cwaby with minor varstion of the cilibre were
sharply delineated 1n the tomographic 1mages pro
vided that the Tong vus of the ¢l was paralle] or
only desnted up to 15° When the auditory cals
had considerible ¢ tlibre changes within short dis
/) tances or oo wide angulation partly or totlly the
tomographic 1miges were charactenzed by marginal
blumng The charicter ind degree of this blumng
was relited to the constellton of adividu! mor
phologte properties When tomogriphy of screwlihe
cmals was performed it was possible i succeeding
tomographic imires 1o perecive 1 marginal tomo

ent sy

grphic blurnng successnely displ rced wound the
periphery of the image of the cand (Figs § 6) Tunt
sheletal dem irc itions 1n the tomor iphic mges of
the tymp tnic bone found n explinion n the exis

tence of ulumately thin bony walls A true reproduc

tion of the centrl ind medrl part of the e i
these ¢ 1s¢s dem ainded an optimum oricat ttion ofthe
tympanic bone The tolerance of devittion from 1
paralle! relation between the shelet il surface wd
perpendicul it w s remarhably lower than the theo-
retic one for these thin bone walls

Discussion

Comments on the methods The e insenbed
wathin the contours of the ¢ 1l (T ible 1rc nnot b
wimply trminsformed to length dimensions The
change of shipe of the can W1 interferes with the
dimensons of the wditory el s they can be
perceived in for ex imple postera antenot proyec
tions Fven if the me surements of the treis 3

Table 3

Welth fthe tvm pansc b e an the anteri £ w Mfthear 1t naond

Layer Wdth (mm)
T group Femules Aafes
[ s Range [ 5 Range < A Rarge
a¢
Lareral tso oa 01188 1 pee 0w M tw o 0et O;L‘ X
Centr | 19 ov 0 hti0 14 PRI WP o [ L
XS
e it [ 0s 01 4 1. 0 LA pre 0l
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Fig 4 Different shapes of the bony auditory canal present in the
ame specimen The angulation of the long drameter of the bony
Wditory canal 5 gradually changing to descnbe a screw hke
Gnal The sections could be corretated according to the scheme

Fig 5

wlentical 1n the three observed layers the canal my
Seem to be cone shaped (Table 2)

The sagittal layers may randomly be at right an
gles to the long axis of the bony auditory canal but
imost always a small deviation exists from this an
gle which s the optimum one as concems reproduc
ton 1n the tomographic image  The ange relation can
4550 vary within an individual canal depending on its
Curvature  Should actual angle deviation be great
this will affect the geometry of the projected bony
auditory canal 1e the round one 1s reproduced
%ith oval form Angle deviations should be taken
No account when cvaluating the arenl relations

able 1

Sagittal levels of

Microradiography 2 5 27 29 31
the images (mm)

9
Tomography 253 273 293

Fig S Change of the shape and angulation of the long diameter of
the bony auditory canal Correlation scheme

Sagittal levels of Microradiography %S 77 31
the images (mm)  Tomography 6 %8 30

The bony wall separating the auditory canal and
the jomnt wis mensured in the thinnest part of a
central third accordmg to the system demonstrated
in Fig 2b It proved in some specimens to be dif
ficult to decide a representative measurement dis
tance The reason for this may be illustrated by Fig
5a where the bony wall has an extremely thin part in
the superior fusion However this part cannot be
representative for the thickness of the wall as a
whole Therefore 1 fixed calculion system was
preferred

Comntents on the radwgraphic evaluation Do
spite 1 norm1l skeletd! nd soft tissue morphology
the tomogriphe 1ime may demonstrate blurred



f 8

Eig 6 Marginal blur by the y
changing shape diameter and angulation of the bony auditory
canal  Correlation scheme

N

fig 7

contours gencrated by a1oo great angle between the
surfice of the skeletal part and a perpendicular to
the tomographic table In the present senes severl
morphologic explanations to a blurred depiction of
sheletal contours of the auditory canal existed Cer
tun auditory canals revealed considerable calibre
changes within short layer distances sometimes
i by a shight bending of the o

canal The demonstrated continuous change of the
geometry of the canalin the laterad view was also an
essental factor A specral case was the screwhihe
cnils where the blurred sector of the auditory canal
desenbed a gradual change of position which thus
had a simple morphologic explanation A positional
change at a new tomographic exposure will give a
slight change in the uppearinces of blurred contours
depending on the new tangential relations

The thickness of the tympanic bone differed con

wderably which was demonstrated by the ringe

1
supp

Microradiography 23 6 %7 % W0

Sagital levels of

the images (mm} » w6 80

Tomography

Fig 7 Chnical case with longstanding pain from the joint -In(j
ear a) Tomographic image from the snitial cummamna\u o
a possible osseous Jesion b ¢} Repeat tomography Th‘m:z\
angle refation optimized as regards the tympan bone T I‘hmr
sntact the fant pnmary demarcation was duc lo a very thin

wall and too wide angulation

021 to 4 10 (mm) The nterphy between dimen
sionnl factors and angulations m contour creating 10
tomographic 1mages  systematically desenbed by
vON REISNER was observed also i this nvestg
tion An angle deviation of the thin walls was as
sociated with strongly blurred contours or evén a
false 1mage a discontinusty in the depiction of the
sheletal demnrcation of the wditory canil x:mula‘l‘
1ng a sheletal defect (CCRFRDAL 1973 rcumn;h
AHLQVIST) This 1s further sttustrated 1 g 7 The
patient was examned because of long term ch‘cu;lc
pain from the ear and the lcmporomamhbul:uoxh
The vahdity of the image of a sheletal defect in ¢ ;’
Primary imge sequence wuas tested by an lrn.xg; I:;m
changed angulation and by 4 compinson mlf ol
contra Liter1l 1wditory ¢l The contour @
tympanic bone was reproduced i the second :;c
quence The tympanic bone eon the contro! ‘!
prosed to be thicker which also ws 3 drignostt
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bl It 1s not known from the Iiteriture to what
wint 2 sheletal asymmetry n this region must be
agected The explanations mentioned of total or
Bt Bluming of sheletal contours have had ske
ki morphologic explanations as well as positio

1 An essential question ts how to differentiate an
rage with incomplete skeletal demarcations de
rading on a pathologic process of the bone from
tse where the explanation wiil be morphologic or
tuuonal In an early phase of a pathologic process
Iehaps only characterized by a broken cortical sur
b it 1s not always possible to make a simple and
Wit differcntial diagnosts based on tomography
Ts may seem to be confusing The ordinary opm
mabout the high tomographic efficiency 1s based
@eesults from investigations which are concermed
Wt the tomographic reproduction of details (VON
¥NER ECKERDAL 1973) However the objects of
®se mvestigations are often well circumscribed
od defined defects even located on other mor
thifogic entties The character of these defects of
tn differs from that of pnmary cortical osseous
defects of inflammatory or tumorous ongm This
atexplams why the capacity of detadl reproduction
Snot an indisputable parameter in estimating the
ficiency of tomography i reproducing early
#ihologic non penetrating processes in the tym
pauc bone Differential diagnostic problems may be
sed by anatomic defects (ECKERDAL et coll ) and
0 particular possible asymmetry between the two
sides It1s of clinical mnterest to achieve a compara
ble positiorung of the patient on the tomographic
e 1n order to avoud false evaluation

The perception of the contours of thin skeletal
yWants may be influenced by attenuation generated by
aldinonal soft tissues of mflammatory or tumorous
Otigin Already blurred contours are naturally most
| #t to be further extinguished The limit of repro
Gucton may even be exceeded This could seem to
"B opposed to the findings of VON REISNER He con
tladed that the reproduction n tomographic 1mages
, %small skeletal defects in bony partiions was not
‘ dfected by the presence or absence of soft issue m

& mmediately around the actual defect But he
Made some dd

p that

431

the bony partitions were not too thin the defects
Jarger than 4 mm and the reproducible conditions 1n
other respects favourable

SUMMARY

The external bony auditory canal 1s morphologically
defined as concerns the shape and calibre in successive
plane parallel histologi sections of the petrous bone The
sagtal di and of the tym
panic bone art. demonstrated The morphologic properties
defined constitute a basis for the evaluation of the tomo-
graphic image formauon in this region
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