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TRANSUTERINE PHLEBOGRAPHY WITH
PARTICULAR REFERENCE TO PELVIC VARICOSITIES

by

N Cuwexet and b O Eprusou

The present report 1s complementary to other publications (AnLeerg,
BarTLEY & CHIDEREL 1963 1965 a b 1966 AuLBERG BARTLEY CHIDEREL
& ¥rimjorsson 1966, and Cmipexer to be publ) Crupeser, at selectne
phlebogephy of the left renal e has demonstrated that the enure left
ovarian sein and some of the pelvic veins were contrast filled 1 a retrograde
direction 1 one group of women (I) while m another group (II) the ovamnan
vein was only partatly filled The evanan veins in the patients of group 1 were
signtficintly wider 1n comparison to those of group 1T In only ane patient of
group 1I could the visceral pehvic veins be observed therr demonstration bemng
due to the selective placing of the tip of the catheter caudal to a pair of
competent \alves an the ovanan vein The peluie veins in this patient were
smaller than in the majority of the patients i group I It was therefore con
sidered to be of interest to perform transuterine phlebography and to compare
the pattents of groups I and II with respect to the utenne vemns and the
direction of contrast flow i the ovanian veins

Transutenine phlebography has been described by e g Guiugy et coll
From Roeatgen Department I (Director Docent O RBartley) and the Deparsment of

Obstetrics and Gynaceology ¥ (Diector Prof S Brody) Sahlgrenska Syukhuset Gothenburg
Sweden Submitted for publication 23 \ay (966

V04 tt Red Ig Dug ut ! 711958



VI LIST OF SUPPLEMENTS TO ACTA RADIQLOGICA

271 LrNA TARkiatven T ! vein me: fudography — A techmical,
and clinical study 1967 Price Sw hr 35

272 Avran Lunperquist Artenal segmental supply of the Iner — An angrographic study
1967 Price Sw Kr 35

273 Bt Setara, Max SwRALA Orto NyissoneN and ERVA TARKMAINEN Quantitatnye
three dimensional scintillography of the stomach with technettum (99mTc) 1967 Price
Su Ar 30

274 Per Bercsjo Radiation induced early changes in size and vasculanty of cervical car
cinoma — A colpophotographic and clinical study 1968 Price Su Ar 35

275 Sunr Lricson The parotid gland in subjects with and without rheumatod arthnus
1968 Price Su Ar 40

276 Rorr Jensen  Anterior teeth relationship and speech — Studies using cincradiography
synchromzed with speech recording 1968 Price Su Ar 35

277 Syr¥ Anteien Osteoarthrosis of the hnee — A radiographic investigation 1968
Price Su Ar 35

278 IR{~r Sjocrry Kjrst Brrostrow and Hervan Lonny Pchoencephalography manfts
and children Companson with cercbral pnenmography i measunng sentricular size 1968
Price Su Ar 35

279 BremiL Jarpimn  Radintion induced assmmetry and lymphoma of thymus mn muce
1968 Price Su kr 35

280 Ernki M Laasovey Informauon transnussion in roentgen dingnosuc chams — I'xpent
mental and clinical studies 1968 Trice Su Fr o5

281 Raswus Stinstrov  Arthrography of the knee jont in children — Rocntgenologic
anatomy diagnosis and the use of multiple discriminant analysis 1968 Price Su Ar 35

282 harL Kartsteor Cucinoma of the utersne corpus — Factors bearing on the curability
1968 Price S Ar 35




TRA SUTERINE PHLEBOGRAPHY I\ PELV 1C VARILOSITIES <

Fig 1 Groupl Caseb erect at5secafter
ngection of th ¢ contrast med ura The verns
f Ahe ovat an and uterine plexusesa e wide
bilaterally the neht ovarian ven 15 con
trast filled bus not the left one

\lethods The pauients were premedicated with promethazine chlonde and
pettudine chitoride and placed m the hthotomy positton on a iting 1able o
anesthesta was employed The vagma was desinfected with 01 %) ben.alho
ntum solunon and the cerux grasped with forceps the uterus was probed and
the cervical canal cilated f necessars 10 Hegar 6 Hasuen s mstrument was
employed A wis remosed from the cannulas and the metal holder was
placed under momtor sereen control 1nto the utenme fundws The cannulas
had previously been adjusted to project for 2 maximum of about 4 mm beyond
the tip of the metal holder They were mserted wmto the oyometnum and thewr
foswion wis manutar screen controlled by the ngection of 4 ml Utragrafin

59 app tely 150 11 hyal fase dissolved 1n 4 ml NaCl 09 %
solution were then deposited m the myometrtum A total of 20 ml of the
contrast medium was 1njected within the course of about 5 sec wath the patient
supine  The imjection was performed wath the a1d of a pntol type handle
attached to two syringes Three exposures were made  the first at the end of
the inection 1nd the others 10 and 60 sec later In al) patients except one
{group 1) the examination was repeated with the subject almost erect (leaning
bckh 10 to20 the patient not examined erect was supme with the head end
13 below the honzontal when the second yection was performed The dia
meter of the uterne veins that were contrast filled 1t the evect position was
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(1951), ToporLansar StErRA (1958), WEGRY~N & HARRON (1960), Scnusster &
Hemes (1963), PaLt et coll (1963) «nd Bunr & LEFLVRE (196%) The first
mentioned mestigators placed a cinnulh in the myometrum of the uterus
nd myected the contrast medium with 1 ordmary syringe This technique
very often results in srregular, asymmetric contrast filling of the visceral pelvic
veins, the uterus 1s moreover ensily perforated Tor these reasons the technique
has been modificd by other mvestigators Scuusster & HEemen constructed
an nstrument with four cannulas in 2 metal holder which 1s inserted nto the
uterme cavity, the cannulis then bemg placed n the myometrium At the
desired depth Hamuex (1965) made 2 sinular instrument wath two cannuls

The most 1mportint mdication for transutcrine  phlebography has been
suspected pelvic varicosities Some authors (ToroLanswkt SIERRA, Pavr et
coll) have stated that this diagnosis can be mnde on the basis of wide nd
convoluted veins belonging to the ovarian and uterovagnal plexuses in con
Junction with 4 delhyed disappearance of the contrist medirm None of the
aforementioned mvestigators, however, has defined the width of the vems
normal ¢ases, and they present conflicting informtion on the disappearince
time’ of the contrast medium PALt et coll reported that the disappearince
timc’ mav be as great s 3 min 1 normAl cases, winle ToroLanskt SIERRA
gve a maximum figure of 20 scc On the other hand, the latter author suggest
cd that i certan cases of varicose sems the ‘disappenrance time’ mny be nor
mal Thus, no umform roentgenologic criterin for the dingnosis of pehic
varicostties by means of transuterne phlcbogriphy cin be found n the
hterature

Materal A random choice of 17 patients, 9 from group I and 8 from group
11, was made from the 75 pauents who were miestigated with left sided
renal phlebography (Cripeker) The nterval between the two examinations
ws on the werage 12 months All of the patients were 1 the fertile years,
the mean 1ge was 36 years (range 25 to 45 years) Nonc were pregnant during
the mteral between the exammations All of the patients belonging to group 1
and four of group II had one or more symptoms associated with pelvic
varicosities (pamn or ‘heaviness 1n the pelvis, particularly after prolonged
standing, sccondary dysmenorrhea, and deep dysparcuma) Four patients in
group I and three 1n group ITwere mn the first hnlf of the menstrual cycle while
the others n both groups with the exception of one were 1 the second half
This patient, belonging to group II, had meno metrorrhagia, and the cyche
phase could therefore not be estrblished The mam diagnosis before the roent
gen wunestigation was dolores abdommis m 15 of the patients menorrhagia
mn one (group I) and m the remaining patient (group 1I) meno metrorrhagn
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Table feont }

Right utenne suns Contrast filling
R ————— —
Numbet Aver dam {mm) Ovanan plexus Ovaranven
e ————
e ———
tt 1z 8 17 Lefc Right  Left Rght
i 1 5 4 + + + +
' 3 4 53 + + - “
1 1 ? e — + -— ~
1 1 0 5 - + — N
0 o A+ * - ~
3 3 50 50 + + — «
1 1 7 7 + + - +
4 2 50 53 + + — .
2 1 40 4 + + + o
o 0 + -+ 4+ -~
t ¢ 3 3 + + + +
» 1 30 3 + s + -~
2 3 20 2 + 4 <+ .
? 4 20 35 + + + -+
2 ' 33 4 ~ + - -
! 0 3 + - - +
.

The 1gtt ovarsan vem illed after vepont ong of the night cannufa

Results

Patuents examined erect. The uterme plexus in a1} the panents w s bilaterally
contrast filled (Figs 1 and 2) In the Table the contrast filling of the ovanan
plexuses and of the ovanan temns up to the letel af L3 for each nanent
The numbers of uterme vemns and the awerage dameters as noted by the
o mmestzators as well as the diameter of the left ovanan vemn at renal
phlebography are also recorded The last mentioned figures were taken from
another ivesugation (CHIDEMEL to be publ} Only those utenine vemns that
were sufficiently contrast filled for purposes of identification and measurement
were included

The vanation 1n width of the uterine sems 11 a single patient was not more
than 1 mm as recorded by i estigator 1, winle s estigator 2 noted vanations
of 3 mm wn two panents and maimally ) mm 12 the others The mean yalues
obtuned by mvestigator 1 for the diameter of the wtenoe vens were 53 mm
18% =073) mgroupland 3 0 men (§* = 0 55} w group 1 The corresponding

\lues for intestigator 2 were 5 6 mm (82 == 1 22) mgroup Land 3 Loam ($t =
119 1n group 11
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Table

Roentgenologie findings at transutertne phlcbography with patients examtned erect — lhe ulerine veins
were qudged by two meesityators designated as 1 1 and T 2 1 the respectie columns

Duameter (in mm) of Left uterine vens
left ovariin vein at

Group  Case renal phlebography Number Aver diam {mm)
It 1z 11 12

1 ¥ 3 3 53 50
2 6 2 1 40 5
3 7 1 ! 7 8

I 4 8 ! I 6 5
5 9 3 3 w3 63
6 1 2 2 w0 50
7 12 ] ]
8 iz 3 3 -0 57
9 2 1 2 3 20
10 2 2 3 35 37
11 2 1 1 3 3
12 3 i 3 2 20

i 13 4 2 1 20 i
14 4 2 1 30 K
15 4 3 3 37 47
16 a 2 0 25

measured to the ncarest nniimetre 1 em above the level of the cranid part of
the acertbulum where these vemns course vernelly The measurements were
made dwcetly from the fitms by two different 1vesugitors  CutDEREL (in
vestigtor 1) and nother roentgenologist (1m estigitor 2) The Iatter did not
know the grouping of the various patients

The width of the metal holder was 58 mm but its image on the films was
1n every mstance 8 mm The enlirgement factor for the central ray was there
fore 1 4 1t the level of the uterine cnvity No correction for enlrgement has
however been made, direct measurements from the films were cmployed
All the pauents recened 150 mg pemaillin (potwssium a plenoxy propyl
penscilln) per os 3 mes on the examintion day and on the following two
days
Perforation of the uterus occurred m three patients {on€ 1n group I nd two
1 group 1) when the eximmations were performed 1 the erect position, the
contrast medium passed mto the peratoneal cuvity No ncrease in temperature
or other reacttons occurred m cither these or the other patients imestgated
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“The table reveals that antegrade flow m the left ovanan vemn n group I was
observed only 10 the two patents with the smallest ovanan vemn diameters
“The dameter of the ovarian veins was 2 mm or 3 mm m four patients of group
11 1 all of these and in two patients with a diameter of 4 mm the ovanan
vems were contrast filled 1n an antegrade direction (Fig 2) The remaining
two patients without antegrade flow were among those having the widest ova
nan veinsn group 11 1¢ 4 mm and 5 mm  respectively

Comparsson of the frequencies of contrast filling of the nght and left ovanan
vens disclosed a sigmificant difference between the two sides The right ovanan
vein was filled ymually 1n 15 of 16 pauents or in 93 7 %, The correspondmg
figures for the left ovanan vemn were eight out of 16 patients or 50 % (u =
275) The left ovanan vein was filled 1n two out of 8 patients (25 %) of
group 1 and 1n sx of 8 (75 95) of group IT Tius difference 13 also significant

— 200
( The \cu?\s 1 the left parametnium tn Case 11 (Fig 3) were cisplaced around
a crcular region about 5 cm in drameter probably due to an expansive pro
cess Venfication at chimcal examination and laparoscopy was not possible
because of acdiposity  Operation has not been performed

Pattents examned supne The uternine plexus was contrast filled bilaterally
1 all the pauents The vens of the vesical plexus were filled 1n 3 patients of
group Il one bilaterally and two only on the left ssde Nonc of the other
pattents from the two groups had any contrast filling of the vesical plexus The
right ovanan vein was ohsenved 1 all patients up to the level of L5 while
the left ovanan vemn was contrast filled to the same level 1 four patients of
group I (in two of them the contrast filling was noted also when erect) and
i the six patents from group II in whom the veins had been filled 1n the
crect posttion Only the nght ovanan vein was demonstrated at the recumbent
examination tn the one patient in group I who was not mvestigated erect, while
the left ovanan vein was also filled at the second nyection of the patient with
the head end tilted 15 below the horizontal plane (Fig 4)

The contrast medium remained in the visceral pelvic veins for at least 60
sec after the myection tn all the patents irrespectsse of posture No attempt
to estimate the disappearance time was made 1n this iy estigation

Discussion

The first problem to be considered was whether or not there was an
sigmficant difference 1n the width of the wtenne e y
groups I and I The diameter of the uterine verns at
graphs could be measured 1n 60 ©

s between panents of
left ssded renal phieho
o of cases in group 1, but measurement m
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Fig 2 Croup !l Casc 13 ercct at 10 sec after Tig 3 Group II Case 1] erect at 5 sec after
jection of the contrast medium The veins of injection of the contrast medium Narrow pehac
the ovanan and uterine plexuses are narrow  visceral veins those on the left side beng dis
both ovaran veins are filled placed probably by an expansive process

The differences mn dinmeter between the groups, according to the two
mvestigators are hughly sigmficant (t = 1241 and 7 19, respectnely) The
vestenl plexus was bilaterally contrast filled m 6 patients of each group 1¢
in 12 of the 16 patients, neither side was outhned 1n one patient of group I
and only the left side 1 the remuning three patients In all instances except
one the dinmeter of the vesical veins varied from the uterine vens by no more
than 2 mm The cxception comprised 1 patient of group II m whom two
vems of the vesical plexus on the left side were 10 mm wide while the vesical
vems on the night side were no wider than 2 mm  the Intter value was about
the same s that noted for the uterine vemns bilaterally

With the technique employed, the contrast filing of the ovarin vens
could be csimated only up to the upper surfxce of I5 The right ovarn
vemn was 1n all cases filled At least to this lesel n one patient however only
after changing the posttion of the cannuln n the right part of the myometrium
The left ovaran vem was filled to the sxme level 1 two pitients of group 1
(Cases 1 and 2) and 1n six patients of group II (all except Cnses 15 and 16)
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de direction although the contrast medium has a Iigher specific gravity than
blood The passage of the contrast medium through the ovanan veins occurred
within a few seconds with hoth techmques, and these findings clearly sndicate
that the direction of flow of the contrast medium 15 the same as that of blood
The results of the 1ny estigations with selectn e Tenal and transutenine phleho
graphy 1mply that a relationship exists between the direction of flow 1n the
Jeft ovanan vemn, the width of this vessel and the width of the uterine vemns
When there 15 retrograde flow 10 the ovanan vein this vein and the uterine
vemns are significantly wider than n cases with no retrograde flow A de
tailed analsis of the results mdicates that there are two categores of pa
tients wath contrasting roentgenologic findings In one of them the contrast
medium passed 1 a retrograde direction through wide (> 6 mm) oiartan
aeins these patients also had wade (> 4 mm) utenne vems These raentgena
logic findings are proposed as diagnostic critena of pehic vancosiies The
other category conssts of pattents mn whom no retrograde flow was demonstrat
ed, the ovanan and uterine vems were not wider than 4 mm or 5 mm re
spectinely With these patients there was no roentgenologic basis for the
diagnosss of peluic vancosities It has been maintamed m the hterature that
the so called pelic o syndrome rep a prel y stage of
pelsic varcosities It scems reasonable to as ume that pelvic vanicosities develop
gradually If this 1s true there should be cases 1n the present matenal which
from the roentgenologte viewpornt could be placed mrdway between the two
aforementioned well defined categorses There were mn fact four borderline
cases In two pauents retrograde as well as antegrade direction of flow was
demonstrated through ovanan vemns that were respectinvely ¢ mm and 6 mm
wide the maamum width of the uterine vens was 6 mm i these pauents
In two patients nesther retrograde nor antegrade flow could be demonstrated
these patients were among those without retrograde flow who had the widest
ovaran veins (4 mm and 5 mm) and 1n whom the uterine veins were 2 mm
105 mm wide 1tss probable that 1n these four instances there was a very small
pressure gradient or none at all at the onfice of the ovanan vein That a
minor change in the pressure gradient can change the direction of contrast
flow was shown 1 Case 17 which was examned, ouly supmie The left ovanan

vewn was filled when the head end was 15 below the honzontal but not when
the pauent was lying honzontal

Tarlier investigators who have used the transuterine techmque for estimating
the presence of pehic varncosties have not touched upon the direction of
flow of the contrist medium 1n the ovanan vewns and ne hmut for the normal
width of the pelvic veins has been suggested The so-called disappearanc

vme of the contrast medium has been employed as indicator ofpclncp\ ancm\c
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g 4 Croup I Case 17 supine at 5 sec after myection of the contrast
medium 1) The ovanan and uterine venous plexuses are wide bilaterally

no contrast filling of the left ovaran vein with pauent honizontal b) With
head end 15 below the horizontal both ovarian veins are filled

group II was not possible because of only partnl retrograde contrast filling
of the ovarin vein Comparison of the widths of the uterine vemns, measured
at rennl and transutenine phicbogriphy, disclosed no differences greater than
1 mm Cmpcker has pointed out that 4 relrtionship s regards width existed
m group I between the ovariin and uterme veins The dinmeter of the uterine
vaws could be determined for group II with the transuterme techmque The
width of the uterine vemns varied between 4 mm ind 9 mm 1 group I nd
bewscen 2 mm nd 5 mm 1in group 11 The difference between the groups was
sigmficant Thus, differences 1n width of the uterine s well s the ovarn
vens cxst between groups I and 1T

A further problem was whether or not the direction of flow of the contrast
medum was the same as that of blood By defimtion for group I, the Ift ovann
vemn wis entirely filled 1n A retrograde direction by contrast medium injected
nto the renal vemn with the patient ercct. When the contrast medium was in
jected 1nto the uterus, 1 statistically significant m-yority of patients n group I,
s opposed to group I,had contrast filling of the left ovaran vein m an antegrt
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SUMMARY

Transutenne phitbography was carried out i 17 panents supios and also in the erect
position m 16 of them The widih of 1he ntenne vems was cortpated 1n subjects with and
without setrograde flow in the left ovanan vemn A companison bewween left-nded renal phlebo-
graphy #nd transuterine phlebography indicated that the former method may be preferable
for establishing a diagnosis of pelvic sancosities

ZUSAMMENFASSUNG

Transuterme Phlebographie wurde 2n 17 Lieg nden Paenten ausyefubst yon denen 16
auch stehend untersucht wirden Ein \erglesch zwischen der Wente der S epen n Fallen
e und ohne Ruckfluss in der linken Ovamalvene deutete darauf fun dass haksesiee

renate Fh der Phleb: hie fur die Diagnose svon Pecken
varizen sorzuzichen st

RESUME

Le3 auseurs ont pratiqué uns phléhograph décyb

p en chez 17 fernrmes
dont 16 ont auss: #1¢ examenées debout Its ont compart le diametre des veines mrénnes dans

fes cas avec et sans reflux dans la veine ovanenne gauche La comparaison entre Jos ré
suliats de Ia phicbographie rénale gauche et de Ja phlébographue transuténine smdique que
fa phléboyraphse renale sart g ble pour la rech

he de vartees pels
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ties The present authors have not examimed the htter factor m detul but it
was noted that the contrast medium ahways persisted for at least 60 sec after
the start of the imection whether the paticnts were supine or erect As opposed
to Tororanset Sterra, the present authors could not with the ‘disap
pearance time’ differentinte between pauents with and without pelic van
cosities Patr et coll gave the normal ‘disappearance time’ as being not above
3 min Whether or not this figurc 1s correct cannot be decrded from this
1 estigation, exposures were not made later than at 60 sec 1n order to limit
the gonndal dosages

If the transuterine techmque 1s to be employed for diagnosis of pelic
varicosities, the results suggest that 1 more relinble basis for estimation will be
obtuned if the examnation 15 carried out with the patient erect and attention
pud to the direction of flow 1n the ov r1an veins and the width of the uterine
vems instead of to the ‘disappearance time  The direction of flow 1n the oy arn
vem 1s probably esumated better at selective renal phlebogriphy than 1t
transuterine phlebography, since with the Intter method the fulure of antegrade
flow may be duc to unsatisfictory positioning of the cainnuttin the myometnum

It therefore may be stated that the dignosis of pelyie varicostties will
usully be more reliable with selective renal phlebography than with transute
rine phlebography The former mcthod has been employed mn 75 fomales with
out complications, while uterns perforiion occurred 1n three of 17 patients
myestignted with the trasuterine techmgue S0 even from the point of view
of comphcations selective renal phlebography would scem to constitute the
techmque to be preferred The examnation should be performed with the
prtient erect The region to be radiographed should extend from the renal vern
to the level of SI When 1n ovarian vein > 6 mm wide s contrast filfed m
retrograde direction, pelvic varicosities probably exist Further examination is
then unneeessary, ind the ovaries need not be cxposed to drrect radittion
When retrograde flow occurs 1n 2 narrower ovariin ven the examination may
be extended to include the uterine vens If 1t left sided renal phicbography 1
retrogride direction of flow cannot be demonstrated mn the ovinan ven, but
pelvic varicosities are still strongly suspected, right sided renal phlebography
or transuterme phlebogriphy may be the method of choice

Pelvic v aricostties probably occur secondary e g to obstruction of flow m the
pelvic veins caused by expansive processes compressing the lwrger drunage
vems Ifretrograde flow 1n the left ovarian vein does not occur simultaneously,
the pelvic varicosities cannot be diagnosed by means of left sided rennl phiebo-
graphy Under such circumstnces other methods, m iddition to transuterine
phlebography, with simultincous compression of the inferior venn cava, may
be of value



¥ROM THE DEPARTMENT OF DIACAOSTIL RADIOLOGY (D\REU\'OR TLE RUDHE)
THE CHILDREN 5 CLINKC KARDLINSKA SJURHUSET, STOCKHOLM SWEDEN

UPPER URINARY TRACT DUPLICATION ASSOCIATED
WITH ECTOPIC URETEROCELE IN CHILDHOOD
AND INFANCY

by

Erse Lunons and WEesster Riges

Ectopic ureteroceles usually occur in the female infant and are, with few
exceptions associated with ipsilateral complete upper urnary tract duplica
tion The urcter that bears the ectopic ureterocele almost always drams 3
dilated upper renal pehvocalyceal system often not demonstrated at urography

Great vanety exists in the appearance of the pehocalveeal systems 1n ths
disorder  Parucular deformuttes of the lower system have been considered
typie) of changes secondary 1o ectopic vreteroceles These abnormahtres have
been i estigated i detarl 1o determine the causatine wmechamsm The mam
reasons for the mestigation were

I To determine to what extent the distortion of the lower system may be
caused by dlatation of the upper system and to what extent a preformed
morphologic structural abnormahty exs ts

2 \s the uretcrocele 15 occasionally 1 the nudline to determune which
upper (et af amy s duphicated

3 As the lower pelvocalyceal system 1s usually not defingtely deficient
Submitted for publicavon 23 November 1966
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Fig 1 Schemate illustration of the typ cal
appearance of 3 kudney with a dilated and
non filled ugper pelis The upper pole 18
somew hat large and ndistinetly outhned The
Ietter A ind ates the renal length B the
distance from the upper pole to the most
cephalad of the contrast filled calyces and
 the pedcle calyx dstance - In caset
with duphcated upper uninary tract therat o
AfB 18 lesy than 26 1 {accord ng to NiLsson
1962) In normal cases without duphication
the rati> Afl 18 more than 33 1

T Thirty one cases of duphcation with non functionng or only a slightly
functioning upper renal system  assocated with ectopic ureterocele

11 Thirty one cases of complete duphcation without ureterocele m which
both systems functioned normally

111 Esghteen of the group I cases m which the ureterocele hxd been un
roofed and obstruction more or Jess relseved permutting a postoperauye stady
of the lower system

The cases were reviened with special attention to the lower pole system
but the anatomy of the entire kidney was also studied Frontal fateraland ob
lique views were obtamed at urography and voiding urethrocystography while
the tapograpluc relationships were studted supine without usetesal compression
Aost of the postoperative cases were exammed more than once 3o that the
regression of changes after subsidence of dilatation 1nfection and edema could
be evaluated

Differences betw cen the tabulated findngs in groups T and 1Y were interpret-
ed as bang due to dilatation and mfection of the unfilled upper system

Constant similanuties betw een these groups were thought to represent preformed
changes independent of dilwation and infection

Results
Group I conusted of twenty eight girls and three bays, the youngest of
which was two months and the oldest eleven years Two-thirds of the cases
were under three years approximately half the number of cases had bilateral
unnary duplicauon and fso cases had lalateral ureteroceles The anatomy

of the adney indluding the lower renal pel
pehas as well as th
was carefully analysed i thas group © lower urcter
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Table 1

Roenlgen findings tn examunation of the kidney 1n 62 cases dirded mto tieo groups each one comprising 31
cases of duplication

Group I — Group IT —
Non filling of Both systems
upper system normnlly functioning
Indistinct upper pole 13 8
Renal length more than mean (Hobsox ct coll
and Bactipassarian CATEwOOD et coll ) 26 27

Renal length/distance upper pole to upper
calyx of lower pelus less thin 26 1 (Nisson) 2
Abnormnl shape 9
Displacement along transverse axis 3 —
1
3

S
[
3

Rotation about sagittal axis
Rotation about transverse axis
Table 2

Roentgen findings 1n examnation of the lower peliocalyceal system 1n 62 cases durded into tuo groups each
one comprising 31 cases of duplication

Group I — Group 11 —
Non filling of Both systems
upper system normally functioning
Pediclejealyx distance ratio more than 15 1 12 (out of 16) 11 (out of 20)
I ateral displacement of pelvic ampulla and
pelvo uretenc yunction 18 !
Flat cephalad outhine of peluis 15 2
Lateral deviation of cephalad munor calyces 25 1
Short cephalad major cnlyx 206 27
Lower pelvis deficient 1n size andfor number of
calyces 10 15

calyces, and the upper renal pole 1s often indisunctly outlined, the lower
system mAay be mustikenly interpreted as the complete system

4 The abnormal appearances of the lower system are oceasionally mistahen
for neoplnstic changes in the upper pole of the hidney

Methods We have approached the analysis by comparing the deformed,

lower system with that of a normally functioning, duphcte kidney, in which
both the upper and lower systems werc outlined Three groups have been

studied



UPPER LRINARY TRACT DUPLICATION IN CHILDHOOR 17

Fig 3 Same case 2330 By 2 o unnaryin
f cuons after unroofing of the ureterotele
Sodng urethrocystography 4 years after
speration a) Complete reflux Al ng of a wide
ectopic ureter and pelvis no urinary iafect ons
after unroofing of the uretc occle b) The
eetopic reter empiies m(a the upper part of
the urethea

wndicatne of duphcation and a non functionmmg upper pole (Fig 1} In 29 of
our cascs this rit10 was less than 26 1 In normal cases without duplication
the ratto 1 more than 33 1

An unusual shape often caused by an enlarged upper pole was noted 1in
9 cuses

In na case sw $ 1y obvrous displacement of the hidney along ns longitudimal
aws observed Displacement along the trans erse axis 1 a lateral direction was
evident m 3 chses and 2l these the didatation of the upper renal pelvis
W s eureme

Litle ugmficimt rotaton of the bidney about 1ts atis was apparent Lateral
views disclosed rotation of the lower pact of the kidney antessosly about the

trunsierse axes 1n only 3 cases 1n most of the athers the wpper system lay
directly cephaltd to the lower

The louer prlvocalyceal yystem (see Table 2) \easurements between certan
defineable potnts and apprassement of some detasds 1 the pehus are given 1n
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Fig 2 Case representing an 8 month old girl
with recurrent urtnary infections a) Uro-
graphy Lcft upper pole large and indistinct
the contrast filled pelvs is small has few
calyces 1s markedly deformed and laterally
displaced  increased pedicle calyx distanee
and Interal deviation of upper calyces no
calyx points medially The upper outhne of
the ampull1 1s 11t no upper pelus outlned
(On the Icft sde the urograms famtly
outlined an ectopic ureteroecle ) b) Stll no
excretion to upper pehus 6 months afler
unroofing of the ureterocele lower pelvis less
displaced and no flatteming of the upper
outhne of the pelvis ¢} Further change
towards normal appearance 4 years after
operation  especially with respect to  the
deviation of the upper cilyces See lofig 3

The Aidney (sce Table 1) Al of the parameters of the kidney e dependent
upon demonstrating the renal contours These re often indistinct due to
flammatory reaction and/or normally scant penirenal fat Superimposed n
testin1l g1s may also mnke 1t difficult to observe the outhne Measurements
were made m many cases mn group 1 by estimiting the upper pole outline
after examiming subsequent studres

RenAl length was compared with norm1! childhood standards for each 1ge
s devised by Hopson, DREwE, harn & kive (1962), ind recently corrobo
rated by BAGIDASSARIAN GATEW0OD GLASSER & VANnoUTTE (1965) Twenty
six of 31 cases exceeded the mein value, with five exceeding one stindard
deviation

The length of the upper pole was constdercd 1n relation to the entire renal
length NiLssow (1962) stated that swhen the ratio renal lengthidistance from
upper pole to most cephalad of contrast filled calyces 15 less than 261 ths 15 haghly
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¥ig } 8) Urographv The ampulla of the
1 wer pel 15 of the £ ght kidney 18 displaced
Jaterally but the upp 1 outl ne 1s not flat the
upper major calyx 1s short and the upper
calyces deviate Jaterally b) Uretbrorysto-
graphy before op ration  Reflux to both
renal pel es on right 1 _the upper pelyus 1

amalt and m d ally placed 15 urcter 1s wide ) [ d
and toTiuous RN, A - o

at 1hout forty degrees {Figs 2 and 4) The ccphalad major caly was unusually
short 1n 20 cnses {Fig 4) and the lower pelvis appeared deficient in size and
number of calices 1 10 cases (Fiz 2) The deformuty of the lower pelvis was

assocrited with chinge in posstion and shape of the kidney only 1 extreme
cases

Lrelers isee Table 3) No typical pattern of distortion or displacement of the
normlly inserted (orthotopic) urcter was pparent The tortuostty and
ditatation of the adjacent ectopic ureter htd a vanable effect on uts orthotopic
compamon causing medial displacement 10 6 cases and Jateral displacement
w another 6 cases The most common effect was Jateral displacement of the
cephtad part of the ureter at the pelso-uretente junction (Fig 3) Dilatation
of the orthotopic ureter and pelvis was evident in 7 cses

Reflux mto the ectopic ureter occurred relatnely often 1 preoperatne
soubing urethrocystograms (11 out of 2 cases) (Fig 4) Reflux i some of the
cases was thought to be 112 1 communication with the bladder from sponta

neous rupture of the ureterocele Reflux into the orthotopic ureter occurred 1n
9 out of 23 cases
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Table 3

Rornigen findings sn examunation of the ipsilateral ureters in 31 cases of duplication with unfilled upper
system (group I)

Number of cases

Medial displacement of orthotopic ureter 6
Iateral displacement of orthotopic ureter [
Dilatation of orthotopic ureter and pelus 7
Reflux into eciopic urcter 11 {out of 22)
Reflux into orthotoptc urcter 9 (out of 25)
Blurred psots muscle 5
Table 4
Roenigen findings i examnation of the lower pel ocalseeal 9stem after unvoofing of the ureterotele m 18
cases

Number of c1ses Crscs abnormal on preoperatne

normal an cxamination
preoperatine
examin1tion Number of cases  Number of cases
with no change with improvenient
after aperation after operttion
Pediclefealyx distance ratio — 6 12
Lateral displacement of peluic
Ampulis wnd pehvo uretenc
Junciton 3 6 9
Flat cephalrd outhine of pelvis 9 ! 8
Lateral deviation of cephahid
menor calyces 4 8 o

Tible 2 They served the purposc of analysing the presumed deformuty of the
lower pelvis

The distance between the most cephalad mmor calyx wnd 1 hine jommng
the medial horders of the nearest spmal pedicles was measured and compared
with the distwce on the oppoute side (pedicle calyx distance ratio) (Tigs 1
and 2), thus was done to chmunate the mmflucnce of growth The rtio was e
culated 1n 16 cases with unilateral duplication and was over 15 1m 12 cses

The unpull of the lower pels s and the region of the pelvo urctenic junction
appewred to be definitely displrced laterally in 18 cises and the normatly
comvex cephalad portion of the ampull was fhttened n 15 cses (Ng 2)

The most cephalnd minar clyces devated Interally mn 25 of the cascs, with
the angle formed by the long axis of the spine and the respective myor clyx
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Fig 4 2) U ograpby The ampulla of the
lower pel 18 of the 1 ght kidney 15 d splaced
hterally b 1 the upper outl ne 1 not flat the
upper major calyx s short and the upper
ealyees devs e Jaterally by Urethrocysto
graphy before operaton Refux to both
reaal pel cson T ght e the upper pel 1515
smalla d medially placed 1ts wreter 5 wide
nd fortucus

at about forty degrees (Figs 2 and 4) The cephalad mayor caly svas unusually
short 1n 20 cses (Fig 4) and the lower pelvis appearcd deficient i size and
number of calyces m 10 cases (Fig 2) The deformuty of the lower pelus was

associated with change 1n posstion and shape of the hidney onhv in extreme
<ies

Leters 1sce Table 3) No typical pattern of distortton ot dusplicerent of the
normalh wmserted (orthotopc) nreter was apparent The tortuouty and
dilatanon of the adjacent ectopic treter had a vaniable effect on its orthotopic
companion causing medal displarement 1 6 cases and Jateral displacement
m another 6 cises The most common effect was lateral displcement of the
cephalad part of the ureter at the peh o uretene junchion (Fig 3) Dilataton
of the orthotopic ureter and pelus was evident in 7 cases

Reflux into the ectopic ureter occurred relatnnely often 1n preoperative
roubing urethroeystortams (11 out of 25 cases) (Frg 1) Reflux in some of the
©1es wis thought to be w1 a commumeation with the bladder from sponta

neous rupture of the wreteracele Reflue into the orthotopie ureter occurred in
9 out of 25 cases
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Fig 5 Bilateral upper vrinary tract duplication and
4 large left sided cctopic ureterocele a) Before
operation The left pelvo ureteric junction and the
concave upper part of the ureter are displaced
laterally on both sides the upper major calyx 1s
short and wide and the upper calyces devaate 1n
Iateral direcion no excrenon to the Jeft upper pelus
b) One year alier unroofing of the ureterocele Dis
placement of the lower pelus and deformity of the pelvo urctenc junction have dimimshed
function of the upper pole of the kidney 1s restored and the duphcate pelsis 1s visible

Blurring of the psilteral psots muscle associated with sphnting of the spine
was sufficiently obvious in five cases to suggest 1 supertmposed dilated ureter
and periurcteritis

Group II (sce Tables 1 and 2) was simlar to group I 1n respect to increased
renal length, Iarge upper pole, normal posiion of the entire kidney and
angle between the major calyx and the spine, which 1n the normal cases was
also 1bout forty degrees An important obseryation was that a short cephalad
myor ¢ilyx occurred even more frequently i the normal duplications than n
the cascs of group 1

The myor differences between groups I and I1 occurred 1n Interal displace
ment of the lower pelvis and flatteung of its cephald portion These changes
were seldom observed 1n the normnl group A devittion of the upper calyces
mn the tbnormal group wis more frequent (Figs 5 and 6)

As to group ITI (see Table 4), most of the cises were treated minlly by
unroofing of the urcterocele, ~llowing free reflux into the imvohed ureter
Partial function returned m most c1ses and the upper svstem becime outhined
(Fig 5) Reflux was less common postoperatiely mto the orthotopic ureter

Attention was centered on the lower system m the postoperative cises
almost 1ll mn this group displayed some general improyement but i eight of
nne cises with 1 flattened renal pelvis the 1mprovement was obvious
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Discussion

Eriusson (1904) classified ureteroceles mnto simple and ectopre forms He
stressed that most childhood ureteroceles are of the ectopic type producing a
large intravesical bulge of a dilated ectoprc ureter nside the muscultr wall of
the bladder bage The ureter in these cases 1s ectopic 1n that 1ts onfice hes 1
or distal to the bladder neck In contrast the simple ureterocele commonly
seen n adults of both sexes, usually presents as a small intravesical protruston
around an essentially normally situated uretersc onfice guing the typical
roentgenologic  cobra head appearances Dogst  Cussen & SivERMAn
(1960) have also stressed the importance of ectopic ureteroceles s a source of
urmnary tract infection 1 early childhood or mfancy

Ruone (1948) Ermicssos (1954) Kjeriserc Ericsson & RubHE (1927),
and Wittiass (1928) have reported upper upnary tract abnormalities m
uretcroceles Once a ureterocele 1s considered likely a2 supernumerary pelvs
should always be sought in the upper pole of the kidney The lower pelus 15
described as depressed with deformation of the upper group of calyces

As mentioned previously Nirsson (1962) has investigated the size of the
upper pole and introduced the ratio between the interpolar distance and the
distance from the upper pole to the demonstrated upper calyx in the Jower
pelvis When the ratto 15 less than 26 1 1t 15 very bkely that urmary tract
duplication with a non functioning upper pole exists while a ratio of more
than 33 1 makes a heterotopic pelvis unhikely Staway (1962) ponsed out
that the kidney 1s often large with a promunent large upper pole and a
deficsency 1n the number of calyces in the displaced lower pelvrs may occur
A selectively enlarged upper pole has 1so been mentioned by Griscoy (1965)

The mechanism behind the deformity of the htdney and lower peluis has
been discussed only briefly KJELLBERG et coll (1957) stated that dilatation of
:Ia‘iv:l‘m:: lx:lnd pels xslmayr decrease after unroofing of the ureterocele but onlv
\mrmfmg ess entirely Vesico ureteral reflux which regularly appeared after

% was considered as one of the factors responsible for incomplete
regression (Fig 3)
m;‘f:‘;g::tﬂ:::u‘mrs rhkcdolll:crs( ha\clobscr\cd that the renal length was
PO v & redut :;sdoun b s? o apply to normal kidneys with duphcate
be Present  mose of he Earcnc Il))r\n; surro;:dmg the upper pelys seemed to
the offect of dnar o Y;Ofmﬂ {f nexs This reduction tended to chmunate
ke that 11 2mon only in a few abnormal cases was the dilatanon so

' the upper pole was enlarged When the dilatation of the upper
K ‘\\s Was extreme fatcral displacement of the enure kidney was obseryed

ther displacements or rotations of the hidney were rare The dilated upper
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Fig 6 Schematc illustration of an average case with bilateral duplicavion of the upper unmary
tract ind umlateral ectopic ureteroccle pre and postoperatively a) Before unroofing of the
urcterocele no excretion to the dilated upper pelvis 1s discernible  the lower pelyis 1s displaced
laterally and 1ts cephalad outhne 1s flat the upper calyces dewiate laterally b) After unroofing
slight excretton and reflux to the upper peluis regression of hydronephrosis less displacement and
deformuty of the lower pelvis Characterisucally the upper major calyces of the somewhat small
lower pelvis are short and wide

pelis was situated 1 smmediate proximuty to the lower pelvs 1 most of the
present ¢ases and only 1n anternal derngement of the renal architecture w1s
apparent

The best w1y to define the internal derangement 1s, 1s previously mentioned,
by considering the form of the lower pelus We have been able to confirm ll
erher obsers 1tions regarding the lower pelvis and would add that the ampull?
and pelvo urcteric junction are displhced laterally in the kidney and that the
upper border of the impull 15 often flat These two last details are the mun
features that disungwsh abnormal from normal duphcations It seems that
most other characteristics of the lower pelvis are munly preformed structural
abnormalities Unlihe Hinvan (1962), we could not demonstrate any rotation
of the hidney 1round 1ts sagittal 1xis

Contrary to other reports reflux mto the ectopic ureter occurred fairly
often 1n pre operitine vording urcthrocystography Reflux 1n some of the
cases was \1a a commumcation with the bladder after spontaneous rupture of
the ureterocele
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After unroofing of the ureterocele the cephalad border of the lower pelvis
generally became more normal '

Special problems concern the cases in which the upper pelvis 1s very smal
and medhally placed, or in which the narrow ureter terminates bhindly m the
upper medial part of the kidney These cases presented few dn ergences from
those of the normal kidney with a single pelis

Considening all the factors mennioned differentiation of renal pelvis duphea
trom 10 ureteroceles from other renal or extrarenal expansne processes should
not be difficuit Only one case of the present senes 1 which strong dilatanon
of the upper renal pelus and marked lateral displacement of the hidney were
present was misinterpreted as berng one of a new growth

Conclusions

Duplicate hidneys with an upper pelocalyceal system not demonstrable
by urography and assocated with ectopic ureteroceles tend to be larger
than the average kidney with a single pelvis (cf Fig 6) The jower systems
usually situated more caudad causing the upper pole to appear relatnely
large Since these findings depend upon del the frequently ind, t
renal contours obsersation of changes in the contrast filled lower pelsocalyceal
system 15 more diagnostically rewarding The most cephalad munor calyces of
the lower system were found ta devate laterally 1n 2> out of 31 cases the
respective major calyx being short and wide 1n twenty of the cases The distance
brwween the most cephalad minor calyx and the spme was generally increased
The normally convex cephalad portion of the renal pelvis was often fattened
with the pehvo ureteric junction displaced Iaterally

A study of 18 cases after unroofing of the ectopic urcterocele disclosed
decreased lateral displacement of the lower pelvis and considerably less
fatteming of its cephalad comvevity these changes were therefore consdered
to be due to dilatation of the non functioning upper system

\ study of 31 normally fi g dipl kidneys revealed simlar
charactersstics of tncreased length a relauvely long upper pole and a short
cephalad major calyx These changes were consequently thought to represent

a preformed morphologic abnormality mdependent of pressure from the
lated upper svstem

Simnce reflux nto the ureterocele beaning ureter occurred 1 11 out of 25

preoperatnve voiding urethrocystograms  this procedure 15 thought to be of
value in the dragnoss
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Fig 6 Schemauc illustration of 1n average case with bilateral duplicanion of the upper urinary

tract and umliteral ectopic urcterocele pre and postoperatively a) Before unroofing of the

ureterocele no excretion to the dilated upper peluis is discermble  the lower pehas is dusplaced

laterally and aits cephalid outhne 1s flat the upper calyces deviate laterally b) After unroofing
of b b

slight excretion and reflux to the upper pehis reg less d nent and
deformuty of the lower pelus Charactesistically the upper major calyces of the somewhat small
lower pelvis are short and wide

peliis was situated i 1mmedinte prowmmty to the lower pelvis in most of the
present cases wind only an anternal der ingement of the renal architecture was
apparent

The best w1y to define the mternal deraingement 1s, 1s prestoushy mentioncd,
by considering the form of the lower pelsis We have been 1ble to confirm all
carlier obsery tions regarding the lower pelvis ind would add that the ampull
and pelvo ureteric junction are displaced Interally in the hidney wnd that the
upper border of the ampulln 1s often flat These two last detuls are the mun
features that distinguish abnormal from normnl duplications It seems that
most other charcteristics of the lower pelus are mamly preformed structurl
abnormahties Unlike Hinvav (1962), we could not demonstrate any rotation
of the hdncey 1round 1its sagittal axis

Contrary to other reports, reflux mnto the cctopic ureter occurred fairly
often m pre operitine vording urethrocystogriphy Reflux in some of the
cases was \ia 1 communication with the bladder after spontineous rupturc of
the urcterocele
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After unroofing of the ureterocele the cephald border of the lower pelvis
generally became more normal

Special problems concern the cases 1 w hich the upper pelus s very small
and medually placed or i which the narrow ureter terminates blindly 1 the
upper medial part of the kidney These eases presented few divergences from
those of the normal kidney with a single pelvis

Considening 2ll the factors mentioned, differentiation of renal pelsis duphica
tion 1 ureteroceles from other renal or extrarenal expansne processes should
not be difficult Only one case of the present series 1n which strong dilatation
of the upper renal pehs and marked lateral displacement of the hidney were
present was msinterpreted as being one of a new growth

Conclusions

Duplicate kidneys with an upper peliacalyceal system not demonstrable
by urography and assoctated with ectoprc ureteroceles tend to be larger
than the average kdney with a single pelvis (cf Fig 6) Thelower svstems
usually situated more caudad causing the upper pole to appear rclatnely
large Snce these findings depend upon delineating the frequently indistinct
renal contours obsersation of changes in the contrast filled lower pehvocalyceal
system 1s more diagnostically rewarding The most cephalad minor calyces of
the lower system were found to deviate laterally 1n 25 out of 31 cases the
Tespectiy e major calyx being short and wide 1n twenty of the cases The distance
between the most cephalad minor calyx and the spine was generally increased
The normatly comvex cephalad portion of the repal pelvis was often Nattened
with the peho ureteric junction displaced laterally

A study of 18 cases after unroofing of the ectoprc ureterocele disclosed
decreased lateral displacement of the lower peluis and considerably less
flattening of 1ts cephalad comventty these changes were thescfore considered
to be due to dilatation of the non functioning upper system

A study of 31 normally functiomng duplicate hidneys revealed stmlar
charactenistics of increased length a relatively Jong upper pole and a short
cephalad major calyw These changes were consequently thought to represent
a preformed morphologic abnormality independent of pressure from the
difated upper ssystem

Since reflux nto the ureterocele bearing ureter cccurred 1n 11 out of 2o

preoperative voiding urcthrocystograms this procedure 1s thought to be of
ralue 1 the diagnosis
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SUMMARY

The appearances of the upper urinary tract associated with cctopic ureterocele in childhood
and infancy have been studied 1 a matenal of 31 casesand compared with normalls function
mng duphcate hidneys An explanation 1s given s to why several of the features previously
considercd typical of the abnormal lower renal pelvis in urctero-eles were also present m the
normal duphcate kidneys

ZUSAMMENFASSUNG

Das Rontgenbild der oberen Harnwege wurde 1 31 1 allen mut ektopischer Ureterozele bex
Rindern und Rlemkindern studiert und mut Fallen nmut normal funktionierenden Doppel
meren verghchen Es wird erklart warum mehrere Veranderungen an den abnormalen
unteren Nierenclementen die bisher typisch fur die Ureterozele galten auch normalerseise
bei Doppelaeren zu finden sind

RLSUML

Les auteurs ont ¢tudié les aspects des voles unnares supérieures dans les ureteroceles
ectopiques de lenfant et du nourrisson dans une séric de 31 cas ct les ont comparés am

blé; normal 1ls explhiquent pourquor plusicurs des caracteres

reins déds
considérés comme typrques du bassinet rénal mfénieur wnorml dans Ies urctérocéles existent

ausst dans les reins dédoublés normaux
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AORTITIS SYNDROME WITH SPFCIAL REFERENCF
TO PULMONARY VASCULAR CHANGES

by

T hozura T Nosant h Sato and h Inara

The conditton 1n which pulses i the arms and neck are absent or weak
has generally been called the aortie arch syndiome  Pulseless disease (Smu
size, & Sano 1948) 1s included m this syndrome and since 1t has 2 predilecton
for young females 1t has been described as  young female artenitis by Ross &
Mchusien {1953) It 1s well known that not only the brachiocephalic arteries
but also the thoracic aorta and the abdominal aorta with 1ts mam tributasies
my bemohed Inapaet coll {1962) proposed the term  atypical coarctation
ofthe aotta  and pointed out that the condition belongs to the same category
as pulseless disease H  Uepa et coll (1963) suggested the term aortitis
syndrome to indicate such a wide distribution It seems that pulseless disease
atypical coarctation of the aorta and the aoruhs syndrome or aortic arch
syndrome partially overlap Though charactenstic chmeal signs are present
1 the disease sigmficant roentgenologic changes ate alio evident The angio-
graphic findings are of course c but cop 1 aphy
may also be of importance (Irvuva 1961 hozuka et coll 1966) The roent
genologic diagnosis may even precede the chnical diagnosts 1 some 1nstances

Submutted for publication 17 January 1966
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Tig 1 Woman aged 34 a) Aneurysmal dilatation of the entire
thoracic aorta irregular contour enlargement of the heart
narrowing of the scgmental and peripheral pulmonary vessels 1
the upper part of the night lung b) Constriction of the proxiraii
part of the right pulmonary artery and obstruction of the right
upper lobe artery narrowing rrregular contour and course of
the arteries i other parts of the lung shght dilatation and
tortuosity of the left pulmonary artery
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In addition to the extensie lestons of the systermc artertes pulmonary sascular
changes may be present and be res ealed by pneumonngiography The changes
now to be reposted are often overlooked

Vlateral and Vethods Thirty five cases of the aortis syndrome werereview cd
Dianostic procedures weluded conventional radiography of the chest and
1nteayenous or retrograde aortography 1 all the cases and pneumography n
16 cxses

Prcumoangiography was performed by the injection of contrast medium
directly 1nto the mght atrm  or intrarvenowsly Percutaneous retrograde
aortogtaphy was indispensable for detecting the location and the extent
and chartcter of the mvolvement of the svsterme artenies Intrayenous norto
graphy was used only 1n those cases i which retro rade aortography had
been unsuccessful or did not seem to be indicated o serrous complications
dunng or after the procedures were encountered

The sex and age distribution of the cases were 2s follows

Age in years Under 19 20—29 3039 Total

Males 0 4

Temales 7 16 3 3N
Total 7 20 8 35

The patients were all fapanese In all the patients, pulses were weak or absent
mn the arms and neck

Results

Conventional roent ena raphic findings Dhlatation of the aorta and the wregular
contour of the descending aorta which serve as direct sigms of aortitis were
presentin 30 cases Wadening of the pulmonary arterv occurred 1n rmany of the
cases Irregular narrow pul Y vessels were findings Dl
of the vessels was present in only two cases and 1 these there was marked
enlargement of the heart with lef heart fulure Decreased or sparse lun;
rasculanty was observed 1n 16 cases This was usuzlly evident m the u; e%
part of the Jung and was most apparent if the area extended over more ?}?m
one pulmonary segment This phenomenon was without doubt caused b
f(t‘er;)om Xor obstruction of the main or segmental arterres (Figs 1a 2a 3a)y

wher
ac“‘,(:“‘:);se“z,s(;‘:;: were detected 1n 8 ¢cases, m these mduration but no
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Fig 1 Woman aged 34 a) Ancurysmal dilttatton of the entire
thoracic aorta arregular contour  enlargement of the heart
narrowing of the segmenta] and peripheral pulmonary vessels in
the upper part of the right lung b} Constriction of the proxtmal
part of the right pulmonary artery and obstruction of the night
upper lobe artery narrowing irregular contour and course of
the arteries 1n other parts of the lung shght ddataton and
tortuosity of the left pulmonary artery
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Preumoanguography The nght main pulmonary artery faled to fill in the most
severe case which has previously been reported upon Vanous degrees of
narrowing and ngidity of the mam pulmonary artery were present i four
other cases Constriction of the proximal part of the nght man pulmonary
artens with no contrast filling of the artery to the night upper Iobe, 15 shown
m Fig 1b and locahzed narrowing of the itermediary trunk of the nght
pulmonary artery 1s demonstrated m Fig 2b Stenosss of the segmental bran
ches was evident n six cases Marked narrowing and obstruction of the nght
upper lobe artery may be seen n Fig 3b Narrowing and rregulanty of the
penpheral branches were also presentin all these cases In a further six cases
these changes 1n the penpheral branches were the only abnormalities obsery od

The angiographic changes obseryed seem to correspond to findings in conventio-
nal films

Aortographic findings ‘The rregularnity of the contour of the aorta, with or
without narrowing 18 characterssic and pathognomomnic of the discase Al
the cases had narrowed or acclusive lestons myoliog ene qt more of the
arterses ansing from the aortic arch Dilated and tortuous bronchual arteries

were demonstrated 1n the cases that had markedly stenosed segmental put
monary astertes

Ihscussion

The aortitis syndrome 15 considered to fall in the same category as pulseless
disease and 10 3mply more extensie lesions than the latter Since the changes
are not located wm the brachiocephalic arteries alone the term ‘pulseless
disease does nat necessanly mndicate their nature Furthermore the stenotic
lesions are found not only m the major branches of the zorta but also 1n the
aorta itsell 1n almost all the cases This was the reason why the present authors
have previously used the term ‘atypical coarctation of the aorta However
we recently encountered a case 1n which no stenotic lesion of the aorta was

demonstrated, in spite of generahzed dilatation and wrregulanty of the thoracic
aorta with narrowing and ot of the brachiocephahe arteries There
fore the term the atypical coarctation of the aorta seems unsmtable Some

cases may even show nigns of aneurysm of the aorta
The direct conventional roentgenologic 1ndications of the aortitis syndrome
are arregular contour of the descending aorta associated with a ngd or 1reg

ular outlne of the mner surface of the aortic wall, with or without narrowing
of the lumen at aortography

N A Jesion m the pulmonary arculation similar to one 1 the systemic artenies
as been demonstrated at post mortem ms estigations by Oota (1940) Frovie
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Tig 2 VWoman aged 37 a) lrregular outhine of the descending
aorta poor lung markings i upper part of both lungs b, Loca
hzed narrowing of the intermediate trunk of the right pulmonary
artery few vessels widely mterspaced tn middle part of the nglt
lung “narrowing of the peripheral branches in both fungs
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& Lonen {1951) M Uepa et coll (1951} TanEDa et coll (1961), and by
Nasu (1963) Changes were & ident i all the pulmonary arteries in the con
ventional roentgenograms of the chest and were confirmed by pneunto-
angrography The characteristic findings consist of an arca with sparse and
narrowed sessels, and contour rrregulanity n the prpheral branches High
voltage rocatgenography 1s salunble m demonstrating vascular changes as
well as iregulanity m the contour of the descending aort1 Widening of the
main stem of the pulmonary artery would seem to reflect the pulmonary
vascular changes the severity of which are not always related to the svstemic
vascular chanes

Only a few cases of pulseless discase with roentgenologic evidence of imolve
ment of the pulmonary artertes have been reported 1n the literature (Taunt
1958 Irwva 1961 Jupce et coll 1961 Mchusten 1962 Rozuka et coll
1966) The roentgenologic appearances of the peripheral pulmonary “rtenes
m the present series were not senfied histologicalls Histalogie studies have
however indicated that the elastic media 18 pnmanly tvolied 1n thes dusease
entity although chrome mfAammatory processes may be found 1 all of the
layers of the artenial wall (Tosoro et coli 1962 Nasu 1963) This means that
any artery if 1t has elastic media may be imolved

Panartenis  would seem to be a reasonably adequate chmeal term

for descnbing extensive whole body distribution of the lesions This term 1s
stated 1o be pathologically inappropnate however becanse it means pnmary
snvoh ement of 2ll the layers of the artenal wall while most of the intimal chan
ges are secondarny

Vanious etiologic factors suggestnne of the disease include tuberculosts
rheumatism and allergy A senies of expennments support the hypothesis that 1t
15 an auto immunizing condition  because an increased uiter of the antibody
agxmnt the blood vessels has been obsersed 1 the serum of such patients
{H Uspaetcoll 1963) This theory scems to be a reasonable one for explaming
the wide range of the artermal changes

Although artenography 1s necessary for delineating the extent and character
of the vascular damage in the aortits syndrome 1t 15 clear that a defimtne
diagnosss of the condition 15 also possible from the conventional chest film
Apart from direct signs of aorhs evidence of pulmonary vascular changes
will contribute matenially to the correct dragnosis

SUNMMARY

. Roentgenologc studies of pulmonary vascular changes in 35 cases of the aortitis syndrome
ereviewned Theappearances atart riography ave descnbed and the value of the cons entional
Toenigen examunation of the chest 1s stressed
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Fig 3 Man aged 22 2) Thedescending aorta 18 irregular 10 out

ves

Lme narrowing of the 1 and penpheral pr
sels in the upper part of the right lung b) Narrowing of the
proximal part of the night pulmonary artery with obstruction
of the right upper lobe artery Natrowing rregular contours
and course of the vesscls m other parts of the lung shght dilata

tion and tortuosity of the left pulmonary artery
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ANASTOMOSES BETWEEN EXTRACARDIAC VESSELS
AND CORONARY ARTERIES —
111 — MICROANGIOGRAPHIC APPEARANCE

by

Axpers Mosere

The observauon that marked stenosis or even complete occluston of coronary
artertes does not necessarily lead to instant death or widespread myocardial
necrosts dates from the Jate 19th century (Hirsen & Spavrenorz 190> Her
rick 1912) The collateral urculation 1n the human heart especially anasto-
moses between the major branches of the coronary arteries has since been
touch studied the work by Furton (1960) beng the latest In extensive and
severe cofonary ath however cannot
mcrease the total amount of blood supplying the myocmdmm (BLoor &
Liesow 1965) An increase 1n the blood supply to the myocardium 1n ischae
muc heart disease must come either from extracardiac sources wath which
we are now concerned or from within the heart (endomural anastomoses)
and practically nothing 1s hnown about the possible collateral funcuion of
the end

1 vessels (theb and arter
The of

) (Boor B Liesow)

between extr mediastinal vessels and
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ZUSAMMINTASSUNG

Due rontgenologischen Veranderungen in den Pulmonalgefassen wurden an 35 Fallen die
das Aortitissyndrom aufwiesen, studiert Die arteriographischen Erschemnungen werden be
schrieben und der dr he Wert der gewohnlichen R hung wird betont

RLSUML

Les auteurs résument 1 étude radiologique des modifications des vaisscaux pulmonares
dans 35 cas de syndrome d vortite Iis en décrnvent les aspects artériographiques et soulignent
Lintértt de | examen radiologique stmple du thoras
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AND CORONARY ARTERIES —
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The obseration that marked stenosis or even complete occluston of coronary
arteries does not necessanily lead to mstant death or widespread myocardial
necrosts dates from the late 19th century (Hirscu & SpaLtenorz 1900 Her
Rter 1912) The collateral arculanon in the human heart especially anasto-
moses between the majar branches of the coronary arteries has since been
much studied the work by Furton (1965) beng the latest In extensise and
severe coronary atheromatosis however intercoronary anastomoses cannot
increase the total amount of blood suppiying the myocardwm {Broor &
Lizsow 1965) An increase 1n the blood supply to the myocardium 1 1schae
mic heart disease must ¢ome erther from extracardiac sources with which
we are now concerned or from within the heart (endomural anastormoses)
and pracucally nothmg 1s known abont the po sibte collateral function of
hi

the end al vessels (thek and artenal ) (Broor & Liemow}
The exnstence of betseen d s vessels and
—_—
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the coronary arteries has long been hnown (HaLLer 1803, Hupsov, Moritz
& WEARN 1932) but only 4 few recent publications deal with them (Petr
Lenz 1963, 1965) In previous studies of the present serics (MobErG 1967),
Applymng the technique of post mortem contrast mjection nd radiography,
anastomoses hnve been demonstrated between the bronclnal and the coronary
arteries 1n 1l the subjects exmined, newborn mfants 1s well 15 adults Anasto
moscs between the internal mammary and the coronary arteries, howeser,
could be demonstrated in only four out of 19 specimens Annstomoses be
tween the bronchial and the coronary arteries have been demonstrated rdio
logically in 1 few hiving subjects (Arvipsson & Monerc 1961, 1966)

Bjorn (1966 b) 1 reviewing 200 coronary 1ngiographies m linng subjects,
was able to identify an 1nastomotic flow from the bronchnal to the coronary
arteries m 73 suljects The anastomoses were demonstrited more often m
subyects with coronary athcromatosis, 53 out of 109, than m thosc, 20 out of 91,
with angiographically normal coronary arterics

The natomical demonstration of these channels does not prove that they
transport sigmficant amounts of blood under normal or pathologie conditions
Werraven & DeGaris (1937) found in an experimental study that normal
arteries transformed 1nto colliteral vessels had constant morpholegic chinges
The arteries dilate, elongite and twist, and ther walls become thicher BELL
MAN ct coll (1959) were qble to demonstrate the same changes 1n precapillary
vessels WrssLEr & ScnLFSINGER (1953), 1n an angrographic study of amputat
cd gangrenous legs, rcported that many of the anastomotic vessels had 2
charctenistic cork screw shape  The anastomotic pathways developmg m
conjunction with chromic occlusion of the 1bdominal 1orta also have 2 simlr
pattern (CarEsano 1966) BerLiman & Trank (1958) demonstrated 1n the nor
mal heart that the intercoronary anastomoses tre strught non branclingyesscls
Barotor et coll (1956) and Jamrs (1961) found that arterial wnastomoses 1n
the human heart are of two types long, naurow and essentinlly strught vessels
or wide and tortuous with 1 corh screw appeirince It has been stated

‘When 1nastomoses function for major flow 1n collateral urculition they
become tortuous and clongated, i appearance which 1s 1 contrast to their
shape in normal hearts  (James 1965)

In an attempt 1t cluadating by morphologic criterin whether or not the
extracardinl anastomoses actually have functioned s collaterals, spiralling
and widening of the vessels would appear to constitute indicators of collateral
adaptation The purposc of the present part of the study has been to determine
the course, whether strught or spiral, of the cextracardinl nistomoses, and
thereby to establish whether these anastomoses had the morphologic criteria
of collaterals that had functioned durning hife



ANASTOMOSES BETWEEN EXTRACARDIAC AND CORON ARY VESSELS 35

Suws pade
artery

Lats atrat
artery
€ rumiler
barch e rig 1 The ventncular and atnal
artery arteries of the Feart drawn sche
matscally ‘The sinus nade artery as
in most hearts {55 ) amses from
the nght coronary artery In the
present senes the three atrial ar
tenies were d ffcult 1o dstinge b
from each other and have there
fore been jointly designated as one
artery

Angtomp, The magorzty of human beings have no pencardial adhesions The
only posubility for blood from extracardiac sources to reach the coronary
arteries 15 therefore {1) to the pencardial reflexion and then (2) exther via the
vasa vasorum of the aorta or the atral artertes Previous nvestigations have
demonstrated that the mam anastomotic pathway 15 through the atnal artenes
(Moeere 1967 Pryecenz 1965) The largest amnal artery 15 the winus node
artery or ramus ostu cavaé supertorss (Jases 1961) Ths artery anses from
the first few centimetres of the nght (52 per cent) or left circumflex artery
(45 per cent) and ascends along the antenor atrial walls to encircle the supertor
vena eava and supply the sinus node (Fig 1) Al other atmal arterses are
small and vary m number and location  none h1s 2 size comparable with that
of the sinus node artery All the nght and left atrial arteries including the sinus
node artery were previously designated as anteniar mntermedate or postenior
depending upon therr ongin (Seactenorz 1923) These artenies arise from a
~ertrualer coronary artery arbonze over the atnal walls, and reach the pen
cardial reflexion at the sen termunations

A detmled description of the anatomy of the bronchial and Coronary arteries
has been gren 1o part T of this series of articles (Monere 1967)

Matersal and Methods

Series of cases The svestigation was carried owt 1n autopsy specimens, the
interval between death and autopsy ranged from 3 hours to 5 days, d‘;m\g
s

which period the bodies were sefrigerated The ads
ult mat, e
exclusively for the study emal was eolected
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Table 1

Age and percentage of nlact lumen of coronary arterses (mean values)

Age (yrs) Sex and number of eases Percentage of ntact lumen of coronary
artery
Males (24) Females (14)  Rught Left Left
descendsng arrcumflex
—20 H 1 53 62 52
2130 1 41 31 36
31—40 1 53 49 65
4150 3 1 36 20 35
51—60 2 3 37 36 41
6170 7 3 1?7 20 18
7180 8 4 22 i8 24
8190 2 1 19 24 15
Oser all pattern 27 25 28

The degree of stenosis was determined on perpendicular transverse sections of the artertes In
atheromatosis the 1nternal clastic lamma was often destroyed or changes were present i the
media The external elastic Jamina was therefore used as reference this means that the degree
of stenosis 1lso includes the cross section area of the media The method thus gave low values 1¢
values apparently expressing higher degrees of stenosis The results differ within the age groups
but the overall pattern comcrdes with previous reports (Loner 1953 Aonera 1967)

Table 2
Heart weight and myocardal changes
eght Recent Recentand  Old Scattered Myocardium Total
nfarction old mnfarction nfarcion  fibrosis without major
changes
—300 9 9
301—399 1 1 1 1 3 7
400—499 1 1 1 1 ] 12
500— 1 3 2 4 10
Total 2 3 5 4 24 38

Thirty eight adult speeunens were obtamed at consccutive, personally
performed autopsies These were taken from subjects for which the major
autopsy diagnoses were non vascular extrathoracic discases (17), myocardial
nfarction (7), cerebral vascular conditions (5), pulmonary embolism (3),
renal discases with renal failure (3) and generalized atheromatoss with heart
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fatlure (3) In addiwuon to the three patients with pulmonary e¢mbolism four
more patients had small pulmonary emboli One of the patsents had fibrous
percardal adhesions and 1n another patient the pencardium was adherent
due to massive melanosarcomatous metastases 1 the region No noticeable
contrast fillmg of the myocardium via these adhestons was obtammed Further
more one patient had carcinoma of the pancreas and another had = currhotic
Tver

The age distribution and the degree of coronary stenosis as ev aluated by the
method described below are gren in Table 1 For heart weights and myo-
cardral changes sec Table 2 (A complete It of case records with all pertinent
data can be obtamed from the author )

Specimens from six newborn infants were also mnvestigated These specimens
were from the same series as the exght descnbed i part § the two not included
being the mfant with congenstal zoruc valvular stenosis and the full term
infant m which the 1njection was not successful

Ingection procedure The chest organs were carefully removed en bloc and sepa
rated from the abd ! organs subdiaphragmatically The g aorta
was doubly Ligated extrapertcardially at the aortic arch and n all but two
specimens was divided between the two higatures with a clamp on each stump
The proximal and distal parts of the oesophagus the subelavian and carotid
artertes and the thoracic aortic intercostal arteries were igated A catheter
was put into the thoracic aorta at the diaphragmatic lev el and a higature placed
around the aorta and the catheter before injection

Duning the injection, the specimens were at room temperature  All injec
tions were carried out with the pressure retort described by Ljungovist
{1963) at a maximum pressure of 120 mm Hg

An aqueous suspension of mucrocrystallme banum sulphate (Micropague)
was used as contrast medium A medium of low viscosity was chosen with the
awm of enabhing a total outhning of the vascular tree A 75 9 banum sulphate
suspension was found to be swtable No gelatne or formalin was added

It was not possible to set a strict hmat 10 the amount of contrast medium
et and lera s commerste ot oS o uptured e

s of e s P 1967)1“’31 occurred 1st specimens with
when contrast mcdl:lm had been visible 1n ve: " e herinated

ssels on the pleural surfaces 1n

most fobes for some 10 mnutes usuall
y requiring an inject
45 munutes About 500 ml of the contrast sus e o about

pension was thus mjecte
magonty of specimens, but m those with excessy e

¢ leaka
the medium could be used ge more than a luse of
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Table 1

1ge and percentage of ntact lumen of coronary arlertes (mean talues)

Age (yrs) Sex and number of cases Percentage of intact lumen of coronary
artery
Males (24) Temales (14)  Right Left Left
descending crrcumilex
—20 1 1 53 62 52
21-30 1 41 31 36
31—40 1 53 49 65
4150 3 1 36 20 35
5160 2 3 37 36 4l
61—70 7 3 17 20 18
71—80 8 4 22 i8 24
8190 2 1 19 24 15
Over all pattern 27 25 28
The degree of stenosis was di d on perpendicular t sections of the arteries In

atheromatosis the imternal elastic lamina was often destroyed or changes were present in the
media The external elasuc lamina was therefore used as reference this means that the degree
of stenosis also includes the cross section area of the media The method thus gave low values 1e
values apparently expressing higher degrees of stenosis The results differ wathin the age groups
but the overall pattern comneides with previous reports (Loser 1953 Moserc 1967)

Table 2

Heart werght and myocardial changes

Waght Recent Recent and  Old Scattered Myocardium Total
infarction old infarction infarction  fibrosts without major
changes

—300 9 9
301—399 1 1 1 1 3 7
400—499 1 1 1 1 8 12
500— 1 3 2 4 10
Total 2 3 5 4 24 38

Thirty eight adult specimens were obtuned at consccutive, personally
performed autopsies These were tihen from subjects for which the major
autopsy dragnoses were non vasculr extrathoracic discases (17), myocardial
infarction (7), cerebral vascular conditions (5), pulmonary embolism (3),
renal discases with renal fulure (3) and generahzed atheromatosis with heart
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farture (3) In additien to the three patients with pulmonary embolism four
more patients had small pulmonary emboli One of the patients had fibrous
pertcardal adhestons and n another patient the pencardivm was adherent
due to massne melanosarcomatous metastases 1n the region No noticeable
contrast filling of the myocardium via these adhesions was obtamed Further
more one patent had carcinoma of the pancreas and another had a arthotic
Iner

The age distnbution and the degree of coronary stenosis as &1 aluated by the
method described below are given m Table 1 For heart weights and myo-
cardial changes, sce Table 2 (A complete list of case records with all perttnent
data can be obtained from the author )

Speomens from six newborn infants wwere also my estigated These specumens
were from the same series as the eight described mn part I, the two not ncluded
betng the nfant with congemtal aortic valvular stenosts and the full term
wfant in which the injection was not successful

Injection procedure The chest organs were carefully removed en bloc and sepa
rated from the zhd, 1 organg subdiaphragmatweally The ding aorta
was doubly hgated extrapericardially at the aortic arch and 1n all but two
speaimens was divided between the two hgatures with 1 clamp on each stump
The prowmal and distal parts of the oesophagus the subclavian and carotid
artenies and the thoracic aortic intercostal arteries were higated A catheter
wa3 put 1m0 the thoracrc aorta at the diaphragmatic level and a hgature placed
atound the aorta and the catheter before injection

Durning the myection the specimens were at room temperatare All mnjec
uons weve tamned out with the pressure retort descnbed by Lyuncguist
{1963) at a maximum pressure of 120 mm Hg

An aqueovs suspension of microcrystallme barium sulphate (Micropaque)
was used as contrast mediom A medium of low viscosity was chosen with the
aim of enabling a total outhmng of the vascular tree A 75 ¢, barurm sulphate
suspensian was found to be suitable No gelatine or formahin was added

1t was not possible to set @ strict lanat 1 the amount of contrast medm
Vel s core et s rom ruured mner
el o b s e o 501;2; sum occurred 1n specimens with

g } The Was ter d

P
when contrast medium had been visible 1 vessels on the pleural surfaces
most lobes for some 10 minutes usualls

y Yequinng an injection pertod of about
f;ammutcs About 500 ml of the contrast suspension was thus mjected m the

yonty of specimens but in those with excessie leakage more than a litre of
the medium could be used
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Radrograpluc procedures After completion of the mjection, roentgenograms of
the specimens were obtamed 1t 72 AV and 12 mA, using Gevaert Osrny films
without intensifying screens and an exposure tume from 05 to 35 scc t a
ITD of 1 5 m An anteroposterior vtew of the chest organs with the periear
dium mtact, 1 Jateral of the heart, pericardium and mediastinum with the
lungs removed 1nd 1n Anteroposterior view of the isolated heart were obtamed
The right and left sides of the heart were then dinided along the nterentric
ulr septum 2nd roentgenograms were then of cich half separately

In the ndult specimens, the atnn were then divided from the ventricles,
fixed for 2 to 3 days n 10 9 formahn, dchydrited and embedded flat
paraffin i the standird manner In the newborn infants, the halves of the
heart, atrium and ventricle together, were treated m the stme way

Microangiogeaphy w1s performed with 1 Machlett OEG roentgen tube
1t 10 kV 1nd 8 mA on Kodak Maximum Resolution plates FFD 100 cm and
cxposure time 2 1/2 hours The paraffin blochs of about 1 cm thickness were
pliced directly on the photogr iphie plites The gcometry causes 1 maaimum
photographic enlargement of 1bout 1 2, Lach block wns exposed twice to
obtun n sterco paur, the blochs bemng moved from the vertical avs between the
cxposures to gie 1 viesving ngle of 9°

The sterecomicroangiogrims were eximmed 1n A stercoscopic viewer, Sterant
(NIT'E), 2t < 7 hinear magmfication All atrial vessels were scrutimized for
thewr pattern of course, whether strught, curved or spirnl Vessels down to
2 diimeter of "bout 0 05 mm could readily be dentified and followed by this
method

The lumen dinmeter of the largest spiral rtery n each heart was measured
microscopically 1 the microangiograms in regions where the vessels scemed
to Lie parallel to the photogriphic plate The optic system was a X 6 3objective,
N A 016, and 1 x 8 cye prece with an oculr micrometer that was calibrated
agamst an object micrometer disided 1t 10 g mtersals The resolving power,
trking mto account the resolution of the microangiograms (1 000 lines/mm),
15 less than 5 g, but 1t was found reasonable to work to an accuricy of about
20 z No allowance was made for the varying degrees of filling and distension
of the vessels The dinmeters gnen for the vessels are thus to be considered 2s
mutually relive and not as absolute 1n vivo figures

Method of corvelation with atheromatosts The degree of stenosts of the coronry
arterses was determined according to the method devised by Loprr {1953)
1n order to find out whether 1 corrclation cisted between the width of the
extracardirl anstomoses and the severity of coronary 1theromatosts {Table 1)
The procedure, described i detail i part I of thus serics of articles, involved
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slevends

Fg 7 In the rocatgenog am one amgle sp. ab arte 3 1 seen clo ¢ to the termumatian of the superior
S acaa all the other vesscls fun a stra ght course A semi chematic drawing bas been made from
the roentgenograms obta ned it show the area dep cted m ro-a g ograph cally

microscopic exarmmnation of five blocks from the first fne centimetres of each
of the three main coronary artenies The cross section area of the Jumen 1s
gnen as a percentage of that of the entire artery The greatest degree of stenosts
has been taken as the value for the coronary branch in question

Results

Macroscopic obserration One or more of the major coronary artenes, night
left descending or left caircumflex were filled with contrast medum 1n all 38
adult speaimens In 25 of these, contrast medium was present 1n the sinuses
of Valsalva or the ascending aorta Al three coronary artenies were filled n
20 subjects the nght and the left arcumflex branches 1n 9, only the nght
branch n 5 only the left circumflex m 2 and the Ieft descending branch
together with the nght 1n one subject or the left crrcumflex 1 another subject

Contrast filled vessels 1 the atrial walls were so numerous m many hearts
that 1t was impossible to determine which of the larger atrial arteries was the
major afferent vessel

The panetal pencardium of all 38 subjects contained contrast filled s essels
nol“only postersorly but often in the antenor and diaphragmatic portions as
we

The bronchial artenes to all lobes of the lun
gs were filled 1n every s
Judging from the anteroposterior o

I genog) of the lungs
etween the bronchral and the pulmonary arteries had been Ppresent mn both
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PULMONARY

Fig 3 Many spiral arteries (cf fig 2) appear close to

the termuation of a pulmonary vain  The mucro angio

graphic area from the opened left side of the heart in the
s 1nd d1n the h drawin,

lungs of 35 subjects 1nd 1n cither the night or the left in another two The
film of the remuning specimen was underexposed so that 1 definte decision
on this point was impossible

In Al the six newborn infants, communications were demonstrated between
the broncinal arteries and the coronary arteries at the ventricular level (cf
Monerc 1967)

Macroscopac observations Contrast filled vesscls were present i every mstance
both atrinl wlls The number of filled vessels varied but 1 most spectmens the
majonity of the larger arteries in the atrinl walls secmed to contain contrast
medium There wns good agreement between the microangiogriphic and the
microscopic appearances Only shight atheromatosis 1 the atnal arteries wis
evident and, 1n 1 few specimens, shight patchy fibrosis in the atrial walls

Spiral vessels were easy to recognize, and by following their course 1t was
posstble to distinguish ntra trial anastomoses from those to the ventricular
coronary arteries Small vessels with a spiral course were nearly always situated
close to the ostia of the veins (pulmonary, inferior or superior vena cva)
(Ig 2) If the larger arteries mn 1 specimen were spiralled, the smaller ones
also followed a spiral course (Fig 3) The diameter of the largest spiral artery
with a Ik to 7 ventriculrr coronary artery has been plotted agunst the age of
the subject (F1g 4) Strught vessels were seen in 5 of the newborn mfants and
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AwAST DIAM 3
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. Fig 4 The diameter of the largestap ral artery

X . s ¢ach heart has been plotted against the age

-
ssten T the subject The rings indicate specimens in
[ S S o
R P E R s M T ich the artenics followed a straight course

only 2 single sprral artery was dentified 1n the sixth Straght vessels were
also vinble 1n a 11 year old girl and a 49 year-old man These two subjects
previously healthy died from intracranial tumours {a cramopharyngeoma
and a pituitary chromophobe adenoma respectrvely) Spiral artertes were
observed 1 the remaning 36 subjects The largest spiral artery had a Jumen
diameter of 880 g, this patient was a 83 year old man with a 10 year history
of repeated myocardial mfarction Sprral artertes with a lumen diameter of
more than 500 p was noted 1n 8 subjects and seven of them were over 70 years
of age A drameter of less than 200 p was observed m 8 subjects six of these
were under 60 years of 1ge The lumen diameter of the largest observed spiral
artery thus scemed to increase 1n a fasrly ymform manner with age A nune
year old boy who died from leukemra with severe anemia, bad fauly wide
spiral artertes (330 s1) and thus devated from the rest of the matenial

The number of spiral artenes 1n each heart differed greatly between the
specimens but appeared to increase with the age of the subject The number
of spiral artenies scemed to be greatest in specimens with sesere coronary ste-
nosis and extensne myocardial changes An objective evaluation of this pomt
eg by an anastomosis count of the Furron (1965) type was not made since
a prerequisite for such a count 1s complete contrast filling of all vessels 1n each
slpcc?:mcn This can hardly be achiesed by post mortem imjection (BELLMAN

903)

The lumen drameter of the largest spiral artery 1n the adult materal was
correlated with age heart weight and the maximum degree of stenosis of the
coronary artenies (comentional correlation analysis and the ¢ test, Table 3)
An attempt was also made to distinguish between vessels which anastomosed
with the right or the left circumflex branches The diameter of the largest
vessel to each of these was compared staustically with the same vanables as



42 ANDERS MOBERG

above The results followed the same general pattern s in Table 3 but to 2
lesser degree of significance

Discussion

Contrist medium was 1dentified 1n the coronary arteres and 1n the stnuses
of Valsalva 1n 25 of the 38 ~dult spectmens In some of these 25 specimens with
good outhning of the coronary arteries, contrast filling was noticed only
one or two of the sinuses of Valsalva without any vistble medium m the left
ventricle In all but two specimens the ascending 1orta had been duided before
myectron, thus excluding direct contrast filling of the coronary arteries via the
aort1 Dilling vin bronchopulmoniry anastomoses to the pulmonary vemns
and then to the left ventricle and the aortt 15 1lways a posstbility, but the left
atrin and ventricles did not contaun any great vmount of the contrast medium
This ndicates that the medium reached the aorta by retrograde flow m the
coronary arteries It may further be observed that in the previous investigation
(MogFre 1967), with smaller amounts of contrist medinm, the coronary
arteries were filled without concomitant filling of the ascending aort

The results obtuncd confirm the results of the previous study anastomoses
between the bronchinl arteries and the coronary artenies at the ventricular
level are present in nll subjects The mayor afferent atrinl vessel to the coron iy
arteries could not be determined 1n this series, since most of the atrial arteries
were filled with contrast medium, the result of using Iarge rmounts Ident
fication of the afferent vessels was facilitited n the previous study by the less
massi ¢ filling of the 1trial artenies

Spiral vessels may erther oceur naturally, ¢ g the renal pelvis (Ljune
QuisT 1963) or the vast vasorum of the nortr (CLARKE 1965), or be the result
of 1 pathologic process Previous studies of the normal heart have, however,
indicated that the coronary artery branches and the intercoronary 1nastomoscs
run 4 straight course (BELLman & FRrank 1958, Jases 1961) Sprralling of the
vessels may be a result of a shorteming of the distance between the ends of 1
vessel by fibrotic contraction This phenomenon has been demonstrited e g
by LjuncQuisT (1963) 1n the preglomerular artertes of pyeloncphritic hidneys
In the present study, the main concern was the spiral arteries in the atrial walls
structures which only to 1 shight extent are mvolved 1n fibrous and eicatriernl
contraction The overall arterial pattern was straight mn the mfants, with
mcreasing spiralling and widening 1 the older subjects Tlis together with
the relationship between age, 1theromatosts and yascular stenoss leads to the
assumption that the development of spiral arteries i the 2t 1l walls 1s 1 sign
of collteral vascular response (cf JaMEs 1965)
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Table 3

Correlation analysis w the adult moterial {38 subgects) wath tanables of the la gest drameter of spuralled
andstomosts g each subject i relation to age heart werght and the degree of stenosts of the coronaty arleries

\arable Correlat on cocficient  Sigmificance
Age b POl e
Heart weight ¢33 1 <Pg5
Degree of stenrs
R ght coronary attery a8 V. <P<3 .
Left descend ng branch 051 01 «P&l .
Ieft ¢ reumftex b anch 037 ] Tud® *
Aaximum stenostt sreespective of
affected & tery 057 POl #*

Post morttem angtograms do not of course indicate the direction of the blood
flow The prerequsites for collateral vascular response are the presence ofa
pressure gradient and an alternative pathway (Horuax 1949) The alternatne
pathway has been demonstrated There are also morphologic aspects compat
1ble with a pressure gradsent The author has earlier found that atheromatosis
was less marked 1 the bronchial than in the coronary artenes (unpublished
data} and the diameter of the lumen of the spiral artenes became greater with
mcreasing stenoss of the coronary arteries (¢f Table 3) Thus a reasonable con
clusion 1s that blood flowed from the bronchial to the coronary arteries
‘When bronchial coronary anastomoses have been demonstrated i ynvo
(Arsinssox & ‘fosere 1964 Bjork 1966 b) the flow has heen from the bron
chial to the coronary arteries in patients without cardiac anomaltes (Bjorx
1966 a)

Sigmficant correlations were noted in the adults between the drameter of
the fargest spiraf artery and (1) the maxumum degree of coronary stenosis
regardless of the artery affected (***) and (2) the degree of stenosis 1n the
¥efi descending artery (**) Correlation between the largest spiral artery
drameter wd the degree of stenosis 1n the nght and left aircumflex hranches
dd not quite reach a sigmficant level (¥) Attempts to correlate the dianteter
of the spiral artesses supplying the nght and left circumflex branches and the
tGepree of sienosis an the corresponding coronary branches gave a stmilar
pattern It may be seen from Table | that coronacy stenoss was most marked
1 the left descendng artery and the lekt aircumflex branch was least affected
lef AchERvAN et coll 1920 WinzE et call 1950 Lomgx 1953) Fhe rcscu;:ts
S;u:hiu;g)g:itatll;adtt;:;:ct:;:::‘zrs]of the spira) arterzes 1s prinupally mfluenced

s 1n the coronary arteries
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The pressure gradient, which 1s 1 prerequisite for blood flow through an
anastomotic pathwy, could be mduced on 1 mere physiologic basis I the
pressurc pulses 1 two mun systems, bronchial and coronary i this content,
are sufficiently ont of phase, pressures may 2t some ume 1 the cyele be so
different that the gradient amses Intimation that this phenomenon occurs
1 the dog with 1 bronclnal to coronary flow has been put forward (Vibone
et coll 1956) The pathologic background for 1 pressure gradient 1s stenosts
mn part of 1 vascular system Stenosis mny not be demonstrable post mortem,
Ainking of nigid coronnry arteries may considerably narrow the lumen, s has
been demonstrated m coronary angiographies performed invis o (NORDENSTROM
1961} In the present consecutnse but heterogencous post mortem serics 1t was
not possible to obtun any definite and rehnble iformation concerming the
coronary function In the adult serics there was closer correlntion between the
dinmeter of the Iargest spiral artery and age than between the spiral artery
diameter nd the post mortem degree of coronary stenosss Coronary stenosis
however, 1s 1 vanble reflexion of atheromntosis which, 1n turn, 1s correlted
positively to age (ACRERMAN ct coll 1950, WhiTe ct coll 1950, Loser 1953)
A closer corrclation for ‘age 1s therefore not surprising, 1s in this context
‘age 1 1ddition to coronary 1thcromatosis tihes other data mto considerition
and sums up the individuals entire clinieal, subchinteal and physiologic ex-
periences  If;, however, onc single cause can be put forward as the pnmary
factor 1n the development of spreal anastomoses 1t would appear to be coroniry
atheromatosis

A degree of correlation (*) between the largest diameter of 1 spiral artery
and the heart weight was observed The mean heart weight for this series
was furly high, however, 1¢ 405 ¢ In both normal 1nd hypertroplucd adult
henrts there 1s one endomysial capillry for each muscle fibre {RoperTs &
WearN 1941) It 1s generally assumed that an increase m fibre size means that
vascular supply 1s correspondingly relatively inadequate The degree of correlr
tion between spiral artery dinmeter and heart weight most hiely reflects
the associntion between the Iatter and 1rteriosclerotic processes, fibre size and
hy poxydosts of the myocardium

The Inrgest spiral artery had 2 lumen dimeter of 880 g, the rehtise rather
than 1bsolute significance of the diameter measurements has been previously
discussed  Bjorw (1966 b) found anastomoses with 1 diamcter of 2 mm or
more 1 coronary angiogriphies 14 lining subjects Smce post mortem
diameters cannot be drrectly 1pplicd to Iving subjects, nd smee 1t 1s dufficuit
to measure exactly the dimeter of n n7stomosis 1 coronry NGORTIPRY,
the figures cannot be compared and ¢an only serve 1s an approximate guide
Whatever the precise diameter of the cxtracardil annstomoses, the fur
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conelusion from the pattern i Fig 3 — not with one spiral artery but with a
vascular bed of spiralled anastomotic vessels — 15 that at least 18 some adult
hearts the extracarchal anastomoses are capable of supplying the coronary
arculation with a considerable amount of blood
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SUMMARY
Anastomoses between the bronchial and coronary arteries were observed post mortem fatlow
ng the myection of contrast mediim and sad hy and m

38 adults and 6 newborn 1nfants Morphologically the spiral form of the anastomoses 1 36
of the adults indicated that they were collateral vessels The drameter of the spural artenes
<could be correlated (o age and degree of caronaty stenosis

ZUSAMMENFASSUNG
Anastomosen zwischen den Bronchial und den Koronarartenen konnten nuttels gewohn
hehen R fr und § Mk B! phie nach h post monem
b 38 Erwach und 6 b kundern werden Dic Spirall der

Anastomosen 10 36 von den Erwachsenen deatete darauf hun dass die Gefasse cune kollaterale
Funktion hatten Rorrelation zwischen den Diametern der sprralformigen Artenen und dem
Alter und dem Grade der Roronarstenose konnte festgestellt werden

RESUME

Des anatomoses entre les artéres bronchiques et les arterce coronaires ot été muses en
édence aprés la mort par wmjection de moyen de contraste suwe de radiographue et de
mucro-anguographie stéréoscopique chez 38 adultes et chez 6 nouvean nés La forme spirale
de ces anastomoses chez 36 J s adultes montre que tz sont des vasseaux collatéraux On a

pu érablir une corrélation entre le diametre de ces artdves spirales v 1age et Je degré de
sténose coronarienne
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CIRCULATORY LCFFLCTS OF IOTHALAMATE
COMPOUNDS (CONRAY) AND CONTRAST MEDIA
OI' THE BENZOIC ACID TYPE

by

P Livboren, G T Sartzman ind G ToRNELL

It 1s obvious that arcultory side effects may occur in connection with
roentgen examinations involsing parenterally admimstered contrast medin
These may be due for example to changes 1 the clements formed in the blood
(ervthrocyte nggregation), to n influence on cardine function, 1 direct 1ction
on the blood vessels, or nn effect on the autonomic centers of the nervous
system These factors hve for 1 number of years been investigated experimen
tally by the present 1uthors (LiNnDGREN & ToRNELL 1958, kacsTrROM, LIND
orREN & ToRrNELL 1958, 1960, LiNDGREN & Sartzman 1962, TorneLL 1963,
LinDGREN, LorsTroM & Savtzman 1964)

One of the most cansistent obsert wtions was the great differencen circulaory
reactions between acetrizoate and diatrizoate preparitions, the lntter being
much less pharmacologically ctive than the former, m spite of the fact that
both are tr110do benzoic 1cid dernatnes This difference has nlso been
reported by numecrous other mvestigators, nd 1 surprisingly good correlation

A preliminary report was gnen at the 25th Scandinavian Congress of Radiology Odense
5 to 8 June 1963 Submutted for pubhication 15 December 1966
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between experimental and chimcal observations has been established The sodr
um or methylglucamne salt of sothalamic acid, marketed under the brand
name of Conray was selected for the present nvestigation Ths substance has
the same amount of rodine and molecular weight as sodwim diatrizoate mn
spite of the fact that these are chemically entirely different substances

Most of the imvestigations published on sothal prep deal with
therr chimcal use and effects The majonty of authors report favourable
experiences from both intravenous and intraartenal admnistrauon and place
the compound 1 the same group as sodium diatnzoate as regards side effects
(or perhaps more correctly the absence of such effects) (STEINBERG & Etvans
1962 FosTER WiFREY Ruies & Sessions 1962 hasicn & Frey 1963)
Critical reports have however also been pubhshed senous side effects and
even fatahues han e been obseried by Hivex & Dotrer {1962) and Bernsten
ReLcEr & Grace (1962) The latter authors also reported expenmental
findings Aortography with 2 mlj/kg sodwum tothalamate caused persistent
neurotoprc or renal signs 1 dogs 1 ml/kg mtravenously produced only small
changes 1n blood pressure while 2 ml/hg gave a fall and 3 mlfkg even produced
marked bradycardia and rhythm changes SEssions et coll (1962) miesugated
the neurologic and renal towiaty and concluded that sodium rothalamate
809, 1s less toac than any of the currently asvailable concentrated angio-
graphtc contrast media  In another paper by the same group (Ruga et coll
1964) 1t was stated that sodum 1othalamate (Angio-Conray 80 2.} was some
what more toxic than diatnizoate Na/M (Hypaque M 90 %) when injected
repeatedly into the aorta 1n dogs The neurotoxic and nephrotoxic effects were
studied However considering the gher 10dine content of the former (420
mg)mi agatnst 462 mg/ml) sodum 1othalamate appeared preferable Stmular
results were reached i an experimental 1nvestigation by STEWART et coll
(1962) who found the spmal cord toweny of 1othalamate NafM {Angio
Conrav 80 %) to be ligher than that of diatrizoate Naf\ (Hypaque M 90 2}
Another method of mvestigating the toucity of contrast metha was vsed by
Fujiret coll (1963) who made histelogic studres of resected intestinal segments

after intraartenal injections 1n dogs and reported 2 datnzoate compound
(R ) and a 10thal

d (Methylgl Conray) to be

the least damaging to the mtestine

The aim of the present iny estigation was primantly to compare the crrculato;
effects of sodium 1othalamate with those of tao well known contrast medx:y
sodwm diatnzoate and sodwm acetnzoate The former was chosen as a
reference substance because 1t 15 widely used chimeally and experimentall
Both duatrizoate and acetrizoate preparatians have been used by the pro ,
authors m their previous mestigations on the fluence of media };ncstel?:

BB 4E R Yy Dur wt 7(i)
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Fig 1 Typical changes in the femoral blood flow after intraartenal jections of 00s mljkg of
diferent contrast medin 1n a cat weighing 3 0 kg

peripheral arculation The mm was also to mnvestigate more 1n detaid how
their techmque for peripheral blood flow studies could be used as @ method
for 2 quantitati e assay of the vascular actisaty ( vascular toxerty ) of contrast
medin It was also to be determined whether any similanty existed between
the phirmacologic activity of the contrast medin, demonstrated 11 the 1150
dilator responses following straarterial injections, 1nd the systermic effects and
blood pressure changes when the medit were given ntravenously

Methods The effects of the contrast medrt were studied m 37 cats weighing
between 2 0 and 4 3 kg, wnesthetized with intriperitoneal sodium pentobarbital
(30 mg/kg) Supplecmentary doses were given mntravenously, 1f necessary,
during the course of the experiment A tricheal cinnula wasmserted tofeilitate
respiration The artennl blood pressure was recorded from the left carotrd
artery by means of 1 Statham electromnometer (P 23 AA) connected to 1
Grass Model 5 polyraph

The blood flow 1n the femoral artery was recorded by 1 techmque described
by Livperex (1958) The blood was directed from the cannulated central
stump of the ligated artery vin a plistic tube to a drop chamber of plexiglhss
and back to the peripheral stump of the artery The plastic tubes wnd the drop
chamber werc enclosed mn a thermostatically controlled (38° C) water jrchet
The drops were recorded by a phototube operating n ordinary recorder
(GovrpscumipT & LisDoReN 1962) connected to 1 Grass Polygraph The records,
directly proportional to the drop mtervals and ndirectly proportionil to the
rate of flow, were calibrated in mulhlitres per mnute (ml/mm) Heparin
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25 mg/kg was gnven intral enously 1n order to preent clotting Intla\er;fll;l:
snjections were made via 2 thin polythene catheter #ito 2 cutancmlxs ;lcm o b
foreleg Intraactertal mjections were gnen through a thin polythene tu
inserted 1nto the outflow cannula from the drop chamber, that 15 to say the
smjections were made distally to the drop chamber so that the blood ﬂm-.]
recorded was delaved for a few seconds This fact 15 illustrated by the imta
long nteral concomitant with the myections (Fig 1) Ths effect 1s therefore
an 1nyection artefact and should not be msinterpreted as due to Vasoconsing
tion The following contrast media were used 1n the present myestigation

Caacentratian Tod ne
1n per cent conteng mg'ml
Acetn oate Na (Rbeopak) 50 378
Duatrtzoate Na (Hypaque) 50 300
Duatr zoate NafM {Urografin) 6 290
6 140
Tothalamate Na (Con ay} 40 240
50 300
60 300
Ky 470
80 480
Tothalamate M (Con ay) 0 28
Toth lamate Naf\t (Conray) 60 290
7 3.0

\a = sodum salt M = methylglucamine salt hafM = m xture of sod um and methsiglucamine
salts n the proportion 10 67

Results
Intraarterial 1nyections of sodum diatricoale tothal. and acetrioate prep
{ femoral arteriography) A first senies of eight expenments were carned ont n
which sodwm datrzoate (Urografin) and sodwm acetnizoate (Rheopak)
were mjected for companison 1n order ta obtais an osientaton on the vascular
actrvty of sodwm 1othalamate The results 1n one of the experiments are
recorded m Fig 1 the doses were mall 1 ¢ 003 mifkg, corresponding to a
dose of 3 ml 1n human subjects The vasodilator reactions caused by the two
1othalamate preparanons were simlar to those of the diatrizoate substances
whereas the acetnzoate compounds had a much stronger vasotitmtor effect
Tt 15 true that there were large differences in sensitsy, ity between the individual
cats bue the rato betwcen the responses caused by the vanous contrast media
did not change much a fact that may yustfy <ompanng the mean values from
the datn of the exght expeniments guven 1 the dagram of Fxg 2 The salues are
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Tig 2 Increase in fomoral blood flow 50
n per cent of the resting, level after
mtrairternnl ingections of 00, mifkg
of different contrist media Means of 8
experiments

m oiaTrizoateE Na/M 602

cxpressed 15 ancrease in the blood flow, expressed n per cent of the resting
level Tius means for example that if m two experiments the resting femoral
blood flow wis + ml/mm and 6 ml/min, respectiyely, ind incretsed to 6 and 9
ml/mm, respectinely, 2t the height of the yvasodilator response, the response
both wnstnces 15 expressed s 1 50 ©, mcrease A particular ads ntage of the
percentage cileulations 1s that blood flow differences due to different body
weights tre neutrilized The dingram mdicates that no differences worth
mentioning existed between the diatrizoate Na/M and the othalamate NajM
responses, 1nd that the iothaltmate M effect also differed very hittle The two
former preparations have the same 10dine content 2nd the sime proportions of
sodium and methylglucimine salts, whereas the 1othalimate M has less wodine
The Itter compound was included becausc 1t 1s used clinieally , the same applies
to the sodium 1othalamate 80 @,

The method of t1king only the magmtude of the responses mto consideration
may provide good information on the vascular actiaty of the compounds
tested, when threshold doses are uscd, m other words 1f only parual relaxtion
1s obtuned But when larger doses or more active compounds are used, 1
reaction consisting of 2 maximal or 2lmost maximal v 1sodiltation may occur
A coraparison only of the flow increase 1t the very mstant 1t 1s 1t 1ts mixumum
may thus preduce 1 false picture of the v 1scular tetisity of the two compoutds
A companson of the effects of sodum 10thalamate 80 %5 and sodim acetnt
zonte 50 %, wn doses of 0 05 mijkg, can be mnde in Tig 3 The former gave 1
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BLOCO
FLOW
{A FEM.DX)

TIME MIN

IOTHALAMATE Na 867 ACETRIZOATE Na50%

Fe 3 Increase 1 femoral blood flow after iatraa tenal snyect on of 003 ml kg of 1othatamate
NaB0  and acetrizoate Na 50 a cat we ghing 37 kg

flow mncrease of 300 ¢, and the latter one of 350 9, These figures mght suggest
that the two compounds have about the same vascular effect However the
records mdicate that the reactions are different, the sodium acetrizoate reac
tion bein,, of much longer duration It was not the object of the present
myvestigation to determine whether the cause of this Jonger duration was due
toe g ngher affimty of the drug to the effector cells or to some other property
‘There 1s no doubt howes er that the vascular reaction wiil be better presented if
both the intensity of the reaction and its duration are taken into the considera
tion In order to simplify the evaluation of the response the product of the
parameters 1s given nstead of fisng both parameters separately

Biologically the meaming of this product 1s easiest to explain 1f the increase
n flow 15 expressed as absolute umits ml/min (the difference maximum flow
munus resting flow) Thus the product

flow mncrease 1n mljmn X
X

i minutes would mean the amount of
Ylood pasuny, through the vessel (and the tisue) 1 additon to that which
should have passed under resting conditions provided the return of the blood
flow 10 1ts resung level can be regarded as hinear Ia other wards i the blood
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of 005 mljkg of different contrast N §
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flow response cn be regarded s triangular 1n shape, the product, 1 e the
surface of the tringle, means the increased amount of blood that has flowed
This 1mount of blood cn be regirded as a fur indication of the vascular
reaction, 1 ¢ the vasodilation and decreased penipheral resistance This
approximation to 1 triangle of the recorded responses has been made 1n this
study Tor reasons mentioned 1bove the mcrease in blood flow 1s expressed 1s a
percentage of the resung level rather than in absolute values These percentage
values have also been used 1n the caleulation of the products, 1 ¢ the products
are expressed inreltive values This fact, howes er, constitutes no disadvantage
1n the present study because the object has been only to compare the vascular
actnty of different compounds, not to gve absolute values for the responses

Calculating the responses shown 1 Tig 3 ns products accordmng to the
principle mentioned, the figures of 140 and 470, respectisely, for 1othalamate
N2 80 % and 1cetnizoate N1 50 % rc obtuned The magmitude of the vasculr
reactions and the difference betw een the vascular activity of the two compounds
are thus better reflected

A dingrim, 1n which the vascular reactions arc expressed as products
(flow ncrease tmes durition), 15 given m Fig 4, the experimental materal
was the sxme as 1n Fig 2 The most strihing change from Fig 2 1s however
the accentunted difference between on one hind the group formed by the
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Table
Comparuson of the vaseular actizaty on wyections into the femosal artery of diatevvate and wthalamate
compounds ot four dufferent serves of experuments ~ Mean calues on relatues untts based on the products of
the flow tnerease tumes the duration dierded by 2 — Actuaty of diatrroate fun each series) = 100

s jected Numbes Number Contrast mediym Vascular
amount of o actnity
mifkg experiments 1 Jections
o1 3 34 Duatrrzoate NafM 60 100

17 Tothalamate \a 50 "2
005 4 2% Duatrzoate Naf\ 76 100

2% Tothalamate Na 60 79
003 4 15 Diatnizoate Na 50 100

15 Tothalamate Na 50° 16
02 4 15 D atnzoate Na 50 100

15 Jothalamate Na 50 103

diatrizoate ind 10thalamate compounds and on the other hand the acetrizoate
preparation

1t was obsenied in several expeniments that an myection (same dose and
same substance and concentration) gwen early i the expeniment did not
produce a stmalar response when admunistered one or two hours fater The later
responses expressed both as flow wncrease and as product were usually larger
One reason could bie a fall i the blood pressure level and 2 lower resting blood
flow level An increase m the vasoconstrictar tone may also be coustdered
Care was therefore taken not to 11 € too many injections 1 one experiment or to
conunue too long with the expeniment In the expenmental senes presented
above the diatrizoate Na/V and the sothalamate Naf\{ injections were
admumstered with only a few minutes mterval Tn same expensments the former
substance was mjected prior 1o the latter and 1 others vice versa Tt 1s there
fore unlikely that the ime factor coyld have wfluenced the results However
 order to ehmmnate this factor other series with alternate amyections of only
two compounds were performed The results of four such senes are presented
m a Table The means of the dutrizoate responises were given the value 100
n relative umts m order 1o make the comparnison easier The pnmary data
underwent statistical analyss but th no Instance could any sigmficant difference

between the responses caused by the sothalamate and drairzoate substances be
established

Dose sesponse relationship

wiraartenial wnjections of wothalamate Ma Th
fesponse relationship wa; e

s studied for vanous concentrations of sodium 10thal
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Fig 5 Typical changes 1n femoral blood flow after intraarternl injections of increasing doses of
tothalamate N1 70° 10 1 eat waighing 20 kg

amnte The renson for choosing the sodium salt was the possibility of including
the lugher concentrations n the study, puticularly the 80 ©; solution which 1s
used chmenlly In order not to lond the amimal with more contrast medium
thin necessry, early m the expeniment, the lower concentritions were mnjected
first, and then 1othalnmate 80 ¢, nd acetrizonte 50 ¢, Sodium acetrizonte, the
marked vasodilator properties of which were reported by the present authors
scvernl years 1go, was used s 1 reference preparation m order to obtun
information on the mainimal reliang capaaity of the vesscls

Part of wn experiment m thus seres 15 illustrated in Tig 5 The doses were
0025, 005, 01 and 02 ml/kg It 1s truc that 1t could have been of some
mterest even to study the cffects of somewhat igher doses, ¢ g 04 ml/kg,
corresponding to 2 large chinical dose 1n 1 human subject, this was not done,
however, because 1t meant that the tota] amount of contrast medmm given
would have been nereased by more than 100 ©, The mean values fiom eight
experiments were used for producing the dingrimsn Figs 6 and 7 These ind
cate the response s flow merease and the product of the flow increase times
the durition, respectively For the smaller doses the responses were quite
moderate, wnd cven for the higher doses of the high concentrations the res
ponses were clearly below the upper limit expressed s the acetrizoate response

Intravenous igections The media were jected mto the cannulated brachial
vem The arteninl blood pressure s recorded 1n 1l the experiments, and the
peripheral blood flow m A few of them However, the results now reported dent
only with the blood pressure responses The peripheral blood flow 1s influcnced
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ACITRZOATE N2 501
500;
a0
a0
350 Yomrssante Na B0
300 702

£ g

i,
Fg © D sc esponse curves for d Rerent conc ntrations of 1othslamate Ma The curves Hustrate

the merease n femo 2t Dlood fow 1n per cent of the resting evel afier imiraarter ol imeet ons and
4 ¢bsed on th mean values of § exper ments

by so many factors of unpredictable mportance, such as blood pressure
changes reflex adjustments dtrect influence of the drug that alterations in the
penpheral blood flow can hardly form a basis for quantitative studies as
was the case with the intraartenal mjections

InFigs8and 9 the mean values from four expeniments are gnen in dragram
wmaue form As to the mraanienal responses very hittle tifference was evident
between the diatrizoate and the 1othalamate compounds and with respect 1o
the fall 1n blood pressure both gave quite moderate values the fall produced
by the acetrizoate preparations was however more marked

The dose response study for sodum 1othalamate was huted to the 40 %
€0 ¢, and 80 4 solutions 1n order to Jtnut the total amount of contrast medwsm
admimstered For doses up to 067 mljkg the blood pressure responses were
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Fig 7 Dosc response curves for different concentrations of wthalamate N1 The cunves illustrate
the vascular reaction expressed s the product of the flow increse times the duration nd are
based on the men values of 8 cxperiments (The talus obtuned for acetrioate were 0075 — 377
005 — 820 01— 1348 and 0 2 mijhg — 1837 unuts )

very small (0 67 ml/hg corresponds to about 40 ml m 1 human subject), and
not until 1 33 ml/hg had been given could any difference between the lower
and the lugher concentrations be demonstrated The intrayvenous dose response
curves that were obtuned are indicated 1n Iigs 10 and 11, m mean values of
ten experiments In analogy with the mterpretation and presentation of the
ntranrtenal responses, the blood pressure responses in Tig 11 have 1lso been
expressed s the product of

blood pressure fall 1n per cent of resting level

2

The biologic significrace of dus product 1s nat s sunple 15 m the former
cise but the 1uthors feel that 1t 1s 1 more 1ccurate way of presenting the
arrculatory effects of contrast medin than by measuring only the fall m blood
pressure

X duration in minutcs
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Fig 9 Blood pressure responses expressed 2s
the product of the mean blood pressure times
the duration after intravenous ijcetions of
O 5 mifg of &ifesent contrast media Means
of 4 experiments

Discusston

Studses of the effects of intraartenal ingections of contrast media of the hmb
blood flow proved to be a sensitine method of deterrmining the vascular activaty
of an agent This confirmed the conclusions from previous invesugations The
doses of 6025 10 02 mifkg are much less than those needed for studying the
effects of intravenous doses on the blood pressure This means that a greates
number of injections can be given 1n one experiment without reaching a too
ugh concentration 1n the asmal The intraartersal doses mn the present mves
ngation were aksovery low compared with the doses ofien nsed m testmg
the medwa for neurologic reactions t e 1 to 2 mifkg 1nto the dorta or 2 to 7
mljkg intravenousl, (Sesstons et coll 1962) Bernster etcolt (1962) gavelto
3 ml'kg intravenously 1n e tigating the blood pressure low erng effect of the
drugs

Good correlation sas obtained between the results of the traartenal and
ntravenous njections Those preparations that produced a marked 1crease 1n
blood flow on intraartenal wgection gave also a blood pressure fall when
wjected intravenously Thas ss of course not a surpnising observation — a main
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I'g 7 Dose response curves for different concentrations of 1othalvmate Na The curies illustrate
the vascular reaction expressed as the product of the flow increase times the duration nd are
based on the mean values of 8 experiments (The ralu s obtaned for acetrs.oate were 0075 — 3,7
005 —8%0 01— 1348 and 0 7 mlfkg — 1837 units )

very small (0 67 ml/hg corresponds to 1bout 40 ml in 1 human subject) 7nd
not until 1 33 ml/kg hnd been given could any difference between the lower
and the higher concentrations be demonstrated The intrw enous dose response
curves that were obtuned are mdicated 1 Figs 10 and 11, m mean values of
ten expertments In analogy with the mterprettion 1nd presentation of the
mtraarterial responses, the blood pressure responses in Fig 11 have 1lso been
exptessed as the product of

blood pressure fall in per cent of resting level

2

The brologie significance of this product 1s not 1s simple as in the former
case but the authors feel that 1t 1s 1 more accurate w1y of presenting the
circulatory effects of contrast media than by measurmg only the fall m blood

pressure

X durition in mmutcs
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seems nowadavs to be general agreement in the hiterature (¢ g TrpiLy e
coll 196> Hruax 1966) Most authors also agree that the newer prepasation:
of the datrizoate metnzoate and 1othalamate salts are much weaker vasc
dilatars than the acetnizoate preparations

The possible difference between the effects of sodium and methyiglucamie
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Fig 10 Dose response curves for different concentritions of iothalamate Na  Means of 10 ex
periments

factor lying behind the fll of blood pressure following intravenous mjections 1s
probably the decreased peripheral resistance occurring when 1 not too diluted
contrast solution reaches the periphery

As regards the mun object of the imvestigation, namely to compare the
crrculatory effects of 1othalimate substances with the medin previously inves-
tigated, the principle conclusions seem to be as follows

1 No sigmficant difference was found 1n the vascular activaty between cor-
responding concentrations of wothalimite nd diatrizonte substances Both
hauve a low ‘vascular toxicity

2 The marhed vasodilator effects nfter injections of acetrizoate compounds
were confirmed, they were considerably Iarger and more sustuned than those
of the diatrizoate 2nd rothalnmate preparations

As regards the vasodilator properties of practically all contrast media there
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SUMMARY

The arculatory effects of preparations of the contrast medium othalamate {Conray) hane
been mestigated i cat expenments and compared with those of diatnzoate {Urografin and
Hypaque) and acetrizoate (Rheopak) media The responses were small to moderate for the
Jower concentrations No significant difference was noted between 1othalamate and datn
zoate but the vascular touicity of the 1othalamate was much lower than that of the acetrizoate
preparations The chimcal mmplications are brcfly discussed

ZUSAMMENFASSUNG

Der Emnfluss der Iothalamatlosungen (Conray) auf den hreislauf wurde an Katzen ex
perimentell studiert und nut Losungen yon Duatrizoat (Urografin Hypaque) und Acetrizoat
(Rheopak) serghchen Fur schwache Losungen war der Emfluss ke bis massig Remne
signifikante Differenz zwischen Iothalamat und Duatrizoat konnte festgestellt werden s
crvaes sich aber dass Jothalamat geringere Towicutat aufi 1es als die Acetnzoatpraparate
Dz klunsche Bedeutung dieser V ersuche wird in Kurze besprochen

RESUME

Les auteurs ont €rudié par des expénences sur des chats les effets arculatowres de prepara~
tions d sothalamate (Conray) et les ont comparés a ceux de préparations de duatnizoate {Uro-
grafin} et d acétezaate (Rheopak) Les réactions sont fables on modérees pour les faibles

Avcvne difi entre les pré) de dh etdacé
n20ate était notée mans la tovicaté vasculaire de | tothalamate est tres inf tieure 3 celle dey
Dréparations d acétnzoate Les auteurs examunent brievement jes tmplications chmques de
ces résultats
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or muixed snlts of iothalamate, was not speaifically studied Lven if the
character of the ncid rest 1s probably responsible for major cifferencics be
tween the pharmacologic effects of various contrast medin, the importance of
the positive 10n should not be neglected Thus was the reason for haung a
special compound, 1othalaimate NajM 60 %, prepared for the present study
so that the salt composition should be the same as for the reference substanee,
ditrizoate Na/M 60 %, the latter being rdentical with the well hnown
Urografin As regards the positive 1on, the 1den hs been expressed m the
hiterature that 1 methylglucimine salt 1s less tonic than A corresponding
sodium salt Tiscier & CorntLL (19G5), in an cxcellent eaperimental study,
demonstrated that in cercbral angiography the methylglucamine salts of
drtrizoate, 1othnlimate 1nd metrizoate are ‘definitely better tolerated than
the sodium compounds Similar results have also been obtuned for the
viscular toxiaity, tested by our method, of the ighly actine acetrizoate
preparitions, the sodium compounds gning more marhed and long Isting
vasodiltion than the methylglucamine salts (VAN pe BEre 1962 and Tor\ELL
1963) However, even methylglucamine acetrizoate his a vascular tovicity
that 1s much Iugher thain 1ny dintnzonte compound These facts should
thercfore be kept in mmd when comparng the side cffects of ¢ g the two
commercinl preparations methylglucamine rothalamate 60 9 (Conrzy) and
sodium ditrizoate 50 % (Hypaque) Liv et coll (1965) reported that the
postangiographic blood pressure depression was milder and of shorter durition
with methylgluchmne 1othalamate 60 % It 1s, however, difficult to know
whether this difference should be regarded s one between a 1othalimate wnd
a drtrizoate compound or between 2 methylglucimine and 1 sodm snlt

The present experimental results agree wath the chimenl findings that in
terms of side effects only mmor or no differences between tothnlamate nd
diatrizoate compounds cst, provided comparsons 1re made between the
same concentrations nd salt compositions

Almost all serious comphications n roentgen examinntions in human
subjects with 1othalimate hawe occurred with the Anglo Conry (80 %)
preparation (BERNSTEIN et coll 1962, STEINBERG & Lvans 1962) Tlus s an
extremely concentrated solution with 2n 1odine content of 480 mg/ml, 1t 1s
an open question whether 1t generally answers 1 need The most marhed
reactions 1n the present mnvestigation were caused by this concentration, s
seen 1 both the mtrrarteral and mntraenous dose response curves As has
been suggested previously (Linbgren & TORNELL 1958), the same amount of
substance given m 1 concentrated solution usunlly ciuses a more ntense
vasculr reaction than when dilute This problem has been the object of a
separate mnvestigation (LINDGREN, SALTZMAN & TornELL 1968)



ROM THE DEPARTMENT OF PATHOLOGY (DIRECTOR  PROF > RANSTROM)

JEPARTMENT OF SURGERY I (DIRECTOR PROF L E GELIN} AND ROENTGEN

JEPARTMENT 1t (DIRECTOR DOCENT 1 WIChEOM) SAHLGRENSRA SJUKHUSET,
GOTHENBURG SWEDEN

ANGIOGRAPHIC, MICROANGIOGRAPHIC AND
HISTOLOGIC SFUDY OF VASCULAR MALFORMATION
IN STRIATED MUSCLE
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L Asgeevart L Matsson B Stener and I Wickpos

This communscation describes a vascular malformation 1n stnated muscle

with angiographic findings of mterest 1 the roentgenologic differential diag
nosis of soft issue tumours A correlated phic and hustol,

study of the operation specsmen helped to interpret the chmeal angmgra;xs

Case report
A woran aged 41 had for about 10 years noticed a lump medsally 1n the Tower part of
the right thigh 1t had not increased notwceably in szt and bad not caused any disabhty
™o history of trauma

The cimical exammation disclosed 1 the dustal part of the vastus medialis  non tender

soft clastic ovoid mass with 2 maximum diameter of about § em and mohile except when
the quadniceps was contracted The overlymg skin appeared norimal

QOrd nary roentgenograms with a soft hame techmque faded to distingussh the mass from
Suomutted for publication 9 June 1966
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Fg 2 3) Mcroang ogram of a 00 4 th ck sectto1 representing the boundary between

ooty muce t sue {top) and lesion (bottom) > 35 b) H talogc section at the

Foundary between ordinary mu cle t sue {top) and les on (bottom) Vewg 1t van Cieson
3

Viicroangrographic and hustologic study of the operation specimen As soon as the
tumour had been excaised the speamen was prepared for microangiographic
and lustologic study (For a detailcd description of the method see ANgErvALL,
NiLsson & STENER 1961 A muxture of banum sulfate suspenston and formal
demvde was mfused into the man feeding artery the descending gemicular
and the speaimen was then cut into shiees about 4 mm thick The shices were
cxamned pically and a r gram was taken of each (survey

angiograms) Thin paraffin sections were made for microangiographic and
Iustologic examnation

Macroscopie inspectian revealed numerous large vessels, filled with contrast
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Tig 1 a)and b) Iemoral angiography Highly vascular region corresponding to the site of pal
pable massan vastus mediabis The strated appearance (from top night to botiom Iett) should be
noted The vewns in (b) are filled while there 15 still contrast medium m the superfictt] femoral
and descending genicular arteries ©) Survey Angiogram of 1 4 mm thich shee of the operation
specimen  The upper third of the slice has been cut through ordintry musele tissue the lower
two thirds through the leston

the surrounding tissue  but 1t was clearly outhined at femoral angiography by reason of sis
highvasculanty (Fig 1 aand b) T'rom the markedly widened mam feeding artery (descending
& ) the contrist med) passed 1nto an abundance of tortuous sessels and also pro
duced diffuse staiming Wide drainmg vemns were filled winle there was stll medium in the
artenies indicating awteriovenous shunting (Fig 1b) The highly vascular region presented
a certam stnation  the significance of which was not clear In view of the angiographic ap
pearances and the history of no appreciable progression over ten years an angioma was
considercd hikely although the remote possibility of a malignant tumour was borne tn mind

At operation the descending gemcular artery was diided and ligated near 1ts ongm The
tumour was then excised 1n toto together with a margin of healthy muscle tissue Since the
leston was probably bemgn total muscle excision was not indicated

The postoperauve course was uneventful At follow up 2 years and 5 months after the
operation the patent had no signs of recurrence She had sustamed no sigmificint loss

of function
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medium, 1t the site of the lesion Muscle fibre bundles passed night through
the specimen, unbroken at the boundary between the lesion and ordmnary
muscle tissue The muscle fibre bundles were distinctly paler withm the lesion
than outside 1t (white medium 1n the vessels)

Iig lc1s 1 survey wngiogram of 1 4 mm thick shce of the specimen The
descending genicular artery, used for nfuston of the medium, hes at the top
The upper thuird of the shee has been cut through ordinary muscle tissue and
the lower two thirds through the leston Numcrous vesscls of various calibres,
most of them presenting 4 tortuous course, are evident within the lesion In
addition, there 1s 1 dense bachground opactty broken by dark (more radio
lucent), parallel stretks These strenks run in the same dircction as the muscle
fibre bundles seen mncroscopieally on the cut surface on the shee, many of the
vessels, both within and outside the Jesion, also have this direction

g 21 1s 1 mucroanglogram of 1 500 g thich section representing the
boundary between ordinary muscle tissue (top) and the Iesion (bottomy), the
magnification 15 x 35 The microangiograms disclosed that the background
opacity 1n the survey 1ngiograms was ciused by numcrous fine vessels In
general, these vesscls had 1 strughter course and a wider lumen thin the
capillaries 1 the surrounding mtact muscle tissue (¢f top nd bottom
Fig 2a)

Histologic examination revealed that bundles of well preserved muscle
fibres passed through the lesion between pathologic vessels (Fig 2b) The
largest of these vessels were of two different hinds (Fig 3, bottom view) m
vessels densely filled with contrast medium and whose walls had 1 more or less
distinct laminn elasticr internn nside 1 layer of smooth muscle — apparently
afferent vessels, and (2) vessels only partly filled with medium and whose
walls contained smooth muscle cells nterspersed with elastic fibrils as in vems
— apparently cfferent vessels The finest vessels within the lesion (Fig 3,
mddle view), most of which ran parallel with the muscle fibres, were filled
with contrast medium and gencrally had walls that clearly differed from those
of ordinary muscle capilianies outside the lesion (Fig 3, top view) they were
thicker and contamned smooth muscle wnd clastic fibrils

Discussion
The angtographic 1nd histologic study disclosed that the mass 1 the vastus
rmedials was due to various types of differentiated, hyperplastic blood vessels
The regular arrangement of these vessels between well preserved muscle
fibre bundles mdicates a vascular malformation (hamartoma) rather than a

true hemangioma
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It 15 generally held, i climenl ingiography of soft tissue tumours, that high
vasculanity s suggestive of malignaney (SutTos 1962, Roscrr 1964) An ex
ception 15 naturnlly hemangiomas (cf Bariiey & Wickson 1959), nother
ighly vasculr bemign tumour 1s the lnibernomn, a special type of hpoma
(ANGERVALL, NiLssoN & Straer 1964) Certun non neoplastic lesions may
lso sometimes appear highly s ascular aingrographically, such as mflimmatory
lesions (Lacercrew, Livpbow & Sobrrsere 1958, Marcurns & Moremy
1958, Sutron 1962, Cocnsuorr & Evans 1961), ind muscle rupture with
orgumzing hematoma (Stiner & Wicnsow 1966)

In the present case, chimcal angiography ndicated that the leston was
Iughly vascular, but 1t was also noticed that the vascular region had a strated
appewrance The correlated microngtographic and hustologic study of the
operation specimen disclosed that tlus striation was duc to the presence of
muscle fibre bundlces betwcen the pathologic vessels It s felt that such strmtion
m the anglographic appearinces of A lughly vascular mass in 2 muscle per
s¢ my he of dingnostic s alue, suggesting that the leston 1s benign m spite of
1its lugh vasculinity 2 mlignint tumour would hardly Iewe the muscle
bundlcs 1t ct to such an extent s mdicated by the angiographic appearance

SUMMARY
A massne vascular malformation 1n striated muscle is described The climcal angiographic
findings were correlited with the microangrographie and listologic investigations of the
opcranon speaimen

ZUSAMMENFASSUNG
T's wird uber eme massne Gefassmusshildung im quergestreifien Mushel berichtet Die
kl hen und angiographischen Befunde werden nut den mkro angiographuschen und histo-

logischen Befunden am Resekhtionspraparat in Beziehung gesetzt

RLSUME
Description d unc malformation vasculatre massive dans le muscle stri¢ Les signes ang;v
graphiques chiniques sont confrontés avec les examens mucro angrographiques et hstolo-
giques de la piéce opératorre

RETLRENCLS

AngervaLL L Niussov L and Stenrr B Microangiographic and histological studics in 2
cases of hibernoma Cancer 17 (196%) 68>

BartLey O and Wickson I Anglography m soft tissue
(1959) 81

hemangiomas Acta radiol 51
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Fig 1| Part al collapse of the left lung w th large pneumothorax
exteasnv¢ nfilt at an w th atelecta 1s of the upper lobe VModer
at @ placement of the med asunum a d heart to the ight

acadents \ccordmg to STREET & StuLL (1908) ruptuse of the mamn broncht
» faurly common but the patients uswally die of other senous myuries

Partly as a result of the mereased number of cases with traumatic bronchial
rupture but mamly because of improved modern hospital treatment and care
of severely injured patrents a pre mortem chncal dragnosis has often been made
n recent years Both clmical and roentgenologic experience with this disorder
have thus been gamed and Ines saved although the majonty of the pauents
have had to accept the loss of one lung

The symptom complex n the acute phase may range from almost total Jack
of symptoms to an extremely precarsous general state the reason for this n cases
of wolated bronchial rupture being the difference m the posiion and extent of
the rupture The pattent 1s usually 1 a poor condition on admusion to hospital
This may be due to fractures of bones and ather wyoes but may alo be caused
by bronchial rupture wath p t hy

T h

1 bleeding and
shock The panent frequently has considerable air hunger dyspnea and cyaness

Extensive subcutancons emphysema usually exasts but may o~castonally be abs nt

Some patients are asymptomatic and wuhout signs on admussion but develop
changes duning the first hours of obsen ation
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TRAUMATIC BRONCHIAL RUPTURL

Acute stage dingnosed by bronchography
by

Mats HavFrLING

Bronchinl rupture following thoracic triuma probably occurs throu,h 1 shear
ing force 1cung between the firmly anchorcd mediastinal bronchy and the more
mobile peripheral pulmonary bronchr In the earhest cases of bronchinl rupture
mjury to the thorax was oceasioned by falling from horses or from haghts, but
n recent years traffic acadents hwve been the more common cwuses

Bronchial rupture usually occurs in onc of the mam bronchi close to the cnna
with the sxme frequency on either side (Nortw 1955) Iess frequently lobar
or segmental bronchi may be torn The first described bronchial rupture was
detected at autopsy by Barford Until 1945, the ruptures has usually been dis
covered after death

Thrty cases had been reported up to 1948 but by 1955 the total figure had
nsen to 50 (Noriin) mncteen of these died within 96 hours of the accident
A perusal of the recent hterature mdicates that the number of cases reported
amounts to over 167 (Burke 1962 and Ozonorr 1964) The madence has in
creased 1n recent years due mamly to heavier road traffic and the lgh rate of

d for publ 22 November 1966
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a Postaperat se brc chograms ofsame patient at in figs 1 and 2 Normal appearances of

Fg
the 1 Tt lower Jobe broncht

Case report
\ b-year-old hoy adrmitted after he had been knocked down by a car was conscious but
m a state of shack The pi y chimcal and l revealed 2

of the forchead and fy fthe left radvuy ulna and um The child complained
of pan on the left side

Roentaen examination of th  abdomen and chest disclosed marked gastric dilatation aleft

sided § th and with of the apical segment of the left lower
fobe the was d 1o represent a [ of the lung A second cxamna
vion of the chest an hour later indscated that there was an increase 1n the amount of air in the
left pleural space and displacement of the med astmum to th niht (Fig 1) Rlood m the
trachea was present on endoscopy A dramnage wbe was mserted into the left chest and
approumately 200 mi of pure blood and a large volume of air were aspirated the tube was
then connected to 4 suction apparatus Initial improyvement was [ollowed by ramd deteriora
uon 1n the pauent s condition Another roentgen examination of the chest shortly after the

msertion of the drainage wube mio the pleura resealed that the amount of air had increased
further despite continuous suction

\s the amount of air 10 the lefk pleura \ as increasing despite dramage with contimuous sec
von the question arose as to whether bronchial rupture was also present Bronchography as
an emergency procedure was suggested 10 establish a defimtive diagnosis and 3f possible
focate the position of the rupture A grey Odman Ledin catheter with 2 45 distal curye was
mtroduced under general anaestheua inta the 1+t maim bronchus via the cannula placed 1
the 1racheomtomy  About § m) of contrast medum {aqueous Dionosl) were smyected under
fluoroscop ¢ control ity even distnbution to the bronehy being obtained by use of an anaesthensc
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ig 2 ) Bronchograms of sxme pattent 1¢ 1n fig 1 No filling of the apical bronchus of the lower
lobe accumulrtion of medium n the adjicent tissue

Pathologic features Bronchinl rupturcs vany from small nfts to complete
separation of the bronchial fragments, with consequent total disconnection of the
dhstal urw1y The extent of the vascular mjury and degrec of bleeding are not
always determimed by the size of the rupturc or displicement of the two parts of
the bronchus A minor tear of the bronchus may be assocrated with a major
vascular njury On the other hand, total rupturc with displicement of the
bronchial fragments may be accompanied by an msignificant mjury to the
vessels and very litle bleeding Rupture of one of the upper lobe bronchi may
then produce total atclectasis of the lobe but the patient may be entirely free of

symptoms

Roentgenologic findings Roentgen examunation of the thorax in the acute
phase may reveal atelectasis of the lung adjicent to the mjured bronchus as the
only sign Multiple lestons, such as pneumothorax, mediasunal emphys-ma,
atelectasis, hemothorax, and infiltration of the lung are usnally evident, however
The latter may be caused by aspirated blood or by hemorrhage into the lacerated
lung Laceration of the lung following triuma 1s not uncommon n children
Signs of mediastimitis and empyema may develop durning the days that follow
if the injury has been overlooked or neglected
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Fg 3 a) Postoperati ¢ b onchogr ms of samc pat ntasm figs 1 and 2 o mal appearances f
the left lower lobe bro ¢k

Case report
4 b-vear-old boy admutted after he had been knocked dovn by acar was conscious but
1n a state of shock The pi y chmcal and revealed 2

hematama of the forchead and fractures of the Ieft radius wlnaand ium The child eomplained
of pamn on the left side

Roentgen exarunation of the abdomen and chest disclosed marked gastric ditatanon aleft

sided horax and 116 wlh atel of the apical segment of the keft Jower
lobe the nfil of the lung A second examna

was considered to represent a 1
tion of the chest an hour later mdicated that there was an increase in the amount of air ya the
Iefy pleural space and displacement of the mediastioum to the nghe (Fig 1} Blood i the
trachea 1 as preseat on endoscopy A dramage tube was inserted into the left chest and
approuimately 700 ml of pute blood and a lasge volume of awr were aspirated the tube was
then connected to 2 suction apparatus Initial improvement was followed by rapid deteniora
11on 1 the patient s condhtion Another roentgen examination of the chest shortly after the
msert on of the drainage tube mto the pleura revealed that the amount of air had increased
further despue conttauous sustian

As the amount of air 1 the left pleura was mnereasing despite dramage with cantinuaus sec
tion the question arose as to whether bronchial rupture was also present Bronchography as
an emergency procedure was suggested to establish a defimtine diagnosis and 1f possible
locate the position of the rupture A grey Odman Ledin catheter with a 45 distal curse was
sntrodured under general anacsthesia 1nto the left main bronchus via the cannula placed m
the tracheostomy About 5 ml of contrast medum {agqueaus Dionosil) were injected under
fi p « control s even distrib 10 the bronth being obtamed by use of an anaesthete
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Fig 2 1) Bronchograms of sxme patient asin fig 1 No filling of the apical bronchus of the lower
lobe accumulition of medium 1n the 1djacent tissue

Pathologic features Bronchial ruptures vary from small nfts to complee
separation of the bronchial fragments, with consequent total disconnection of the
distal urway The extent of the vascular mjury and degree of bleeding are not
always determuned by the size of the rupture or displicement of the two parts of
the bronchus \ munor tear of the bronchus m 1y be assomated with a major
vascular anjury  On the other hand total rupture with displicement of the
bronchial frigments may be accompined by an msigmificant mjury to the
vessels and very listle bleeding Rupture of one of the upper lobe bronchi may
then pro luce total atelectasis of the lobe but the patient may be entirely frec of

symptoms

Roentgenologic findings Roentgen eximmation of the thorax n the ncute
phase may reveal atelectasis of the lung djacent to the mjured bronchus s the
only sign Muluple lesions, such as pncumothorax, medinstmal cmphysema,
atelectasts hemothorix and infiltration of the lung are usually evident, however
The Intter may be crused by aspirated blood or by hemorrhage nto the lncernted
Iung Laceration of the lung following trauma 1s not uncommon i children
Signs of medistimus and empyema may devclop during the days that follow
if the injury has been overloohed or neglected
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Fg 3 a) Postoperat ¢ bronchog ams of same patient s figs | and 2 Normal appearances of
the | ft lower lobe bronch:

Case report

A6 car-old boy admitted after he had been knocked down by a car was conscious but
m a state of shock The prelmumnary clmical and roentecnologic examinations reealed a
hematoma of the forehead and fractures of the left radius ulnaand iium The child complained
of pain on the left side

Roentgen exammation of the abdomen and chest disclosed marked gastric dilatation a left
sided horax and with of the apical segment of the left lower
lobe the infiltratton was considered to represent a laceration of the lung A secand exammna
tion of the chest an hour later ndicated that there was an increase 1 the amount of air 1n the
left pleural space and displacement of the mediastinum to the nght (Frig 1} Blood n the
trachea 1\ as present on endoscopy A dramnage tube was wserted into the left chest and
approximately 200 m of pure blood and a large volume of air werr asprrated the tube wat
then connected to a suction apparatus [nitial improvement was fallowed by rapid detenora
twon 1 the patient s condsuon Another rocntgen exammation of the chest shortly afier the

tsreton, of the drainage Wbz o the plevra revealed that the amount of air had mcreased
fusther despite continuous suction

As the armount of 217 1n the left pleura was increasing despite dratnage with continuous sec
ton the ques won arose a3 to whether bronchsal rupture was also present Bronchography as
an em rgeacy procedure was suggested to establish a defimusc diagnosis and 1f possible
focat the position of the rupture A grey (9dman Ledin catheter with 2 45 distal curve was
tntroduced uader general anaesthenia mio the left masm bronchus via the cannula placed
:]hc tra h o tomy About 5 ml of contrast medm (aqueous Dionasil) were ingected under

Horoscapi castrel 13 exen distnbution to the bronchi being obtained by use of an anaesthetic
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hig 4 \ir bronchograms dllustrating normal appenr
ances i the left postersor abhique position

bag insufMlator Leaknge of the medium into the adjrcent lung tissue was observed 1t the ongin
of the 1pical bronchus of the lower lobe (Fig 2)

Following bronchegraphy  tharacotomy was performed and the bronchinl ruptwe was
sutured  this w1s within 8 hours of the acadent The rupture ivolved the apical bronchus
to the lower lobe exactly at its ougimn from the left lower lobe bronchus Bleedmng below the
left hemidinphragm was noted during the operttion  this was caused by splemic ruptuie and
splenectomy was performed

The boy improved ripidly dunng the postoperause peried Repeat bronchogiaphn was
carrted out about two months after the accident (Fis, 3) and depicted normal bronchnl

y Roentoen ex of the lung six months after operaton revealed mummal
terlobar thuckeming between the apical sesment of the lower lobe and the apical segment of

the upper lobe

Discussion

The necessity for swift action 1 traffic accidents mahes the establishment of 1
rapid nd accurate dragnoss essential This 1s especinlly true an mjuries of the
thorax While the htcrature contuns reports of repawr of bronchinl rpture up to
stveral months after the actual njury, the myured lung has generally had to be
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removed because of mediastimtis and empyema 1 eventuahity could probably
be avouded 1f treatment had been started soon afier the acadent Prompt and
accurate roenigenologic diagnosis can render this possible

Should changes such as atelectass and pieumothorax suggest rupture the
imes gation should be continu d until the basic lesion becomies obvious Yol
towing comventional chest films well penetrated films of the trachea and the
main bronch: should be obtaned with the mjured side of the chest rotated
po tenorly about 45° (NorLis 1903) (Fig 4) A breah in the outhne of 2 main
bronchus will thus establish evidence of ns rupture Should this procedure not
prove di gency bronchography must be performed The contrast
medium should be mjected with cantion and monitored fluoroscopy  the 1n
jection must be stopped tmmediately any leakage is observed Films are exposed

with the patient m the supme lateral decubuus and $5° postenor oblique
posttions

1t 15 pomted out n the terature that it would be advantageous to perform
bronchoscopy as 2 hirst pro edure instead of bronchography Bronchial bleeding
may make this procedure difficult and dangerous {CARLENS) and for this reason
bronchography 15 probably the procedure of choice

The present case shows that there are means of obtaiming 2 quick and accurate
dagnosts of traumatic bronchial rupture It should be possible to arrnie at the
dragnosis even if the patient has sustained other serious njunes
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SUMMARY

A case s reported in + b ch traumanic bronchual ruptuse was diagaosed by bronchography

i the acute phase The dragnosts led fo plastic surgery with bronchial anastomosts withia
eight hours of the acaident

ZUSAMMENFASSUNG
Ein Fall von traumatischer Bronchusruptur konnte mm akutrn §
tadram erkannt werden
Durch
D rr;ndnc prompte Diagnose konnce innerhalb acht Stunden der Schaden operativ repanert

RESUME
Présentation d un cas oy Ja rupture traumat,
bronchograph ¢ au stade mgu Ce diagnostic »

que dune bronche a €16 diagnostiquée par
anastomose bronchique dans les huit heures ap:

Perms de fatre une opération plastique avee
s 1 accrdent
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ROFNTGENOGRAPHIC STUDY OF THE SOFT
PALATE DURING PHONATION AT HIGH AMBIENT
AIR PRESSURE

by

G Bengrsson and B Sonesson

The voice of the dier generally attamns a typrcal nasal quality at deep
underwater lesels and the distortion often makes 1t difficult for him to main
tam effectne communication It 15 known that the soft palate 15 of grent
importance i closing the passage between the oropharynx and the nasopharynx
during normal speech production, and 1t 15 also recogmzed that weomplete
closure of the velopharyngeal valve will result in the sound wave being shunted
up to the nasal cavities thus producing a nasal voice It was considered impoer
1ant to wnesngate if the velopharyngeal vahve functions properly when ex
posed to elevated air pressure or pressure at deep underwater levels The
velopharyngeal function 1n connected speech has been recorded 1n an excellent
study by Bjorx (1961) by means of tomography and cineradiographe but
as far as we have been able to ascertamn from the literature no roentgenographtc
study of the speech organs duning phonation at high ambient pressure seems
to have been made The mechanssm underlying the change in the speech

sound of the diver has 1n fact not been satisfactonly explained unti! recently
(FanT & Sonesson 1964)

Submutted for publication 9 August 1966
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Tig 1 1) Latenl rocatgenogram of the velopharyngeal region during phonation at nermal atmos
phenic pressure b) L ateral roentgenogram of the velopharyngeal region during phonation at high
ambient air pressure (0 ata corresponding to the pressure 1t 50 m diang depth) Complete closure
of the velopharynx

It was stressed from an 1coustic wnalysis (Fant 1962, unpublhshed datq)
that there might be 1 shuntung mechanism m the voenl tract producing the
nsal speech The present study was therefore started to gun further msight
mto the 1coustic physiology of the voice organs, bemng part of 4 research
program to mvestigite different factors influencing the divers speech nd
particularly those ciusing the nasal sound

The study of the functional anntomy of the soft palate during lngh ambrent
amr pressurce was made possible by using roentgen eqmpment in the decompres
sion chamber on board the diver shup “Belos of the Swedish Ny The ur
pressure 1n the dccompression chamber could be elevated to levels correspond
1ng to the 1ctunl pressures 2t vanous diving depths

Matenial and Method The roentgen tube w1s attached to the wall of the
decompression chimber and orientated m the horizontal plane The distance
between the wnode 1nd the median plane of the head of the subject was 100
cm and that between the median plane and the film planc was 9 em The
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exposure data were 120 R at 12 m As exposure ttme 008 sec film CFA
Victor dexeloped for 3 5 mun at 217 1n Tetenal Roentgen Rapid dexeloper and
ficated m Amfix Ultrarapid fixator The subject was scated upnght without
any apparatus to hold the head ngid

Stmultaneous recording of the speech sound was carried out with a battery
operated tape recorder and a dynamic mucrophone, a speaking distance of
5 cm to the microphone was maintammed Two serses of lateral roentgenograms
were obtamed of the upper part of the vocal tract, 1 ¢ of the pharyn, the mouth
and the nose one at 1 ata {= ordinary atmosphenc pressure) and the other
at 6 ata (= the pressure corresponding to the pressure at 50 m under surface of
the water) Two roentgenograms were obtained of exch subject in each senies,
one on quet respiration and the other on phonation of a sustained yowel
(an e) at medsum mtensity and at a frequency corresponding to ordmary speech
The experimental group consisted of two healthy adults who had normal
speech function and no disturbance of the yoice organs

In a spectal test series the speech sound of four normal subjects uttenng a
number of non descript syllables comprising varous phonetic combinations
were recorded at normal and increased air pressures Detatls of this imvestiga
tion have been published elsewhere (FAnt & Sosesson 1961

Results and Discussion

The roentgenograms bore the same appearances during respuation at
normal and elevated air pressure (6 ata) the soft palate hanging down with the
wsula restiny, on the postenior part of the tongue No change 1 shape was
evident and the position of the soft palate when the ambient arr pressure ws
elevated to 6 at1 was the same as compared with that at normal aie pressure

The roentgenograms revealed that the soft palate during phonation at
ordinary atmospheric atr pressure was elesated and curved and came 1n it
mate contact with the postertor wall of the pharynx (Fig 1a) During phona
tion at mereased arr pressure (equal to that at 50 m dnng depth) the soft
palate lay n the same position efficiently closing the passage up to the naso

pharynx 1Fig 1 b) The speech sound recorded stmultancously on the tape
rccolrder was of the nasal type wd: % ash g h scme\vher;c
n the vocal tract no anatomic shun
 — hunt could bowever be identified 1n the reent
The nasal quality of the 5
mechamsm the sound wave by
an nsufficient elopharynge
however that the soft palat

peech 15 occasionally attrbuted to a shuntmg
cmg transmitted up to the nasal casities through
al vahe This roentgenographic study indicates
e does not contribute to a shunting mechapism

6683004 41 Rad g Duag wb 170198
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fig 2 Craphical representation of speech spectrograms of the vowels ¢ and 1+ obtamed w the
decompression chamber 1t normal (1 1t1) and rased air pressure (0 at1) Flevation of the ambient
ur pressure caused no alteratton in the fundamental tone (1) of the voice whereas the frequency
of the first (I ) 1nd seeond (I,) formants increased

producing nasal speech 1t lugh ambient aur pressure Another posstble explnn
tion mmght be ¢ feed back mechamsm i the laryny due to mcompletely
closed vocal folds durmg phonntion However, m the present study such 2
recurrent lenkage of the sound wave through the glottis seemed unlikely,
additional roentgenograms obtuned 1n the frontal plane through the vocl
folds fuled to reveal incomplete closure of the glottis when the subjects werc
evposed tohigh ambient pressures (Bractsson & Sovesson 1964 unpublished
datn)

The results from the spectrographic analysis of the tape recordmg m the
decompression chamber durmg these expeniments have been publshed else
where (TANT & SoarssoN 1964) A bricf comment will be made however,
since theoretically they may provide an cxplanation of the shunting effect
and the nasal speech from an rcoustic pomnt of view The spectrograplnc an
Alysis indicated that the frequency of certun overtones of the speech sound,
the so called first formant (I4) and second formant (Fy), 15 mereased when
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the aut pressure 1 rased In fact, F, 15 ncreased more than F,so that they will
come closer to each other (Fig 2) From the auditive pomt of view this will
be mterpreted as nasal speech sound for certam vowels The wncrensed density
of the air duning compression mikes the air column in the vocal tract heavier
which 1n turn 1s supposed to produce vibrations in the phary ngeal walls Ths
leakage of sound energy will result in a nasal voice quality when the subject
1s exposed to hugh ambient pressure {FanT & Sonesson 1964)
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SUMMARY

A roenigenographic study was made of the functional anatomy of the soft palate with the
subject 1n a decompression chamber 1 which the pressurc could be clevated above ordmary

atmospheric awr pressute The role of the wncreased densuty of the ate tn producing nasal speech
18 discussed

ZUSAMMFPNFASSUNG

In emer Druckkammer 1n der der Druck uber den Normalluftdnuck erhoht s erden konnate
wurden ik des werchen Gaumens angestellt Der

he F
Eumnfluss des Hochdruckes auf die Vorbringung emn r nasalen Summe v ird erortert

RESUML
Yanatomse fo. du pal
palais mou chez
un sujet placé dans une chambre de decompression ou Ia pression peut etre supérieure A 1a

pression hénque ordinaire I examment Ie role de 1 augmentation de d
lensit:
Gans 1 appantion du naschnement - e deanr

Les auteurs ont tudié rad, h
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INTLGRAL DOSLE IN 70 MM F'LUOROGRAPHY OT
THE GASTRODUODENAL TRACT

by

C Carisson wnd J KAUDE

Image mtenstfication has led to changes not only 1n the fluoroscopic proce
durc 1 dingnostic radiology but 1lso made 1t possible to supplement or change
the conventional methods of spot filming The 1mage on the output screenof m
mmage wmtensifier can be recorded by cinefluorography or, for example, by 2
70 mm spot film camert If equal informatnve quahty can be obtuned, full
size roentgenogrims may be repliced by films of smaller size, by 70 mm film,
for mstance With the use of 70 mm fluorography 1n routine gastroduodenal
studtres, the examination time mny be reduced and the need of ssistance will
be less, such films are marcover chieiper and casier to file The mun 2d
vantige of 70 mm fluorogriphy 1n connection with n 1mage intensifier 1s
however, the reduction of the radition encrgy delivered to the patient

TEDDEMA (1962) reported that 70 mm single films of 1mage quahty equal to
full size films could be obtained with 5 % of the tube current at constant vol
tage SAMUEL & SUMERLING (1964) measured the entrance exposure in phantom
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studies wath an 1omzation chamber With 70 mm fluorography they reported an
exposure of 25 %, 1o 6 Y, of that used for full stze radrography BERANBALM
& Laraon {1964) wed cquipment similar to that employed n the present
v estigation for the measurement of the madent radation energy They found
that for 70 mm fluorography the incident energy was 5 <o 1010 %, of that re
quired for full size radiography N

The ratio of the radhation energy transmutted to the patient from 70 mm
fluorography and full size radtography has thus been derermined by mens of
ab crved mAs values by exposure measurements with jonization chambers
and by measuring, the incident energy, or, 15 m ths report, the integral dose
Provided the same roentgen tube at constany voltage 35 used with the same
field arca and tube focus/fitm distance for both the 70 mm and the full size
techmques the rclationsobtarned wall be the same whatever method of measure
ment 15 tmployed

The present imiestigation was carrted out 1n chinieal work as part of a
comparatn ¢ study on the dragnosie accuracy of 70 mm and respeainely full
size Tad: of the Juadenal tracs The integral dase was determined
1n 150 cases out of 1 total of 320 exarmnations Each examnanion ncluded
fluoroscopy with an 1mage mtenstfier and television output full size r1dio-
graphy and 70 mm fluotography Eudms of both stees were obtataed with the
patient m the same position with the same compression and with the same
amount of contrast medm 1 the stomach or the duodenal bulb By this cam
parison of the two techniques under the same condiuons as are commonly
encountered m climical work 1t was possible to mike a direct comparison of
the measurements of the integr il doses

The tube voltage was 125 LV 1nd the exposure tme was approumately
the same for the 70 mm and the full size filming The tube current vaned
considerably with the vse of image intensifier and 2 03 mm tube focus for 70
mm fuorographv  For full stze radiographs  Cawo umersal mtensifier
screens were employed and the films were obtaned with a | 2 mm tube (acus
The distances from the tube focus were  ta the table top 435 cm 1o the full
size film between 80 and 90 cm and to the mput screen of the 1mage wntenstfier
berween 85 and % ¢m In a number of cases geometric magnification by a
factor of approumately 1810 19 was apphed

The techmique described by one of the present authors (Carrsson 1963

1865) was used 1 the measurement of the mtegral doses The equipment con
sistedd of a plane paralle) hamb T an el and
a recorder The 1omzation current which 1s proportional to the product of
the exposure rate and field area charges the condenser the voltage of the
condenser 1s recorded, and the mtegral dose 1s calewlased from these recards

a cond,
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Schematie allustr stion of of the gastroduodenal tract with conventional and 70 mm

techniques in an obese patient with hiatus herma The 70 mm films were obtaned with geametric
magnification

1 2 — full size films of the cardin

3 4 5 — full size films of stomach with patient prone supine and erect

6 7 8 9— spot films of duodenil bulb Primed numbers indicate the corresponding 70 mm
films twa 40 mm films were used lor recording of the stomach with the patent erect (5

Results and Discussion

An ¢xample of the records 1s given 1 Fig 1, showing the increase n voltage
of the condenser with examintion ume The sloping hines indicate fluoroscopy
(slow exposure rite) and the hornzontal hines indicate that the roentgen tube
was switched off The verticnl hines sigmfy filming (high exposure rate)
The full size roentgenograms are marked with unprimed numbers and the 70
mm fluorogrims with primed numbers There 1s only 1 small contribution to
the mtegral dose from the 70 mm filming a sensitive scale of the electrometer
had to be used 1n order to obtain measurable records of the 70 mm fluoro
grams

The total ntegral dose calculated from the diagram presented was 163
kg rad, of which 10 4 kg rad were from fluoroscopy 5 1 kg rad from nine full
size roentgenograms, 1nd about 0 8 kg rad from ten 70 mm films The mtegral
dose per 70 mm film was 1pproximately 13 % of that required for cony entional
radiography Two 70 mm films were needed to obtain a record of the stomach
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with the patient standing The wntegral dose for these 70 mm films was 23 9, of
that obtaming for ene full size roentgenogram of the stomach

The mean mtegral dose for a single 70 mm film1n this sertes was 12 ©4 of the
integral dose for obtamntng a full size roentgenogram The 1ntegral dose 11 a
complete gastroduodenal exammation was reduced on an average to 13 9, of
that required 1n com entronal radiography 1e by a reduction factor of 78 =
14 The somewhat lower reduction in mtegral dose per patient 15 explained by
a hugher number of exposures that m some cases are necessary for filming of the
stomach (for mstance numbers 5 and 3 1n the diagram) When geometnc
magmification (enlargement factor approxvimately 18 to 19) was apphed in
70 mm fluorography the mntegr! dose wns reduced to 16 °, or by a factor of
63413

The decrease mn integral dose was not to any extent mnfluenced by the pa
tient s habitus

The dose reduction was found to be less in the present msestigation than
that reported by Feopesa and Berassaty & Ligvon ltwas however ngher
than reported by Samuer & SuserLInG mn their phantom studies The different
results from the sanous i estigations reported may depend on vapations 1n
examnation techniques ‘oltage and itensifier screens the quahty of the
wmage ntensifier film senstivity and processing,

If adequate information can be obtamed the considerible decrease 1n the
integral dose justifies the employment of 70 mm {luorography for routine
roentgendtagnostic procedures
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SUMMARY

The ntcgral doses per film and patient werc measured  a comparatne chencal myestiga
twon with 70 mm i

y and of the duodenal tract
The dose with 70-mm fl was found to be 3 Iy 12 ¢
requiced with the conventional technique o Yo IZT (016 of thar
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RLSUML

Les autcurs ont mesuré dans un travail climque comparatif les doses mtégrales par film et
pr m1lade dans | examen radiophotographique en 70 mm et dans la radiogiaphue ordmaire
de 1 estomac et du duodé Ladose en radioph aphie sur film de 70 mm ne représente
qu envron 12 °; a 16 9, de celle que nécessite I techmque classique
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DILATATION DE LA CITERNE PFRICAROTIDIEANE
SUSCAVERNEUSE

par

A Wackeneng et | P OBraus

Le radio diagnostic des tumeurs ntracr par halograph
gazeuse est basé en grande partie sur I étude des aternes plus partiewherement
lorsqu 1l s agit de tumeurs extracerebrales Le déseloppement de cette notton
de 1aleur diagnostique du systeme csternal est du a 1 école du professeur
Livboren La monographie de B LILLIEQUIST nous apporte un ouvyage de
base sur ce systeme asternal Depuis plusieurs années nous nous mtéressons
a ces problemes surtout a ceux des tumeurs de la fosse posténeure Dans ce
travail nous rapportens notre expénence de 1a cierne péricaroudienne que

nous avons trous ée nettement dilatée dans quatre cas de tumeur de la region
sellare

Definttion anatomique de la cierne percarotidienne suscarerntuse Pour devemr
mtracramenne la carotide 1nterne traverse la dure mere du sinus caverneux
Cette sortie du sinus correspond phug ala de}artere

phtal et alap de lartere carotde dans Ja citerne opto
chismatque Le passage dans la citerne correspond a Ja fin du segment Cl
de Fisclier et a 1extrémuté ntéro inféneure de cette gouttiere sous arach

Soums A Ja Rédaction le 17 \Mars 1966
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notdienne hmitce 11 mtérieur par le clinsmn et 1 eatérieur par uncus du lobe
temporal Cet espace péricwrotidien peut ctre appelé ‘citerne péricarotidienne
suscwerncuse’ car 1l correspond 1 un manchon fourré d’arichnode qu
1ccompagne I carotide sur un certun trayet danscettetrasers¢edure mertenne
Ces manchons sont frequents tant 1u niveu des nerfs que des arteres fespaces
de Virchow Robin) Le tryet intraarichnoidien de In earotide est tres court
ct varble car elle se divise rapidement en artere cérébrale anténeure ct
mayenne Gette bnfurcition mrque I fin de #1 aiterne crotidienne Llespace
sous 1richnoidien péricarotidien commumque wec I aterne de I lame
terminale en vant et wece I aterne syhienne lteralement

Habitucllement non msufflee, 11 citerne péricarotidienne apparnt nettement
dans les quatre cas de processus expansif que nous rapportons 11 s™agit de
quatre c1s de masses de 11 région sellaire, soit d un c1s de méningrome olfcuf,
d un cas dnfection sphénordile avec thrombose du sinus caverneux, d’un
c1s de mémngiome parenchymateux de 1apophyse chnode antérieure et
d un c1s d extension mtracrinienne d adénome éosinophile de 1'hy pophysc

Cas 1 (Fig 1) Homme de 41 ans porteur d un mémngiome du sillon olfactil. L tumeur est
fortement vasculanisée L artere cérébrale anténeure st prise dans Je pole posténeur de la
tumeur

L angrograplue carohidienne montre les signes cartcténistiques d un ménmgome olfactf =
refoulement ct soulévement de lartere cérébrale anténicure ct de ses branches sasculanisa
tion tumorale de némaisscaux On note d autre part d importantes modifications paniétiles
du segment caroudsen Gl dont In paros supérieure est mamelonnée Ces anomalies se re
trouvent sur les deux premters centimatres du segment M1

Lncephalographie ga.euse fr Ln dehors des signes d une masse cxpansue de la fosse
cérébrale antéricure nous trowsons une 1mage anormale de dilatation de la citerne pén
carcudienne  Une lame aérenne se projette cn effect en dessous des 1pophiyses chnoides
anténieures Cette lame correspond dans s partie postérieure au segment Cl et dans sa partic
antérieure au départ de 1 artére ophtalmique I'n comparant cette 1mage a celle de 1 angie
graphie 1l ne fait pas de doute qu elle corresponde 1u manchon de Virchow Robin qui
accompagne le segment Gl et la nussance de 1 rtere ophtalmique Ce manchon est particn
Iitrement bien vistble en raison de 1 absence d air dans la citerne opto chiasmatique

Cas 2 (11g 2) Homme de 39 ans diabéuque avec infectrons multiples comprenant un
phlégmon rétro orbitaire gauche avec néerose de la voute palatine de | éthmade postérieur
ct du sphénaide et paralyste des ITe Ille Ve et VIie paires crantennes gauches hémiplégie
droite progressive Il sagit 1r blabl, d une thrombophlébite cérébrale Les radio
graphies craniennes montrent une masse ostéolyfique occupant toute la région éthmordo
sphénordale gauche e

L angiographie carotidienne gauche montre un déplacement externe avec soulé»cmc;lé
segment Al permettant de conclure a | extension supra latéro sellarre de la masse sphéno

éthmoidale
Encephal. Dans ce cas la citerne opto chrasmatique est insufllée ct

ire de la citerne péricarotidienne Sa partie antérieure est toutefors

phie ga.euse f
masque la partie postérieu
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T 1w eth Angographie ¢ ot d eanede p ofilesd [ ce montrantles mod Bcations dusegment
€1 an qu Lens mble des an mal es dues au mening ome olfactuf ¢) et d) Cite ne pertea o
1 ne d latee a ¢c on jrolong ment ophtaim que &) Tomograph ¢ f ontale womrant § opat te
des gments Cf gauche ct dron cntousés da r danslaciterae pé 1ca otd canc (~—} Laciterne

¢ maw gy alexséreurare la tern syl 1 nneet dLintér cur avec fa citerne optach asmatique
O d tpgue  outr lebopa tesoptques (rem)

bien visible projetée en ayant de 1 corticale seltapre anténeure sous forme d un ruban clarr de
t cm de long Les sagiiales €t p. gauches dasoler
Limage de la caterne d; ddatee En conft cette image avec ! angtographie
caratidienne gauche on constate qu 15 3 3t bien d un espace de Vaschow Robm correspondant

danysa pan e anténeure 3 T et dans sa parue postérieure a la bifurcation Ces deux parties




92 A WACKRENIEIM ET) P BRAUN

3 d e

g 2 a) l\ngmgr’lph)(‘ camndncnm de profil montrant le segment G abais ¢ et le scgment Af
souleve b) A LAt cor d de profil ie deplacement lateral
externe ct Je soulévement du segment A1 et le déplacement externe du segment C1 ¢, Fncephalo.
graphie gazeusc fractionnee montrant la partie antentcure de la citerne pénicarotidienne dilatée
la partic posténieure se confondant avec la clarte de la citerne opro chismatique dy et ¢) Tomo-
graphies les permettant d indjvidual, toute la citerne percarotdienne dilater  tant
dans le scgment Cl (—>) que dans le segment de la bifurcation (+—) opacite carotidienne a la
Limite de ces deux segments (H—)

sont d ailleurs séparées par une opacité arrondie correspondant a la coupe optique d une
artére de la bifurcation

Cas 3 (Fig 3) Temme de 42 ans hospitahsée pour ménngrome parenchymateux mséré
sur | apophysc chnoide antérieure gauche La tumeurss étend dans la fossc temporale anténieure

et dans la région frontale
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Fig 3 \ng g aphi ca ot dienne mo1t ant les mod ficat ons par ma sc éenduc a
I ctage ante seur Nofe |importance des alterations du segment C.

Lan w aphie carotid eane montre les signes d une masse arrondie de la région fronto-tempo-
rale gauche et en parts ulier le rétrecissement et 1abaissement du segment Gt du siphon
caroudien

L encephalo raphie ga-euse fractionnie montse aussi une rmage nette de aiterne péncarotidienne
occupant la région correspondant au sepment Gl Crtte cuverne et nettement dhlatée et
bifis quée a son extrémrté posténeure 13 ou elle correspond a ka drvision du ssphon en segment
Al et A1 La clarté aénenne entoure d atlleurs Ia coupe eptique dusegment M1 “ous ne
disposons matheureusement pas d examen tomographique de la citern dans ce cas

Cas # (Fig ) Femme de 24 ans admse pour réadne d un adénome éosimophile de 1 hvpo-
phuse avec ceeaté de 1 el gauche

L ang o raphie ca otid enne montre les signes indarects d extension sus sellaire d une masse qut
souttre ie siphon corotidien et Je segment Al

Lencephalo aphie gaveust fractionn ¢ permet d obtenir une trés belle image de citerne pén
carotidicnae correpondant tant au segment Cl qu a 1 partie imtiale de § artere ophtalmugue
Dans ce cas 1a curerne n est pas trés dilatée mas son insufllation est comp! te sur tout le
segment C) depws la fourche A1\ jusqu au départ de | artere ophtalmique

Discussion
La caterne péncarotidienne sus caverneuse est mdiscutablement dilatée
dans nos observations Cette dilatation est patholomaue car nous ne 1avons
pas rencontrée alleurs Le pont commun de unos quatre obsenatons est
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c d e

Tig 2 a) Angiographic caroudienne de profil montrant le scgment C1 abanse et le scgment 1
souleve b) Angiogriphie carotidienne correspondante de profil montrant le deplicement Iateral
externe ct le soulévement du segment Al et le deplacement externe du segment C1 ¢} Lncephilo-
graphie gazeuse fractionnée montrant 11 partic antéricure de la citerne péncaroudienne diltée
la partie postéricure se confondant tvee da clarté de I aterne opto chiasmatique di ¢ ¢ Tomo
graphies parisagittales permettant d individualiser toute la aiterne péncarotdienne dilatée  tant
dans le segment C1 (—) que dans le segment de la bifurcation {(+—) opacité croudienne a
himite de ces deux segments (H-)

sont d atlleurs sépardes par une opicité arrondie correspondant A la coupe optique d une
artere de la nfurcation

Cas 3 (Fig 3) Femme dc 42 ans hospitalisée pour mémingiome parenchymateux mnséré
sur | apophysc chnoide anténieure gauche La tumeurs étend dans la fosse temporale anténieure

ct dans Ia région frontale
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tion du segment suscaverneux du siphon carotidien Dans certains cas, la
citerne est également ouverte le long de 1insertion de 1artere ophtalmique
Cette dilatatson cisternale traduisant unc hypertension locale prend la valcur
dun ugne mdirect mass caractéristique d un processus expanuf de cette
région Limage encéphalographique de citerne péncarotiienne dilatée peut
n apparaitre nettement qu en tomographic Elle rentre en tout cas dans le
cadre des hydrocéphahes externes par bloeage loco régional du hquide
céphalo rachidien

L mmage de aterne péncarotidienne déja signalée par LEWTAs et JEFFERSON
ne doit pas etre nterprétée dans le sens d un soulesement de Ja parue antérieure

de la aterne opto ch 1que ou d une Iie des citernes de 11 Jame
terminale et de Ja vallée sylvienne

RESUNE

Les auteurs rapportent quatre cas de dilatation de la crieme péncarotidienne et pensent

que cette anomalie représente un signe d hypertension loco-régionale par masse expansise de
1a région seltarre

SUMMARY

Tour cases of dilatation of the pencarot:dd cistern are reported upon It 1s suggrsted

that this anomaly 1s 2 sign of regional hypertension caused by an expansive lesion 1 the
sclla regicn

ZUSAMMENFASSUNG

Es wird uber vier Falle von Dilatation der Cisterna péncarotdienne benchiet und es

wird angenommen dass diese Anomalie ein Zeschen yon re
egionatem Uberdruck di
expansive Leston der Selfa Region 15t orch e
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d par masse de 11 region sellaire

Fig 4 a) et b) \nglographic carotdienne les
et suprasellure c) et d) Enceph gnzeuse fractior
aternc pericarotidienne correspondant a la projection latérale du segment Cl (—) ct de la partie

mutiale de 1 artere ophtalmique ()

Ln (c} on distingue nettement 1

1 existence d une masse expinsive de I région sellure Nous pensons que de
telles masses sont responsables d une hypertension régionale qui, transmisc 1
la citerne péricirotidienne, provoque s1 diltation par rccumultion ct blocge
de hquide céphalorachidien Cette ouverture e possiblilité d insuffilation
de I citerne péricirotidienne devient possible par le déplcement ou la déiin



ACTA RADIOLOGICGCA

OFFICIAL ORGAN OF THE RADIOLOGICAL SOCIETIES OF
DENMARK, FINLAND NORWAY AND SWEDEN
— &
Yot 7 DIAGNOSIS —

P

ROENTGENOLOGIC EVALUATION OF CRANIAL
SIZE IN CHILDREN

A new mdex
by

S1En CRONQVIST

The roentgenologic e aluation of the size of the cranium s generally based
upon the presence of @ disproportion between the neurocranum and the face
Although measurement data on length width and height of the skull i dif
ferent age groups are avarlable (Haas 1952) the figures differ widely so that the
evaluation of these interrelationsheps are generally made by inspection based
upan experieace (Dorst 1964) The wcreasing number of neuroradiologic
problems especially 1 children have however accentuated the need for
more objectne entera and this imtiated the attempt to construct new cransal
ndices The indices have now been used 1n a senes of chuldren under 7 years
of age

It was considered of importance 1 producing the mdex that the necessary
measurements should be obtamned from routine skull films so that the index
could be of practical value and used sn everyday work without any specal
views

Roentgen examunations of the skull in our department are performed with a
Lyshotm skull table {FFD 80 cm) and wmclude films m the axial, lateral
postero antenor and anteroposterior projections QOnly the lateral and antero

Frao Roentgendiagnostie De

partment I (Director Prof O Olsson) U
Lund Sweden S for publ 16 ber 1966 on) Unnenty Horpul

7683004 4 taRad I v Dug ubol 7(1968)

57



96

Book reviews

PrIncirLrs OF X RAY DIAGNOSIS OF Tie sauLt. By C H DuBoulay 370 pages 364 figures
Butterworths Iondon 1965 Price 150 Sh

The book which 1s written around a collection of cases covers all aspects of the roentgen
exammrtion of the shull The awthor follows the traduional method of desenibing cerebral
radiology although he introduces the subject i an unorthodox way the first chapter dealing
with changes cused by raised mtracrimal pressures The chapters that follow describe chanees
in the vault the sella turcica nd the basc of the skull as weil as the appearances of different
hinds of intricraminl ealetfications

The chapters dealing with rused intracranial pressure nd changes sn and around the sella
tureica are of special interest the luter are considered 1n detnl and their appearances
children are discussed  The book contains many statements founded upon the wthors
comprechensive knowledge of his subject

The book ¢an be read from cover to cover but also 1 reader interested in 1 special problem
can find his way through the text witl the help of 1 vast number of cross references Thus how
crver leads to certam difficulues  The bony changes caused by meningioma are for instance not
collected 1 one place but appear under a Irge vanety of headings Repetitions 1re present
despite the cross references and the same description appears in several places in the text
Certun unusunl cgnditions are dealt wath rather cursonily and not much mformation about them
1s obtned

The author has included 1 brief chapter on the parmnasal stuses the orbit and the naso
pharynx this does not stand out as well 1s the rest of the book as the problems re more arbt
trartly treited The radiologic exantaation of the nscr and middie ear are only touched upon
1n the last chapter which also contuns a description of the techmseal performance of the skult
exammnation The suthor relates the recommendation issued by the World Tederition of Neu
rology for st of the techmique with mmor modifications practised by himself

The worh contans many allustrations mostly of high quality 1nd well swted to show the
changes described Most of them are large which in the optaion of the reviewcr is a distmet
advantage The legends e detuled and much can be learned just by reading them 1nd took
ng it the Mustrations

A mun bibliography appears 1t the end of the book but there are no referehces the text

B Lihequist

d

Bonr Tuwours By Wilkam D Graham 139 pages 48 figures and 3 tables Butterworths

London 1966 Price 52/6d

Prevtous works on bone tumours usually by Amerscan pathologists have been mamnly
centred upon the diagnosis The present httle book has been arranged by a surgeon who 15
obviously a first class teacher Treatment by surgesy and radiotherapy 1s well as chemeal
means 15 dealt with in detail in a specal chapter Skeletal metastases are discussed from all
aspects The few rocntgenograms that are included are mostly excellent and serve as good
\lustratie examples It seems however that some etremely rarc types of bone tumours
which are dealt with very briefly could just s well have been omatted

The book forms a brief suriey of these conditions and as such certainly hlls a need

4ke Lindbom
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Skull evammnations The mean value for the cramal index based upon normal
skull films, accordimg to formula (1) 38 53 542%1 21 This means that normal
\anations between a maximum of 55 92 (56) and a minimum of 51 08 (51) are
permitted

The normal values for mdndual cranial measurements of length, herght
and width divided by the maxamal distance between the nechs of the mandible
were also determuned, and are gnen below

L m=2057 m+2xSD=2217 (22)
31710 SD= 080 m~2xSD=1897 (190)

H mel1567  m2xSD=1919 (1723)
541 SD- 076 m-axSD=1415 (142) |
W m=1727  mi2rSD=1847 (185)
%10 SD_ 060 m—2xSD=167 (160} (¥

Presmagraphic examnations The films from a pneumographic study are not
necessanhy identical with routme shall films Tt was therefore con idered
important to correlate the index ob d from shull with that
obtained from pneumographic studies Only exapunations performed in close

wme relation to each ather were used Statistically 2 good correlation was
found

r=097 SDdiff=110 m diff=4043 (5}

Pathologic tases

These cases were separated 1nto groups according to the type of finding
hydrocephalus 77 cases subdural haematoma 20 cases atrophy 53 cases and
various maldeyelopments 24 cases

Hydrocephalus Fortv two of the 77 cases with hydrecephalus +enfied by
encephalo raphy or ventriculography were of the non TOmmunIcatng type
and 28 were of the communicaung type An expan e leston 1 the postertor
fossa or m the third ventricle was present 1 7 cases The cranial mdex was
determined for the first two groups of hydrocephalus cases from
on films from the earhest exammation The mean value was found to be 617
The non communicating type had a value of 623 and the communicating a
value of 60 7 There were 7 cases with a cramal index helow the value consider
ed as the mavimum upper hot for normal cases six belonged to the groy,
with von commumecating hydrocephalus and in five of these : repeat :xammap
tion revealed a raprd increase of the mdex
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Tig 1 Schematic drawings of the skull indicating the points between which
measurements 1re performed

posterior films are uscd m the measurements necessary for the cramal mdex
In cluldren, the anteroposterior film 1s routinely obtuned with the tube an
gulated 15° cramnlly

Techmgue The mesurements are made between the mternl tibles of the
shull nd include the greatest length (1), greatest width (W), and greatest
heght (H) The Iatter 1s the mamum perpendeular distince between the
vault of the shull and 1 hine drawn from the nasion to the posterior margin of
the for imen magnum The m ramum distince (M) between the inner margins
of the two nechs of the mandible 1s measured in the 1 p film (Ng 1)

The cranrl tndex {C indea) 15 then obtuned from the formult

L+H+W
Cm(lC‘{:%XlO (1)

AMatertal The study w s confined to the roentgen examinations of children
under 7 vears of age The matertal mcluded 96 cases m which conventional
shull examinations 1lone had been made and 177 cases examined by encephalo
graphy or ventriculography In most of the latter cascs, conventional films
were also watlble Repeat examnatons hd been carried out i @ number of

€cascs

Normal cases
In order to obtun normal values for the cramial index, cases with normnl
encephalogriphic findings s well 1s normal shull films were selected Only 22
encephalographics were considered completely normal



ROENTOENULOGIC EVALUATION QF CRANIAL SIZE IA CHILDREN 101

Table 2

Cramal index related to tndication for examunation

tal
Indicat on Group with index < 56 Group with 1 dex > 56 To

e e nymber
for Encephal wumber  of cases
Enccphalo  Num  Ordinary Encephalo-
exam paton g:ud\;my 5 bar sl graphues of cases 4o both
- —————— of  examin T groups
s Normal Patho  cases Nor  Patho-
loge mal  logic

Trausa 1 t 1 5 3 — 2 5 21
Ingreastan .

headsze 1 - 3 4 - - 1 1
Rejad &

developoene & 2 12 20 — -~ 4 4 1';
Ep!psy 2? 9 9 40 1f _— 1 27 [
Masc laneous 4 9 7 0 3 -~ 2 3 »
Nyelo-rae

wngacele 7 ! 1 9 2 P 2 1

Tetal 34 22 33 109 24 - 20 44 153

of the h prior to the gen ¢ In the fificen cases with

an snereased cramial index the mean talue was 535 a value Iying between
normal mavimal lets and the mean value i cases of hydracephalus

Atrophy Encephalographic studies had 1n a large number of cases reyealed
either cortical or what was considered central atrophy or both The majority
or 33 out of 33 cases, bad a cramal index witfun normal hmus In these 33
eases cortical and central atrophy was present in six and exghteen respeainely
Nine cases bad both types Four of the 20 cases with an increased wndex had
cortical, and six had central atrophy while eight cases had bath (Table 1)
Those of the 20 cases with only central atrophy had a higher value than those
with only cortical atrophy or 58 1 and 57 7 respecuvely The mdex was sull
higher in cases with both hinds of atrophy (59 4) It was evident 1n cases with

an wndex within normal himuts that those with central atrophy presented values
close to the lower normal lumuts {Table 1)

Cramal maldevelopment Twenty four cases belong 1o ths rather heterogencous
group No conclusion 1s to the refaton between the cramial index and dif
Terent types of maldeselopment 15 passible Howeser 19 of the cases had a
eramal index above a normal value In four of these encephalography had been
performed and revealed changes other than those dug to fydrocenhalus
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Fable 1

Cramal tndices 1n cases of atrophy

Encephalographic findings C/index normnl Cfindex pathologic  Difference
Cortical atrophy 538n =6 576n =4 38
Cortical and central atrophy 549n =9 594n =28 45
Central atrophy 519n =18 581n=8 62

As was done m the group of normal cases, the values of the greatest length,
height and width were divided by the mramnal distanee between the two
nechs of the mndible The mean values were

L H W
Mx10=24l ﬁx10=185 ﬁxlO:IQO
Out of the 70 cases with hydrocephalus not caused by expansive lestons,

L
the quotient Fp M acor below the normal (22 2) in 12 cuses Normal values

H w
for 7 and 3 were noted 1n 17 and 30 cascs, respectnely  Therefore, of the

L
cascs with hydrocephalus the 3 Quotient was pathologic mn 83 %, the M

w
quotient 1 75 6 ,, 1nd the 3 Guotzent 1 43 9, However, the cases with 1

L
normal value for 71 sometumes presented 1 pathologic value 1n one or both of

the other quotients Thus, the Intter were p'xlholog|c1ll) creased 1 five

L
cascs with 2 normal M quotient The combined usc of the three quoticnts will

therefore demonstrate the presence of 2 pathologically 1ncrensed neurocrapum

+H+W
1n 927 9% of cises Using the erannl index St

result will be 90 %
In the seven cases with posterior fossa tumour,
index was 58 1 Three of the cases presented values within nor

the corresponding

the mean v1lue of the crannal
'mal hmits

were 20 roentgenologicnily demonstrated nd
11l hacmatoma Only five of the cses had an
¢ of these five cases had had needle puncture

Subdural haematoma There
operanvely venfied cases of subdu
index within normal hmits Thre
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Fig 3 Repeat examinat ons performed na p fient with hyd ocephalus The Cinde< vancd with
{ nction g {y) and non functionsng (A) Sp z Holter shunt.

There were five cases with a probable increase 1n head size One of these
had an mcreased mdex and encephalography disclosed central and cortical
atrophy Encephalography had also been performed n three of the cases with
a normal index one had signs of corucal atrophy cnly and two had cen
tral and cortical atrophy

In the 24 cases of retarded deielopment an index above 56 was noted
only four while the correspondimng figure for cases of seizures (eptlepsy) was
twenty seven out of 67 cases Encephalography in the former group demon
strated central atrophy mone corucal atrophy mone and both types of atrophy
1 two of the four cases with an abnormal mdex In the 20 cases with a normal
index encephalography had been performed sn fourteen and twelve of these
had atrophy manly of the central tvpe

The € index was pathologically increased m 27 of the cases with serzures
Eleven of these exammed with encephalography showed central atrophy as
the most frequent finding This type of atrophy was also most frequently
seen 1n nime pathologsc encephalograms from cases wath a normal wndex

The cases collected under the heading mucellaneous meluded 25 cases,
five of which had an mcreased index Encephalography had been performed
n twenty one cases with abnormal findings m twel e cases

Of the 11 cases with myelo- or memngocele nne had a normal and two an

increased Candex Encephalography had not been carned out 1n these twa
¢ases and hydrocephalus cannot be excluded
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Fig 2 Indices before and after shunt aperations in cses of hydrocephalus when the shunts function
well (1) 1nd 1n non functiontng shunts (b}

On the other hand, 1n the twelve cases without merensed cranial index two had
mstend values below the lower normal Itmits In nine of these twelve cases en
cephilography had been performed with abnormnl findings n Al

Cramal index related to indication Jor examunation  T'xcluding cases with vert
fied hydrocephalus, subdural hnematoma and crantal maldeyelopment, the
remnng cnses were grouped according to the indieation for examnation
Cascs with only routine shull cxaiminations were also included The cases were
divided mnto separate groups 1s scen i Table 2 One group mcluded
twenty onc cases of triumn exammed to exclude fracture Frve cases were
examined to exclude increasing head size Retarded development wis
the mun chmeal feature 1 twenty four, and suzures in sixty seven cases
Twenty five cises had a variety of symptoms and were included under the
heading ‘muscellancous while cleven cases had 1 myelo or memngocele m
various locations Cases with the same diagnosis but with concomitant venfied
hydrocephalus were placed 1n the group of hydrocephnlus cases The abnorm1l
encephalographic findings particularly considered were cortical and central
atrophy

An increased index was evident n five of the 21 cases examunced for crantil
traumn, 1n two of these five, encephalography hid been performed and lad
revealed cortical and central atrophy
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Fig 3 Repeat examinations performed i a patient with hydrocephatus The € index vaned with
{ mction ng (y} and non functiorung (A} Sp tz Holter shunt

There were five cases with a probable mncrease 1 head size One of these
had an mcreased mdex and encephalography disclosed central and cortical
atrophy Encephalography had also been performed n three of the cases with
a normal mdex one had signs of cortical atrophy only and two had cen
tral and cortical atrophy

In the 24 cases of retarded development an index above 56 was noted m
only four while the corresponding figure for cases of seizures (cpilepsy) was
tuenty seven out of 67 cases Encephalography in the former group demon
strated central atrophy inone cotucal atrophy 1 one and bath types afatrophy
1n two of the four cases with an abnormal index In the 20 cases with a normal
index encephalography had been performed 1n fourteen and twelie of these
had atrophv mainly of the central type

The C index was pathologically increased 1n 27 of the cases with seizures
Eleven of these examined with encephalography showed central atrophy as
the most frequent finding This type of atrophy was also most frequently
seen in nine pathologic encephalograms from cases with a normal index

The cases collected under the heading nuscellaneous mncluded 25 cases,
five of which had an increased andex Encephalography had been performed
1wt enty~one cases with abnormal findings 1n twelve cases

Of the 11 cases with myelo- or meningocele nine had 2 normal and two an
mereased Candex Encephalography had not been carned out 1 these o
<ases and hydrocephalus cannot be excluded
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Index and operatize treatment The myonity of the cases with hydrocephalus,
subduril hiematomn or tumour were rocntgenologically examined also after
operative treatment and the cramnl index was determmed The hydrocephalic
cases were treated with 1 Spitz Holter ventriculo atrial shunt or 1 Torkildsen
shunt A few cases had 1 sventriculo pleural or ventriculo Abdommnal shunt
It was found that the crimal ndex vaned i relation to the functiomng
capiaty of the shunt Thus, 1 decrease of the index regularly followed 2
well functioning shunt (g 21) and 1n merese was connected with 2 badly
or non functiomng shunt (g 2b)

Five examples of enses in which the index was determmed repeatedly 1re
gnenan g 3 Tt may be scen that the index changed depending upon the
functionmng state of the shunt A similar vanaton 1 the eramal index was
2lso noted 1 cascs operated upon for subdural hiematoma or tracrmnl
tumour

Discussion

The size and shape of the neurocrimum 15 determined to 1 large extent by
the neural mass, 1 ¢ the brun nd the cercbrospinal fliud  As long as the
sutures 1re not closed, 1ny chinges 1n the volume of either of these two
components 1s reflected in the size of the herd The expanding capacity of the
bony shull 1s effective up to about 8 years of age Normally the head size,
esttimted by the circumference, mcreases most rapidly during the first three
months of fe The increase continues less rapidly until the 1ge of 12 months,
and by the first dirthday the postnatal growth is hall complete From then on,
the growth 1s slower so that the incrense in size runs @ more eivcn course and
15 90 % complete by the sixth birthday

There 1s practically no dat wulable on the growth and development of the
face 1n early childhood Obseryvations m older 1ge groups dicate that font
growth m general follows the pattern of the entire body but 15 most stmiltr
to the neural mode (KroeMman 1910 and Scammon ct coll 1930) Thesc state
ments arc based upon cxperience from research worh by erthodontists Because
of their specific problems, therr investigations have been manly dirccted to
wards determining ngles wnd measurements on the fice when seen profile
Lattle 1s hnown 1bout growth and measurcments on the fice n the transverse
direction The face 15 generally not ncluded 1 routme lateral shull films
The cxperience of the orthodontists cannot therefore be used for the present

0S¢
Pu];}irt of the fice 1s however usually visible 1n frontal films of the shull The
two nechs of the mndible are generally cisily defined wnd may be used 78
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Fg 4 Increase n bead size (Rl line) measured
as the largest circumference and n distance a3
related to age betwern the Two necks of the
g mand ble (b oken line)

landmarks for measurements An additional ads antage of nsing these structures
for measurement 1s the fact that they can be expected to follow the growth of the
crannl base a part generally not affected by any change m the inteacramal
content For the present study 1t was of importance to hnow the relation of the
distance between the two rami mandibulae to age Since 1t has been shown
that the size of the face 1s independent of the neural growth 1n pathologic
intracramal conditions (Y oune 1999}, the whole matertal could be used The
medral aspects of the neck of the mandible at their thinnest portion, were used
as landmarks The transverse distance was measured and was found to mcrease
umformly up to the age of 7 years The measurements were also plotted by 2ge
m comparison to the growth of the head 1n normal children measured by the
largest circumference It may be seen 1in Fig 4 that 2 rough simifanty exists
between the increase in the mandibular measurement and the increase 1 the
circumference of the skull up to the age of 3 years Further studies of this
correlation for panents between 3 and 8 years are in progress

The fact just meationed constisutes the bass for the new indices The most

L
accurate of these 1s the quotient 3 which demonstrates an ncrease in cranul

size with 83 9, accuracy Imestigations concerming the relation between the
size of the ventricular system and the size of the skull are normally founded
upon the transierse width of the skul) ‘The present study has disclosed that the

sefavion between the transverse drameters (W) and {M) 15 actually the Ieast
rehable
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&
s Tndex

Fig 5 \arvons in the G index i a case of
hydrocephalus After the first operation (S) the
shunt did not function properly and the crrcum
ference s well ns the index increased Re opera
tion was performed {R) Wath a well funcironing
shunt the index deerensed and there was a slow
mcerese 1 the arcumbirence Both increvsed
temporanly after removal of the shunt (%)
Iater there was no further tnerease i hydro
cephalus and the ndex decreased to normal
salue

Transyerse dinmeters should therefore be 1vorded 1n ll studies on the relxton

between crannal size and craminl content It 1s however important to stress
L H W

that the combined use of the three quotients 3 M and ‘\—r\ullproduccsull

1
Inglher accuracy than N alone The necuracy 1s of the stme order of magmitude

L+W+H

as that obtained with the formult Y or for the cramiaf mndex It may

be that the results of the studies now 1n progress in patients between 3 and 8
years will necessitate 1 shight correction of the values of the indices 1n these age
groups When starting the present study, 1 volumetric mndex 1s estimted by
LxHXW was tried The values obtaned, when related to M, revealed wide
vartions ind were distributed within wide mts They therefore could not be
used

Hydrocephalus 1s generally defined s ventricular diatation combined with
previous or actually mncreased intracramial pressure and consequently should
lead to 1n ncrease 1n the size of the neurocranium An mcreased C index was
also noted 1n 70 out of 77 cases with venfied hydrocephalus As could be
expected, the non commumcating type had 1 lugher index than the com
municrting It 1s however well hnown from chinienl expenence (GRANHOLM)
that marhed hydrocephalus m1y exist without an enlarged neurocrimur
This was the c1se i seven of the present cnses, five of which later had 1 rapid
increse 1n head size, however, with an increasing mdex

The findings in cases of subdural haematomn arc of particular importance
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Fig 6 Vanaton in the C ndex m cases of hydrocephalus @) Aficr ventneulo-atrial shunt opeeation
(S) the eransal idex dec eased (broken hine) and the crcumference of the head became normal
(full ine) b) After the first ope aton the ind x rapudly became normal The shunt @ d not funct on

afier 12 months and the 1ndex nereased \fier anothe shunt operation the sndex agam became
normal

The growing employ of it asad

awd has mcreased
the number of children referred for examination of the skull The presence or

absence of local deformation thmmng of bone asymmetry of the skull or
calaification may confirm the chinical diagnosis and lead to more extensis e
roentyenologic exammnations This stady has idicated that even a small
haematoma or hygroma may cause enlargement of the neurocramum Thus
an index above 56 was evident 1 15 out of 20 cases with operatively venfied
subdural hacmatoma The use of the index therefore seems to be of dragnostic
value mn strengtheming the chimcal suspicion of a subdural haematoma and the
mdieation for more specialized roentgen examinat
of thus group of cases will be published separately
Extept hvdrocephalus subdural haematoma and tumour the encephalo
grams disclosed atraphy of varying degrees i a large numbers of cases The
diagnosis 1s difficult especially m children (Murrer 1928 Meremor 1961),
as there are no generally accepted or set d citena The d of

ons A more detarled analysis




108 STEN CRONQVIST

central atrophy was made in this study whenever ventncular dilatation was
present without the subsequent presence of occlusion or stenosis of the ventric
ul1r system or without signs of subarachnoid bloch The ventricular size has
been estimted 1s the ritio between the greatest width of the anterior horn and
the greatest transverse distance to the mner table of the skull from the septum
pellncidum (Gorisrrz 1951) The width of the third sventricle was also
mensured In rccordance wath the figures gnen by Sarovossew et coll (1957),
SKATVEDT (1958), SKATVEDT ct coll (1959) and Mercmior (1961), 6 mm was
considered 1 normal 1nterior width A value of more than 8 mm was defimtely
pathologic The amount of corticnl ur was further assessed, 1 difficult procedure
i children Zerrwrcer et coll (1951) and Sciarer (1960) stated that the
corticl suler may be radiologically wide m elnldren with anatomically normal
brans, 1nd becwse of this exact mensurements were noided The finding of
one or more broad suler, situnted 1n the same aren m more than one film, hs
been considered necessary for the diagnosis

As shown 1n Table 1, the ecramal mndes was at the lower border of the
normal 1n cases with central atrophy The difference between the mean values
for cases with 1 normal mdex and those with 1n increased ndex was most
cvident when ventricular dilatation was regastered This means that in some of
the cases the dilatation dingnosed s atrophy was m reality caused by hydro
cephilus

The use of the C 1ndex will apparently not be of diagnostic import nce for 1
differentintion between 1nous types of atrophy It may help m suggesting
whether ventricular dilatation 1s due to central atrophy or to hydrocephalus,
however

Retarded development and serzures were common indrcations for radiologic
cxamimation An increased mndes ws noted 1 only four of 24 cses with retard
cd development, 1s compared with twenty seven out of 67 cases with seizures
Some degree of ventricular dilatition was found 1 three of the 4 cases with
Iugh ndex and retarded des clopment, and mn nune of the 11 cases with hgh
index and seizures Corresponding figures i cases exummed with encephalo
griphy with 1 normal index were mine out of 12 cses, 1nd mne out of 9
cases, 1 the respective groups The figures seem to indicate that the tentric
ulr dilatation observed m cases with 4 normal ndex 1s different from the
one present tn cases with 1 lugh index

The usc of indices before and after operation has been found to beof partic
wlar value This has been most evident an shunt operated cses with hydro
cephalus 1s well s 1n cases operated upon for subdural hygroma The func
tioning capacity of the shunt n the former s murrored 1n the sarntion of ﬂ\i
mdices, 1s shown mn Figs 5 and 6 Successful tre itment 1n cases of subdura
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hygroma leads to a decrease in the index A postoperative mdex of the same
magmtude as before the opesatn. or an nereasing «alue, means that a new
hygroma 15 developmg

Conclusion

“The tistance between the two necks of the mandible (M) mereases roughly
paraltel vtk the skull size up to the age of 3 years It then mcreases stowly and
steadily up to the age of 8 years

Indices based upon the relationstup of this distance (M) to the greatest
length (L) width (W) andfor height (H) of the neurocranum have proved 1o
be chmcally useful and of diagnosuc importance All measurements may be
made on toutine skull films and no special projection 13 needed

I B W L4H4W
Difterent ratios of SN MY (C ndex) may be used

L
The ratio 37 15 the most useful for pracucal purposes ind will demonstrate

W

an mcrease n head size m 83 9% of cases of hydrocephalus = 15 the least
2

rehable ratio This abservation 15 of particular significance as mn most studies

of the relation between cramal size and ventricular size measurement of the

largest transiesse diameter has been used The combined use nf%-{ % and g
will increase the 1ecuracy of diagnosss up to 93 °4 By using a summanion of
L+ +H dimded by M 1 e thr Cindex, 2 percentage of 90 may be reached

the C mdex has mawly been used in the present study and has proved to
be of pracucal value not anly n the diagnoss of hy drocephalus but also 1n the
diagnosis of subdural hygroma from routine roentgen films of the skull The
wndex has also been employed for determmng pathologic changes i the size
of the nenrocranum m cases of atraphy It seems as 1if what hias been considered
to be central atrophy according to the general conception many cases
should have been a sign of mild hydrocephalus

The size of the head has also heen related to the dommnant chnicat features
srizures 3nd retagded developmen  beng the most common Frcephalography
disclosed the presence of ventricular didatawon sn hoth these groups A
;(l\:slhulugxca]]y sncreased mdex was more often apparent m cases of epileptic
The wdex has also proved to be of defimte value w the roentgenologic

evaluation of operative results m ¢
ol P ts 1 cases of hvdrocephalus and subdural haema
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SUMMARY

A new index for evaluating the cranil size i chuldren 1s described This 1s bised upon the
relationship of the distance between the two necks of the mandible and the greatest length
width and height of the neurocrimum . obtained 1n routine films The climeal value of the
procedure particularly in hydrocephalus 15 discussed
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ELECTROCARDIOGRAMS ON CAROTID ANGIOGRAPHY
ATTER PUNCTURE OF THL CAROTID SINUS

by

Herman Lopin

The crotid sinus reflex, 1 ¢ fall 1n blood pressure 1nd bradycardia, can be
mduced both by external massage of the carotid region and by compression,
and may also occur, though more scldom, on puncture of the carotid rtery
near 1ts bifurcation  Serious comphcations, mcluding death, both i the so
called climcal compression test ind 1n mampulitions of the artery durning
operation hwve been reported For this reason, among others, 1t has been
recommended that puncture of the sinus region should be nwoided m crotd
angtography, ind that in certam cases of sinus sensitity the sinus should be
blocked by local 1nacsthest1 before the puncture Carotid angographies are
performed at some centres without any checking of the needle posttion,
and without simultaneous ECG recordmg Lattle 1s known, therefore of the
cvents following simus puncture and contrast mjection A sertes of carotid
angiographics, performed m our roentgenologic deprtment, were thercfore
analysed, and all cases of puncture and contrast injection n the sinus regron
were studied with special refirence to the occurrence of ECG chinges

Submutted for publication 5 April 1966
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Table 1

Elect ocard oeraphic reactions on contrast njection after puncture of the carotid sinus in relation {0 sex
and a,¢ dutribution

10
N6 Males (24)  Females (22) 40 searsand <
e s over (39)  years
[0}
2 10 2
o change 12 10 2
Bradve tda 74 10 N 20 1
Tachytard a 7 4 3 6 1
Indefin 1e o ght changes 3 — 3 3 —

Vfatenial and Method The matersal compnised 46 patients the sex and age
distributions of whom are given 1 Table 1

Carotrd puncture was p=rformed after only very localized mtradermal an
aesthesia The posttion of the needle was checked by means of 2 film over the
puncture site For this the mjection was gnen by hand but otherwise an
autematic pressure syninge was used to imect about 6 wl Urografin 60 %,
At lewst four injections were gnen to each patient ECG (lead 2) was recorded
before and n a few panents durag the puncture and 1n all patents dunng
as well 25 20 o 30 seconds after the contrast medium iyections With a few
exceptions all the panents were premedicated with 1 ml marphine scopol
aming

Smus punciure means both poncture trectly o the bifurcation tself

and puncture mto the immediate vietmty of the bifurcation 1e wythin one
centimetre from it ECG changes were reported as bradycardia tachs cardia
{re alteranons 1n heart rate exceeding 10 9,) and non specific changes 1 e
minor changes with no special tendency

Results

No changes were observed in the few Patients 1 whom the ECG was
recorded during the actual puncture

About half the numbes of patients inwest

dunng the gection (Table 1) usually fol

changes were nated 1 ahout 23 % of the pat

had tichycardia and thres Teactet
ance eg

tacky cardi:

igated teacted wih Yradycardsa
lowed b

Y tachycardia No ECG
1ents while seven of the 46 patients
d with an uncharactenstic thythm disturb
In_one mjection a shight degyree of bradycardia 1n another mild
a3 The women displayed a greater tendency to respond with brady

BN 12 Redot g Dug ub 1701958
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Table 2

Llectrocardiographac changes obserted tn 12 patients examned with angrographs botk after sinus puncture
and lo ¢ common carohid puncture

LCG sinus puncture N = (12) T'CG changes on carotid puncture

No change  Bradyeardia Tachyeardia Indefimite
shght changes

No change

Bradycardia
Trchycredin

Indefimite shght changes

—-N o e

cuwdin thin men The age fictor was of no mfluence on the tvpe of EGG
rection

Tuclve of the $6 patients 1lso underwent carotid 1ngiography after low
puncture of the common cirotid rtery  The results of 1 comparnson between
the ECG changes observed with the simus puncture and those recorded with
the low carotid puncture are gren in Table 2 The recordings n the (o
angiogiaphies were 1 agicement 1n seven of the bove mentioned twelve
prtients while different rcrctions were observed m the remuning fise The
tendency 1 these differences was towards 1 reduction of the bradveardin
effect 1 ordinary low carotid myection, with the 1 CG cither unchanged or
exlubiting n aty prcal rhythm disturbance

In Table 3, 2 compnnson 15 made with the LCC changes in 1 Iarger serics,

Table 3

Flectrocardiographic observations i 150 patients

examuned with angography after lot  common

carotid or tnternal carotrd puncture and wn 46

patients ntestigated after puncture of the carotid
sty

LCG changes Sinus Carotid
puncture  puncture

No chinge 20 41
Bradycardia 52 31
Tachycardia 15 17
Indcfimte shight

changes 7 1
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comprising 150 patients examned after puncture of the internal or the com-
mon carotid artery (Lopr & OTTANDER) This comparson indrcates that on
injection after snus puncture there 1s a considerably higher frequency of
bradycardia and that the number of patients with an unchanged ECG 15
smaller than after an ordinary carohd puncture

The bradycardia obsers ed with these sinus mections was of the same order
of magnitude as with ymjections nto the nternal and common carotid arteries
Only one patient had much brady cardia but no asystole (> 2 scconds between
the v entricular contractions) No changes apart from rhythm disturbances were
recorded

None of the 46 patients had chinical signs of a fall 1n blood pressure or
other crrculatory disturbances 1 connection with the exammation or the
puncture

Discussion

The mun effect of contrast medmum mjection 1nto the sinus regon 1s a
tendency to bradycardia of a moderate degree The companson with the larger
sertes of carond angiographies suggests that this cffect 15 largely provoked
locally 1n the sinus by the stimul; of the L

P by the ic
contrast injection

It 15 evident on the other hand that the reaction 1s very moderate and that
puncture of the sinus region with subsequent mjectiont 1s not comparable with
chimical compresston tests Hemsor™ & MeNamara (1956) obsened 9 cases
of asystole among 40 healthy subjects at a compression test of 30 seconds
Compression of the night sinus region gave the highest frequency of reactions
The bradycardia in the present sertes was distrtbuted equally between the night
and left sided injections In contrast to compression  the needle utsell may canse
a punctate and transient stmulation of the smus stimulation of the barocep
tors provoked by the mjection 15 mnconstant and when 1t does occur 1t 1s only
of moderate degree Only one of 46 panents had marked bradycardia on
contrast myection and no asystole was recorded

The results suggest that the rishs connected with sinus puncture appear to be
overrated Puncturc of this region should be avarded for two reasons howes er
(1) puncture followed by contrast injection provokes ECG changes especiall
bradycardia to a greater extent than mjection 1nto the internal or the commozl
casotid artery and thus influences to a greater degree the carculation time
studied with an angiographic technique (2) the myamg of contrast medm
and blood may be madequate when both the mternal and external ca 0(’3
artenies are to be cxamined with the same njection amount o
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SUMMARY

A series of 16 angtographies after puncture of the carotid sinus displyed FCC changestoa
greater extent than a series in which the injection was given anto the internal or the common
carotid artery Modertte bradveardia w s observed i half the number of patients

ZUSAMMINTASSUNG

Fs wurde n 46 Tallen f tgestellt dass elehtrokardiographische Veranderungen haufioer
ber Angrographic durch Rontrastruttelingektion in den Stnus caroticus auftreten als nach
Tinspritzung i die Carotis internn o fer commumis M issige Bradyhardie wurde in der Hallte
der Ille observiert

RISUML

Une série de 16 angio iaphies par ponction dans le sinus earotidien 1 présenté des modifica
tions TGO plus nombreuses qu une série dans laquelle | injection a été faite dans la carotde
interne ou fa carotide prumitive On a constaté une bradverdie modérée chez 1 maiteé de ces
sujets

RITLRTNCLS

Hiisory G H and Mc Nawara A P Fifect of carotd stnus stmulation on the electrocar
diograms of chnically normal indiiduals Crrculruon 14 (1956) 1104

Loviv H 1nd Orravorr H G 1 lectrocardiogrims on carotid angography with Urografin
Acti ridiol Dingnosis b (1967) 519
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ELECTROCARDIOGRAMS ON VERTEBRAL
ANGIOGRAPHY

by

Hexraman Loony

The anthor has found only a single report in the hiterature on ECG changes
recorded at vertebral angrography  GREITZ (1926) obsers ed that myection of
contrast medium 1nto the vertebral artery resulted 1n an increase 1n heart
rate and nise 1n blood pressure The ECG changes and blood pressure
crease were not preceded by bradycardia or a fall in blood pressure This
observation however appears to refer to only one imjection with the medium
Trurol (sodm acetrizoate) Greater interest has been paid on the other
hand to ECG recordings 1t carotrd wngrography (Grettz 1956 Eestesv et
coll 19,9 Grerrz & WEIss 1909 hiorer 1960 Loois & OrTasper 1967)
The results of these mvestigations performed with different contrast meda
do not app ar (o be directly applicable to the conditions 1n vertebral angio
graphy Grerrzs work suggests that a single ijection mto the vertebral ac
terial system may produce different effects on the systemic crrculation than
one made mto the carotid arterial system where bradycardia predommnates

The ECG changes observed i a series of sertebral angiographes performed
with Urografin as contrast medium are reported m this paper

Submutted for publ cation 5 April 1966
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Table 1

Flectrocardiwgraphic changes obserted on vertebral angiography and grouped according o sex a ¢ and
examnaton lechnigue

£ee N (60) Males  Eemales 40 years <40 Catheter Punc ~ Manual Pressure

changes (33) (27 and over years (39) ture mnjec myee
(39) [e1%) (21} ton (47) ton {13)

No chinge 1o 7 8 10 5 7 8 n 4

Bradyeardin 13 5 ] 8 5 11 2 11 2

Tachyeardn 29 19 10 19 1 19 10 22 7

Indefinite

shght

changes 3 2 1 2 ] 2 1 3

AMatertal and Method The materl comprised 60 patients on whom 66
exammnations were performed I'ive patients underwent both night and left
sided vertebril angiography, and one was examned twice on the same side

A catheter was used 1n 39 of the patients, 1nd 2t was generally advanced
w11 the femoral artery, with the tip beng pliced m the proximnl part of the
left vertebral artery Oceastonally, the catheter was introduced i the night
axiirry artery and the tp located in or immedintely m front of the ongin
of the night vertebral wrtery  Puncture of the vertebral artery was performed
m 21 cases, i the mayority of these cases s well as in 1l the cases 1 which
2 catheter was used, no generyd annesthesia was gnen Local anaesthest
was however given 1n all the puncture cases, i the usurl manner downwards
towards the transverse processes of the cervical vertebrae and the position of
the needle was cheched by 1 film over the puncture site

An effective dose of 5 to 6 ml Urografin 60 9 was ijected manunlly in 47
patients, a1nd by means of an automauc pressure synnge in 13 patents At
least three injections were gnen 1t each exammation, 1¢ 1n all about 200
mjections were made

ECG (lexd 2) was recorded both before and after the puncture, or the
mtroduction of the catheter, s well 1s during, and 20 to 30 scc after, the myec
tions In about 20 of the panents the LCG recordings were made with the
film changer i operation, but without simultancous contrast medmm 1mjec
tion, 1n order to find out whether the noise of the film changer during 2ctunl
exposures might provoke 1 alterrtion m cardiac nction tow ards tachycirdia
1n anxious patients  Bhnd myjections with physiologic silme were sometimes
gnen The LCG changes observed were classificd 2s bradycardr, tachyeardin
{1 ¢ alterations m heart rte exceeding 10%) nd non speatfic shght changes,
re shght rhythm disturbances without any definite tendency
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Table 2
Electrocardgraphsc changes i 33 patents cvanuned both wath vertebral and corotd anguwgraphy

ECG changes at vertebral ECG changes otserved at carond ang ography
e ———

amgogrsghy = (59 Nachange  Bradyeardia Tachyeard a Indefinne
shght changey

o change ® 6 3 . 1
Bradyea da 8 2 + ! !
Tachycard a 16 4 +

Ind Bnyte shioht changes  —

In 93 of the 60 patents carotsd anglography was also performed This was
done by the customary techmque with direct puncture generally of the
common carotid artery About 6 m) Urografin 60 ®, were myected with an
autamatic pressure synnge A film was exposed over the puncture site to check
the posttion of the needle

Both the sertebral and carotid angiographies were techmieally satislactory,
te 1t was confirmed that the needle was m the correct position before the mmjec
tions were given The postenior cerebral arteries were filled m all the vertebral
angiographies With a few exceptions all the patients recenved the same form
of premedication (I ml morphine scopolamune)

Results

No ECG changes occurred swth the saline injections or when the film changer
was m operation without one contrast mediwm njection being performed at
the same ume

ECG changes of the tachycardra ty pe were present i about half the number
of panents examned (Table 1) while bradycardia generally followed by
transtent tachycardia was recorded m yust under a quarter af the patients
The £CG was unaffected 1n a quarter of the patients In three patients there
werevery shight changes and no specific tendencies were noted 1n the different
sertes of injections Anisolated extrasystole and transient depressed S T tnterval
were noted 1n one bradycardia patient Othenwse, all the EQG changes were
whwihm @isturbances The ECG displayed the same teadency at all the ingec
tions 1n all the patients except three In two of these the changes tecorded
became increasingly less marked 1n the Jast seres of injections and m the

thid patient n whom the first six smjections resulted in bradycardia shght
tachycardsa occurred 1n the seventh serses
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Table 3

Llectrocardiographic changes obserted at 150 carotid angiooraphies
and G0 tertebral angographies

1 GG changes Caroud g0 Vertebral
graphy %, anglography 4

No change 41 25

Bradycudia 31 22

Tachycardia 17 48

Indefinite shght changes 11 “

The LCG changes were the stme in all the series of injections i the five
pients m whom both right- and left ssided vertebral angrogriphies were
performed In the siseh pattent, in whom two vertebral nngiogriphies were
performed on the same side on cifferent occasions, the reactions were the same

Caroud angtography was performed on 33 of the 60 patients The ECG
changes obscrved m the vertebral and carotid angiographies are compared
i Table 2, which indicates that while the LCG reaction was the sime in the
two types of eximinations mn bout hall the number of patients 1t differed 1n
the remunder Among 9 patients, in whom the LCG was unchanged at
vertebril angtography, sis had the same result on caroud ngiogriphy, while
the other three had bradycirdia OfF 8 patients wath bradyeardin on vertebral
angiography, four displayed the sume reaction on crotid 1ngrography while
one had tachycardir, one an uncharactenstic rhythm disturbance and two
an unaffected LCG Of 16 patients, finally, with tachycardin on vertebral
angiography, siv were found to have the same tendency to tachycirdia on
croud ngrography, wiile four had no chinges at ll, four had bradverdi,
and two 1n 1typical rhythm disturbance

Dascussion

It 15 cvident from Table 1 that nerther the 1ge nor the examination technique
had 1ny nflucnce on the results obtuncd The men had 1 greater tendency
to respond with tichycardin than the women

It 1s apparent from Table 2 that Urografin may nduce diffcrent changes
n the sxme patient, depending on which cerebral artery 1s mjected

In Table 3 1 compnson 1s made between the present series of vertebral
angrographies wnd 1 sertes of 150 carotid angrograplues (Looiv & OTTANDER)
The number of unchinged LCG, and those exhibiting bradycardin are greater
1n the carotid series while tachycardin is considerbly more frequent ymong

the vertebral ingiogriphies
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Grerrz from clinical and radiologic obsenations s well as Lisogrey,
and LinGrEs & TornErt from ammal experiments beheve that brady
cardia 15 provohed tia the central nervous pathways These authors consider
that the contrast medium primanly induces a sagaleffect and that the barocep
tors 1n the caroud smus 1re of o importance m the bradycardia induced by
carotid angiography However on contrast medsum imjection after puncture
of the carotid sinus, the frequency of bradycardsa increased (Lobn) which
would seem to mdicate that in such cases the baroceptors 1n the carotid simus
take part 1n the bradycardma reaction Tachycardia on the other hand
might result from 1 of the ch rs 1n the carotid body but

since tachycardia may occur also on injection above the bifurcation 1t 1s more
probable that this effect as well may have a central ongin
The results now presented strongly support the theory of a central mfluence
on the rhythm disturbances smce both bradycardia and tachycardia have been
observed to occur 1n connection with vertebral angiography It 1s mteresting
however that tachycardra s much more frequent than bradycardia at vertebral
angugraphy and that the number of unchanged ECG 1s smaller than m the
carotid series It seems reasonable to find an explanation n the distnibunion
of the contrast medium It becomes apparent when analyzing the contrast
fithng of the posterior cerebral artery m the carotid senes that this artery
15 filled 1n only 20 % of the bradycardia pauents but in 50 9 of the tachycardia
panents Jt my be justified to assume that the tachy cardia reactron 1s prosoked
manly from a vasomotor centre 1n the medulla oblongata supplied from the
basilar artery system including the posterior cerebral arteries The bradycardia
effect on the other hand 15 essentsally ehcited higher up m the bram stem
where the blood supply to a greater extent 1s dernved from branches of the
mternal carotid artery The sensitiveness of the medulla oblongata to the
contrast medium may be indicated by the reduced number of unchanged ECG
m companson with the carotid series
The various reactions may thus be explamned equally well by the cifferent
distibution regions of the carotid and vertebral vessels as by mdndual
::;2:;:5":"():‘cs;:,zosai;‘;,:bd:r th; ‘asomotor centres Both different ECG
pending on the injection artery and different

effects in different patients with the same type of mjection may thus be ob
tawned

Conclusion

The distribution of the electrocardio
graphy differs from that in carond angy
more frequent than bradycardia and ]

graphic changes m \ertebral ANZ10-
ography Tachycardia 1s considerably
he unaflected ECG are less frequent
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On evaluating the cffect of the contrast medium n cerebral angiography the
conditions prevuling 1n both carotid and vertebral angiogriphes must be
tihen mto the consideration Results obtuned i animal experiments are of
course valuable but cannot often without resers ation be transformed to human
subjeets This must be stressed 1n particular where the problems concern the
central nervous system since most experimental mmals hwve 1 cerebral
vascular distnibutton thatas very different from that of man

Substances other thin contrast medin may of course produce different
centril reactions depunding on the method of admmistratron The results
presented n this paper may open up 1 new ficld for the radiologist who 1s
mterested n selectn ¢ studies of different active substances We hase at present
an myestigation n progress in our department on the eflect of bradyhmm n
connection with carond and vertebral angiogriphies (LrRikson & Lopiv)

SUMMARY

A sertes of 60 prtients were subjected to vertebril angiogr iphy with stmultancous LCC
recording Carotid angiography as well was performed 1n 33 of these pattents The changes
observed 1n the FCG are discussed Different rhy thm changes were recorded 1 half the number
of patients who underwent carotid angiography

ZUSAMMENTIASSUNG
An ciner Serie von 00 Patienten wurde vertebrale Angiographie mut gleichzetigen clehtro
kard phischen Studien vorg, Carot wphie wurde 1 33 dieser Talle
cbenfalls tusgefuhrt Verschiedene Iormen von Rhythmusierinderungen honnten ber der
Halfte der Patienten an denen Carotisangrographic sorgenommen wurde festgestellt werden

RLSUML
Une série de 60 malades ont subr une angiogriphic vertébrale avee enregistiement ECG
1 Une 1ng hie ¢ d 7 aussi 618 | quée dans 33 de ces cas L auteur

exanttac les modifications LCG On a trow & dilTérentes modifications du rhythme chez Ih
moiti¢ des malades qui ont subt une angiographte carotidienne
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TEMPORAL ARTERIAL GI'ODELSICS
II Effccts of masses deep to the temporal lobe
by

Harorn 7 I Furrr

An cxperienced neuropathologist m exanuning the bran prior to sectiontng
will often be able to predict some deep pathologic process from the pattern of the
cercbral gy and sular at the surface Equnalent mformation about the castence
of 1 deep Iesion may be dernved by the radiologist from the configuration of the
surface arteries s seen on cercbral anglography It has been suggested in carlier
papers (Lenrer 1967) that the displacament of the superficinl arteries by cerebral
ma es m1y be divided mto two mun tvpes dircet and indireet displacements

Direct displacements imply that the arteries are generally considerably curved,
runmng paralld with or outhming the borders of the lesion Displicements of ths
type occur m the naghborhood of 1 well defined mass such s 4 typical mening!
om1
However the great majonity of intrinsc cerebral tumors, being less discrete and
situated away from the surface, are associated with indirect displicements of the
surface 1rteries thes are produced secondary to a volume merease The artertcs
Jose their norml redundancy corresponding to smoothing out of the normally
wrinhled gyn and suler As the artenes strughten they tend to assumc paths of

Submutted for publication 1 March 1967
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1 lobe The matn
Fig 1 Lar  sphenoid w ng men ng oma Jocated inferomedial 0 the temporal

reidle cevebral anencs within the smsula are elevated nd cuned The surface temporal
branches are straightencd into approximately parallel geodesics

mimmum length over the cerebral surface The resultant configurations which the
present author has termed  artenal geodesics approximate arcas of great circles
over the cerebral convexities but over the flatter less sphenical surface of the
temporal lobe they tend to approach the nearly parallel geodesics of an ellipsord

Over the cerebral consexites the presence of arterial geodesics reliably reflects
an wmtrinsic hemisphenic volume expansion With respect to the temporal lob=
however because of us relatnels sup rftcial anatomic site 2 volume expansion

decp 1n relation to the lobe causing arterial geodesics over its outer surface, can
b either extnnsic or intrinsic

Medial extrinsie tumors Large inferomedial extrinsic lesions such as parasellar
and medial sphenotd wing menmglamas (see Fig 1) produce displacements
of the major temporal arteries which may be very much like those seen with
mtrinsic tempora) masses {Crase & Taveras 1963) The sumlanty of these
arterral displacements 1s understandable when considering that the tumor tends
to push the entire temporal lobe upwards and outwards but 1s constramed mn
this action by the dura and the 1nner table of the temporal bane The outer
surface of the temporal lobe limuted by the contours of the temporal boge smay
thus become flattened secondary 1o a large deep extansic tumor, much as it
would by a volume increase caused by an intninsic lesion of the temporal lob~
The mam middle cerebral arteres within the wnsula which undergo a less
restrained displacement of the direct tvpe thus tend to be curved and elevated
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{0

=3
1 b ¢

Fi, 2 Configurtions of the middle cerebral artery with yanous tumors 1) In the presence
of 1 superfienn) extnnsic tnmor s for example 1 lateral sphenord wing memngioms the
superficnnl temporil artenies are directly displiced around the circumference of the lesion
Along the temporil surfice In this dirgrimmatic representation the mun nsulr branches
of the nuddle cerchral artery are indicated with heavier limes b) A deep inferomedn] extrinsi
tumor causcs the superficial artenes to strughten and appear as temporal lobe geodesics The
tendency toward 1 sphencal outward displicement of the temporal lobe 1s construned by the
dury and the 1aner table of the temporil bone resulting in an cllipsoid surfice Direct displice
ment of the mun sulir branches of the middk cerebral artery  wath elesation and increve
curtature ¢} An mtrmsic tumar deep to the imsuly will cruse the superficial temporal arteties
1o strughten correspondmg to flattened sulen The mam syhaan branches may be elaated to
:llxlt:‘uvl;x their pith over the expanded mner surfice of the msula but they are nat sharph
o

i
-t

nsula 1s displiced outwards and expanded
vesscls over the surface of the temporal
1 In this c1se the man msular branches are

Fig 3 Intracerchral hemorrhage 1) A p siew Thet
but not rotated b) Iateral view Orgmally torfuous

lobe are straightened and approximately parallel
only shgt tly elevated
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1w the presence of such tumors (Fig 2) Direct displacement of the antertor
choroid artery 1s an important further guide to the presence of an extunsic leson
(Cuast & Taveras 1963)

Intracerebral masses deep to the msula \ large mtnmuc mass decp to the
msula an mtracerchral hemorrhage for example (Fig 3) may also Jead to 2
flartemng of the outer surface of the temporal lobe and consequently tends to
cause artertal geodesics to form The mam muddle cerebral arteries will m such
cases be indirectly displaced by the underlying diffuse lesion The arteries mav be
elevated since they will follow the shoriest path (geodesic) along the inner
surface of th~ 1nsula but they will m general not be sharply cunned Similar con
ugurations of the middle cerebral artery have been desenibed earhier wath thalamic
wmors (Ports & Tavrras 1963) It would scem that these appearances could
be b st explamed n the same fashion as attempted above rather than by
postulating an outward rotation of the msula (TavEras & Woop 1964)

A less extensye deep mass will naturallv cause a smoothing out of the temporal
1che surface of lesser degree n) then the straghtening of the superficia) arters=
may not be so obvious particularly 1f the pnmartly normal course of these vessels
in a gnen patient was more redundant or tortuous than sommonly seen These

ubtler changes occur rather frequently and can often be venficd or at least
uggested by a comparison with the less straightene artenies of the contralaterral
semporal fobe as obtamed 1 a carohd arterogram

SUMMARY

Tumors lying drep i the temporal region may because of the 2natomic locanon of the
tempc ral lobe be efther extrmsic or intrinsic Large mferomedtal extninsic tumors may produce
artertal g odesics resemblios tho e with mtansic temporal turors although the mam msular
branche beme dicectly displaced are usually somewhat more cuned Intonsic cerebral
ma.ses deep to the mnsula cause less markid strughtening of the urface arteres as well as
reodmic & placement of the main sylar branches

ZUSAMMENFASSUNG

Tumoren tel 1n der temporalen Region sind auf Grund der anatomuschen Lace des § hl
ferlappens extnnsic oder intnnsic Inferomedhale Tumoren die gross und extnos tm‘!
konnen arteniclle geodausche Tymien ahalich wie ber den antnnsic temporal Tlc o
henormufen obwohl die wichtigsten msularen Aste e direkt \ers:hobenpzen;:x “l‘lmt““
::.:;ﬁ?;:x;rf"f dln}:mmc Zerebrallasionen die tief in der Insula liegen umt:alig:\
e o ;;:up‘.:‘: mung der superlimellen Artenen und cive geodatische Verschichung
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RISUMY

En ruson de 11 situation anatomique du lobe temporal les tumenrs de 1a régron tempor
rile siudes en profondeur peusent {tre extrmsdques ou antrinsdques I es grosses tumeurs
mféromnternes extrimvéques pauvent donner des tmages arténelles géodésiques ressemblant 3
celles des tumeurs temporales intnnsdques bien que les principales artéres insulures étant
directement d¢placées sorent d habitude un peu plus incurvées Les masses cérébrales inten
scques sititées en profondeur par rapport 1 Linsuly donnent un étirement momns marque des
artéres superficielies ¢t un moindre déplacement geodésique des grosses branches sulures
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ROENTGENOLOGIC CHANGES IN OTOSCLEROSIS
by

Benor LitieguisT

The desclog of modern hic techniques has opened up a new
held m otologic roentgenology \falfarmatmns of the middle and ner car,
luxation of the auditory ossidles and the result of correctne surgerv of the
tympanic cavity may now with advantage be ¢xamined rocntgenalogieally Enen
the otosclerotic process has become accessible for roentgenolomc procedures
Along with this alteration 1n astttude a change of the roentgenologic techmque
has become necessary The classic projections of the muddle ear no longer hold
the field as most artention has now moved from the examiatton of the tympanic
cavity and mastoid cells to the walls and contents as well as to the labynnch
capsule % prerequsute for fulfilling this new aun consists of tomography n thin
sections wath arcular semucireular or hypocycloid movements

Zizose pes Pravtes {1932) was one of the Iirst to invesigate the possibility
of examining the temporal bone by crcular tomography Musteaw 8 Frag
1941 ) further deseloped the tomographic exammation of the ear Eeex {1956)
and Muspnien & Frey (1929) funally worked out the technque of tomography
ol the temporal bone and the proy used by later v 5 are mainly
{ounted upon therr investigations 'I'hc normal anatomy of the mxddlc and 1nner
Tar as 1t appears 1n these and stmular proy has been

8
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RESUML

Tn rason de 11 situation anatormgue du lobe temporal les tumeurs de la région tempor
rale situées en profondeur peuvent (tre extrinsdques ou intninseques Les grosses tumeurs
nferomnternes extrinséques peusent donner des images arténelles géodésiques ressemblant a
celles des tumeurs temporales itrnstques bien que les principales artdres nsulawres étant
directement déplacées sotent d habitude un peu plus tncurvées T es masses cérebrales inton
séques situées en profondeur par rapport a | insula donnent un éurement mains masqué des
arteres superficieltes et un moindre dépiicement géodésique des grosses branches insularres
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ROENTGFNOLOGIC CHANGES IN OTOSCLEROSIS
by

Bener Lirmequist

The development of modern tomographic techmques has opened up a new
field m otologie roemigenology Malformations of the muddle and wner ear
luxation of the auditory ossicles and the result of corrective surgers of the
tympanic cavity may now with adsantage be examined roentgenologically Even
the otosclerotic process has become accessible for roentgenologic procedures
Mong with thrs alteration i atutade a change of the roenigenologre techmque
tas become necessary The classic projections of the muddle eas no longer held
the field as most artention has now moved from the examination of the tympanic
cavity and mastord cells to the walls and contents as well as to the labyninth
capsule X prerequisite for fujlilling this new aim consists of tomography i thin
sections with oreufar sermorcular or hyporycloid movements

Zupses pes Pravies (1932) was one of the first to wvestigate the possbalny
of examimng the temporal bone by crcular tomography MosxTean & Frvk
(1941 further developed the tomographic examination of the ear Fres {1926}
and My paien & Frey (1959) fmally worked out the techmuque of tomography
of the temporal bone and the projections used by later suvestigators are mamly

Tounded upon their imestigations The normal anatamy of the middle and mner
€ar 231t appears in these and similar p has been 1 d
——

Submutted for publication 14 March 1967
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RLSUML

Ln ruson de Iz situation anatomique du lobe temporal, les tumeurs de la région tempor
rale situdes en profondeur peuvent ctre extrinseques ou ntrinseques Les grosses tumeurs
mféromternes extrinseques peuvent donner des images artérielles g éodésiques ressemblant a
cclles des tumeurs tempornles imtnnséques  bien que les principales arteres nsulames étant
dircctement ddplacées soient d habitude un peu plus meurydes Ies masses cérébral s merin
séques situées en profondeur par rapport \ Linsulh donnent un étrrement moms marqué des
artéres superficielles et un moindre déplicement géodésique des grosses branchies wmsulures
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Number of pahents

I A

=VZ

N

Fig | Distribut on of otosclerotic ears (hatched columns}
40 50 60 10 &0 n:grﬂn on to the age of the patients i the matenial 1
years of age vest gated

findings The tomographic examination 15 sy table as a dragnostic test 1n

ble cases 1n the of type degree and extension of the process
;\ demonstrating possible abnormalities of adjacent structures and n evaluating
the possurgieal condmon This author also pomted out that the process m
active otoscleroms or otespongiosis may be demonstrated a»s an unsharpness of the
bone substance around the oval window causing the aperung to appear wider
than normal Furthermore he descnibes the appearance of decalufied areas
alone or comiined with small sclerotic foci i the labyninth boge capsule aswelias
extensine obliterative changes with complete loss of coatrast between she capsule
and the lumen of the mner ear structures n cochlear otoscleros s According 10
Varvassorrp the degree and extent of the otosclerotic process may be dis-

hed fairly well m graph:

Jensen Rovsme & Bruswrr published measurements of the oval window in
normal and otosclerotic patients \s the normal foot plate of the stapes 15 too
thin to be seen roenigenographically the vestibular window appears as an
opemng n the bone walls betneen the vestthulem and the tympanic cavity
When the foot plate 1s thickened  the oval window can no longer be seen, and 2
narrowing may be caused by lohal thichening of the rims or walls of the fossula
These authors reported the normal height of the oval window to be between |
and 2 mm The height 1n otosclerosis was in more than €6 of the patients less than
I mm in 29 € 2t measured between | and 2 mm and 1 two of 39 patients the
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ologically by JusTrr & liscncorp with cuts of temporal bones Cnatsst like
wise greatly contributed to the roentgenologic examination of the middle ear and
proposcd suitable projections for investigating the medial and lateral wall of the
tympanic cavity nd tomographic cximmations with Chausse projections

Otosclerosis 15 a primary disease of unknown etiology of the labyninth capsule,
which sometimes leads to 1 fixation of the stapes 1n the vestibular window The
dirgnosis 1s munly based upon the chinical history of progressive deafness, which
on audiometric examunation consists of a conductive hearing loss, with a gap
between mmpured ur conduction wnd bone conduction Bone conduction 1
normal when only the stapedial foot plate 1s mnvolved but impaired when the
cochlea 1s affected Charactenstic otosclerotic foc1 have been obsersed histolog
1cally n the labynnth capsule without involvement of the stapes and oval
window 1nd without chimeal «igns of otosclerosrs The process 1s usually present
n both cars but may occur 1n only one car

The normn! substance of the labyrinth capsule, consisting entirely of compact
bone, has 1 umque appearance It therefore normally appears i the roentgen
film s dense bone without structure and may thus easily be disingushed from
the rest of the tempornl bone The otosclerotic process starts n small areas where
the compact endosteal bone substance 1s transformad nto vascular osseous tisue
with haversian canals These focr may coalesce and extend to large portions of
the capsule, the bone substince eventually developing mto 1 denser type of
osscous tissue The process usually starts nterior to the oval window and extends
to the round window but the whole of the capsule may be miolved as may the
foot plate of the stapes The local bone substance thichens, with encroachment
upon the cochlea as well 1s on the vestibulum, semicircular canals and the foot
plate of the stapes which will be attached to the oval window by bony bridges \
narrowing of the fossula of the oval window 15 caused by a sumilar thicheming
of tts bony walls

Previous cxaminations Previous reports on the roentgenologic manfestations
of the otosclerotic process matnly deal with diffuse changes in the entire labynnth
capsule 1lthough CompERE (1960) with 1 conyentional roentgenologic techmqu:
demonstrated a correlation between locilized sclerotic changes i the tempordl
bone and clinical signs of otosclerosis Munonictt origmally suggested the posst
bility of demonstrating with the tomogriphic techmque pathologic changes i
otosclerosis adjacent to the oval window The first to report convincing results n
otosclerosts with hypocycloid tomography were VALvAssort (1965) and JEnse™
Rovsing & Brunner (1966)

VALV ASSORI GCortCEl the roentgenologic findings 1n more than 200 patents
with otosclerosts examined tomographically The following summarises his
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Table 1
Width m mm of the oval window and number of ears 1 the different groups

- (+) 05 10 13 10 >28  Towal
Group 1 43 7 5 15 4] 2] 6 0
Group 2 3 ) 1 a 3 " 0 9
Gowp 3 4 o 1 7 13 16 0 41

The — 1n frst column ndicates that the oval window was not distinguishable and the + in
the sccond column ind cates that the window was too small to be measured

the examuned ear but evidence of otosclerosts 1n the other group 3, ears without
clinical signs of otosclerasis

The roentgenologic examination was performed with the Mimer which allows
semuaircular tomography with 1 mm cuts The magmification was 132 focal size
06 mm exposure ume 4 0 sec and AV between 67 and 75 A more detarled
description of the Mimer and the techmque have been gnen n arteles by
Irepzere & Linporen (1960) Linboren & MarTsson (1962) and Lruieguist
(1966)

Only ap wviews have been obtamcd 1n this imvestigation  these being the
casiest to produce as well as to repeat The exammations were also performed in
the Chausse. [T position and 1n a few instanres 1n a modified Stenyer s position
AlE the were howeser ob d from films n the a.p Pprojection.
The whole of the nuddte and mner ear was examuied with tomographic cuts

110 2 mm apart the mamn attenuon being drrected 1o the oval window and 1ts
swroundings (Fig 2a)

Results
Vestibular window The width of the oval
tora} of 152 ears distributed amon,
tars group 2—9 ears group 3
gvenan Table 1 1o group 1 ¢
not distingmishabile or so small that
oval window was 05 to 10 mm m width (196

wilth in seventy ears (68 6 <)
Tn group 2 the corresponding
(11 ) and four ears {444
In group 3 the oval window
could net be measured 1n four

window has been measured n a
g the three groups as follons group 1—102
—41 ears The results of the measyrements are
<) etther
twenty ears the
%) Itwashlow 15 mm in
figures were three ears (333 <¢) one ear
could not be 1dentified o

%as s0 small that 1t
€a1s (98 ) In eight cars -

s (195 %) 1t was
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| #I‘%
Y

1

Tig 2 Ap siews semucrcular tomography a) Normal ear cut through vestibulum
vl window, Interal semicirenlar eanal and bisal turn of cochler b} Otosclerotic
ear the aval window closed

hught was 25 mm- The roentgenologte changes were divided into three groups
The smallest change conssted of 1 narrowed oval window More extensne
changes were closure of the oval window 15 well s mncreasing sclerosis of the
surrounding bones The most strihing changes appeared 1 the walls of the
vesttbulum and semrcircular canals with thickennd bone reducmng the sie of the
vestibulum, semicircular canals and the fossul of the oyl window These authors
could not, however, verify most of the detuled changes deseribed by VALvAssorl
but mentioned the possibility of wdentifying 1 difference m the extent of the
process 1n the two ears

AMaterial and Methods The present author hns tomographically exammed 59
ptients with clinical signs of otosclerosis n order to investigite the appearances
of the otosclerotic process The clmical signs were m ten panents hruted 1o
the one ear Altogether 102 cars with otosclerosis were exammed  In mine
of the paticnts with clinical signs of otesclerosis 1 one ear, the other car, which
was found to be normal on chinical examination, was examined tomogripht
cally Further, twenty-seven patients without clinical signs of otosclerosis were
also examuned and of these 41 ears were used mn the mvestigation The patients
without clinical signs of otosclerosts were ivestigated because of facial nerve
palsy, vertigo, signs of subluxation of the audttory ossicles, wnd, m 1 few
stances, because of chromic middle ear infection Among the otosclerotic patients,
33 were women and 26 men, and among the normal subjects there were 11
women and 16 men The distribution according to age 15 given m Ing 1

The matenal was divided 1nto three groups as follows group 1, cars with
chnical signs of otoscleross, group 2, ears without chimeal signs of otosclerosts 1
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Table 2
Stz o mm of the sestibulum and number of ears 1n the different groups

25 30 35 40 45 50 55 60 65 70 Total

Group | 2 16 8 2 13 1w o H 0 1 9¢

Group 2 0 0 1 7 1 o 0 [ 0 [ ‘z

Group 3 [ 1 2 26 10 1 0 o 0 o
Table 3

Wadth 1n mm of the lateral semicrrcular canal and mumber of ears 1n diferent groups

35 40 45 50 55 60 65 70 75 80 Total

Group 1 1 9 8 29 8 2 4 9 1 1 9
Group 2 ¢ 1 0 4 o 1 1 2 o 0 9
Croup 3 0 3 4 16 S 5 H 1 0 o ki

at the level of the oval window The results of such measurements are given 1n
Table 2 Measured i this way there was no diffesence to be found m the size
of the vestibulum for otosclerotic and non otosclerotic ears tn this material Ths
15 not 1 agreement with the findings of JEnsEn et coll

Width of lateral semicircular canal The lumen of the lateral semicircular
canal 15 usually well shown 1n tomographuc films (Fig 2a) Tt 1s however nearly
mpossible 1o measure the width of 1ts Jumen n such films smce 1t 15 smal} in
ttself and the varations are too small to be registered satsfactonly The present
author has preferred to measure the outer dimension of the compact bone
substance which surronnds the fateral semicircular canal 1 the hope that thus
mass of bone might reflect a thickeng of the labyrinth bone sub tance These

measurements are €asy o perform as the compact bone substance stands out
disunctly The results of these measurements are given 1n Table 3 There seems
to be no difference m the width of

this bone substance when compating

otosclerotic and non-otoselerotic ears This does not mean that otosclerotic

changes may not be found arpund the lateral seaucircular canal but only that
they are not reflected in the overall thickness of this bone substance

Thickness of the labyrinth capsule

also studied the appearances of the

vanations 1 the appearance of the

The author Itke other imvestigators has
capsule It 15 well known that there are
bony labynnth ¢ may sometimes appear as
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1 b

Iig 3 Ap views serucrcular tomography 1) Otosclerosis The oval window 1s wider
than 2 mm b} Otosclerosis Patchy sclerosis 1n the basal tuen of the cochlea

between 05 and 10 mm, and 1n twelve cars (292 o) less than 15 mm Ic
was 1 5 mm or larger n twenty mine ears (70 8 o)

The difference in width of the oval window between groups 1 and 3 strongly
ponts to 1 difference mn the appearince of the oval window in otosclerotic and
non otosclerotic ¢ars The results are m agreement with those obtuned by
Jensen, Rovsiae & Bruawer although the vanation 1s not so marked This can
possibly be expluned by a difference 1n techmque, Jensen et coll employed 0>
tomographic lyers, the difference 1n the actual mnvestigation bemng 1 or 2 mm

An oval window wider than 2 mm w1s Apparent m st otosclerotic pattents
and m no patient without otosclerosis This seems to confirm the report by
Varvassort thit an actne otosclerotic process may be disungushed by tomo-
graphic examination The same result was reported by Jrasew et coll

A fulure to identify the oval window thus strongly favours an otosclerotic
process imalving the stapedial foot plate and its surroundings (1ig 2b) On the
other hand, an opening wider than 2 mm has been found only m patients with
otosclerosis and 1s probably 1 sign of an otospongiotic stage of the process
(g 31)

Size of vestibulum The pathologic changes caused by otosclerosts are not
limuted to the bone substance adjacent to the oval window but may reach regions
farther away 1n the surroundings or be found only 1n the cochlear or vesubular
portions of the Inbyninth capsule or 1n the bony w Alls of the sermcircular canals
When the bone substance 15 thichened the lumen of the Inbyrinth structures may
be narrowed JENSEN et coll stated that i late stages the lumen of the vestibulum
and lateral semicircular canal are narrowed roentgenologically The sestibulum
appears distinctly 1 tomographic films (Fig 21) and ats depth can be measured
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Table 2
Sue vt mm of the vestibulum and number of ears 1 the different groups

5 390 35 40 43 50 5. 60 65 70 TTotal

Group 1 2 6 9 © 13 1w o 1 0 1 9

Orowp 2 O [ ki 1 ¢ o o o0 o 9

Gop3d 0 12 % 10 t o ©o o o 40
Table 3

Yidth 1 mm of the lateral semcwreulor conal and number of eats wn difftent groups

35 49 45 50 33 60 65 70 75 80 Total

Group 1 1 9 8 9 8 25 ¢+ 85 1 1 9
Gop2 O 1 o a0 1 Tz 0 © )
Group3 0 3 + 65 9 Tt e o 3

2t the level of the aval window The results of such measarements are given
Table 2 Measured 1n this way, there was no difference to be found 1n the size
1

of the vesnbulum for and non 1 cars m this matenal This
55 not 1 agreement with the findings of Jenses et wolt

1t edth of lateral semucrreular canal The lumen of the lateral serucircular
canal 15 usually well shown i tomographc films (Fig 2a) ki 15 howeser pearly
1mpossible to measure the width of its lumen i such flms since 1t 1s small m
stell and the vanations are too small to be registered satisfactonly The present
author has preferred to measure the outer dimension of the compact bone
substance which surrounds the lateral serucacular canal n the hope that ths
mass of bone mught reflect a thickemng of the labynnth bone substance These
measurements are easy o perform as the compact bone substance stands out
disun tly The rosults of these measurements ate gnen m Table 3 There seems
to be no difference mn the width of this bone substance when companng
otosclerotic and non otosclerotic ears  This does not mean that otosclerotic
changes may no1 be found around the Yateral semucsireslar canal but only that
they are not reflected m the overall thichness of this bone substance

]57 hr:k;]u; o}jl the labyrinth capsule The author, Wke other mvestigators has

also studied the appearances of the capsule It 1s well

vanations in the app of the bonyp' b h o that there are
¥

It may appear as
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Table 4

Thuckness of the labyrinth eapsule and number
of ears n the different groups

LILIEQUIST

Table 5

Aumber of ears with local sclerosts tn the
different groups n relation to the number of

ears inueshgated

Groups I abyrinth capsule Total Groups Patchy No Total
Thick Normnal sclerosis  sclerosis

1 47 23 100 1 47 53 100

2 2 7 9 2 1 8 ]

3 9 32 41 3 4 37 41

a large volume of bone substance and other tmes 1s a slender bone capsule
T hese appcarances may partly be due to the varying volume of the aeruted cell
which mort or less surround the labyrinth capsule There are howeser ako
\arations of other type mn the appearance of the capsule The results of this
grouping of the exammations 1nto a thickened or ‘sclerotic labyrnth capsule
and a labynnth of normal appearance 1s given 1 Table 4 The difference 1
small however, and does not permut of 1 definite differentiation between an
otosclerotic and a non otosclerotic temporal bone

Local sclerosis Local sclerotic foct re described 1s appearing in the bsal turn
of the cochlen, around the oval window or more rarely 1n other regions of the
labyrinth capsule (VALYASSORI) Patchy sclerosis was sometimes evident m this
matenial, this was either rather extensive or was divided 1nto small reas of
apparently sclerosed bone substance ((11g 3b) These changes were manly seen
1n the wall of the basal turn of the cochlen adjrcent to the oval window but alo
appeared for a short distance to the other side of the oval window The number
of ears with such changes are recorded 1n Table 5, they were present 1n only
four patrents in group 3 and i one patient m group 2 On the other hand, the
patchy sclerosis was apparent mn forty seven out of 100 ears with chmcal signs
of otosclerosis, n two exammations it could not be stated with certainty
whether any changes existed or not

Discussion

rotic process 15 unknown The process 18
he labyrinth capsule and istologreally
ormal endosteal bone, formation @
f the sponguotic bone with a network

The nature and etiology of the otoscle
Junited to the endosteal bone substance of t
includes osteoclastic destruction of the n
pathologtc bone marrow and replacement 0
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of newly formed web Iihe bone ich 1 cement and poor 1 fibnls (Ruept 1963)
Both the porotic bone and the newly formed bone may theoretically be 1dentified
by roentgenologic pro edures provided the process reaches sufficiently wide
areas The spongotic foc1 appear as thinner portions and the sclerotic foct as 2
thickening of the bone with possible narrowing of adjacent formations as the
openming of the oval window the cochlea the semicircular canals or the ves
tbulum Extensive changes may occur around the cochlea without mnvolvement
of the stapes and the wimdow, this has been termed cochlear otosclerosis
The roentgenclogic appearance of the capsule mn such patents has however
not been specially examined 1 the present mvestigation When the stape 15 fixed
1 the oval window or the round window 1s occluded the patent has chmcal
signs of imparred hearing with a gap between bone and air conduction In this
matenal all the pauents had such 2 gap and thus belong to the group of
fenestral otosclerosis No detailed correlation has been made between the surgical
and the roentgenologic findings but 1 all patients a fixation of the stapes i the
oval window was present at operation

Localized thickeming of the bone may be 1denufied by tomographic exami
nation with semicurcular or hypocyclord movements The regions surrouding the
oval window ar¢ very suitable for roentgenologic examination as both the oval
window and the fosula can be identified as openmgs mn the bone sub:
provided suitable projections are chosen It may be stated that narrowing of the
oval window or failure to distinguish 1t 1n tomographic films strongly suggests
imvolvement of the stapedial foot plate 1n otosclerosis The failure to demonstrate
the opemng of the oval window 1n four of the 41 normal ears may possibly be

explained by the fact that tomographic cuts were sometimes taken 2 mm apart
wstead of 1 mm

Tomographic cuts of the otoslerotic ears were mostly obtained at every mullt
meter The of the non 1

cars was however not always
directed 1o the oval window but to other regions such as the walls of the attic
or the ossicles
The roentgenologic appearances of focal sclerotic changes are consistent with
the patchy lo alization of the otosclerotic process reported 1n an overwhelmin:
number of histologic examinations of the temporal bone Foual slerotic chang esg
idenufied roentgenologically have previously been reported by \'AL\AsﬁomgIn
order to be wdentified 1n the roentgen film they must however be extensne and
most of the small foa reported histologically cannot be expected to hay ban
visible roentgenographically It is however known that the foc1 may coaIesie 55;‘
form large regions of pathologic bone often including parts of the cochl m;l
;;ll.skot the intenior auditory canal or the regions of the scnucncuer ::Zn:ﬂsc
ickening of bone may occur but large focr may be found histologically without
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evidence of mncrease m volume  As the bone substance of the labynnth capsule
normlly convists of compact bone without structure 1t appears m the roentgen
film ns the most dense bone in the body, focal sclerotic changes must thercfore
theoretically esther be crused by local thichening of bone or be the result of
spongiotic processes 1 the surrounding bone substance It 1s possible for cx
tensive regons of otosclerotic bone to be identified n rocntgen films when the
bone substance 1s thickened Patchy or hinear sclerotic areas may also represent
normal compact bone with tervening otosclerotic foei, as suggested by Vat
\ ASSORI

The otospongrotic part of the otosclerotic process 15 sud to be a sign of acne
otosclerosts, lthough 1t 1s ntot known with certainty 1if the histologic ppearances
correspand with different stages in the dey clopment of the discase It 1s suggeste ]
that the presence of an uncommonly wide opening corresponding to the oval
windoss, 1s reported by VArvassorr, by Jeasew et coll and by the present author,
mny 1n fact represent the otospongiotic stage of the otosclerotic process

Concluston

The otosclerotic process gives nise to changes which may be damonstrated by
tomographic examination of the nuddle and mner ear The most valuable sign
scems to be 2 fallure to distingmsh any opening corresponding to the oval
window, or the presence of 1 small opening sometimes surrounded by a thichened
bone substance It 15 suggested that 2 wide oval window corresponds to the
otospongotic st1ge of otosclerosis I urthermore, focal scleronc changes in the
vicamty of the oval window strongly pomnt to an otosclerotic process A smll
veutibule, 1 thick labymnth capsule, or 1 large amount of bone substance sut
rounding the tteral stmicircular canal do not seem to be strongly correlated to
otosclerotic changes and may be found as often 1n otosclerotic as n non oto-
sclerotic patients

As there are no ways other than surgery to pernut of an natomcal and
topographic evalution of the extent of the otosclerotic process, the 1nvestigation
of the otosclerotic pauent should mclude 2 rocntgenologic examinton with
tomography It is possible that further work along these lines, put close cor
relation with the climeal exanunation will hddp to achieve a more detailed
understanding of the otosclerotic process and 1ts clinical behaviour

SUMMARY

A matenal of 59 patients with signs of otosclerosis have been examtned mmogmp!ucall)l'
with the Mimer The changes m the nuddle and nner ear are described and the norma

vanations are discussed
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ZUSAMMENFASSUNG

Tomographie muttels des Mimers wurde an 59 Patienten mut Otosklerose vorgenommen
Dic Veranderungen am Mittel und Innen Ohr werden beschnieben und die normalen
‘Vanatonen werden diskutert

RESUME

Ginquante neuf malades presentant des simes d otosclerose ont efe examines tomo
graphiquement atee le Mimer Lavteur deent les modifications de loreille moyenne et de
Lorelle intere et etudse les vanacons normales.
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FROM Tii} DFIARTMENT OF ROENTGEN DIACNOQSIS (DIRFCTOR P I\ATSIOTIS) AND
THE DFPARTMENT O} NEUROSURGERY (DlRECTOR PROF ACR J N TAPTAS),
ATIIFNS ANTI CANCER HOSPITAT, ST SAVAS, ATHENS, GRFECE

LMBOLISM AND SPASM IOLLOWING
SUBARACHNOID HEMORRHAGE

by

I’ A Karstoris and J N Tarras

Bilaternl carotid and vertebral angiogriphy are rouune eximiniton pro-
cedures in subarachnoid hemorrhage and often indicate the cause of the bleedng
frequently 1 ruptured artenal ancurysm  \ spact occupymg lesion 1s sometimes
revealed and expluns the neurologie signs

Another frcquent assocation s arterzal spaism This may be single or multple
and usually o curs in the suprachinosd part of the internal ¢arotid artery or one
of 1ts major branches It js generally encountered in young adults s arterioscle
ro 1c changes 1 the eldcrly will not Allow the vessel to contract (Taveras &
Woopn) It hs been reported lthough much less frequently, i certun other
conditions such as head njuries, infectious menmgitis nd intra entricular
blecding (Grenz)

The frequency with which artenal spasm 15 asocrated with subarichnoid
ancurysm bleeding mahes 1t a valuable sign n cases m wiuch the neurysm #
not filled during anglography, this m1y happen smee 1n artenal aneurysm after
rupture m1y become thrombosed It has thus been reported that 2 previously

Submuttid for publication 30 Januwry 1967



EMBOLISM AND SPASM FOLLOWING SUBARACHAOID IEMORRIAGE 141

demonstrated aneurysm may have disappeared at a sepeat € (Lop1v)
The isregtilar appearance of the artenial lumen close to the site of an ancur)dsm
that has bled {PERTUISET et coll ) may also perhaps be explamed by defects due
10 blood clots

The mechamsm of artersal spasm 1s not yet clear Mechanical imtation of the
sessel wall 15 2 common explanation Sudden pressure changes due to forceful
contrast medium mjection during angiography have also been suggested as the
cause {Lrvbsow) and the Jocal release of serotonin has been mentioned by
Autcock The tmpact of an embolus aganst the vascular wall causing spasm
tiy mechanical srritation has been suggested by Eexer & RIEVMENSCHNEIDER

The pathologic sigmificance of artertal spasm 15 not obviots It 15 generally
assumed that spasm nvolves a diminution of blood flow 1 a given regron there
by creating condittons fasoursng sschaemia Neurologic disorders: sometimes ob-
served 1n cases of ancurysmal subarachnowd hemorrhage without a space oc
cupying lesion are said to be due to ischaemic incidents provoked by artemal
pasm This opimon 15 howerer not accepted by many swce i has nat yet been
demonstrated whether or not artertal spasm represents a permanent constriction
of the vessel or may be provoked temporanly dunng angiography under certain
wonditions

The authors believe that small emboli the ortgan of which 1s 2 thrambotic
blood clot at the site of the amcurysm that has bled may possibly explan the
neurologic acudents and spasm that sometimes occur after subarachnod

hemorrhage without a space occupying lesion as suggested by the following
ase

Male aved 33 not hypertensne suddenly Jost consciousness for some minutes during
physical strun On adnus 1on he complamed of s v re left frontal headache and stiffness
of the nech  Lumbar punctire revealed subarachnowd hemorthage He soon recovered but
on the fifternth day suddenly developed roht hemuplogia + th apha 2 Lefs mt mal
caroud angiography was performed two days lat ¢ A small ovale intravascular carond
filline defect v as present m the three rad: projections above the
supenior honizontal b of the carotd anery winch appeared spastic There was delayed
filling of the wnferior branch of the angular artery Both the antenor cerebral arteries as

well as the postencr communicatine and postenior cerebral arteres were fitled No
anesrysm 1 33 evadent (Fig 1)

Richt wternal carotid anmography was camed out a week later The nght antenior

tet bral artery was not filled but the posterior cerebral artery was well outhned (anomal

of nfcl; of \c\d i) l\: ancunysm or other letion was chserved Vertebral angiography “a‘;

not performed wnce the condition of the pat curol

o ormed. patent was tmprosing and the neurologic signs
Threr weeks after the hem

wtermal catotid anmortaphy

parenic acaid nt, the pauent was subjected to a further left
spastn had non disappeared

The ongmal wtravascular carond fifling defect a3 well as the
There was normal fitling of the wfenor branch of the angular
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Tig 1 Intrvascular carotid filling defect
projecting just above the ongin of the
pestenior commumieating artery Spasm of
the suprachnoidal part of the mternal
ciroud artery

fig 1 The intravasculr carotid filling
defect 1s well as the spasm have dis
appeared

5

artery but the supenior branch appeared slender ( g 2) compared to us size 1(] ]ﬂli
previous angiographic exatmnation The patent was discharged in relatively good health :
month fter admission At control two months later his condition was satisfactory A thir
left carotid angiography revealed no change since the previous examination

Discussion

The subarichnoid blecding episode as well as the associated spasm of the [c{‘t
carotid artery in this case constituted ndirect signs of the presence of a 1'upturtt
arterial ancurysm, not filled becruse 1t had been thrombosed The filling deftc
scen an the carotid artery immedittely above the arterinl spasm ﬁppareml)[ct;rc
responded to a blood clot projecting mto the vascular lumen 1t the site of Ui

resumed aneurysm

r The fact that the patient had a night henuplegra before angrography ‘;;’b
performed rules out the possibility of embolism due to proccdureThrJomlo‘
embolus formation due to faulty puncturc may be rejected smee the needle lay
well withm the arteral lumen and there was no evidence of mural chctu:n:i
Intercurrent embolism may be reasonably climimnated sice defect was (;b;cnfn
1n a large vessel, 1e the left internal carotid artery There was also a del a)hr
contrast fillng of the involved vessel, 1¢ the mferior branch of thehanilzcn
artery, whercas m cases of mtercurrent embolism the mjection ume has



ZMBOLISM AND SPASM FOLLOWING SUBARACHNOID HEMORRHAGK 143

reported to be normal and that the emptying of the alfected vessel 1s delayed It
would appear more probable that the embolem m the infertor branch of the
angular artery ongmated from the carotid filing defect caused by the blood
ot

Thrombasis of the mddle cerebral artery 1 subarachnord hemorrhage has
been veported (Watsn), although no sumilar sntray ascular caroud filling defect
and embolism of a second order artenal branch appeac to have been reported
Companson of angographies performed dunng or shostly after the bleeding
episode and late follow up studses might possibly reveal changes m the astessal
pattern cotrespondin,, to embolism and subsequent recanalisation of the imvolved
wessel

SUMMARY

Embobism of the infertor branch of the angular artery 1n a young adult with subarachniord
bleeding 15 reported  An wtravascular fitling defect of the left intemal carotd avtery was
obsened at the first angiographic examunanon but was not present at two Subsequent
coutrols The uigmficance of the findings 15 discussed

ZUSAMMENFASSUNG

Embalie sm unteren Ast der Artena angulans wurde bet emem jungen Erwachsenen mut
subarackoodales Blutung beoba htet Ein Fullunesdefekt der linken Artena carotis interna
warde ber der er ten angographischen Untersuchung observiert bew zwet spateren angio
eraphuschen U war der Full defekt meht mehr zu sehen Die Bedeutung
dieser Ereeheingngen wird besprochen B

RESUME

Les auteurs rapportent un cas d embobe de 1
a branche inféneure de lartere angut:
ire
chez un jeune adulte attewnt d hémorragie sous avachnosdienne 1Tne premiens ang'mggx;l ;hxe
avait moatré un défaur de remplissage mtravascularre de lartere carotide 1mnterne pqu.

neustat plas syr d ux examens de controle nlténe Les s exanune:
euts Les aute
amunent 1mter ¢ de

RIFERENCES
Arrcock J AT A
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Tig 1 Intravascular carotid filling defect
projecting just above the ongm of the
posterior communicating artery Spasm of
the suprachnoidal part of the internal |
carotud artery

¥
Fig 2 Ieft carottd anglography per ko=
formed 20 dnys after the exammination m
fig 1 The sntravascular carotid filling ¥
defect s well as the spasm have dis
appeared

compared to ats size at the
ely good health 2
tisfactory A thid

left caroud angiogriphy revealed no change since the previous examination

artery but the superior branch appearcd slender ( Dig 2)
previous angiographic examination The patient was discharged in relaty
month ~fter adnussion At control two months later hus condition was sal

Discussion

The subarachnoid bleeding episode as well as the associated spasm of the Ief;
carotid artery in this case constituted indrect signs of the presence of a rupture
artenial anenrysm, not filled because 1t had been thrombosed The filling defect
seen 1 the carotid artery immediately above the arternl spasm apparently cof
responded to a blood clot projecting mnto the vascular lumen at the site of the
presumed anecurysm

The fact that the patient had a nght hemiplegia before zmglog‘raph)’ was
performed rules out the possibility of embolsm duc to proccdure'lhrombo
embolus formation due to faulty puncture may be rejected strce the needle Jay
well withm the artenial lumen and there was no evidence of mural mjcmoﬂd
Intercurrent embolism may be reasonably elimmated since defect was obsers@
i a large vesscl, 1€ the left internal carotid artery There was also 2 delay 1;:
contrast filling of the mvolved vessel, 1¢ the mferior branch of the aniu N
artery, whereas mn cases of mtercurrent embohsm the injection time has bee:



CRETTZ.
FROM THE DIPARTMENT OF “EURGRADIOLOGY (DIREGTOR TROF T OR )
KAROLINSKA SJURHUSET STOCKHOLM SWEDEN

DENSITOMETRIG AND VISUAL EVALUATION OF
THE CIRCULATION TIME IN CAROTID ANGIOGRAPHY
A methodologic study

by

Torewy Gruarz and BerTiL Syx

In the estimaton of the cercbral crrculation tme at angiography the
actnaty of water soluble contrast me ba i producing cardiovascular reactions
15 a defimte drawbach Though the results of arculiion time studies have not
been shawn to be systemancally mfluenced there 1s no doubt that reactions of
ths kind have occasionafly influenced the measurement It seems reasonable to
asume that the relative mactinaty of modern contrast media may improve the
measurement accuracy i studres of the cerebral circulation time We therefore
constdered 1t of in crest o swudy the

T of results ob i m
angiographic esttmauons of the arculation ime using a comparatvely mactwe
contrast mediurm such as Urografin (sodium and methyiglucamine datrzoate)
However the accuracy of circulation time measurements by means of 2 sumple
naked eye estimation of the maxmum density 1 arteries and vews (Gretrz
1946) may be questioned The results from such estimations have therefore heen
compared with those obtained from densttometric readings

Submutted for publ 2t10n 8 March 1967
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Fiz 1 Densitometnic readings of density
vapations were made withn one area in
the carotid siphon (arrow) and within two
reference spots By subtracting the mean
value of the Jatter determinations from that
with 1 the siphon the fluence of contrast
med um accunwlation wathin the bran and
of expo ure vanations may be ehmunated
The imstant of maxunum densty i the
carotid siphon can then be calculated

measurement The area selected for measurement within the carotid siphon was
surrounded by a arcle about 3 mm 1 drameter on each film demonstrating
arteral fillng Two spots without artenal filling m the vicity of the carond
siphon were selected and encircled m a sumlar way to ehmnate density vana
trons due to exposure or accumulation of cantra t medwm i the cerebral ussue
(Fig 1)

The exposure data were selected in such a manner that the values obtamned
fell withmn the hnear part of the Dlackening curse of the roentgen hlm The mean
wasue of density obtamed in these background pomnts was subtracted from the
mean salue obtained from the carotid siphon Denwty cunves to mdicate max
mum absorbtion in the carotid siphon could thus be obtaned On eack film
demonstrating venous filling a panetal vein was selected and density vanations
were measured n the same way as for the carotid siphon (Fig 2)

All the estmations were made twice The maxima were also determmed twice
through simple visual wspecton by twe mdependent observers (G and S)
who had to consider vartations i density wathin the same vircle Any ducrepaney
(C):’L\; ;t:aht:;c l:\:oc mr; la:ﬂx‘onsr;‘iuc to selcclmr} oih different points of racasurement
€ : mu]; accuracy of tbe eye m d’:oosmg the film of

1! e comp with that of the
D ne values of 3t times were obf d and were
Pt 10 relation to those obtamed by ordinary mspection of films (Table 2)'

3

Results and Discussion
a;ﬂlndern contrast media such as Urografin are much Iess hable to produce
cardiovascular reactions than the older media s a bradycardial reaction when
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Table 1

Lsttmation of the cerebral circulation hute i 20 cases at two separate wyections and by tesual wspec
tion of 1o independent obserters

Injcction I ongest Longest Brady Circulation time mn seconds as

tme heart eyele  heart eycle  cardad estimated through simple
before ijee  after injec reaction visual inspection by two
tion in tion in in /100 ndependent obseryers

/100 (A) /100 (B)  (B--\)
ob ob Mean

senver C server §

Mean 1n first 141 741 793 52 419 433 4%
serics (Injec

tion I)

Mean in second 136 784 815 29 404 407 406
senies (Ingec

tion 11)

Difference e +005  —43 —22 +23 4015 =024 4020
tween meany

Range of dit ~020— 16~ —-10-—- —4— =125~ ~075— =10~
ference between +078  +6 +4 +16 4075 +10 108

first 1nd second (+175)  (+225) (+20)
senies

Matenial and Methods Double «stimations of the circulation time were made
in 20 consccutive patients referred for nglography of the carotd artery for
visual esimation of the cerebral airculition time two separite mjections Wer
made and two sets of 20 lateral films wer¢ obtuned Rapid film changing w1
employed, with two films per second for the first si< seconds one film per second
for three seconds and one film cvery other sccond for six stconds Automatc it
Jection through a percutaneously sited needle, 1utomatic recording of mjection
time, roentgen exposures d ECG were employed 1n All cases Tive nulliditres
Urograftn 60 ¢ were mjected 1n each senes The circulation tme was deter
mined 1n both series by visual inspection independently by two observers and was
defined s the tme wteryal between maximum filling of the carotid siphon and
the maximum filling of the paretal vemns (Grerrz 1956) The bradycardial reac
tion on exch mjection was determined by the method of Grerrz & TornerL 1967
(sec Table 1) The results were analysed by conventional statistical methods

Densitometry was also performed i order to determune the 1nstan
maximum concentration of contrast medium 1 the carond siphon and panetal
vemns Only one seties of films from each of the twenty patents was used ior
this study Films demonstrating arteral and venous filling were selected for

t of
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Table 2
Results of double estimat oms v 20 soses

D flerence between umber of D flerence between umbes

first and second observa first densitometnc of obser
determinat ons tions readt g and first vauons
without visual est manion without
difference. differ
Range Mean SD Range Men  erce
Tn tane of Denst  +025— 004 009 18
m xmumden |tometer  +050
tym cargnd  JOb- —025— DLB DY 15 —05— 816 12
sphon asdeter |server G 4022 +05
muned by Ob- —025— 006 009 15 —02— 1 1
server S 405 +05
Tost nt of Dens —02:— 008 oIl 15
mamumd o {tometer 4025
sty pancal (OB —025— 014 015 11 —05— ol 4
vemsasdeter  |server G +05 4025
muned by Qb- —02;—- 018 02> 12 0— 018 v
server 5 410 +10
Creutat on D ns —05— 010 015 15
tmeasdeter  |tometec  +05
min d by ob- ~025— 018 019 9 —10- 024 9
woval +035 +05
ob- —025- 019 025 8 —10— 021 11
srvers 410 +0>

dunng the angiographic examination There was no definite correlation between
he pulse rate and the arculauen time

The mean bradycardial reaction was shghtly greater following the furst
njection than after the sccond one (means 52 and 29 respectinely) There
was however no sigmificant cormrelation betwesn cweulation tine and brad:
cardral reaction Fhe changes w pulse rate upon njection were always sma}l
The mean injection ume was approximately the same for the first and the
second sries The difference an mjecuon yme for each patient between the furst
and the econd senes was calculat d - this difference could not be correlated
differences i bradyeardul reaction or grulauon ume 1t nught therefor l!::
Zoncl;xdcd that with modern contrast medra the routine evaluation of c:r:bral

reufation times can be made at cerebral angtography without recording the
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Fig 2 The mstwt of miamum filing
within a parnetal vein (arrow) was densito
metrically d d 1n 1 manner anall

to that deseribed 1 fig 1

marked, may prolong the circulation time 1n 1 vanable degree, Urogrifin might
be expected to gne values for arculation times that are more easily reproducible
than those obtuned with the more actne Aacetnizoates (Urokon, Trurol)
In 1 previous mvestigation with Trurol, Grerrz (1956) found the error of
method, mcluding both the error of the observer and varations within the
prient to be + 043 seconds In the present matenal it was found to be + 047
scconds (Table 1) If one of the pauents for whom an mexplicable difference
much greater than for 4ll the other patients was noted between the two estima
tions, 15 cxcluded from the analysis, howeser, the error of method 15 reduced
from £ 047 scconds to £ 035 seconds At the same time, the residual crrors,
e thosc mamly duc to vanations within the patients, are reduced from 043
to 030 scconds

The error of the observer was smaller 1 this series (1¢ = 0 18 scconds) thn
1 the Triurol scries in which 1t was £ 024 seconds This improved accuracy
was mainly due to better reproducibility n the evaluation of maximum con
centration m the parictal vems in that the error of the obscrver mn this senes
was 0 16 s compared to 0 26 seconds 1n the former 1or evalution of the maxt
mum concentration 1n the siphon, the corresponding figures were 0 14 and 0 15
seconds (Thble 2)

The circulation tmes estimated from the first sencs of films were usually
longer than those obtamed from the second seres (means 4 26 and 4 06, respec
tively) This difference was sigmficant at the 1 % level This means that the
reproducibiity of an angiographic estimation of the cerebral circulation time
mught be mcresed 1f companson between different cases 15 made from films
obtamed following mjections of the same order The pulie rate was in most
cases hughtr 1n connection with the second serics which means that 1t mereased



EVALUATION OF CIRCULATION TIME IN CAROTID ARGIOGRAPHY 151

und msttels Densitometrie wurde diesen Wert auf 0 15 Sckunden herabgedrucke Die Fehler
grenze kanm also mueht wesenhich ber Verwendung von Denstometne reduziert wesden.

RESUME
Les auteurs ont compare levaluation visuelle et levaluaton d que du temps
de circulation cerebrale d par phie cerebrale L ob ~asuelle donne

une erreur standard de 047 seconde L erreur d un observateur unique est de 018 redute
a 015 par la mesure densitometnque C est pourquot les auteurs concluent que la densito-
metrie ne redwt pas signeficatis ement 1 erreur standard de methode

REFERENCES
Grerz T A radiologic study of bram eirculation b rapid semal angiography of the carotid
artery Acta radiol (1956) Suppl No 140
— and Torsere G Bradycardual reactions dunne cerebral angiography A companison of
Tsopaque sodwm Isopaque B Hypaque and Urverafin In Cations in itravascular

contrast media and deselopment of specific metnzoate formulas Acta radiol (1967)
Suppl No 270 page 75
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cardiovascular reactions, providing there 15 no extrwascular mjection or other
technical source of error

The densitometric measurement of the point of maximum concentration 1n the
carotid siphon indicated a standard deviation of 009 seconds The standard
deviation for each of the two observers with stmple visual evaluation was the
sume, 1e 009 scconds However, 1f we assume that the densttometric readings
re correct, the mean square error as an estunate of the error of measurement
plrces the crror of observer G 1t 026 seconds and that of observer S at 020
scconds In evaluating the maximum concentration n the parsetal veins, the
deviation within the densitometric determination was 0 11 seconds, for observer
G 1t was 015 seconds and for observer S 1t was 0 22 seconds In evaluating the
circulation time from the densitometric readings, the error withinthedensitometer
was 0 15 seconds The crrors for observer G and S were 0 19 and 025 seconds,
respectively when estimating the density vanntions through visual mspection of
the same smll circles 1n which the densitometric readings were made

The error of measurement 1n estimations of the cercbral circulation tume 15
conscquently not marhedly dimmnished 1n the densitometric evaluation Perhaps
even more surprsing 1s the circumstance that despite the fact that the density
determunations were made 1t certain well defined points of the vessels there was
no increase to be seen 1n the accuracy of the estimations of the circulation times
With the denstometric method the S D was 015 With the conventional
method 1n which the points of measurement are more vaguely defined 1t was
018 This mens that m esttmations of the overall circulation time little 15 to be
ganed from fring the conventional points of measurument e g m the carotd
siphon and the parietnl vans  more precisely
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SUMMARY

A comparison has been made between visual and densitometric vatuations of the cerchral
crculation nme at cercbral angrography Visual obsersanien rosufted m a standard ctror of
0 17 s¢ onds The ¢rror af a single obsenver svas 018 cconds In the densitomutric detcrmint
tion the error of observer was 0 15 seconds It therefore was concluded that densitometry
does not sigmficantly reduce the error of method

ZUSAMMENTASSUNG

Die Werte der visuellen und densitometrischen Bestimmung, der screbralen 71rkul"lxu(m$

N

dauer bet Angiographie wurden mut emander serghichen Dic wisuelle Beurteilung ergaby eims
1 chlergrenze von 047 Schunden Ba einem Beobachter war die 1chlergrenze 0 18 Schunden
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One particular problem has been much discussed 1 e whether the sometimes
obsered side effects are caused by the concentration of the soluons or could
be due to the total amount of contrast medium given In other words cana
certamn dose of a contrast medium (or a certam amount of 10dine) cause the
same pharmacologic effects whether gnen as a concentrated or dilute solution

It 15 not the arm of the present study to investigate all aspects of this problem
only the circulatory effects produced by ntraartenzal and intravenous mjec
tions of contrast substances will be considered Sodum 1othalamate (Conray),
the creculatory effects of which are known from a previous study (Lrperey,
Sattzmay & ToRNELL 1968) was chosen for the investigation The vasodilator
responses on intraartersal injection are particularly sustable for quantitative
evaluaion and most of the attention 1n the present imvestigation has been
guen to this effect

It should be pomnted out that the observation that higher concentrations
may have a disproportionally greater effect than lower ones was made by the
authors 1n one of thesr first papers {Linooren & ToraeLL 1958) the phenomen
on was however not subjected to any detailed study at that time

Afethods The matenal consisted of 23 cats weighing 20 to 37 kg anesthe
tized with sodium pentobarbital (30 mg/kg intrapentoneally) The preparation
of the ammals was similar to what previously has been descrsbed 1n detail
tLivogRes Sartzvan & Tornerr 1968) The recording technique has also
been the same The blood pressure was recorded in 2 cannulated carotnd
artery and the blood flow 1n the left femoral artery The animals were hep
anmzed {25 mglkg) Intrasenous injections weremadeviaa thin plasticcatheter
I™o a cutancous vem 1n the foreleg Intraartenal mjections were performed
through a side tube of the outflow cannula of the blood flow recording ap
Prrawug

The sodium salt of rothalamc acid (Conray) was used 1n the following con
centrations

Iothalamate Na ITodine content

(mg/ml)
400, 240
00, 300
60°, 360
70°, 420
800, 480

The vasodilator Tesponses to mtraartenal njections of varous concentra
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VASCULAR REACTION TO WATLR-SOLUBLE
CONTRAST MEDIA

Significance of concentration and totrl amount of 10dine
by

P LivoereN, G T Savtzman ind G TorneLL

The modern contrast medin used for 1nglographic mvestigations must hase
a certun 1odine content 1 order to produce the roentgenographic density
necessary for good demonstrition of the vessels This goal, good contrst
filing, may be 1ccomplished with concentrated solutions of substances having
a high amount of 10dinc 1 the molecule Modern water soluble media for
wtraarteral and mtravenous myections all hold three sodine substitunions in the
molecule, placed 1 2, 4- and 6 posttions 1 a 6 carbon ring, the iodine
constituting 1bout 60 ©, of the moleculir weight

From the pharmacologic pomt of view, the concentration of a contrast
medium solution, and hence e g the osmolarity, has tlways been considered
a logical classification basis Since certun side effects may be due to the Ingh
concentrition of the contrast medium, the solutions should be hept reasonbly
dilute This 1s however to a great extent prevented by the roentgenologic need
to keep a Iugh 1odine content per volume for obtunmg 1s good a contrast 1S

possible

A preliminary report was commumcated at the 25th Scand Congress of Radiology at
Odense 5 to 8 June 1963 Submutted for publscation 15 December 1966
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{/LOWINCREASE DURATION)
TIVE UNITS
250 ) REATW

20
15Q
100
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, T e
401 07 e0y 707 0%
D e o e s mceataion e arcens Crhe bt

cunes rep esent yascular reactions calculated on the assumpt on that the same am ount of 10d ne
adminstered n espectinely 40 0

8 or80  solut on would have caus & the
1ame vascular reactio s)

amount of sodine 1njected 1s of greater smportance for the magmtude of the
vascular response

Anather wav of arranging the data 15 1llustrated in Fig 2 The concentration
of the solution 1s plotted along the abscissa and the response cunves are calcu
lated for certam amounts of 1odime If only the factor of the total amount of
wdine (and hence the total amount of the substance when only one congrast
medium 1s used) 1s counted the curves should have been honizontal at sanous
lesels The steeper the slope of the cunve the more the factor representing the
concentration of the solution comes nto play It seems as though the step from
70 to0 80 *; wn particular produces the most marked increase 1n slope when
Wigher amounts are demrable

The data i the dose response matenal differed considerably from ene cat to
another because of ther indiadual sensunaty A separate semes of three
experiments w1s performed in order to simphfs the expennmental conditions and
enabic a statistical analssis to be made Solutions consisting of 0 1 ml sothal
amate N1 80° and 02 m} 40 °, nere alternately mjected ntraartenially at
men s of about 5 minutes That meant that the same amount of substance
1and jodine) was g en both 1s a small volume of a laghly concentrated solutton
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Fig 1 Dose responsc curves (vascular reaction) from vartous solutions of lothnlamate Na  the dose
being expressed as the amount of 10dine intraarterially injected Mean values of § expenments

tions of sodium 1othalimate were studied 1n 8 cats As mn 1 previous miestigt
tion (LINDGREN, Savrzuan & TorneLL 1968) the product
incrense 1 blood flow
2
w1s used 1s 1n estimation of the vascular renction The authors hwe presio
ously demonstrated that tlus method 1s well suited for 1 quantitative 155y
of the ‘vasculrr toviaaity of 1 contrist medium
If, instead of giving the myection volume s mullditres, the s arious 1odine
contents of the doses mjected 1re used 1s umts on the bscissa, dose response
relitionship curies ¢an be plotted, 25 m Tig 1 As seen from the cune, the
same nmount of 1odine produces 1 much more marhed renction when given 18
1n 80 % solutton than in 2 more dilute solution For the lower concentritions
of 40 %, 50 %, 60 %%, the curves run together, mdicating that the difference
in concentration pliys 1 smaller role, wnd that the second factor, the total

¥ duration of response
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h nges n an anesther zod cat registercd on mur venows mjections of
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high concentrations and often very rapydly There 1s no doubt that the con
centration 15 an smportant factor i the crculatory cffects that appear as
comphications on angiographic exarmnauons There are special restrictions
Put upon the use of concentrated solutions and too large imyection yolumes for
anglography of organs considered to be especially sensittve to the pharma
cologic effects of contrast media Cerebral angrography and nephroangiography
n particular are two such mvestiganons The present results support such a
palicy. Thus 15 of course of the greatest smportance when more toxic contrast
medtt are used ¢ g the now obsolete acetrizoate preparations as has been
shown by Rreies & Foster (1963) As a matter of principle there seems to
be no jusufication for using higher concentranons of contrast media than
necessary ta any imvestigauon It may be worth considenng for instance
:'I‘l;;:;:;;ﬁ; lix)s;::{::g:t:l:;n of a contrast medwm for ¢ g urography and

ade with an antravenous infusion of an »otome
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Table 1

Aean vascular reaction ( floe tnerease times duration relatie umits) on intraartertal injection of wothalamate

Cat No Number of snjections Tothalamate Na 80 Tothalamate Na 40¢
of cach dose 01 mljkg 02 mifkg

1 6 506 263

2 9 199 185

3 [} 637 534

wd a larger volume of 1 more dilute solution The results, vasculr reacitons,
crlculated as mentioned above, were subjected to statisical analysis, and it
was found that the response caused by the small volume 80 % solution was
greater than that cawsed by double the volume of the 40 % solution The
difference was Inghly sigmficant (p < 0001, where p means the probability
that the difference 15 duc to chance) Table 1 gnes the mean values from the
avpenments, and Fig 3 illustrates some results in 1 tvpieal expertment

The great practical importance of the problem 1ppeared to warrant 1n
extension of the mvestigation to mnclude experiments with intraenous injec
tions of 1othnlam ite substances From the dath published n a previous pper
(LinDGREN, SALTZMAN & TORNELL 1968) 1t 15 obvious that not until quite
large doses e gnen mtruenously will the mjections cruse 1 blood pressure
fall marked enough to be caleulated with any ccuricy Doses of 067 mykg
produced bout the same small blood pressure fall, no matter 1f the 40 %
6O %, or 80 ?, solution w1s used In order to 1void measurement difficulues
m the cxperimentnl series with alternate myections of the two conceniriions,
reltively gh doses were chosen 1 ¢ 133 mlfhg for the 80 9, solution nd
2 67 ml/hg for the 40 %, solution

A typicil cxperiment, n terms of differences between the 80 and the
10 °, responses, 1s represented 1n Tig 4, the cit was 1 sensitne one, howerer,
and the magmtude of the blood pressure fall was therefore unusually grett
The mun dit1 are given 1 Table 2 A statistical analvsis disclosed thit 2
1 33 ml/hg 80 °, solution caused 1 greater fall 1n blood pressurc thin a 267
ml/hg 40 %, solution The difference 15 tughly sigmficant (p < 0 001)

Discussion

Even of modern contrast medit must be considered to be of extremely 1ow
d to be safc drugs they deserve specril ph wmncologic Attention

toxicity 1
rtwon they 1re mjected 1w

Unlike most other solutions for prenteral ndmmist
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redia should therefore always be made with respect to the concentration and
Jodine content as well as to the volume njected

Another question regarding the cause of side effects from contrast media
that has attracted some interest wn recent years 15 the mgmficance of the
pastie 10ns of sodium or methylglucamne and the importance of the hyper
tonicity of the solutions [n the experiments now reported this problem bas not
been dealt with
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SUMMARY

The vas ular reactions to ntraarienial and intravenous impections of sodium 1othalamate
Caneay} w e studted expenmentally m cats The more concentrated solutions gave sigmf
wantly more mntense reactions than dilute solutions even though the same amount of the
substance was injected  Thes indicates that the former should be used wath care

ZUSANMMENFASSUNG

Die Reakuon des Gefasssystemes auf intra artenielle und intrarenose Injektionen von
fothalamat {Conray) wurde expenmentell an hatzen studient honzentnerte Losungen
<rgaben bed utend starkere Reakttonen als schwache Losungen selbst wenn der Gesamt
betram des Pragarates dex gl whe war Ex ergab sch dass starkese honzemsanonen mit
Vorsicht zu gebrauchen sind

RESUME
Les auteurs ont érudi€ expenimentalement sur des
chats les réacts
wmgrctions wnira arténelles et Trothat réactions vascularres aux

de sodiun (Conray) Les soluttons

{3 plis con entrées ont donné des réactions notablement plus intenses que Jes solutions

dituées méme quand ta quantid totale miectte &
u produst estla
produit doit étre utihsé avec précaution meme Geetmdique que cc
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Table 2

Blood pressure response (decrease times duration relatize unsts) on tniravenous snjection of tothalamate ha

Cat No Tothalamate Na 809, Tothalamate Na 40°
133 mifkg 267 mifkg
1 120 442
1140 934
118 913
1175 765
1039 868
2 96 86
202 75
310 147
614 3.
3 54 31
38 33
4 51 288
510 301
5 182 18
48 23

solution mstead of the usual intratenous njection of a highly hy pertonic
solution

It may be suggested, on the basis of the present results, that only the most
careful use should be made of the high concentrations of 1othalamate substances,
1n particular the 80 ©, preparation which should be used 1n this high 1odine
content per millilitre only when considered necessary It 1s true that seseral
favourable reports (STRauBE & DoTTER 1963, MaRsuaLr & Ling 1963) have
been published on the contrast medrum sodium 1othalamate for both urography
and anglography, expenimental studies support this view and put 1t n the
same safe group as sodium datrizoate (Fuju et coll 1963, Fiscuer & CORNELL
1965, LINDGREN, SALTZMAN & TORNELL 1968) Serious complications as well as
fatalities have however also been rcported (BERNSTEIN, RiLLER & GRAGE
1962, Hinck & DorTer 1962, STEINBERG & Evans 1962, Lampe 1964) All
complications can probably never be woided when contrast media are used
1n the manner they necessanly are to diy Most of the complications i the use
of 1othalamate substances seem to have occurred in exammations with mtra
artertal myections of the 80 %, preparation It should be pointed out, howevers
that the 1odine content of this agent 15 much higher than that of most other
media used for such investigations The evaluation of side effects of contrast
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FOGAL SPOT VARIATIONS WITH EXPOSURE
DATA — IMPORTANT FACTORS IN DAILY ROUTINE

by

OrvE MaTTssos

\ decrease m the size of the roentgen fube focus will proportionately m
prove the raiographic tecording quality Small foct have been mereasingly used
10 recent years so that a more frequent employment of the magmfication tech
mque has become possble Submillimetre foa (eg 06 mm diam ) are today
generally accepted for comentional radiography in all new mstaliations Tomo
eraphy for geometnc reasons ysually produces a moderate degree of magmli
cation In systems based on the Grosmann prnciple, for mstance the casette
mores befow the subject so that a certain clearince 1s requised If the mechanical
< tem of 1 tomograph 15 perfectly stable the qualny of image projection 1 the
sharp laver will depend exuluswely on the fo al spat Surprisingly ensugh no
great attention has been paud to this significant fact 1n considenng tomographs
The mam interest has been concentrated on methods of producing effective
tomographie blurnng in order to ehrmnnte wrrelevant matter and the production
of maximum definiion of essential detarl has been somewhat ignored The
mo ferate degree of magmficauen produced 1n all tomographic systems repders
the question of local wize of considerable mportance

\ Iu;i) n(‘ problems connected with film difinition ¢speaially m tomography
riealed a phenos

i menon that senously ifluences the rachographic quality Thys
Sut mitted for publication 8 September 1966
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Fg 2 Puhole camera studtes of the focus used 1n fig 1 The mill amperage
was vaned stepwse feom 10 up t0 200 Conninuous increase 1n focal s z¢

series of exposures are presented i Fig 2 The current was varied m each of
the four sertes (from left to nght) as follows 1n the first row with 10, 20 and
30 mA 1n the second row with 40 60 and 80 mA m the third row with 100
120 and 140 mA and m the fourth row with 160 180 and 200 mA as scen
from top to bottom respectively A continuous change of the focal spot occurred
its size mereasing with marked nhomogeneity The mam intenstty seemed to
be concentrated to the lateral margins with a resultant exaggerated low intensity
center A denstometnic study of the high current focal spot umage ts presented
m Fig 3 The density recorded corresponded to the mtensity measured along a
diameter through the centre, which 1s honzontal compared with Fig 2
Both the gencral increase m size and the fragmentation of the focal spot

seriously influenced the image quality and thus an explanation of the observed.
reduction in tmage quality was obtained

\ graphic representation of the vanatons uoted 1 focal dumeter with
milliamperage 1s presented m Fig 4 The cunve mdicates that the tncrease m
focal size takes place marnly above the value 50 mA and 15 msignidicant below st
above 100 mA the unfavourable quahties rapidly increase

\ comparatine study was also made of the lacger focws (12 mm diam } of
the same tube and in this case the ighest and lowest current values available
were employed The small and large foct are shown together {Fig 5), recorded
by a pinhole camery at low and high tube current. respectively Both focal
spots, particularly the smaller one changed considerably
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Tig 1 Two rocntgenograms obtained with the same kV and mAs There 1s much less
definttion of detail 1n the right one as compared to the left

seems previously to have been practically 1gnored and anses, with certan indt
vidual vanations, from umt to untt A striking change 1n image quality was often
observed from one exposure to another, although the same tube and dentical
kilovoltage and milhampere second values were used, and the same object was
exammned m unaltered positton An apparatus for shull and skeletal radiography,
with tomography attachment, was used 1n a particular mstance, and the ob
servation was first made 1n examinations of the wrist joints

The two roentgenograms m Tig 1 were both exposed at 52 kV and 100 mis
on non screen film with a primary magmfication of about 30 % The well
defined roentgenogrim on the left was exposed at 2 low milhampere value
(10 mA), and the less sharp film on the nght with a high milliampere value
(160 mA) An unmstakeable relation between the degrce of sharpness and the
milhamperage 1s evident The exposure tmes were obviously different but the
shorter exposures constantly resulted n reduced defimtion, a paradox, perhaps
as the opposite 1s usually true

The focus had a nominal size of 0 6 mm A pinhole camera study of the focal
spot was made to explamn the differences observed m the radiographic rendening

The tube current was varted m steps from 10 mA up to the maximum with
the focal spot available while the hilovoltage was hept constant The resultant
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Fg 5 Comparson between the small and the
Jarge focus in the same tube at respectively the
Jowest and hughest tube cursents posuble

The exposure daia have been espectally chosen to ehimmate psendo-sharpness
which tends to appear 1n cases of ncorrect exposure {Srizcizr Ouiensnaw &
Afacer 1927) A suitable average value for the density has been fixed at 10
as recommended by RoBFRTsON & WATSON

\ll the pinhole camera expoures were made with the central ray of tubes and
the recordings thus represent the focus function at the center of the roentgeno-
grams

The observed merease 1n focal diameter caused a detenioration in mmage quality
Ly an increase i the penumbral zone as 1n the use of a focus of larger numencal
«ize to this are added the effects caused by the irregular mtensity Frantzerr
(1951} 1n discussng the radsographic recording of small subfocal sized objects
demonstrated that the pattern of 1ntenssty vananons always present sn the focal
spot will lead to a <imilar negatne pattern 1n the recordings of small objects
such as very small balls or thin wires The recording of a thin wire in the present
case might be influenced by the vanation in the focus from Jow to high current

\ «cnies of ro ntgenograms of a thin metal wire produced by low as well as high
tube currents are shown m lig 6 ¥ the wire is placed m parallel with the
sl <haped center of the focal spot not only an increace 1n wrdth wall result but
a hind of double prajection s of two separate fo al spots will be apparent (cf
Fu, 6d) If the wbe 15 rotated 907 and the wire no longer 1s parallel with the
mean bands of mntensity 1n the focus an entirely different result 1s obtaned (cf
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Fig 3 Denstometric study of the focal
spot image at lugh milliamperage [ !

The focal studics presented were performed with 1 pihole plate constructed
accordng to Kuwthe (1957) (manufactured by Degussa of Hanau, Germany)
The diameter of the pinhole was 30 micron As Kuvtke pomnted out, the geo-
metric unsharpness ought not to be more than 10 % of the object size The
present hole size 1s therefore quite sufficient, the value mentioned agreeing with
that recommended by RoserTson & Warson (1958) The design of the
pmhole phte recommended by Kuntie has now been accepted as a proposed
German standard (Crassen 1959) When using pinholes of the size mentioned,
very long exposures will be necessary, and the cxposures must usually be nter
rupted by cooling pertods for the tube A larger hole (70 micron m diameter) of
smular design was used for orienttion

As Jacons (1940) and others have pointed out, a pnmary magmfication of
at least X 2 1s advisable In our study 1t has been vaned above that value and
even exceeded X 3

Non screen film was employed for the pmhole camera studies The contrast at
moderate values of density will roughly correspond to that obtamed m ordmnaty
roentgen films, and the recording of the focal spot 1n this way will approximately
represent 1ts function m practical radiography The irregulanties mn the focal
spot, 1s now presented, are thus not exaggerated, n fact, they are slightly re
duced, since radiography with non screen film gives a somewhat lower gamma
value than that obtuned with a screen film combination

Fig 4 Increasc i focal diameter with mully S 5
amperage 10
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Fig 7 Vamations sn the appearance of the focus of
thrce d flerent tocntgen tubes The upper row
sepresents high tube currents

facturer on the same type of tubes and with the same technique, present van
anons m focal size and appearance sunilar to those now reported

Two tubes from another facturer were also 1 the results are
guenin big 8 A shghe difference m the distnbution of intensity within the focal
spot at a high current as compared with a low (2o and 180 m\ respectively)
may be observed There 1s a more marked concentration of the sntensity to the
borderline regions as compared with the tubes earhier discussed A shght increase
im fength with tube current vanatons may be detected but no other change 1
dumension  An srregular form differing from the square shape that was seen
previously 1s however apparent

A suttable way of evaluating the focal size seemns to be by judging the diameter
of the arcle into which the focus can be introduced a method proposed by
Berreestone & Turver (1958) The diameter of this carcle will naturally be
wnfluenced by the greatest diagonal of the spot If the focal spot sotates as mught

be the case in tomography this assessment will be representause of the radio-
graphic result

Although the observed vanations in fo-al size are important they may not
bave exceeded border values accosding to accepted standards These are ex
wemely generous possibly with regard to the effects of the type descnbed A
cntical exammation was made by Beeriestose & Tutwrdter of the exsung
Amencan standard and the proposed German standard regarding focal spot
measurements  These authors stress that the \mencan standard 1 particular
tries 1o cover grossly oversize focal spots by excessne tolerances and gue an
caample A nosunal | o focal tpot mght have a size of 16 mm by 16 mm
and thus a surface exceeding 3 mm  The exsueg excessive tolerances have
led 10 & general acceptance of psers zes by the manufacturers Most tubes thus
have focal spots consideribly exceeding the declared sze Ths fact has been
pomied out by hese R Nicwots {1958) who examuned a large number of
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Tig 6 The effects of tube focus irregulanities on the appearance of thin wires
a) and b) represent low tube current c) and d) high tube current The focal
spot was rotated 90 an (b) and (d) as compared to (a) and (c)

I'g 6c) Ihe wire recording 1s hept much more homogeneous but an increase
mn width 1s observed, 1 result that might be expected

In the studics presented, the same orientation has been mauntuned during the
exposures, the rule 1n conventional radiography It may sometimes happen m
tomography, howcver, that a circular tube motion mcludes v rotation of the
focal spot 1n relation to the film \ general reduction of defimtion will then
result 1 relation to the dimeter of the active focal spot If the center has a e
duced mtensity, the rotation will not change 1t, and cffects simifar to those dis
cussed may be produced

It must be born 1 mind that not only the rendenng of such small objects Ithe
wares will be influenced by irregulanties 1n the focal spot I ach contour will hase
a certun distnbution of radiation 1n the penumbral zone this being influenced
by the mtenstty trregularities m the focal spot A double contour my thus be
produced if the focus has two separate mtensity maxima

The cffects described refer to a type of tube commonly used Iive different
tubes of ndentical type were examined with the pinhole camera techmque The
results were wmdnidually somewhat differcnt two of them were exactly alihe,
with the cffects now presented, and three of them had the same propertics,
although less marked A selection of focal studies of thesc three tubes, at low
and high tube currents 1s presented in I'ig 7 the change in ntensity distnbution
towards two scparate maxima 1s evident The mcrease n focal length 1s strihing
but otherwise the change mn dimension 1s modest In these studies, the low
millhlamperage was 10 and the ligh milhamperage 160 The exposure conditions
were simular to those used in the earlier series Iocal studies made by the manu
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Tig 7 Yamations in the appearance of the focus of
three diffe ent roentgen tubes The upper row
represents h gh tube currents

facturer, on the same type of tubes and with the same technique present var
ations 1 focal size and appearance similar to those now seposted

Two tubes from another f: were also d the results are
guenm Fig 8 A shght dufference m the distribution of ntensity withun the focal
spot at a hugh current as compared with a low (20 and 180 m4, respectively}
may be observed There 1s 2 more marhed concentration of the intensity to the
borderlne regons as compared with the tubes carlier discussed A shight merease
1n length with tube current sanatiops may be detected but no other change n
dumension An tregular form duffering from the square shape that was scen
previously 1s however apparent

A suitable way of evaluatng the focal size seems to be by judging the diameter
of the arcle mto which the focus can be introduced a method proposed by
Brereestone & Tuirver (1908) The drameter of this aircle will naturally be

fl d by the greatest diagonal of the spot If the focal spot rotates as mght
be the case 1n phy this will be rep atne of the radio-
graphic result

Although the observed varations m fo al size are important they may not
have evceeded border values according to accepted standards These are ex
sremely generous possibly with regard to the effects of the type described A
entical cxammation was made by Beeviestone & Tnurser of the exisung
‘mencan standard and the proposed German standard regarding focal spot
measurements These authors stress that the Amencan standard 1a particular
tries to cover grosly oversize focal spots by excessne tolerances and gue an
eample \ nomimal 1 mm focal spot mught hase a size of 16 mm by 16 mm
and thus a surface exceeding 3 mm  The exisung excesstve tolerances have
led 1o a general acceptance of oversizes by the manufacturers Most twbes thus
have focal spots conuiderably exceeding the declared size This fact has been
pointed out by hestr % Nicitots (1938) who exammed 2 large number of



166 OVE MATTSSON

;
H
;
[
-
&
L

2 d

EFig 6 The eflects of tube focus irregulanities on the appearance of thin wires
a) and b) represent low tube current ¢) and d) hugh tube current The focal
spat was rotated 90 1n (b) and (d) as compared to (a) and (c)

Fig 6¢) The wire recording 15 hept much more homogencous but an increase
m width 15 observed, 1 result that might be expected

In the studzes presented, the same onentation has been mamtained during the
cxposures, the rule i conventional radiography It may sometimes happen n
tomography, however, that a arcular tube motion meludes a rotation of the
focal spot n relaton to the film A generil reduction of defimtion will then
result 1 relation to the diameter of the active focal spot If the center has a re
duced ntensity, the rotation will not change 1t, and effects sumilar to those dis-
cussed may be produced

It must be born in mind that not only the rendering of such small objects like
wires will be influenced by irregulanties 1n the focal spot I ach contour will have
a certam distribution of radiation 1n the penumbral zone, this beng mfluenced
by the 1ntensty irregularsties m the focal spot A double contour may thus be
produced if the focus has two scparate intensity maxima

The effects described refer to a type of tube commonly used @ive different
tubes of indentical type were cxamined with the pinhole camera technique The
results were mdividually somewhat different  two of them were exactly alike,
with the cffects now presented, and three of them had the same propertics
although less marked A selection of focal studies of these three tubes, at low
and high tube currents 15 presented 1n Lig 7, the change in intensity distribution
towards two separatec maxima 1s evident ‘The mncrease n focal length 1s sinking
but otherwise the change in dimension 1s modest In these studies, the low
mulllamperage was 10 and the high milliamperage 160 The exposure conditions
were strmlar to those used i the carlier sertes 1ocal studies made by the manu
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Tiberality of roentgendiagnostic demands 1t would be better to ehminate oser
sizes than to reduce the nommnal sizes stll further .

It 15 possible that a series of tests or information regarding each ndidual
tube delvered would make selection easter for the radiologist

SUMMAR?Y

An mportant cause of decrease 1 radiographc image quality 1s analyzed Size vanations
1n the facal spot and signtficance of tube loading factors are discus «d

ZUSAMMENFASSUNG
Eine withuge Ursache der Ind frah I n zad hischen Bildemn

1o
wird erlautert Besonders werden Vanationen n der Brennfleckgrosse und der Einf)
Brennhieckbelastung besprochen.

luss der

RESUME

L auteur a fait des recherches sur les causcs de vantaton de la qualité radiographique
des fiims 11 msiste sur Vamportance des vaniations dans les dimensions du foyer et étudie
1influence des facteurs de charge du tube
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Iig 8 Appcarance of the focus of two different tubes at
respectively high and low tube currents (the high current to
the night 1n each film)

tubcs nd studied thar focal spots They found that among tubes with rotaung
anodes the 1verage oversize imounted to not less than 146 G

Both the varrtion m size of the focal spot with tube current, and the crease
n inhomogenaty of the focal spot At higher currents, especially in certam tubes,
can well be cxpluned by physical conditions connected with the construction
of the cathode Great difficulties are met with 1n the adjustment of the filament
m the cathode cup for producing n acceptable focus 1t varying exposure con
ditions A higher current means 1 higher temperature of the filament and 2
relativcly more ntense emission from 1ts ends, where conduction of heat through
the suspension system will result m temperature reduction Ienner (1996), m
addiuen, expluned size varations of the focal spot by space charges Brese
(1937) and Tuore (1959) mvesugated the genests of the lne structures always
present i the radiographic focus, which structures are related to the electric
field around the filament and the focussing of the clectron beam Titore
demonstrated the appearance of two pairs of lmes, termed A and B hines,
respectively nd demonstrated that they change positton m a typicil way with
adjustment of the filnment 1n the cathode cup  \ccording to 1 rxnrr, 1 well as
to the Inst mentioned authors the focussng of the electron beant, and thus the
appearance of the focal spot are dupendent on both nullinmperage and Kdlovolt
age The obsenations presented 1n this paper correspond very well with what
1 enner demonstrated regarding tube current

Some tubes may have very good quiliies which mdicates that thes phe
nomena, detrimental to the radiogriphic 1mage, can be considerably reduced

The 1mportance of small focal spots 1s constantly growing and techmques are
being, developed, the success of which 15 intimately hinked with focus quality
Much greater attention must be pad to the selection of tubes for ngh quality
radiographic purposes The practical importance of focal vanations and ir
regularities of the character descnibed seems to have been msufficiently recogmltd
The excessive tolerances of nommal and declared sizes give ample evidence of the
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Iiberality of roentgendiagnostic demands 1t would be betser to chimunate oser
sizes than 1o Teduce the nomtaal szes sull further

Tt 15 possible that 3 senes of tests or information regarding cach mdnidual
tube delivered would make sclection easier for the radologist

SUMMARY

An important cause of decrease i radiographic tmage qualits 18 analvzed Swize vanations
in the focal spot and sigmfieance of tube loading factors are discussed

ZUSAMMFNFASSUNG
Eine wichuge Ursache der wecheelnden Y htat son rad; hischen Bildem

wird erlautert Besonders werden Vanationen i der Brennfleckgrowse und der Esnfluss der
Brennfieckbelastung besprochen

RESUME

Lauteur & fait des recherches sur les causes de sanation de la qualité radiographique
des films Il msiste sur Limporttance des vanations dans les dimenstons du foyer et éud e
I mfluence des facteurs de charge du tube
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Tig 8 Apperance of the focus of two different tubes at
respectively high and low tube currents (the high current to
the right 1n cach film)

tubes nd studied their focal spots They found that among tubes with rotaung
Anodes the werage oversize 1mounted to not less than 146 G

Both the varation i size of the focal spot with tube current, and the increase
mn mmhomogeneity of the focal spot 2t igher currents, espectally i certain tubes,
can well be explamed by physical conditions connected with the construction
of the exthode Great difficulies are met with m the adjustment of the filament
in the cathode cup for producing an 1cceptable focus at varymng exposure con
ditions A Igher current means 1 lugher temperature of the filament and a
rdlatively more mtense enission from 1ts ends, where conduction of heat through
the suspension system will result m temperature reduction Fenaer (1956),
addinon explamed size vamtons of the focal spot by space charges Beest
(1937) and Tuore (1959) mestigated the genesis of the Ime structures always
present 1 the radiographic focus which structures are related to the electne
field around the filament and the focussing of the electron beam Tuore
demonstrted the appearince of two pawrs of hnes termed \ and B hnes
respectively nd demonstrited that they change position m a typical way with
adjustment of the filament 1n the cathode cup  \ccording to FeanNer as well as
to the last mentioned nwthors, the facussing of the electron bexm and thus the
appearance of the focal spot are dependent on both mullamperage nd kilovolt
age The observations presented m thus paper correspond very well with what
FeanER demonstrated regarding tube current

Some tubes may have very good quahies which mdicates that these phe
nomena dctrimental to the radiographic image cin be considerably reduced

The mportance of small focal spots 1s constantly growing and techmgues arc
bemng developed, the success of which 1s mtimately linked with focus quality
Much greater attention must be pud to the selection of tubes for high quality
radiographic purposes The practical importance of focal vamations and n;
regulariutes of the character described seems to have been msufficiently recogmzed
The excessive tolerances of nomimal and declared sizes give ample evidence of the



INTEGRAL DOSE 1\ 35 My CINEFLUOROGRAPHY OF CASTROINTESTINAL TRACT 171

16 framesfsec The examnavon was confined to the pyloric can) and duode
nal bulb Fepoesa (1960) reported an exposure rate of 6 to 20 Rjmin in
the examumation of the stomach with 35 mm film at 2 speed of 16 frames/scc
Tristas & Quick (1960) measured the shin exposure in the cxamination of the
Jower esophagus to be 21 Rjmim with non pulsed 35 mm anefluosography at ¢
speed of 1 framesjsec CHERIGIE (1961) reported an exposure rate of 20 10
25 R /mn n 16 mm cinefluorography of the stomach performed with 25
frames}sec

Speyer (1960) carred out phantom studies 2t vamble Mlovoltages tube
currents and film speeds and found an exposure rate of from 5 to 59 R/min
He calcutated the exposure rate for 1 gastroduodennl examination to be 7 5 to
45 Rjmn these values applying for 16 mm ainefluorography at a speed of 16
framesjsec witha 5 1mage ittensifier Cannparp)is(1962) reported an exposure
rate of 8 to 14 Rjmun for cinefluorography of the esophagus with a Philips 9
1mage 1ntensiier Houst (1962) measured the incident exposure to be 5 2 mR/
frame at a speed of 12 framesfsec with BO LV and 5 mA, st a speed of 24 {rames/
sec {for exanunation of the cardra) with 90 kV and 12 m A 1t was found to be
83 mR/frame The exposure rates were calculited to be 7 5 R and 24 Rfmin
respectively These measurements were made 10 connection with expenimental
studtes on the informatine accuracy of cinefluorography with the same diagnos
e equipment as the one used t the present mn estigation

In a comparatine chmcal study of full size radiography 2nd 16 mm cine
fluorography of the gastroduodenal tract (STAPLE & MarcuLis 1963) the
shin exposure was estimated to between 128 R and 584 R (average 39 R)
n cmefluorography  The speed for cimnefluorography was 15 frames/sec The

p duning graphy was esuimated to be increased by a factor of
9 as compared with full size radiography

Measurements of integral doses m diagnostrc radiology may be useful
for eprdemologic studies with speaial regard to the possible influence on the
hematopoietic system from repeated small doses of 1omzing radation (Ne
BOSCHEW & Scuotr 1959 GoLpMaN et coll 1960 Wacusian 1962 \lorcan
& Ciceric 1964 Caresso 1965 Otsson 1966) The miegral doses are casy to
measure and the exammation 15 not disturbed by the procedure A graphic

rcc‘:n:\ 1s produced which makes it possible to control in detal the examination

techniques of radiologists 1n training and the patient s mtegral dose (Ca
RLSSON

1962 Oussox 1966} s ¢ °

Measurements of integral doses from cinefl graphy of the denal
tract have been reported by vax Boueesev (1963) These doses were detec
mmed by the method of RE;vaua (1960) and averaged 40 8 mV\ s for 30 sec
which corresponds to 82 kg radfmun The speed for pulsed filming was 10 to
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INTEGRAL DOSE IN 35-MM CINEFLUOROGRAPHY
Or' THE GASTROINTESTINAL TRACT

by

J Kaune

A companson between full size radiography wnd 35 mm cmefluorography,
with respect to the dingnostic 1ccuricy m the examination of the gastro
ntestinal tract, with particular reference to ulceration, was made mn 1 pre
vious paper (haubr 1967) It was found in these mmestigations that nlso
smll lesions could be demonstrated with 35 mm single films When motility
and morphologic fertures can be studied with the same technique, cmefluoro
graphy may often provide simplified, 1dditional diagnostic informntion, and
the ex1mination ttme may be reduced

A roentgen examunation of the gastroduodenal tract adds an importint
fraction of the radiation dose to the population This radiation burden has
therefore to be mvestigated before 35 mm cinefluorography 1s employed as a
routine measure for complete gnstric exumnations

Previous reports JANRER (1953), with cincfluorography from the output screen
of an 1mage mtensifier, using 16 mm films, measurcd the shin cxposure to be
006 R per frame The radiation was pulsed, and the speed of filming ws 12to

Submutted for publication 15 June 1966
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16 framesjsec The examination was confined 1o the py loni¢ canal nd duode
nal bulb Feopesa (1960} reported an expossre rate of 6 to 20 Rjmun
the examination of the stomach with 35 mm film at a speed of 16 frames/sce
Tristan & Quick (1960) measured the shin exposure in the cxamnation of the
lower esophagus to be 21 Rfmsnwith sion pulsed 35 mm cineflluorography at a
spetd of 15 frames/sec CHERIGIE {1961) reported an exposure rite of 20 to
25 R jmun n 16 mm cmefluorography of the stomch, performed with 25
framesfsec
Spesrr (1960) carned out phantom studses at canable Mlovoltages tube
currents and film specds and found an exposure rate of from 5 to 39 R/min
He caleulated the exposure rate for a gastroduodenal examination to be 7 5to
45 R/mun thesc values applymng for 16 mm cinefluorography 1t 1 speed of 16
frames/sec witha 5 1mage intensifier Canparops (1962) reported an exposure
rate of 8 to 14 R{mmn for cinefluorography of the esophagus with 1 Philips 9
image 1ntensifier Horat (1962) measured the mmadent exposure to be 5 2 mR/
frame at a speed of 12 framesfsec with 80 LV and 5 mA, at «t speed of 24 frames/
sec (for examination of the cardia) with 90 kV and 12 mA 1t was found to be
83 mR(fframe The exposure rates were calculated to be 75 R and 2 R/mm
respectivedy These measurements were made in connection with expenmentat
studres on the mform st € accuracy of cinefluorography with the same diagnos
tic equipment as the one used 1n the present m estigation
In 2 compiratne clinical study of full size radiography and 16-mm cme
fluorography of the gastroduodenal tract (StapLe & Marcyuss 1968) the
skin exposure was esumated to between 128 R and 59 4 R (average 39 R)
m anefluorography The speed for fluorography was 15 fi fsec The
P durmng fl phy was estimated to be increased by a factor of
> as compared with full size radiography
Measurements of ntegral doses 1 diagnostic radiology may be useful
for epidemiologic studies with specsal regard to the posstble nfluence on the
hematopotetic system from sepeated small doses of somamng ridiation (Ne
BosciEw & Sciott 1959 Gotpwan et coll 1960 Wacussan 1962, Morean
5 S 191 Covo 155 Oruen 1500 T el dos sy
record 1s produced \vhlcllr:::a]?c:tnmss “:l‘“:bed o l!hc e A gaphic
techmques of radiologasts 1n !r;xmm?an‘d tch: ;:l‘::::i ; Tn‘::ta:llgc c“én o
1965 Otssox 1966) ra dase (Cangsson
o o g docs om el el
mined by the method of Rensya (1960) and ;ucragcdh‘;(s)tﬁdr':\c\sswrzc‘lgﬂ“
which corresponds to § 2 kg rad/min The speed for pulsed filming was lgczcu
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Fig 1 Graphical record of 2 gastnc  |gs
exammnation with 35 mm  ancfluoro-
graphy and full size rad hy Pa
tent of ordinary habitus normal find ‘j
ings Cinefluorography at 70 kV 10 to

18 mA full size films (¥ ) at 12, k\ 5

to 20 mAs fluaroscopy at 80 to 90 kV 2 F

and I mA The integral doses calculated I l
from the record were 92 hgrad from

cinefluorography 32 kg rad from full
size films and 2 0 kg rad from the fluoro
scopic examination 2 :

Valthge v

20 frames/sec with an av crage of 12 frames/scc Cinefluorography was regarded
1s 1 supplementary eximination to fluoroscopy and full size radiography of
the stomach

The radintion energy delvered to the panent during cmefluorography
depends on numerous faictors hilovoltage and tube current, filtrition of the
beam, the distances tube focus patient input screen of the mmage tensifier,
grids, field size, the conversion fictor and screen size of the image intens
fier, camer optics and shutter, speed and pulsing 2t filming the size, emulsion
wnd processing of films, the patient s habitus, ind finally, on the roentgen
findings and the experience 1nd exammation techmque of the fluoroscopist
The exposure measurements reported from cnefluorography in chinreal exam
mations or phantom studies have been carried out with different dingnostic
cquipment, under sarying conditions wnd with different nstrumentation for
the measurements The technical data given on the performance of the studies
are often complete Our hnowledge of the ntegral dose to the patient ll}
cmefluorography of the stomach has so far been hmited to the studies of
1aN Boneemen (1963)

m
Present mestigation The 1ntegral doses were measured 1n 90 patients,

comunction with a companson of the dingnostic accuracy of 735 mr;l
cinefluorography and full size radiography of the gastroduodennl tract (K }l;l;’;
All the patients were examned at the same session with both methods o lnoz
ing 1nd by the same radiologist The radiation at ciefluorography was
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o

Fiz 2 \anations in time and it gral d se at
s 3>-mm emefluorography 1n b5 exam nations of
the gastroduodenal tract. X — m an integral
dose and time per exam Aaton L — mean
= ntegral dose per munute anefluo ography

pulsed  filming was performed at a speed of 12 framesisec Diagnastic equip-
ment tecording data film matenal processing and other technical details
have been described in a presious paper on the diagnostc results of this
comparnison

The measurement of integral doses was carrted out according 1o the methods
and with the instrumentation used 1n the studies reported by Carrsson (1064
1965) The same methods were also employed for the deterrination of integral

doses 1n 70 mm fluorography of the gastroduodenal tract (Carrssos & KAuLDE)
A record of the measurements 1s gnen n Fig 1

Results

The mean integral dose i complete cefluorography of the gastroduodenal
tract was found to be 149 kg rad (range 4 8 t0 38 2 kg rad) Theduraton of
cinefluorography averaged 15 min per examination (muimum 39 sec maxt
mum 3 mn) and the mtegral dose rate 10 kg rad/min (minimum 2 1 max
mum 24 2 kg rad/mn

The integral doses in full size radiography ranged from 141090 kg rad
The mean integral dose was calculated to be 3 7 kg rad Between7 and 11 films

{s1ze 24 x 30 em, and spot films) were usually obtaned at each complete ex
ammation
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The integral dose 1n 1 complete 35 mm cinefluorographic examination of the
gastroduodennl tract was mcreased by a factor of about 4 compared with con
ventional radiography

Discussion

The itegral doses m cinefluorography varied considerably with the time of
filming nd exposurc rate, the time factor depending marnly on the diagnostic
findings, 1nd the exposure rate on the habitus of the patient Varation caused
by eventual difference i eximination techmigues could be disregarded since
all of the examinations were made by the same fluoroscopust (the present author)
The vanation in the integral doses, ind the time required for cinefluorography,
1re given 1n Fig 2

A compnrison of the diagnoses obtained with conventional roentgenography
and 35 mm cinefluorography suggests that 1t may be posstble to reduce the
number of full size films or to replace them completely by cinefluorography
(KAupe) This 1 certun circumstances simphfies the filming, particularly
when remotely controlled diagnostic equpment 15 employed Morphologic
features and motility are recorded simultaneousls, though there 15 a fourfold
increase mn the mtegral dose A decrease in radiition energy, between 40 and
50 %, m1y be expected when pulsed cinefluorography 1s used (Grus 1962,
vaN BoHEEMEN 1963)

The mcrease of the mtegral dose at cinefluorography 1s also somewhat
compensated by a reduction n screening time, this was 2 munutes shorter
with cinefluorography than with conventional and 70 mm filming (4 75 min/
69) m the comparative pilot studics of the stomach and duodenum The
tegral dose rate in fluoroscopy with the equipment used (Philips 9 1mage
mtensifier, Plumbikon TV) ranged from 05 to 22, mean I I kg rad/mint A
reduction 1n the integral dose by approximately 2 kg rad per examination may
thus be expected 1f a complete gastroduodenal exammation 15 carried out
with cinefluorography This reduction probably depends on the good detail
obtamed durmg filmmg and observed on 1 TV monitor

The 1integral dose 1n contentional gastric examination, carried out with
under and overcouch tubes and a Forssell stand, were measared n our de
partment during the years 1958 to 1961 by CarLssoN (1964 1965) The mean
mtegral doses were found to be between 22 and 44 kg rad, divided mto 13 “;
26 kg rad from fluoroscopy and 5 to 23 kg rad from full size films The mntegra
doses from 35 mm cinefluorography i the present pilot study are consequently
comparable with those from full size films or fluoroscopy prrformed with the
standard equipment used 1n previous years
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SUMNMARY

1£3% mm non pulsed cinefluorography at a speed of 12 {rames/scc 1t wsed for a complete
gastroduodrnal CXATIRALGN an wncrease of the 1ntegral dose by a factor of 4 as compared to
fall size radiooraphy has to be accepted The mean sntegral dxe i the present investigation
Wa$ appt T 15 kg rad per the rnefor dealing with the stomach as eragung,
15 min with a mean mn egral dose rate of 10 kg radjmm

ZUSAMMENFASSUNG

Wenn bet Rontgenuntersuchung des \fagens das Grossformat Aufnabmeverfahren durch
45 mm Bl ket h

it emer Bild| von )2 B)Jdern Sekunde ohne
Pulthetriel ersetzt wird muss mat emer vierfachen der 3 o “
werden Dye (douis von etner vollstand M: -hung smttels

matographie betrug 1 dreser Untersuchungsrethe tm Durchschmitt 15 kg rad Die Unter
suchungszext belsel ctwa aul 1,5 Minuten Die h he I Mdosisk war
10 kg radymin

RESUME

S1on utilise le radiocinéma en 35 mm non pulsé & 12 1mages par seronde pour un exanen
gastro-duodinal complet il faut accepter une dose intégrale quadruple de celle donnée par
Ia radiographse prdmarre La dose mtégrale thoyenne dans Ja présente étude a 414 d environ
13 bg rad par examen le temps d examen de 1 estomac étant en moyenne d une minute ot
deme avee un débrt de dose wtégrale moyen de 10 kg radfmun
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ORVIN OTTO
FROM THE DEPARTMENTS OF INTERNAL MEDICINE AND RADIOLOGY AORYV
HOSPITAL DUDAPEST, HUNGARY

SERIAL NEPHROANGIOGRAPHY IN HYPERTLNSION
by

Ereonora Horovy AsprAs Losover and Javos Lakos

Senal nephroangiography m hypertenshe patients senves not only to dem
onstrate anatomic kidney abnormalities of the Goldblatt type but alsa malbes
1t possib'e to yudge the role of the lesion 1n causing hypertension

Materials and Methods One hundred and one hyperiensne pitents were
d by p fe 1 aortography A dosc of 033 mifkg
bodyweight of contrast medium (Uromiro 75 %) was mjected into the aorta
at the level of the renal artenes with 2 Gidlund imjector at 6 kgfem? pressure
The snjector started the Odelca film changer which during the first four scconds
produced ten films under automatic control Further films of the standardized
senes were made at 10 20 30 90 120 150 and 180w%conds The exact chrono-
logic order of the films was recorded with a Mingograph (Fig 1)

Hypertensice patients with normal kednys

The duranon of the different phases 1 serial nephroanglography has al
ready been described n experniments camed out mn amimals (ref 3 30)
Although 1t has been reahzed that such data are desirable for human subjects
(rel 6) they appear 1o be lacking

Subutted for publication 24 May 1966
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w sh-out of the m n enal arteries M dfle left tme of wash-out of ihe arbonzation Middle

¢hi b ginning of th & fizrentiat on of the neph ographic eff ¢t Lowsr 1fi @ sappearance of the
neph ograph ¢ flect Louer ght appea ance of the postnephrographic urogram

Every pont n the d grams rep esents one bdney 2nd the thr ¢ g oups rep esent group I

53 hype & mone pat a3 w th no m | W dneys (10€ ludneys) group §E 25 pat ents w th renal
hyperte son (37k d es3) g oup III 23 hyp rtens ve patients w th normal kidneys and abnormal
Pt nome1an the senal n ph oang ograms (48 kidney )

The postnephrographic filhng of the pehs occurs at 2 9 to 2 5 mun after the

sngection of the contrast mediam (xef 7) (group Yof Fig 2 lower left diagram
and Fig 3d)

The normal duration of all these ph {

') [

“
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Tig 1 Films 1n exact chronologie1l order (recorded by a Mingograph) after injection of contrast
mecdhum an the same patient as in fig

Ser1al nephiro ingiograms 1 53 Ly pertensive patients, 1 ages between 15 and
35 yers, were amlyzed No 1bnormnlities were discorered 1 the hidney, the
renal function being normal from the usual chimeil myestigations as well as
from the clewrance values of the differential function tests performed by mds
vidual ureteric eatheterization (ref 15)

Results The contrist medium 1 the arterinl phase appears i the man
branches of the renal irterics and the mtrarenal Arborization withm 020 to
0 5 sec fter 1ts iyjection (group I of Nig 2, upper left diagram, and Fig 3a),
and disappears 1t 125 to 2 25 sec (group I of Fig 2, upper right wnd muddie
left dingrams)

The first part of the nephrographc phase appears withim 025 to 1%
scc after the injection of the contrast medwm (Fig 3b) as 7 filling of the capi
larses (cf ref 31) Tins s followed by filling of the glomerul 2t 10 to 2 0 se¢,
and then of the pentubular capillaries (ref 6), the cortex, septum {cotumna
Bertin) 1nd the medulln (group I of Tig 2, mddle and nght divgrams)
The complete nephrogram rciches maxyimum mtenstty after the fading of l?k
arborization, with disappearance of the differentinion at 3 0 to 40 scc The
medum h s then entered the medullary arculation and 1ts tubular accumult
tion and excretion begun (cf ref 9) (Fig 3 ¢) The nephrogrim persists for
20 sec, when 1t becomes less evident but without disappearing (group [(of
g 2, lower nght dingram) The pertod clapsing from the pperrince ofl\‘i
crly nephrogram ull the distppetrince of the complete npephrogim
called the trinsit time {cf ref 3) o

The vcms appear within 10 seconds They can usunlly not be scen, howey ! 4
mdicating that the greater part of the contrst medium, gnen i a refnely
small dose, has been excreted by the renil tubul (ref 3)
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Fg 4 Pauent ag d 18 with rensl hyper

tenson a) Fib omuscular hyperplas a of
m datype of nght renal artery b) The

contra t med um stagrated an the post

stenot © arteries €} A 324 sec the me

d um was still susible 1n the ntra enal ar

borszat on on the aff ct d side extended
collateral netwo k around the & dney
d} Well d flerentiated nephrographic of
Teet more marked on the side of the ste
nos sthan on the comiratateraind  absence
ofd fT rent at onon theleftade 1 dicating
impairment of renal function (The n

volved right kidney was 18 mm smaller )
¢) The contrast med um appea ed carlier
n the r ght collecting syst m (at 1 3m n) its den ity mo ¢ marked thann th contralateral
Kadn y

been considered as signs of renal 1schemia and have been explamed by vana
tions n the hemodynamic conditions with the degree of stenosis But the fact
that these phenomena in some nstances evenn cases defimtely 1schemc, cannot

be d d by seral neph seems to suggest that the
hemodynammc changes cannot be the only cause
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Iig 3 Pattent aged 17 with normnl renal yessels and normal kidney function a) 0 5 sec
Appearince of renal arteries and arteral arborization b) 10 sec Early ;lt'phrnsm'"
of

and beginning of differentiation ¢) 3 0scc Complete nephrogi
tion d) 2 min Appearance of the urogram

and thewr normal appearinces (qualitative parimeters, t ¢ the 1ntensity and
differentintion of the nephrogram, and the density of the urogram) nre
wdentical in both hidneys The difference 1n the size of the hidneys m the
nephrogram 1s not more than 1 cm

Patients with morphologic changes

The 1schemic nature of the affection of 2 kidney will explun why hyper
tension 15 probably produced by 1 Ieston of the Goldblntt type

Some authors hve suggested that the duration and appearance of the ridio
Jogic phenomena n seral nephroangiography, mn uniateral kidney lesions
(renal artery stenosts), are different m the 1schemic hidney 1n comparnison to
the contralateral normal hidney (ref 5, 6, 16, 25, 27) These phenomenn have
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ded and
© Pat ot sged 53 with mal gant hyperien son Right renal artery acetu
:;% ﬁlledz 5|:nasgx of the left renal artery the (onlralsl med ym stagnated 11 the pot

lateral
t at43cc) Late ap car cuended on
e A e hroeraph efics o efe e marked {at 2 o min) renal pelas ot et
vus ble The contrast med um by way of collaterals filed the £ ght atrophic kdney

(Fig 4¢) Further valuable radiologic signs of renal ischemia 1n every signift
cant and permanent obstruction of the crreulanon due 10 any cavse, are the
appearance of collaterals (ref 2 24} and o decrease in the size of the aflected
kadney (ref 12) (g #c) In the evaluation of the are1 of the kidneys it must
be remembered that the stze of the left hidney 1s physiologically greater than
the right and that normal ladneys may contract during serial nephroangiogra
phy (rel 13 23)

Authors opmions ary as to the intensity of the nephrogram of the imvoh ed
Lidney The nephrogram 1s usually desenbed as being of dumimshed density
{ref 6 16 27, 28) although the effect often appears to be more marked than
on the normal side (ref 6 29) The present authors fee] howerer, that the
explanation of the phenomenon lies 1n a consideration of the renal function
which m the present material was estabhshed by the clearance values of the
differcntial renal function tests and renal biopsy

1f the kidney function 15 good and n spute of the decrensed blood supply
the nephrons are normal and function well the paradoxical hyperconcentra
tion of the neph m1y be expl 1 The 1scl hidney produces
an nerease sn sodium and water resorption As a consequence of the post
stenotically slower circulavion and the mereased resorpuon the appearance
ume of the nephrogram 1s normal and 1ts disappearance 15 delayed, that 1
the transit e becomes longer The mtensity of the nephrogram 1s increased
and the differentiation becomes normal (Frg 4d) The veins appear late In
such cases the postne phrographic urogram will show the contrast medinm to
appeat eatly and dearly on the pathologie side ({Fig 4e) partly cotrespond

xlnlg tg)what has been found by other authors m the excretory urogram (ref
1
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I'ig 5 The patient was 1 8 year old girl with excessive hypertension 1) and b) Iibromuscular
hyperplasia of intima type of nght renal artery single mural fibrosis of left renal artery delayed
appearance (at 1 75 sec) of both kidneys collaterals on both sides ¢} Right renal artery stenosis
with impaired renal function  decrease in intensity and dafferenttation of the nephrographic effect
Stenosis of left renal artery but good renal function paradovical hyperconcentration evident d}
After 30 see bilateral nephrographic effect sl visible transit ime delayed ¢) Delayed appearance
of nght urogram but the contrast medium had already appearcd (at 1 5 nun) on the 11t side
f) 3min the density of the urogram decreased on the right side and increased on the left

Rennl function depends on the hemodyntmmcs of the hidney, from which it
cannot be separated It therefore plays an important role 1n renal lesions nd
should 1lways be considered 1n the ex1luation of 1 scries of nephroangiogrims

In our \nalysis of serinl nephroangrograms, 25 patients with renal hyperten
sion were ncluded

The mmportance of renal artery stenosis 1s determined by the degree to
which 1t inders the blood flow to functioning renal tissues Depending on the
degree of obstruction, the blood flow becomes slower following stenosts, and 1
pressure drop across the aren of narrowmng occurs The degree of stenosis
thus determmes the size of the pressure gradient If 1t exceeds 1 certun value,
40 to 50 mm Hg (f ref 5 16) the stenosts 1s hemodyntmicnlly significant
(ref 5) With stenosss of thus degree, the hidney 15 always 1schemic (ref 18)

Results The radiologic signs of 1 hemody nimically sigmiicant stenosis e
that the contrast medium stagnates in the poststenotic arterinl system (hig 4
1 and b), and 1ts wash out 1s delryed 1n measurnble units of time (ref 27)
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Fig 8 On recxamination of
the same patent as in fig 7
th sameph b mena now ap-
peared in the right k dacy the
only difference bewng that the
urog am appeared on the right
side at 7 tmin but the den ity
wasless as compared ta th left
side

sascular lesions of different degrees and types (Figs 5 and 6) In siew of the
fact that degeneratrs e vascular abnormalities may be deseloping in a kidney
with no stenotic artery normal sersal angiograms on the contralateral side
cannot be expected Companng with the normal quantitative SNA data
1t may howeser be possible to draw conclustons as to the degree of deteriora
tion of the renal function 1n these kidneys (cf Fig 4d)

Thus serial nephr aphy enables a judg to he formed upon the
degree of the stenosis and on the 1schemic nature of an affected kidney It also
provides a basis for drawing conclusions on the function of both the affected
and the contralateral kidneys Thishasbeen carried out by a unified evaluation

16 1

of the qual e P described by others by the standards
zation of the sertal nepl grograms by the introd of ime as a quants
tatne factor as well as by judging the function as exercising an mfluence on the
formation and app e of the radiol h The role of reno

vascular abnormalities 1n cavsing hypertension may thus he explaned

Functional renal 1schema 1n patients wsthout morphologre changes

This part of the matenal consisted of 23 young hypertensne patients
1ges between 17 and 35 years In spite of the fact that no anatomical lesions
were evident in the senial nephroangiograms and the differential renal
function tests were normal (ref 15) yet differences sumlar to those present
n pruents with morphot changes were

The data on the different parameters of the serral nephroangiograms are
presented in Fig 2 they melude those of the normal group 1, the pathologic
group IT and the so called functional group I11, as descnibed before
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Tig 7 Hypertensive patient
aged 19 without any anatormcal
renal abnormality a) 0 25 sec
both renal arteries normal
b) 1 sec wash out of contrast
medium from left arterial svs
tem ¢) 3 75 sec poor nephro-
graphic effect and no differen
tiation on left side d) 9sec the
nephrographtc effect on Ieftside
had d d Tete]

¢) Late ay‘)x;carancc of left uro
gram (at 2 min)

With deterioration of the renal function, the phenomena n the nephrogram
nd postnephrographic urogrim are delayed or absent, and the ime of appear
ance of the nephrogrim 1s delhyed (Fig 3, 1 and b), but 15 1ts disappearance
time 15 even more delyed, the transit time becomes longer (Fig 5d) The
mtensity wnd differentiztion of the nephrogram s decreased 1nd the cortex
15 thin, or 1s not differentiated (Fig 5¢) The appearince time of the post
nephrographic urogramis late (T1g Se) and the density of the contrast medum
mn the collecting system 15 not marked, or it may even be decreased (Fig 5f)
The hidney, 1s 1 consequence of the mmparrment of function, and 1n proportion
to the latter, 1s thus not capable of producing the radiologic phenomena of
paradoxical hyperconcentration, exther 1 the nephrographic or the pyelo
graphic phases The presence of collaterals 1s consequently of decistve 1mpor
tance 1 the absence of these signs of renal 1schemin (Fig 5b)

In extreme impurment of the renl function, the nephrogram appears late
(Fig 6a), or 1s undifferentiated, and 1n 1ddition persists 1 long time, that 15,
the transit time becomes very long (Fig 6b) Great dely, or no cxcrction of
contrast medium nto the pelvis, may occur All these are the consequences of
poor renal function

On the basis of normal nephroangiographic d1t11t 1s possible, however toin
dicate when renal 1schema 15 present and to assess the renal function in bilatcral
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Eig 8 On resexaminati n of

th same patintas 13 fg 7

he xame ph namena now ape

K peared in the £ ght kidney the

’;‘l’& only difference bring that th

ur sgram appeared on the night

w! side at ? min but the density

i ; wat lesy as compared to th lelt

nd

vascular Jestons of different degrees and tvpes (Figs 5 1nd 6) In siew of the
fact that degeneratne vascular abnormalities may be developing an 2 kidney
with no stenou¢ artery, normal seral angiogrims on the contratiteral side
canniot be expected Comparing with the normal quantitative SNA dat:

1t may howeser be posstble to draw conclusions as to the degree of detenora

tion of the renal function in these hidneys (cf Fig 4d)

Thus seral nephraangiography enables a judgment to be formed upon the
degree of the stenosis and on the 1schemie nature of an affected kidney It also
provides o basts for drawing conclusions on the function of both the affected
and the contralateral hidneys Thishasbeen carried out by 2 unified evaluation
of the quaintatn ¢ radiologic phenomena described by others by the standard:
2ation of the sersal nephroangiograms by the introduction of ime as a quant
tatnve factor as well as by judging the function as exercising an ifluence on the
formation and of the radiolog

Pp

The role of reno
vascular abnormahises 1 causing hypertension may thus be explained
Functional renal 1schemia sn patients without mosphologec changes

This part of the matensal consisted of 23 young hypertensine patients 1n
ages between 17 and 35 years In spite of the fact that no anatomical lesions
were evident mn the senal nephroangiograms and the differential renal
Tunction tests were normal (ref 15) yet differences simlar to those present
n patients with morphologte changes were apparent

The data on the different parameters of the serral nephroangograms are
presented m Tig 2, they mclude those of the normal group 1 the pathologic
group 11 and the so called functional group 11 as desenbed before
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Iig 9 Pauent aged 28 without anatomical hidney abnormality ) Well differentiated
right nephrographic effect b) Normal nght nephrographic effect At 10 sec, the great
et was fot vinble but the left renal vemn was well filled The phenomenon 1sduc to
opening of the perglomerular and arteriolo rectovenaus shunts causing the contrast
rmediam 1o pss mto the slow medullary cireulation and the wash out s delayed

Results The 1ppe irance ime of the great arteries wnd of the arterinl arbonz?
tion 1re 1dentsical m Al the three groups (Fig 2) but this was not true of the
wash out of the former and disippearance of the Itter, both of which were
delyed m the two groups 1T and IIL, (Fig 2, top nght and muddle left)
The cause of the phenomenon mn group II 1s the decrease 1n the pressure
gradient With prerenal vascular abnormahty, the pressure gradient decreases
because there 1s 1 pressure drop after the stenosis, W hereas m chfuse vascular
and parenchymnl renal disease the decrense 1n the pressurc gradient 18 chused
Ly the mcreased peripheral vascular resistince The cruse of the decreased
pressure gradient m group 11T may be expluned partly by spasm of the renl
artery (Dig 10 Db) ind partly by the increase n the peripheral vascular resistance
of the hidney occurring durning the investigation

The trnsient ind abrupt incretse m the peripheral vascular resistanee
causes diffcrent shunts 1n the hidney to be opened 1nd yvarious types of nephro-
graphic effects to occur

In spite of the normal outhning of the Lidnev contours, the differentration
may be delayed or absent n group IT1 (T1g 2, middle, nght dingram) and the
teansit time may be altered (Fig 2, lower, left dingram) If the quanutne
datn 1s well 1s the quilitative parimeters re considered, two man types
of nephrographic phises may be recognized 1n the matennl When of the
first type, the nephrogram appears at 1 normal ime and disappers completely

dfter 10 sec, 1¢ the transit tme becomes shorter The effect 15 shght nd the
differentiation 1s nbsent The large veins can be scen carly, 1€ within 3 to
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without gy sign of 1enal besion 2) Both senal a tenes 1ntacy b) Spasm

Fg 10 Pauent aged 18

of ight renaf art ry ©) Well hfferent ated and marked 1 ght nephrographuc effect d) Marked
d ity and early ppearance (at 15 mnj of the contrast medium 11 the eollecting system night
tadney €) Row ne u cgraphy o excretian of lefé kidney £§ Normal exeretan of hoth hidneys
on 1ep at uragraphy

4 sec This 1ype may be explamed by the opening of the Jarger nrienvvinuus
apastomases {ref 30) as a result of winch the contrast medwm by passts the
fanctionmg parenchyma (ref 8 10) This phenomtnon s demonstrated n
2 ease m which 1t appeared at the first any of the left Ludney (Fig 7)
and at fepeat ms estigation of the nght kudney {Fig 8}

When the nephrographic phase 15 of the second type the contour of the
fadney 15 evident at the normal ume the differentration appears and the
nephrographu. effect 1s not shght It persists longer, 1¢ the transit fme 15
delayed and the veins cannot be defined The phenomenon may be explained
by the faet that due to the operung of the perglomerular and arteriolo
rectovenous shunts ‘ref 4) blood passes into the slawer medullary errculation
The wash out of the contrast medsum 1s thus delayed (Fig 9)

With senal nephroangsography howerer 1t 1s possible not only to observe
functional phenomena and circulatory changes but svhuel 1s more mmportant
thers cansequences can beevaluated The pradavical hyperconcentration of the
nephrogram was thus evident zn some patients with whom the increase in the
penipheral vascular sesistance or the transtent spasm of the renal artery was
present 1 the nephroangiograms (Fig 10 a to ¢) The nephroapgrographic




188 ELEONORA HOTOVY, ANDRAS LOSONCI AND JANOS LAROS

Fig 11 Voman aged30 with
no renal lesion a) Bothrenal
artenses intact b) The contrast
medium stagnated (at? 75sec)
m the artenal arbornization of
the right hidney ¢ Dormal
differentiation of nght kidney
increased density Left kodney
not differentiated normal den
sity d) Farly filing of nght
pelus (at 15 mun) ¢) The left
renal pelyis was filled at 23
min ) At 25 nun the left
peripheral vascular resistance thus
he right side Phenoment of the

renal pelus filled The right pehis was more dense increased
produced signs characterstic of functional renal ischenua on t
2nd type of shunts evident on the left side

phenomena mn these instances are the same 1s hemodynamically sigmificant
renal artery stenosts with good hidney function It can therefore be stated thit
the increase 1n the peripheral vascular resistance of the khidney or the transtent
spasm of the rennl artery mny be accompanied by hemodynamic consequences
1dentical with stenoss 1nd create transtent renal ischemin The proof of tlus
lies 1n the paradoxical hyperconcentration of the contrast medium cvident
1n the nephrogram and the postnephrographic filling of the pehus (Tig 10d)

As may be seen from Fig 2, the lower, night dingram, s far as the appearnnce
time of the postnephrographic urogram 1s concerned, groups I and III will
not differ This means that the transient hemodynamical disturbances described
may be compensited for by the normal function of the tubult Howcever,
depending on the type and duration of such disturbances nd the actual
state of the potentrally intact tubuli, the excretion may be delayed, or even
absent, as a sign of maximal disturbance of the tubular function This phe
nomenon was observed n the left hidney of 1 patient during routine urography
(Dig 10 ¢), i which spasm of the night renal artery had been evident m the
angtogram Both hidneys were otherwise normal on sernl nephroangiography »
there was also no abnormality 1n the clearince vlues 1n the differential rentl
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fancuon tests and on repeat urography (Fig 10f ) The non function of the
left kiduey i the first urographic examination cannot therefore be cxplaned
by anatomrcal kiduey abnormality

We haye also observed mstances where during the same examination onc
type of the funruonal phenomenon was visibte m the night kdney and the
other type 1 the left Lidney of the same patient (Fig 11}

The phenomena described 1n the artersal and nephrographic phases of sertal
nephroanglography may also appear 1solated in dhfferent segments of the fod
uey mawly mn the lower poles

quently sumlar ph appeared on seral nephroangtography
of some of the young hypertensive patients with normal clearance function
as 1n those with pathelogic conditions

The authors beheve that the functional abnormahiies observed are the

fe of the hyper tesp of the artenal system that s eharactensic
of essential hypertension On the other hand 1n pathologic conditions in which
the vessel reactinity 1s normal ot even decreased (ref 4 20} the appearance of
the phenomena may be due to the anatomical lesions themselses

The fact that the radiologic phenomena are of different types and even
sometimes vary in the two kidneys of the same patient 15 enidence that the
Tadney does not necessanily react in the same way to the same stupulus or to
the same complex of simult It means at the same time that the kind of reae
tion 1s decisis ely determuned by the momentary state of the kidney The vascu
lar and tubular effect of the nq {epincphnse
are concerned with innervation (ref 19 20) the basis of which s constituted
by the receptor apparatus 1 both the vascular and tubular system of the
kidney (ref 1) It explams depending on the actual state of the nervous system
the varied effect of the hormones caused by the mereased artenal reactrvity
charactersstic of essential hypertension (ref 14 22)

Other authors have d bed stmular fi Iy obsenved at
seral nephroangiography (e g renal artery spasm (ref 21)) and increased
penipheral vascular resistance {ref 3 21) but have failed to pomnt out their
consequences It 15 evident that such changes may lead to functional 1scherua

of the kidney which may play a role in the pathomechanism of essential hyper
tension

SUMMARY
One bundred and one hypertensine Ppatients were examned by
y serial nephroangigeraph
Twenty three of these with apparently qthe ks bad
s ot e pp: ly otherwise normal kidney had evidence of cettam

These may Jead 1o functiomal renal 1schemia wh
@ role 1 the pathomechanesm of essential hypertension e uen ey slay
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Lig 11 Woman aged 30 with

no renal lesson a) Both renal

arteries intact b) The contrast

A medimm stagnated {at? 12sec)

N in the arteral arbonization of

Fa - the night hidney ©) Sormal

. differentration of right hdney

- increased density  Left hadney

- not differentiated normal den

- 2~ 4 sity d) Tarly filhing of nght

4 pelsss (1t 15 mun) ) The lef

¢ renal pelus was filled at ’g

mm €) At 25 mn thele

renal pelus filled The nght pelvus was more dense nereased pcnphcnl)nscuhrr:sxstancelhus

produced signs charactensuc of functional renal sschemia on the night side Phenoment of the
2nd type of shunts evident on the left side

phenomenn 1n these mstances re the same 15 1m hcmod;,n-umcqll\ sigmficant
rennl 1rtery stenosis with good hidney function It can therefore be stated that
the increase n the periphernl vasculr resistance of the hidney or the transtent
spasm of the renal artery myy be accompanted by hemodynamic consequences
1dentical with stenosts and create transtent renal ischemit The proof of this
Iies i the paradoncal hyperconcentration of the contrast medmum €y rdent
in the nephrogram nd the postnephrographc filling of the pelus (Tig 10d)

As may be scen from Fig 2, the lower, right dingram, s far as the nppernce
time of the postnephrographic urogram 1s concerned, groups T 1nd 1 will
not differ Tlus means that the transient hemody namicl disturbanees described
miy be compensated for by the normal function of the tubul Howervel,
depending on the type and durntion of such disturbances and the actwil
state of the potentinlly intact tubul, the excretion m?y be delayed, or cven
absent, 1s 2 sign of maximl disturbance of the tubular function This phe
nomenon was obseryved 1n the left hidney of 1 pitient during routing urogy phy
(Tg 10 ¢}, m which spsm of the night renal artery had been evident m the
angiogram Both hidneys were otherwise normal on serinl ncphro'mglugr'\ph‘v s
there wAas 1lso no abnormality 1n the clearance values 1 the differentral renl
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ZUSAMMENTASSUNG

Dre serienweise Nephroangiographic wurde an 101 Paunenten mit Hochdruck vorgenom
men Von diesen Pallen zeigten 23 1m ganzen normale Nieren, trotzdem waren gewisse
Prschemungen vorhanden welche zu encr renalen funktionellen Ischacmie fubren honnen
die shrerseats spter wirklichen Hochdruck hervorbringen kann

RESUML

Cent ct un maldes hypertendus ont été examinés par angiographic rénale en séne \ gt
tross de ces malades ayant des reins par ailleurs apparemment normaux présentaent des signes
angiographiques certams de troubles fonctionnels rénaux Ces troubles peusent amener une
1ischémie rénale fonctionnelle qui A son tour peut jouer un role dans le mécanisme patho-
gémque de | hypertension essenticlle

RLEFLRLNCLS
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FEMALE PELVIC VEINS DEMONSTRATED BY
SELECTIVE RENAI PHLEBOGRAPHY WITH
PARTICULAR REFERENCE TO PELVIC VARICOSITIES

by

N CuipEREL

The major pelvic veins 1n women are the common external and internal
ilrac veins branches of the latter according to Rauser hopsc may be
descrbed as visceral or panetal veins

Vusceral zesns These consist of 2 number of communicating plexuses and
therr dramage vemns

1 The vesical venous plexus 15 suuated pemiesically and 1ecenes among
other supplies the flow from the dorsal clitaral vein dramage from the plexus
taking place via the vestcal veins

2 The vaginal venous plexus 1s most deseloped around the side walls of the
vagina and contimues cramally to the uterine venous plexus

3 The utenne venous plexus 1s situated mamnly around the lateral parts of
the uterus and parually fills the parametnum  According to Wecrys &
Harron (1960), the vaginal venous plexus and the caudal portions of the ute
Tine venous plexus are dratned via the utenne vemns These vessels usually
consist of three branches on each side and are formed at the level of the utenne

From Roentgen Department III ()
Gothenb for

Director Docent O Bartley} Sahlgrenska Spukhuset
Sweden 5ub d bl

12 \May 1966
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Book reviews

o
AN ATLAS OF DETAILED NORVAL PNEUMOENGEPHALOGRAPHIC AnatoMy By Crovanm di Chiro
327 pages 282 illustrations Charles C Thomas Springficld 1961 Price 19 dollars

Tlus 15 1 book of llustrations vwith explanatory diagrams, of which the normal roent
genographic anatomy of the sntracramal subarachnord cisterns and yentrecular ystem as
revealed by fractional gas encephalogriphy It also contamns a short desenption of the
larger artertes and of their relations to the artenes of the bran

The structures wlich are full size unfortunately are not all depicted from the best
angle despite the faet that there 1s plenty of space As far as the reviewer can Judge the
filins are anatomically correct and are sufficiently detailed to be of practical value to those
for whom the book 1s intended neurologists neurosurgeons and neuroradiologists Only 2
few of the anatomical vanations are mentionied howeser It would doubtless have been
of value to hive had a short summary of the commonest vanations of diagnosuc mterest
such as 1 flmd or gas filled c1vum septi pellucide and the different forms of postenor nd
temporal homs The book demonstrates the value of tomography 1n the interpretation of
topographical anitomy and also that the techmque of axial transverse encephalography as
descnbed by the author 1s 1 useful complementary procedure

Although 1t 15 several vears since this book was published ¢
that 1t has been and sull 1s etensinely used in many deprrtments.
and the high quality of its illustrations would thus appear to constitute Ju tific:
proclaiming 1t 1 work of lasting signtficance

he reviewer has obsened
Its luaidiny and clanty
ations for

Cunnar 1 estbertt

AnciocrApns 185 bEP Rvocurseatiotoctr Von L Muceln T F Gordamich und & 7molt
172 Seiten mae 10+ Abnld: n 522 Emzeld 1) n Georg Thieme \ el Stutegart

1966 Preis 77 DM

The rich vascular network m highly mahgnan
by angiography and spectacular angiograms are casily obtuned A study of the angrographic
findmgs 1 neoplastic and other pathologic processes requires Istopathologic and nucmr
anglographic eximnations no such investigations are included 11 this work Angrograms ©
pathologic processes in bone tissuc are described but the authors do not discuss the connection
between the vasculanty and degree of mahgnancey  Tumours of low mahgnancy » ch e
difficult to judge angiographically and to treat sausfctonly are summanly dismussed In
sufficient emphsis 1s placed upon the fact that s 18 hard to distinguish between an mﬂxmn;g
tory and a neoplistic process by means of angiography One of the cases ustrated (g 29)
15 deseribed as 1 metastasis 1nd confirmed n the text by photomicrography although lnlwil(:cd
i the legend as ostcomyclitis A typical Justacortical osteogenic sarcoma (Dig 86) 15 called 2
fibrosarcoma  probably because only the soft part of the tumour was exanuned Certun
cases were dingnosed as giant cell sarcomt a term not mecluded m modern c]assmcauonsr
Some aof the names of the authors are so distorted as to be unrccogmzable The quality o

several of the 1oentgenograms rught be better e Ldbon

¢ mesenchymal tumours m1y be demonstrated
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had carcimoma of the utenne cervix The uterov agmal plevus and the ovanan
\emn were contrast filled either umlaterally or balaterally 1n 13 5 of their cases

\nperg Bartiey & Cuenir (1963) performed fefi sided reml phlebo
graphy m 17 female patients in the erect posttion The entire left ovanan vemn
1a 13 of them was contrast filled 1n a retrograde direction and therefore the
vsceral pehic veins were also filled

Tavernier & Lance (1965) descnbed a patient in whom the tip of the
catheter at left sided selective phlebogrphy by chance eame to he at the
ontfice of the ovarian vern the latter vain as well as the pelvic vemns were then
contrast filled 1 a retrograde dircction These smestigators reproduced the
techmque 1n 7 other patients In fise out of the exght patients thus examined
the peliic veins were contrast filled andn one of them pelvic varicositics werc
observed Tt was not stated 1n the report whether the exammation was perform
ed with the patients supine or erect

Intraosseous contrist injections have been made at different sites for eximple
nto the pubs sctuum hiac crest sacrum and greater trachnnter {Ducune et
coll 1951 kanr 1953 Bece 1904 Grerrz 1955 Hitsener 1955 Lessuay &
Warproe 1958) Usually only the parietal pelsic veins were contrast filled,
but when a dranage obstruction existed mn a major vessel the visceral vemns
could also be demonstrated {HiLscier)

Contrast mjection of the gemtal tissues has been performed 1n the corpora
cavernosa chitondis (Ducung et coll ) and 1n the uterine wall (Gurnesm et
coll 1921 Tororansar SiErra 1938 WEGRYN & Harron Hucies & Curmis
1962 PaLt et coll 1963 Scuusster & Heres 1963 and Bunt & Lerevre
196%) With the former method the same veins were contrast filled 1s with
wjection made wmto the dorsal clitoral vein The most complete contrast
filling of the visceral peluic vemns was obtamed by injection mnto the wall of
the uterne fundus with this method the uterne venous plexus as well s the
ovarian venous plexuses were demonstrated

When pelvic vancostuies a condition with abnormally broad and cons oluted
velns are suspected this 1s an impartant ind for roentgen
of the visceral pelvic vens According to Exce {1925) the widenmng of the
peliic vems 15 seldom hmited to a single group of vewns but usually 1ncludes
vens belongmg to both the uterus and the ovanes HELANDER & Linpeovt
(1960) have roentgenologically defined the conditron using as a criterion the
width of the widest communicating vein betw ¢en the uterine and ovanan ems

They stated that ancosities exist 1n non pregnant women when the diameter
exceeds § mm

RicnET 5 report (1857) describing a case of tubo ovanan vancocele hag
been followed by many chimcal reports on the subject eg Duprey (1888),
s
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cenniv: They pass to the lnteral pelvic wall and then crimlly to the intermil
thac vem The portion of the uterine venous plesus that 1s situated around the
fundus of the uterus 1s druned n part by the uterme vems wnd i put by
1bundnt wnnstomoses to the ovartan venous plexus

t Drumge from the ovarian venous plesus takes plce vin the ovann
vem which on the left side, 2lmost without exception, emptics mto the renal
vem and on the night side usually direetly 1nto the inferior vena e

5 The rectal venous plesus has abundnt communicating nastonoses with
the uterovaginal venous plesus, drunage tiking place vin the superior rectil
vemn to the portal system as well 2s vin the mternal thic ven

G The Il vems, deep clitoral vens, and the mferor rectal vens drun
mto the wternal pudendal vein, wluch empties into the mferior gluteal vans

Panetal retns These consist of (1) the tholumbal vens, (2) the supertor and
mferior gluteal veins, (3) the obturator vemns (these, howeyer, empty sometimes
wholly or partly into the external 1ltac vein), and (1) the steral venous plevus,
which 1s formed by the Iateral sacral vems and the laternl branches of the
medind saeral ven aind commumeates with the rectal venous plesus

Rocentgenologic demonstration of the peliic vemns mny be accomplished
after myection of contrast medium 1nto rterics, yems, bone marrow or gemtl
tissucs

To demonstrate artertoycnous fistulr of the uterus and adnext m pregnnt
and non pregnant women Borerr & TerasTRoM (1958) myccted 40 to 50 m!
contrist medium mto the norta after compression of both femoral arteries
Exposures were made no later than 4 sec after the end of the mjection Th?
frequencics of contrast filling of the pelsic vems were 23 % nd 06 % (430
172 pregnant women 1nd 2 of 345 non pregnant women with \arious gyncco
logic disenses)

Some mnestigators (Baus & Pourngs 1950, PEThovic 1953, Guitney &l
Baux 1954) injected contrast medium 1nto the dorsal elitornl v e After surgiey
maesion The contrast filled visceral pelvic veins were parts of the v esical yenous
plexus 1nd the most Internlly situated parts of the uterine veins, the obturator
and the glutenl vens were also filled A number of investigators, ¢ g Farinas
(1947), Daracr et coll (1954), HiLscurr (1955), BaRTLEY (1958) and HELAN
peEr & Linopowm (1959, 1960) has e studied the extent of expansie proccsseslucl
the pelvic ety by myecting contrast medum mto the long s1iphenous v c":; th
femoral vein or the external thac vemn Retrograde passage of contrast me “'"}
to the mternnl thac nd the presicral vems nd oceasiomlly to the \1sccr;
vemns was noted when compression of the mferior vena ¢ ws pcrfon‘nc
HELANDER & LinDBOM s matenal consisted of 300 women, the myority of whom
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had carcinoma of the uterne cenvix The uterovagml plexus and the ovanan
\ e were contrast filled exther umiaterally or bilaterally 1 132, of thewr cases

AnusErc BartiEr & Cumekee (1963) performed left sided renat phleho-
graphy in 17 female patients 1n the erect position The entire left ovanan semn
1n 13 of them was contrast filled mn a retrograde direcion and therefore the
Jasceral pelvic vemns wese also filled

TavernEr & Lance (1965) described a patient n whom the up of the
catheter at left sided selectne phlebography by ehince came to hie at the
onfice of the ovanan youn the latter vein as well as the pelyic vens were then
contrast filled 1n a retrograde direction These 1m esuigators reproduced the
techmque m 7 other patients In five out of the eight patients thus exarmined
the pelvic vewns were contrast filled andin one of them pelac vamcosities were
observed Tt was not stated m the report whether the examinition w1s perform
ed with the patients supine or erect

Intraosseous contrast imjections have been made at different sites for example
1ato the pubs 1schuum 1haccrest sacrum and greater trochanter (Dtcunve et
coll 1951 Ranr 1993 Becc 1904 Gremz 1905 Hitscher 1955 Lesswan &
Warpror 1928) Usually onlv the panetal pelvic vemns were contrast filled
but when a dranage obstruction existed m a mayor vessel the visceral vesns
could also be demonstrated (HILscHER}

Contrast mnjection of the genital tissues has been performed 1n the corpora
cavernosa chtondis (Ductine et coll ) and 1 the wtenne wall {Guiues et
coll 1921 Tororasski SiErrA 1928 WEersN & Harrov Hucnes & Curtis
1962 Pars et coll 1963 Scrusster & Hemens 1963 and Bunr & Lerevee
1964) With the former method the same vemns were contrast filled as with
iyection made 1nte the dorsal chtoral vetn The most complete contrast
filling of the visceral pelvic veins was obtained by 1jection nto the wall of
the utenne fundus with this method the uterine venous plexus 1s well 1s the
ovanan venous plexuses were demonstrated

When pelvic vancosities a condition with abnormally broad and com oluted
vemns are suspected this 1s an important md for
o i o during o B, 1979 e o of e
vemns belonging to both the mer::l:gdc iwup of veums but usually meludes
1960) basc rocatgenologeally defin g‘hl ¢ ovartes Heranper & LivbBom
width of the widest commbu ; <0 the condition using as a entenion the

nicating s emn betw een the utenne and ovanan vewms
They stated that yaricosities exist in non pregnant women wh
exceeds 5 mm en the drameter
b::ric;;;;‘sv;pgnngsw)l describing a case of tubo-ovanan varcocele has
y many chnical reports on the subject cg Duprey (1888)
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MitLer & Rasavro (1905), Emer (1921), FornerciLL (1921), Castavo
(1925), Matrson (1936), Marting (1950), TecerL & Narm {1924), and
Forunom (1964) Luor and FotnererLr, among others, huve classified vn
cosc vems of the female pelvis s primary and sccondary m type The patho-
genesis has not been clucidated but these authors stated that secondary van
cosities m1y be crused by pathologic processes i the peliic caaty such s
neoplsm, chrome mfection, and uterine displicement M arTivt found peliic
vancosttics 1t lyparotomy at 1 frequency of about 124 1n 4 710 women with
gynccologic disorders, winle HeLasner & I1nppoy noted A frequency of
about 3 9, 1t phlebography  The last mentioned authors, lihe FEcERL &
Nartk, hwve observed pelvic vancostties only 1n women who had borne clil
dren

The symptomatolosy, pathogenests and therpy hwe been described by
Loruaoi i 1 chineal report which concerns the greater part of the present
materinl The symptomatology will therefore now be described only briefly It
hins been mantauned i the hiterature that the most common symptoms Are pin
and heaviness m the pedvis, particularly after prolonged standing, backiche,
sccondiry dysmenorrhen, marked dyspareumt and leuborrher  Furthermore,
EsmcE pomted out that these patients, when up and bout, often have wrntable
blndder without demonstrable changes in the urine According to FOTHERGILL,
the aforcmentioned symptoms usually disappear with the menopause

A condition with similar symptoms 1s the so crlled pelvic congestion syn
drome described by e g TayLor (1954) According to TopoLANSkI SIERRA nd
WEGRYN & HARRON, the pelvic congestion syndrome comprises 2 preliminin
stage of pelvic varicositics

Conservatine therpy has had very httle effect on the symptoms of pelc
vancosities On the other hand, varous surgical measures hve been of \alue
(Castano Martrson, Eoruvpn wnd Buni & LEFEVRE) Since neither the
symptom tology nor the chimcal findings seem to be sufficiently charctenstic
for 1 defimtive dingnosis to be established, 1 precise roentgenologic method
would be of value

The left 0varan vemn almost without exception opens into the left renal ven,
and therefore selectn ¢ renl phlebography can be employed to study the ptl\IlC
veins provided valves m the gonadal vein are either absent or mcompetent In
three earlier reports (AuLserc Bartiry & Cmpencr 19651 b 1966) hne
shown that 13 4 to 15 °, of the women 1n these materils Inched vahesmthe
cramnl portion of the left ovanan vemn and that 35 %, to 41 o, had mcgmptlm“
valves The corresponding figures for the nght side were 69, nd 43 % Thus
the anatomic conditions for retrogride flow existed m rbout half the num:cll'
of cases The frequency of incompetent valses and the width of the gonadl
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vens were signsficantly greater umong multtparac than among nulliparae In
the first of the reports mentioned 1t was questioned whether or not there 1s 1
relationship between retrograde flow m the left gonadal ven and varcocde
serotiin men and pelvic vancosities in women The relationship with vancocele
scrott 1 men was considered 1 detail in an carhier paper (ANLBERG BarrTrey
Crupener & Frirjorsson 1966) while the present report s concerned with the
corresponding problem 1n women

Vaterral Thus consisted of 75 consecutively miesugated panents ffom two
gynecologic departments The mean age of the patients was 36 yews (ringe
24 to 55 years) the oldest patient was menopausal while the others were in
the fertile years Pelvic vancosities were chmenlly suspected in 61 of the
patients these had one or more of the following symptoms  pun or heaviness
1n the peluis particularly after prolonged standing sccondary dvsmenorrhea
and dysparcunia The remaining 14 patients were imesugated as a control
matenal

The pnmary diagnoses prior to roentgen examnation for the patients with
chneally suspected sancosiies were  dolores abdomims m 33, meno  andfor
metrorthagia in 9 dysmenorrhea m 5 dysparcuma in 5 endometriosis in 3
and 1 the remaining § patients myoma utent cysta ovarn dextr, silpingits
chronica dysplasia cervicas stenlhitas secundana and cystitss respectively

The primary diagnoses for the fourteen patients without chnieally suspected
peivic vancosities were  dolores abdominis 1n 3 meno andfor metrorrhagia
1 7 and in the remaiming 4 patients myoma utert cvSt1 orarn simistry
adenomyosis uters and colpiis respectively

Methods The techmque ealier described by Antsere BARTLEY Cmipenir &
Frirjorsson (1966) will now be briefly outlined only The patients were pre
medicated with promethazine chlonde and petiudine chlonde Local anesthesia
:;a;cmg\o',cd with the percutancous puncture of (wually) the left femoral v ein
motnl’)mr(:zr;:;h:z;: ((l)D\M\ 1955) was mserted 1nto the left renal vern under
oo e ‘m;:‘oa éole“mn_]ecuons each of 40 mI Urografin 76 9, (Schering)
o ot e e w\ und Elema pressure syninge djusted to 2 kgjom: The
P a2 s in one pattent inserted into the cramal portion of the left

and sclective phlebography was carned out 1n this vern Fhe fitms

were exposed wath the patients erec
1 by
about 83 ¢ manual fitm chan, e eyt The e e

. ging was employed The region imvesugated
sﬂ“tsd:?f:l)::\sk(l’:’:;t;:l:“; gomadal yeins and the verns in the pehic cavity gT\m
The cramal portion wa 5 ¢m) were required to cover the 1y esugated region
comra o s exposed 2 sec and 7 sec after the start of the first

yection usually four exposures were obtained of the caudal part
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after the sccond mjection In the course of the imvestigation, the exposure
schedule was changed for the second series 5, 15, 40, 1nd 75 sec proved to be
suitable uimes After the start of the contrist medium myection Early i the
m estigition, some films were obt uned s Inte s 1t 210 sec

The results obtaned with this techmique have been compared wath those
observed with the syme patients i supine posttion, 1s well as with findings
obtuned by means of retrograde pelvic phlchography according to Horanber
& Livpnow The first comparative i estigition comprised 47 patients and the
subscquent one 29 The retrograde pehic phlebography exumimation was per
formed nfter selective rennl phicbogriphy  When the last mentioned exmim
tion had Deen made, the patients were structed to urinate, and 1 second
catheter No 205 was nserted into the other femoral vein The tips of the
catheters were pliced m the external thac vemns wbout 10 em from the puncture
sites The inferior vena cva was compressed with the ud of 1 comprussion
belt and a rubber ballon, up to ~ pressure of about # hgfem¢ A totl of 40 ml
Urogrfin 45 °, was then mjected through the catheters, with 1 pressure of
2 hg/em  The mvestigation w1s carrred out with the patients supme, wnd fe
exposures were made 1t 2 to 14 sec after the start of the contrast medmm
mjection

No complicitions were observed m any of the examnations As with the
roentgen esimmnation of men, the nsk of thrombosis was reduccd by ensuring
that the patients were up nd 1bout soon after the examnation

The diameter of the left ovaran vemn was mensured on the films 10 mm
cudal to 1ts opening into the renal vemn, and the presence of vilves m the
ovrn ven was noted When competent valves were obsersed less than 10
mm from the renal ven, the dinmeter of the ovarn m ven was measured tmme
drttely crinnl to the valves When 4 communiciting vein was noted between
the left ovanan vemn and the Interal portion of the renal vemn or one of 1ts
branches the diameter of the ovri1n vem was measured 10 mm caudal to the
orifice of the wastomosss When the pelvic vemns were contrast filled, the dit
meter of the widest of the uterme veins was measured The mesurements were
made 1 cm above the level of the cranial portion of the acetibulum where the
uterine veins run vertically

The sume tltng table 21nd TFD were employed m another inyvestigition
(Cpeaet & Eprunpin) m which an enlargement factor of 1 4 was invarnbly
found for the site of the envum uter1 Since the ovarinn vemn 1s 1t almost the
same distanee from the film 1s the cavum uters, the same enlrgement factor
could be used Enlargement has however been disregarded, and the dinmeters
of the ovarian vemns given 1n the present report are the 1bsolute figures, to the
nearest millimeter, measured on the films
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Fig 1 2) C oup I at 2 sec afier start of conteast medm mjection nto the left renal ven Wide
o aman & n compt tely filled 1 a ret og ade d rect on b) Group 11 at ? sec Competent valves
% ovar nven () s prarenal sen nd veins of the lumbar plevus filled from the renal vem
(Th kd ey pel 1 and the urete were filled at an ear] er contrast myect on) ¢) Group I at 2 sec
W deav ran e conteast filled ina et og ade d recion from th  renal vein and one of sts bran
ches the latter al o commun cates with a Jumb £ vein

The time for the maximal contrast filling of the uterovaginal plexus and the
uterme teins was interpolated on the basis of the degree of contrast filling of
these semns in the sertes of films The tntent has not been to study the arculation
rate of the contrast medmm but rather to esumate at which time maximum
contrast filling occurted i order to establish a suitable exposure schedule for
routine purposes

In addition to the chmically suspected pelvic varicosities the following data
were recorded age of patient phase of menstrual cycle at the ime of roentgen
examination number of pregnancies interval between last pregnancy and
roentgen exammnation and the occurrence of changes considered to gue nisc to
secondary pelvie sancostties such as neoplasm m the pelvic canty chronie
mfection nd uterine displacement Fimally the frequency of phlebolites n the
pelvic cavity was noted
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Table 1

Relation between nimber of pregnancies and widitk of oaran rom

Number of Nuwmnber of \an diam St
pregnancies Patients Mean (mm}
Total
Matenal
[ 6 33 1.8
1 13 w2 373
2 22 67 970
>3 33+ 03 618
Croup 1
1] i 3 -
1 8 64 113
2 14 84 997
>3 21* 75 2,9
Croup 11
0 ’ 34 184
1 N 34 14
2 38 169
~3 12 41 193

* The patient with duplication of the varian vemn w13 not included

Results

The total matenal w s divded mnto two groups on the basis of the results of
the selectn e renal phlchogriplues performed with the pauents erect Group I
comprised 45 pauients in whom the entire ovarnan ven (Ig 1) and some
other pelvic vems were contrast filled  Group 11 consisted of 30 patients
whom the left ovarian vein was only partly contrast filled, on the nverage for
36 mm of 1ts Iength (Ig 1b)

Incompetent valves n the left ovarin vern were demonstrated m 16 of the
45 paticnts 1n group I One par of vales was demonstrated i cch of 13
patients, two purs i two patients and three puurs n one pattent The valves
1n the Jatter patient were situnted 0 8 cm, 14 em nd 15 em crudal to the rent!
vemn, while i 1l the others the valves were observed less than 10 cm from the

renal vemn

Twenty six of the 30 patients i group If had demonstrable vales in the
ovaran vein less than 6 cm caudnl to the renal vemn A single pur of valwes,
situated on the 2verage 11 mm caudal to the renal vemn, was noted in cach of
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19 patients 1n thirteen of whom the valves were competent, while "‘h'hc Old'"
six the contrast medium passed on the avesige 69 mm crudal to the val d\cs
Two paws of valies were obseried 1n cach of the other 7 patients mufa; on
the average 34 mm apart and with the most caudal pair at a distance of 51 mim
from the renal vein In two of these patients both pairs of valves were incompe
tent and contrast medium passed 23 mm and 108 mm caudal to the valves In
the other five instances the caudal pair of valves was competent

A commumicating sein between the ovanan vemn and the lateral poruon of
the renal vemn ar one of s branches was present in each of 4 patients n group
(Fig 1c) The retrograde contrast fithng of the ovaran seimn was implemented
by the anastomosing 1ein in every Instance the anastomoses emptied mto the
ovarian vein 22 to 76 mm caudal to the renal vein

The vens of the lumbar plexus were filled from the renal ver in 36 pauents
of the total matenal (scc Fig 1b)

The branches from the left ovanan plexus to the ovanan vain 1 group 1
combined nto a common vessel at varying levels i 8 pauents caudal to S1
m9atSl n9atL5 m15at Lt 3 at L3 and in one patent the ovanan
semn was duphcated up to the renal vemn This patient was excluded when
estmating the mean value for the diameter of the ovanan vein

The mean 1alue for the diameter of the [eft ovanan vein tn group I was
7 5mm (range 3to 14mm $* =530) andn group Il 1t was3 8 mm (range 2
to 6mm §* =182) The left ovanan vein was aghly sigmficantly wider in
group I than 1n group II (t = 883) Several patients in group I had however
vems of a width similar to these of many 1n group 11 On the other hand the
dameter of the ovarran vein i patients in group IT never exceeded 6 mm, while
m group 1 this occurred m 28 patients 1¢ m 6% Within group II no
significant dufference 1n the diameter of the ovanan vein was found m patients
with or without competent valves

The dameter of the left ovaran vemn was imvestigated 1n relation to the
number of pregnancies and to the number of children born In the total matenal
(Table 1) the diameter of the left ovanan vem was sigmificantly greater in
patients who had been pregnant than 1n the nulhgravidae (1 pregnancy t =
257 2pregnancies t =399 3 or more pregnancies, t =4 39) Similar calen
lations were not made for group I with only one nulligravida and no sigmficant
differences were evident between the nulhgravidae and the other subgroups of
group I No sigmficant differences between the subgroups of grividae were

found 1n the total matenal or m groupsland I The statisucal findings were
the same when the number of culdren born was substituted for the number
of pregnancies

The contrast medum 1n group I passed from the visceral pelvic vems to the
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Table 1

Relaton between nimber of pregnancies and wadth of otanan remn

Number of Number of \ean dam st
pregnancics pateents \Mean (mm)
Total
Matenial
0 v 33 1.8
1 13 a2 373
2 22 67 9.0
>3 33+ 03 618
Croup 1
0 1 3 i
1 B b4 143
2 14 84 997
>3 21 75 ? 9
Croup I
0 5 34 184
1 s 34 144
2 8 38 169
»3 12 41 193

* The patient with duplic tion of the 0vanan ven was not mcluded

Results

The tot U material was diided into two groups on the basts of the results of
the selective renal phlebographies performed with the paents erect Group I
comprised 45 pitients in whom the entire ovarn o (I'g 1) 1nd some
other pelvic vemns were contrast filled Group II consisted of 30 pitients 1n
whom the left ovarian vein ws only partly contrast filled, on the werage for
36 mm of 1ts length (g 1b)

Incompetent valves in the left ovarin vemn were demonstrated n 16 of the
45 patients n group I One pur of valves was demonstrated m exch of 13
patients, tho prurs 1 two paticnts and threc purs i one patient The valves
in the Itter patient were situted 0 8 cm, 14 cm and 15 cm caudat to the renil
e, wiile i all the others the + Alves were observed less than 10 em from the

renil vemn |

Twenty six of the 30 patients 1n group II had demonstrable valves m the
ovarian ven less than 6 cm caudnl to the renal vemn A single pur of vales,
situnted on the wverage 11 mm caudnl to the repal vein was noted 1n cach of
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Table 2

Frequency of tanous peliae aeins s group 1 denamstrated by left
sded renal phlebography performed u tth the patient erect

Nunber  °

Left orvanan pleaas s 100
Rught avarian plexss 8 81
Rght ama ven s 20
Left uteravagmat pt s 4 100
R ght uterorag nal plexus 2 80
Left e acal plesus 38 a4
Rught vesical plevus 33 7
Left obturator and exter 1al pudendal vens 70 44
R ght obturator and ¢ twral vens n 4t
Sac Al vens I 34

made between patients wath an ovanan vep drameter bebveen 3 and 8 mm
and those over 8 mm The former category compnsed 18 patients with 1 mean
dameter for the uterme vein of 53 mm ($ =0 70}, in the laner chegory
consisting, of § pattents the corresponding value was 6 2 mm (5t =0 64) The
panents with an ovamaa ven duameter of over 8 mm had sigmficantly wider
uterre verns than the others (t =2 70)

In the pattent 1n group 11 1 whom selectin ¢ lejt sided o3 1nan phlebography
was carrsed out tt e diameter of the widest uterine veins on each stde was 4 mm
thas figure 15 the same as the Tower imat of 1alucs 1n group 1 The other vems
m the pelvic casaty of thas panent {Fag 4) were also smailer than those 1 the
magonity of patients m group 1

The pelsic vewns were contrast filled 1n the following order the left ovann
plesus the uteroragimal plos the nght avanan plexus the tesical plexus
and finally the obturator and external pudendal vemns The uteroragmal plevus
and the uterne vemns were maximally contrast filled on the left stde on the
average af 13 sec after the start of the contrast medium imjection (range 5 to
43 sec) wiule the corresponding vetns ois the neht side were contrast filled
a few seconds later On the average the vesical plexus was observed to be
matimally conrast filled at o6 sec {range 14 to 8> sec) and the obturator and
external pudendal vens at 73 sec {range 28 to 110 sec) after the start of the
wjection Contrast medism semamed m the yisceral peliic vemns 1o every
mstance at the time of the last evposure {70 1o 210 sec after the contrast
mjection)

Of the 47 pauents mvestigated supine 33 helonged to group 1 and 14 to
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Tig 2 Croup I 1) 3t sec Wide left oxaran ven and wide veins of the ovanan and uterine
plexuses are contrast filled b) At 10 sec Utenine plexuses partly emptied and night ovariin san
filled 1n 1n antegrade direction (—)

mternal 1hie vems vin the uterine and vesical veins (Iigs 2 and 3) and the
obturator veins Morcover, the nght ovarian and the external pudendal vens
were contrast filled m some pruents The frequency of contrast filling of the
chfferent vemns 1s given 1n Table 2 The obturator and external pudendil vens
cannot be defimtively differentinted 1 the films 1nd have been presented m
the tible s 1 single group The various pelvic veins, with certain exceptions
were demonstrable with lugh frequency on both sides but more often on the
left side than the nght The diamcter of the widest uterine vems could be
measured bilterally n 13 patients, on only the left side n 14 because of
suflicient contrast filing on the right side, and 1 the remumng 18 pavents
the measurements could not be made becnuse of either supermmposed projection
of vens or sufficient contrast filling OF the 13 pauents m whom bilteral
measurements were possible the uterine ven had the same width on the two
sides 1n ten patients The difference i diameter 1n the other three was 1 mnt,
1 two of these the veins were wider on the left side The men dimeter for
the Icft uterine vein was 56 mm and for the nght uterme ven, 59 mm
(range 4 to 7 mm bilaterilly) No sigmificant difference m diimeter betscen
the two sides was noted Comparison of the dinmeters of the uterine scins %15
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fig 4 Ceoap I at 4 sec Sel cne
phicbography of the lefi o anan vein
The vems of the ovanan and utet ne
plexuses w_ e narrower than those in the
magonty of pati nts 1 group §

No other visceral vewns including the ovanan vems were outlined No com
mumicatng veins between the ovaman and utenne sems a5 desenbed by
Hewasper & Linbpoy were observed  consequently ther width could not be
compared with the findings presented by those authors

As was stated before, a significant difference was found between groups I and
11 sn regard to the width of the left osarnn ven Some of the factors wentioned
under the heading Methods have been exarmuned more closely 1n regard to
differences between the two groups chmeally suspected pelvic yancosiies
eusted 1 89 9, of group 1 and 1n 70 °, of group II This difference 1s statists
cally significant (u = 2 07)

When the material was subdivided 1n regard to the number of pregnancies
the following results were obtamed n group I there were ane nulhgravida
8 pnmigravidae and 36 mulugravidae, 1w grovp 1 the corresponding figures
were 5 5and 20 There were stgmificantly more nulligrasidae i group I than
m group I (u =226) The two groups did not differ sigmficantly . the

e althouot

frequency of primigravidae or mulnig i 1dae dominat
ed n group 1
There were no lly sigmficant diffe

between the groups 1n the
following respects mean age 1n group I was 37 years (range 2. 10 55 years) and

wm group 11 ak was 35 years (range 24 10 44 years) At the ume of the estiga
ton 42°, of the patients 1n group I were i thesr first half of menstrual cycle
45 % were 1n the second half 11 °, had metrorrhagia and 2 % were menepau
sal The corresponding figures for group IT were 47 %, 409/ 139, and 0 9,
respectively The interal between the most recent pregnancy and the roentgen
camination in group I was on the aterage 8 years (range 1 to 23 years) and
n group 11 0 was 9 vears {range 2 to 22 years) Changes that could possibly
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Tig 3 Croup I 1) At2sec Wide left ovaran vemn and the ovarian plexus are contrast filled b) M
10 sec Wide uterine (+) and vesical vems 2 ven (1) on the nght side probably an external
pudendal vemn 1s contrast filled

group II The ovaran vem was only partnlly contrast filled on the werge
for 78 mm (range 12 to 185 mm) mn 7 of the patients mn group I, n whom
therefore no pclvic veins could be demonstrated The various pelui vems were
contrst filled 1t 1 lower frequency m the other 26 patients when evaimmed
supine 15 compared to crect Light of the 19 pattents wath bilateral contrst
filling of the utcrosagnal plexus m erect position had contrast fillng only on
the Ieft side when supme In no instance were the vesical plexus, the obturator
and external pudendnl vems contrast filled with the patient supine In the 14
patients 1 group II who were examined supine the left ovarmn ven was
contrast filled for 1 shorter distance mn this position i five (mean difference
between supine and crect 73 mm), the results were the same eight pauents
while m onc the ovarn vern could be trced caudally 29 mm farther with the
patient supinc

Retrograde pelvic phlebography with compression of the mferior ve
wis carried out m 13 patients of group I and n 16 patents of group I In
every nstance the mternal e 1nd presacral veins were contrast filled Insn
patients i group I, and five m group II the uterme or vesical vems were visible
for 1 5 to 5 cm from the internal thac ven aither on the left side or bilteraily

na cCv
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In the present study, sclective renal phlcbography was performed only on the
Ieft side since almost without exception the left ovaman yein empties into the
Ieft renal vein When using this method with the patent crect the pelvic vens
could be demonsteated 1 60 9% of the total matenal This frequency corre
spondswell with the figures from the autopsy matertal On the other hand since
the present matenial was selected this rate does not necessantly smply that the
peluc seims 1n an unselected matersal would be contrast filled with the syme
high frequency Theoretically ugher frequency would be obtamed of a
simtlar examination were carned out on the nght side 1n those patients in
whom retrograde filling, was not achieved 1n the left gonadal vein The nght
ovarian vein empties nto the renal van 1o approxumately 7 9 of women and
10y others 1t courses to erther the infenor vena cava of hoth of these veins (Auc-
pErC ctcoll tobe publ) The anatomc conditions in the cransal portion of the
nght ovanan vein have been examined (AULBFRG et coll 1966) and have in the
main been found to be analogous to those on the left side Competent valves on
the Jeft side have been seen 1n some patients with no valves or incompetent
valves on the nght side When this occurs and the night ovaran vein empties
mto the renal vewn selectine nght sided renal phlebography can be employed
with advantage Another method of increasing the frequency of contrast
filhng of the pelvic veins conwists i carrying out selectve phicbography in an
ovarian vein Despite the presence of competent valves this was successful m
one patient of the present maternal It should be possible to obtamn a fugh
frequency of contrast filling with selective catheterization of the gonadal veins
by means of a catheter with a maneuverable up

Phlebography for the demonstration of peluic vancosties 15 usually earned
out n fertilc women so the Toentgen dose should he kept as Jow as possibie
When retrograde contrast filling of the entire ovanin vein can be achieved
four exposures of the pelvic region hate proved adequate and if the obturator
and external pudendal vens need not he examimned three exposures will be
sufficient

The concept of pelic vancosities 1s poorly defined they are charactenized
by wide and consoluted veins belonging to the ovarian and utenne plexuses

Measurements of the vems have earlier been made onl!

y by HeELAnpEr &
Lvprow

who stated that pelvic vancosuies custed when the widest com
municating vein between the utenine and the ovanan vems in non pregnant
women was of a diameter greater than 5 mm Several myvestigators employing
the transuterine techmque have reported that the mten al from the start of the
contrast medium inyection to the disappearance of the medum from the pelic
vews was prolonged when pelvic varicontics were present Such formation
raries howeser marhedly 1n the literature  Pavt et eoll stated that 1n women
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gnc nse to second iry pelvic varicosities, such s neoplism in the pelac caty,
chromc nfection and uterine displicement, occurred in 73 9, of group I and m
67 % of group II The frequency of phicholites on one or both sides i the
pelsic ety was 40 9% 1n both groups

Dascussion

The visceral pelvic veins may be studied roentgenologically by mews of
retrograde pelvie, transuterine or sclective renal phlebography, 4 successful
cxammation with any one of these three methods requires, howeser, cerfun
conditions

Contrast filing of the visceral pelvic vems at pelvc plilebographs with
stmultincous compression of the inferior vent cuv1 may be achieved when
valves are Iehing i the internal shine seins and 1n the utenine or vesical veins,
or when valves are present but incompetent to the pressure resulting from the
compression These conditions were obseryed 1n 11 of 29 patients Viscertl veins
were contrst filled for only 1 few centimeters, but whether they were utenine
or vesical vemns could not be ascertuned No anastomosts between the ovrin
van wnd 1 uterine vein, 1s measured by Heranper & Linbpovw, wrs con
trast filled 1n 1y of the pattents in the present matenal

Necessary canditions for the demonstration of visceral pefvsc vems watlh the
transutenne techmque re that the contrast medim be deposited m the
myometrium nd that its passige mnto the pelic verns be rapid Accelerationof
the passige can be achieved by 1 previous myection of by aluromdase nto the
myometrium Transuterine phlebography 1s 1 common nd relible method for
obtumng contrast filhng of the visceral pelvic vens

It 15 essentinl for 1 study of the viscernl pelvic veins by means of selecine
feft sided renal phicbography that there be no valies n the left ovaran ven,
or 1f present that they be mncompetent It was noted 1 wn 1topsy materil
(ANLBERG ¢t coll 1965 1, b) that these natomic conditions evsted 1n about
half the number of the women and that the muyority of these, more often
multiparae than nullipirae, had incompcetent valves A comparison of the
results obtuned 1t selective left sided renal phlebography 1n erect nd supie
positions seems to ndicate that the former posture has certun ady 1ntges
Bettcr, or at least the same 1mount of information was ohtmuned m 2l prtients
but one, when they were examined erect, 15 compared to supine The excep
tion was 1 patient m group II, in whom the ovarn et w1s contrast hited
for 1 few additional centimeters when supine The cuse of this dinvergent
finding may be that no exposure wis made 1t the moment of mrximai contrist
filling of the ovarian yein with the patient ercct
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the vems 15 often noted The valves probably become incompetent for this
reason and anatomic condations for a flow 1n a retrograde direction will thus
be present Retrograde flow may mcrease the width of the pehic veins how
ever the same factor which causes the widening of the oranan vein rght also
be responsible for the widening of the pelvic vens Oceasionally  autopsy
speaimens from nulliparae had wide ovanan seins and imcompetent valves
therefore factors other than pregnancy mav be of etiologic importance

The veins of the ovaman and utenne plexuses are wider with peluc van
costties than under normal condinons Since the pelic vemns were not filled
with contrast medium 1n group I (except one case mestigated by means of
selectine ovanan phiet phy) the possible o between the wadth of
the ovarian vern and that of the pelvic vens could not be stucied by means of
a comparison between the groups On the other hand a sigmficant relation
between the diameter of the ovanan vemn and that of the utenine vems was
evident 1n group I Patients with wide ovanan veins also had wide uterineveins
In order to compare the two groups 1n regard to the width of the uterine veins
some patients from groups 1 and II have been examined with the transutenine
techmque (Crpener & Eprupn) Addwsonal information on the direction

of flow of the contrast medium in the ovanan verns may also be obtamned with
this rmethod

SUNMMARY

Percutancous selectine tenal phlebography has been carried out i 75 female patents in the
erect pos uon The enhire ovanan semn and some of the pehic verns were contrast filled 1n
60 4 of the patients In analogy comparnng the findings 1n men with and without varicocele
and the results of the present imestigation 1t 15 sugoested that pelvic varicosities exast when
at renal phicbography an ovarian sem s entirely contrast filled in a retrograde direction

ZUSANMMNENFASSUNG
Perkutane selekt vc renale Phl
vorgenomemen 1 60

~urde an 7o P n Stellung
von diesen v urden die gesamte Ovanalvene und einsge der Becken

vemen Sontrastmittel gefullt £ n ¥ ergleich zwischen den Befunden bet Mannern mut und
ol AY
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751.r auteur a pratiqué une phlébographe rénale selectine Ppercutanée en station debout chex
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without pelvie varcostties the mterval was 3 mimm while the corresponding
figure presented by ToroLanskr StFRrA was 20 see Thel itter 1uthor morcorer
observed that the disapperince time mn certan mstances of pelic vancosities
w1s normal Thus, no uniform roentgenologic criterr for the presence of
pelvic varicosities could be found in the hterature

It has been muntuned (Matrson 1936) that vanicocele scroti 1n men and
peliic varicosities 1n women are nalogous conditions At selectnne renil
phlebography 1n men with and withont v aricocele scrotr (AHLBERG, BARTLES,
CmperrL & FriTjorsson), the dinmeter of the spermatic vein varted between
t and 11 mm 1n patients with varicocele, while the corresponding values
for patents without varicocele were 3 and 7 mm Varncocele thus essted
cven though the dirmeter of the spermatic vemn was no greater than that
m subjects without varicocele On the other hand, Il of the pattents with
1 dinmeter of the spermatic vemn over 7 mm had vancocele The findings in
women 1n the present 1y estigation were s follows In group I, with complete
retrograde contrast filling of the ovarn vemn, its dinmeter was between 3
and 14 mm In group 11, comprising patients in whom the ovanan van wis
only partnlly contrast filled, the corresponding yvalues were between 3 and
6 mm Osvaran scins with dinmeters between 3 1nd 6 mm therefore occurred
i both groups When the drimcter exceeded 6 mm, retrogride contrast
filling of the entire ovanan vein occurred m every nstance The gonidal
vemn m men with yancocele was sigmficantly wider than i the group wathout
varicocele, and the same was true for the women 1n group I, 1s compared to
those 1 group IT Since 1l of the subjeets with varcocele scrot had retrogride
contrist passage mn the spermatic ven, and this finding was never obsenved
in the control group without varicocele, 1t would scem reasonable to evpect
anlogous findings in women Tins would imply that pelvic varicosities exist
when complete retrograde contrast passige 1s demonstrated m an ovanian venl

The precise cause of the occurrence of peluic varicosttics n women 15 16t
clear It has been suggested (Heranper & Lmosow, Troere & Naww) that
the condition 13 only observed 1 women who have borne cluldren ANLBERG
et coll (1965 b, 1966} 1n an 1utopsy materal, found that pregnancy was fac
tor of importance m relation to the width of the ovannven and the occur
rence of mcompetent vafves The width was significantly greater nd the frcd
quency of incompetent valves sigmificantly Iigher m multipare s compw‘r‘c‘c
to nulipirre  The validity of the first obsers 1tion has been confirmed 1n e
present maternl A comparnison between groups 1 and 1T disclosed m“qu
frequency of multigrividie was greater in the former but the difference ;
not statistically sigmficant The ovarn vems widen during pregnan )r
(Hopgrson 1958) and even long after 1 pregnancy 1 certun widemng ol

N

~a
4



RENAL PHLEBOGRAPHY I\ FEMALE PELVIG V ARICOSITIES 211

Hiwscrer W M Die Phiebographue der ticfen Beckenvenen emschliesslich der V casainferior
(Em bericht) Fortschr 82 (1955) 741

Honckmsos C P Physioloey of the ovanan vems durng pregnancy  Obstet Gunec |
1953) 26

Hw(ms])z R and Ctms D D Utenine phlebography Amer ] Ob tet Gynec 83 (1967)

miﬁt D der mttels Senenphleborraphie Forischr
Rontgenstr 78 {1953) 449

Lesswan F P and Waroror G M ‘The value of mtraosseous venography in tumours of the
female pelis Acta radiol 50 (1958) 501

Marmr G Note chmeo-statuche sul vanco ¢le pehico Clin obstet minee Roma 5272
(1930) 65

\Marrsov C H Vancose veins of the broad ligaments Minn \ed 19 (1936) 376

Mitter S A and havaver A B Uncomplicated vanicose yeins of the female pelvis Amer J
Obster 51 (1903) 480

Opwan Py kateter for kontrastundersokning av hjartat och de stora karlen (Swedish)
Nord Med 5 (1955) 1577

PAu K VisEGRADY L und S ] Die Phlebographie des Klemen Beckens als gynakologssche
diagnostische Methode Zbl Gynak 83 (1963) 224

Perkovic S Darstellung der Beckenvenen durch
79 (1953) 739

Raveer Kopscn Lehrbuch und Atlas der Anatomte des Menschen Vol 11 16th ediuon
Georg Thieme Verlag Leipzig 1941

Ricuer M A Traié prauque d anat med co-chir F Chamerot Librawe Editeur Panis
1857

Scusster R und Heew G Die Phlebographie des Uterus Ein neues Instrument zur Dar
stellung der Ut m R bild Fortschr R 98 (1963) 610

Taverwmr J et Lance D La phi¢boeraphic utérooanienne gaiche (Premiers résultats )
Presse méd 73 (1965) 863

Tavtor H C Pelvic pain based on a vascular autonomic nervous s
Obstet Gynec 67 2 (1954} 1177

Toroansii Srerra R Peluic phlcbography Amer ] Obstet Gynec 76 (1928) 44

Weoman S P and Hazsov R A Pelvic phlcbography Ob tet and Gynec 15 (1960) 73

Wege Fortschr Rontgenstr

ystem disorder Amer J



<10 N CIHIDEREL

RLTTRENCES

Anworre N L, BartLLy O and Ciinesrr N Retrograde contrast filling of the left gonadal
vam Causes and conscquences Paper read at the 25th Nordic Congress of Medieal Ra
diolagy Odense Denmark 5—8 Junc 1963

— — == (1) Retrograde contrast filling of theleft gonadal ven Aro nteenologic ard anitom
seal study  Acta radiof Dingnosts 3 (1965) 385

— — = (b) Circumfercnce of the left gonadal vein An anatomical and stabstical studs
Acta radiol Diagnosis 3 (1965) 503

— — — Rucht and left gonadal vans An anatomical and statistical studs  Acta radiol
Dingnosis 4 (1966) 593

— — — Renal and gonadal vemns The occurrence of yalves correlated to the termination of
the gonadal veins To be publ n Acta radiol  Diagnosts

— — — and Irmrjorssoy A Phlcbography n vancocele scrots Acta radiol Diagnoss 4
(1966} 517

BarTLry O Venogriphy m the dingnosis of pelvic tumours Acta radsol 49 (1928) 169

Baux R et Pournirs ] Techmque de la phlébographie pelvienne Presse méd 58 (1920) 431

Broe A Intraosseous venography of the lower himb and pelus Brat J Radiol 27 (1924)
318

Borris U and FErnsTROM I Artertovenous fistulac of the uterus and adncxa An arteno
graphic study Acta richol 19 (1958) 1

Bune and Lictvre H  Utenine phlebography Act1 Obstet Gynee scand 43 (1964) Supp!
7 124

Castada G A Peluc varicocele Surg Gynec Obstet 40 (1925) 237

Cruprrb1 N and Forunon K QO Transuterine phlebography with parucular reference to
pelvic vanicosities: Actr radiol Diagnosis 7 (1968) 1

Datats 8 § Purnvtt A A and Backwan A L The apphication of pelvic venoraphy to
diagnostic problems associnted with cancer of the female genital tract Surg Gynec Obstet
ag (195%) 735

Ducuing ] Guunry P InjaLsrrt A ctcoll  Les différentes voies d exploration pelvienne
par 11 phléhographic J Radiol I lectrol 32 (1951) 713

DupLes A P Varicocele sn the female What s its influence upon the ovary N Y med J
48 (1888) 147

Fowuvont K O Pelvic varicosities i women A preluminary report Acta Obstet Gynee
scand 43 (1964) Suppl 7 118

Emge L A Varcose vews of the female pelvis A prelinunary report Surg Gynec Obstet
32 (1921) 133

— The surgical treatment of varicose vemns of the femnle peliss J A M A 85 (1925) 1690

Fariias I L Abdominal venography Amer ] Roentgenol 58 (1947) 299

Freere H und Namik G Dhie Vancocele pelvina muhiebrum als selbstandiges Erankheits
bid Zbl Gynak 76 (1954) 392

TotnerGiLt W L A lecture on varicocele i the female Brit med J 2 (1921) 972 -

Grerrz T Some aspects of the techmique in pelvic phlebography Acta radtol 43 (1955) 4

Guiner P et Bavx R La phlébographie peluienne par voics vemeuse 0sscus¢ ct utérn®
Masson & Cic Parns 1954 «d

—— — VoisiN R et Paiic J  La phlébographie pelviennc par voic utérme Bull F
Gynée Obstét frang 3 (1951) 709

Hrranprr C G and Lixonowt A Retrogra

de pelvic venography Acta radiol 51 (1959) 401
— — Varncocele of the broad ligament Acta radiol 53 (1960) 97



URFTERIC IMPRINT CAUSED BY THE LEFT CONADAL VEI 213

Usetene unpnat duc to widened veins has been described with renal vein throm
bosis ( AsrsnoLsr 194 Scanton 1963) and with vancosities i the umcr;c
vens (Beruan & Corrtasn 1053 haswus & Joerr 1926 \Wooparp 1962
Grreswatce Burros & Nackpuairay 1963 Raursas & Maxnrrr 1964)
1\ 00bARD observed varicostiies 1n the uretenc vems in a case of vancocele scro

Tavror & Bovrs (1964) descnbed muluple notches m the left ureter which
according to the authors mterpretation were caused hy a varicose ovarian vein
Pyelography of a 4B-year old woman with a stone the left ureter revealed
pyclovenous back flow to a vem that emptied imto the vemns i the medial
portion of the upper pole of the left kidney instead of into the left renal vemn
According to the authors the vem was a dilated ovanan vemn with an anomalous
course The vemn caused muluple natches n the upper thied of the ureter No
reports of wmilar (ndings appear i the lterature The present authors hae
howtver 1n several instances observed indentations ante the uruter at the ate
where 1t was cro sed by the ovanan vein

Vatenial and Vethod The matenal was selected from a group of 72 women
and 33 men who bal been investigated with selective left renal phlebography for
the demonstration of pelvic vancosities (GuinFker) and varicocele < roti { \mr
BERC et co'l 1966) The present material (30 females and 13 males) includes
only those patients 1n whom the left ureter as well as the left gonadal vein were
contra t filled Of the 30 women mvestigated 19 had pchic vancosties Left
saricocele scrott had been demonstrated 1n 9 of the 13 men

Urography with compression of urcters was not performed  Selectise renal
phlcbography was camed out {ollowing percutaneous puncture of the femoral
vem (usually on the left side) and mserion of a catheter The patents were
examned enther in the erect position or both erect and supine

Results

Ten of the 30 women had a clear impnint on the ureter at the site of the
crosang of the gonadal vern This change was not obsersed 1 any of the men
Of the 10 patients with urctenc impnnt eight had pelvic vancosiies The width
of the impnint varied between 3 and 12 mm and was 1 aight patients 1he same
as the diameter of the gonadal ven while 10 one 1t was 2 mm and i the
Temaimng patent 1 mm wider than the ven The mpnnt was observed only

at the site of the crosing of the ven and appeared as a band ke cransocaudal
decrease of contrast medum always with

N af cons parallel lateral margins {his 1 and 2)

changes were d d 1n the unna;
ry tract there was
no hydronephiross or hydro-ureter The only dillerence 1n regard to the imprints
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URLTLERIC IMPRINT
CAUSLED BY THL LEI'T GONADAL VEIN

by

O BawrTiFy and N Cuipenrr

Urcteric changes with stricture, stenoss or miprine m1y be ciused by 1
number of diffcrent conditions The following causes apart from the presence of
stones are included 1n the hterature

1 Tumours bemgn or malignant 1w or around the ureters ( Apestouse 1996
ALTVATER 1956 TrrrcasT & Scmvarzen 1957 Woop & Howr 1958)

2 Perurcterte endometrionts an unusual localization of 1 common condition
(Cmnn - HorTton & Ruscnr 1957, Berriy, Warpway, Wurte & McLan
1964)

3 Leuhoplahin of the urcters (Fars 1954 Baron 1935)

4 Retroperitoneal fibrosis (Oryonb 1948 Braprierp 1953 CurisnoL,
Huren & Boiowry 1954 Tozzi & Murrmy 1957 Mirparp & Wiwan 1959)

5 Nonspecific uretentis an extremcly rare condiion (Norme 1958) wnd
tuberculosis (Frivtann Danr 1955)

6 \alves mn the ureters described m only 1 few ces (RoperTs 1956)

7 Imprmts on the urcters caused by vessels These changes may be ¢sed
by accessory renal arteries (WEISLFDFR, Enmricn & Sciurueister 1962) or
widened collaternl artcries due to renal arterial stenosis (Isaac Brey TEMAIN
& Movius 1957, Tromas & Lewin 1961, Harrern & Lians 1962 WooDarD
1962, BerLin & WarLpsan 1964 Frencarny 1968 Wone & Crow 1964)

Submutted for publication 27 February 1967
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CRETERIC IMPRINT CAUSED FY THE LEFT GONADAL VERN

Fig 2 Left cn ! phlebog aphy 1n a mult pa a Leff 2w at 1 second

flow na€mmwdeoran nven Reghtorw at 12s conds a 6 mm wide uretenc
mmp ntacth cossngst

etrograde

Fig 3 U og aphy 1n a null para A 3 mm w de urctenc mpriat {arrow) p obably
cau cd by the  ros ing left gonadal v 1n

assocsated with wide left ovanan veins and pelvic vanicosies The imprints had
characteristic appearances and were observed only at the crossing site The
muluple notches n the ureter of the patent reported by TaxLor & Boves are

ot partculady clear m thew slustration The patient had net been examned
wath s fecve renal phiebography

m with pyclography The authors
asumed the vein to be the ovanan vern However with due regard to the course
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L . L
b

Iig 1 Left renal phlcbography in 1 mulupara 1) At 3 seconds retro
grade flow 1n a 6 mm wide ovanan vein b) At 40 seconds 2 6 mm
wide ureteri imprint (Arrow) at the crossing site

observed 1n the supine as compared to the ercct posttion was the levdd at which
the ureter and the gonadal vem crossed The crossing site was about one vertebra
more caudal with the patient creet 1s compared to supine and usually occurred

at the level of L3 or L4

Discussion

The abdomimnal portion of the left urcter hes immediately ventral to the
psoas muscle and crosses the gonndal vessels caudal to the middle of the muscle
The gonadal vessels are ventral to the urcter at the crossing and caudal to this
pont the blood vessels lie Iaterally (Rauner Korscn) the crossing thus cor
responds closely to the sie of the imprints described These impnnts were
observed m 10 women (33 %) which can be considered 1 conspicuously
ligh figure compared to the statements i the hterature  One powible
reason for the high frequency s that the matcrial has been selected and
comprtses only thosc patients 1n whom retrograde contrast filling of the gonadal
vem was obtamed At selectve renal phlebography This back flow s usually
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SUMMARY

An 1mprint o the left ureter at its crossine with the ovanan vein v as obsened 12 10
\ omen This change per se lacks patholomc mportance but of the imprint 1s broad it may
indicate  1dening of the ovanan vem which occurs mostly 10 women 1th pelvie vancosities
The demonsteation of a uretenic imprint 1n such a patient should mdicate selective renal
phiebooraphy to venfy the dingnoss

ZUSAMMENFASSUNG

Ein Abdruck der Orarialuene wo diese den Ureter kreuzt wurde 1n 10 Frauen obseniernt
An sich hat dueser Abdruck heinen pathologisch diagnostischen Wert aber 1 enn besonders
brext deuter er auf eme erwe tente Orasiaheme han wie s ¢ gewohnlich bet Varkostat der
Beckemenen vorkommt Fall man emnen grosseren Abdruck 1m Ureter findet sollte eme
selektine renale Venographie \orgenommen werden

RESUMF

Tes auteuts aut abseece chez dux femmmes une emprewte sur Luretere gauche 3 san craise
ment avec la veme ovanenn  Cette empreinte o a en so3 aucune importance pathologique

mais quand elle ¢t laroe elle peut indiquer un elarms ement de Ja veine manenne qus
ewste le plus souvent chez des femmes atteintes de vances pelviennes La constatation d une
empreinte vreterale chez ces femmes devrait Tare poser 11ndication d une phleborraphie
renal sclectne pour venfier ce dianostic
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of the vessel, this seems hardly possible, 1t does not empty nto the renal vein but
into the vans in the upper pole of the hidney, and the cranial portion of the
veu 1s considerably narrower than the caudal part The latter part hes, as op-
posed to the usual course of the ovanan vemn, medial to the ureter and 15 not
contra.t-filled as far caudally as the pelvis The course of the ven 1s thus not
typical of that of the ovanan van, and the notches do not have the charactenstic
appearances of the impnnts noted n the present materal [t therefore eems
doubtful that the ureteric notches described are caused by the ovanan ven The
site of the sein and yts overall appearances correspond well with varicose ure enc
vemns descibed by e g Beryan & Coretasn [he cramal portion of the sem
demonstrated by Tastor & Boyes 1s probably that of a renal pelvic vemn, a
calculus lay 1n the ureter None of the impnnts 1 the present material was 4c
companted by hydronephrosis, hvdro-ureter or other pathologic proce.ses i the
unnany tract

Despite the fact that the smprints in the present matenal were stuated at the
crosaing of the contrast filled gonadal vesns, the changes could have been caused
by the gonadal artenes, since these vessels course together at the crossing of the
ureter The fact that the width of the impnnts almost exactly corresponded to
the diameter of the associated gonadal veins and that they vaned m width from
3 mm to 12 mm mdicates that the changes were by the vein and not by the
artery In an earlier aited report (Cinener) the width of the gonadal vem has
been <hown to be considerably ncreased in the presence of pelvic varicoaties
This condition occurs maimnly among multiparac  \ter repeated pregnancics
there 15 a statisucally sigmficantly mereased frequency of ncompetent vakes
the gonadal veins

The ureteric imprints were not obsersed 1n the present matensal at urographt
performed with ureteric compression and 1t cannot therefore be stated with
certamty f the changes are demonstrable under such condions A ureterc
impnnt can also probably be effected by a gonadal vemn of normal width The
authors have recently noted uretenic 2 to 3 mm wide imprints at the crossing
site (F1g 3) m two patients at urography after release of uretenic compression
Both paunents were young childless women Selectine phlebography was not per
formed 1n the renal vemn and probably would not have provided any addional
information since the retrograde contrast passage n the left gonadal vemn usually
occurs m multiparae with incompetent valves n the ovanan vem

Even if the impnints descnibed lack pathologic importance from a urolcg;i
pomt of view they can give nformation on the width of the gonadal vem
a wide mmpnnt on the ureter s observed at urography, te more than 5 to 6 mm
wide this finding should suggest the presence of pelvic varcosies and lead to
renal phlebography for venfication of the diagnosis
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SUMMARY

An 1mprint on the left ureter at its crowsing ¥ 1th the ovanan vem was observed i 10
\ omen This change per s¢ lacks patholoeyc importance but 1f the ympnnt 1s broad 1t may
mdicate widenng of the ovanan vein which oceurs mostly tn women with pelyic vancosities
The demonstration of a usetenc wnpunt 1 such a patient should indicate selective renal
phiebography to ventfy the din nosis

ZUSAMMVFNFASSUNG

Ein Abdruck der Ovanahene 3 o dhese den Ureter kreuzt wurde 1 16 Franen observent
An sich hat dicser Abdruch heinen pathologisch-diagnostischen Yeert aber + enn besonders
bren deutet er ouf eme en e terte Ovanalsene hun wie s ¢ gewohnlich ber Vanko war d
Beckensenen vorkommt Falls man emen grosseren Abdruck im Ureter findet sollte eme
selektive renale Venootaphie vorgenommen v erden

RESUME

Les auteurs ont observe chez dix femmes une empreinte sur Luretere gauche a son crowse
ment asec 1a veine ovarienne Cette empreinte n a en so1 aucune importance patholomique
mars quand elle e ¢ large elle p ut indiquer un elargis ement de 1a veime evarenne qui
euste le plus souvent chez des femmes atteintes de vanices peluiennes La constatation d une
empremte ureterale chez ces femmes devrai faire poser 1indication d une phleboeraphie
rénale selectne pour vertfier ce diamnostic
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ANTERIOR MENINGEAL BRANCH OF THE
VERTEBRAL ARTERY

by
T Grerrz and T LAures

The p 1 arte: d 1 current textbooks of anat
omy appears to be the only meningeal branch ansing from the extracramal

portion of the vertebral artery apart from the meningeal artenes of the cer

vical dura that has been dealt with 1n the hiterature Its radiologic appearance
has been described by DiLEAGE et coll (1965) and Hawsins et coll (1966)

‘Thes artery supplies the occipital portion of the posterior fossa dura and the
adjacent portions of the tentorrum and falx It arises from the mam trunk of
the vertebral arttery between 1ts second bend and the foramen magnum We
have however observed another meningeal artery during vertebral angio

graphy and at autopsy which anses more caudad and supples the upper
anterior cervical dura and adjacent structures 1n the condylar region We have
named thus artery the anterior mentngeal branch of the 1 ertebral artery

Matenal and Methods Fotty out of 125 narmal vertebral angiograms were
techmeally sausfactory for a close study of the antersor meningeal branch
1t was observed 1n 19 cases The small proportian of sausfactory angograms
may be explained mainly by the facts that the upper cervical area had not
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ANTERIOR MENINGEAL BRANCIL OF THF AYFRTEBRAL ARITRY Eatnid

branch 1s small
9 Ap and later 1 angiograms from a novmal ¢ ¢ The anten r men nge |

fi\ andan ik lateral vicw s p o) t d close 1o the psterior margin of the bedy f the axis
(I th vert Lral areries filed b ¢ u ¢ of proumal occlu ton on the Jeft side )

speaimens up to the level of the foramen magnum where 1t ended 1n several
smnll twigs to the dura

‘The subtraction techmique proved helpful in studying, this s essel at vertebral
angiogriphy especially 1n a2 p views The anterior mentngeal artery, except
ing 1ts proximal part lay inside the spinal canal m both projecuions (Fig 2)
The artery could generilly not be traced all the way up to the skull base
When filled on both sides 1t was scen i the a p view (Fig 24) to follow the
same symmetric coursc 1s 1 the autopsy specsmens The first part ws usually
projected 1 the lateral projection mto the second intervertebral foramen and
postersor to the first bend of the vertebral artery The remaming distal part
niways closely followed the postenior aspect of the vertebral bodies and was
frequently projected anta the mua trunk Due to the normal tortuossty of the
vertebral artery the meningeal branch lay both antenor and at the second
bend postenior to the main trunk (Figs 2 3 and 4) It was always projected
antenor to the anterior spinil artery (Fig 3) The distal part of the anterior
menmgeal branch continued 1n three cases through the condyle with 1 course
carresponding to the antenor condylar canal (hypoglossal canal} In one case
1t wmastomosed with the ascending pharyngeal artery to form an arch through
the occipital condyle (Fig 4) Connections between the ascending pharyngeal
branch of the external carotd artery and branches of the vertebral artery have
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Fig 1 Ilastic casts of irteries and yeins in 1wo speaimens
demonstrating the raterior meningeal branch of the verie
bral artery {+—) The darker background 1s formed by
the mternal sertebral venous plexus a) and b) \p and
lateral views from 1 male 31 years old ¢} \p view from
a femmale 67 years old [he branch is shghtly tortuous and
gives off numerous small dural twigs

been sufficiently exposed or had not been included m the films The technique
used 1 most of the cises was direct percutancous puncture of the vertebral
artery, s described by Linperen 1950 ind modified by Sjooren 1923 Two
crdavers, 1 which the vertebral arteries 1nd the vertebral vons had been m
jected with 2 viscous cold polymerizing plstic mixture (VW ESTBERC 1963},
were nalible (sec Grerrz et coll 1962)

Results and Discussion

The origin wnd course of the two 1nterior meningenl arteries were symmetric
1 both cdavers The artery arose from the mun trunk mmntedrtely below
1ts first bend At the level of the s (Fig 1) wnd passed medially through the
mntersertebral forimen anterior to the dural sheath of the third cervical nerve
root and 1ts surrounding vewns It then ran upwards and shghtly medinlly n
the sprnal cnnl, situtted ventrally and closely 2djacent to the eprdural vens,
1t gave off several branches supplying the dura It could be followed both



ANTERIOR MENINGEAL BRANCH OF THE VERTEBRAL ARTERY 223

been reported by RicuTER {1923), WIEDENMANS (1962) Scupcurer (1964)
and Nmrung et coll (1966) but the vertebral branches were not those
descnibed 1n this paper

Pathologic changes m the antenor memngeal artery may be of diagnostic
sigmficance as demonstrated by the case of a glomus jugulare tumour ilustra
ted i Fig 5 The main attenal supply was ders ed from the external carotid
artery A significantly dilated and tortuous antersor meningeal artery feeding
a small postenor part of the tumour abose the condyle was demonstrated at
vertebral angiography This region of the mass was not filled from the external
carotid artery

SUNNARY

The anatomy and the h s of a hitherto T antenor menin
geal branch of the vertebrat artery are descnbed The diagnostie sigmficance of changes
this branch 1n a case of glomus jugulare tumoue 1s discussed

ZUSAMMENFASSUNG

Es wird uber das anatomische und angiographische Ausschen emes Memingealastes der A
vertebralis benchtet der fruher in der Literatur micht beschrichen worden st e diagno-
stische von pathol Al dieses Astesin einem Falle von Glemus

tumor der \ ena juculans wird erortert

RESUME

Description de | anatomue et ded aspect

d une branche é
de lartere vertébrale qu jusqua mamntenant navait fat ] objet d aucune publication
L auteur examine son importance pathologique dans un cas de tumeur du glomus jugulaire
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| B A b 1

Iig 3 Iateral siew mormal g 4 A\ p and lateral views normal case The anterior menn
cise showing the anterior geal branch («—) extends through the ocaipital condyle (probibh
spinil artery («+—) and the through the antenor condylr canal) and anastomoses with the
anterior meningenl branch of  ascending pharyngeal artery (+—)

the vertebral artery (o)

Mg 5 Ap and lateral views from a case of glomus jugularc tumour The anterior nﬁmngc:
branch (—) 15 wide and tortuous wnd supplies the postertor part of the tumour (=) (The ml
artenial supply s derived from the external caron | artery
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NEPHROANGIOGRAPHY IN PERIARTERITIS NODOSA
Report of a case
b

Frrrz Ersen and Urr Lorenzes

Penartenitis nodosa (pan or polyartenitis nodosa) 1s a histologically well
defined entity among the collagen diseases The conditton 15 charactenized
bv mitial fibroid necrosis of the vessel wall succeeded by the formation of
granulation tissue with resulting scar Iike stenosis of the vessel The muscular
artenies and only exceptionally the veins are affected The lessons may be
dssseminated or confined to a few organs (Diaz Rivera & Mirer 1946)
In some cases only the smaller arteries and the arterioles may be mnvolved
Palpable tinckemng along the artenes may be present as mdicated by the
name (husswavn & Mamr 1866) The diagnosis can however be deter
mined culy hustologically

Numerous reports have appeared on the macroscopic and mucroscopic
lesions which are almost umiform 1n all organs (Gruser 1925 ARk 1930
Diaz Rnvera & Mirer) Reports on the angiographic findings are few
however Brov Strorr & Smarro (1965) publshed the first case of pen
arteritis nodosa 1n which abdominal aortography was performed Fremme &

for L 5 December 1966

15-68304 4¢ RJ lg Duag ub I7(198)
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Livoerry L Percutancous angiography of the vertebral artery  Acta radiol 33 (1950) 383

Nurting D Wouuscuraecrr P and Worrschitaccer G Ascending pharyngeal — sertebral
anastomosis Amer J Roentgenology 98 (1966), 599

Prevworr B Topographische Anatomie Band 4 Urban & Schwarzenberg Wien 1957

Ricnter H R Collaternls between the cxternal crrotid artery and the sertebral artery m
cases of thrombosts of the mternal carotid artery Acta radiol 40 (1903) 108

Scurenter M Occipital vertebral anastomosis J Neurosurg 21 (1964) 708

Sjocren S F Percutaneous vertebral angiography  Acta radiol 40 (1953) 113

Wistpere G Anatomic casts made by 1 corrosion method Acta radiol Dragnosis 1 (1963)
946

WirpLnsany O Fine extrakramelle Anastomose zwischen dem Versorgungsgebiet dep A
carotis externa und der A vertebralis Fortschr Rontgenstr 96 (1962) 201 4

Wortscirarcrr P ound Worscuraeckk G Fine infratentorselle  menmgeale Artene
Radewologe 5 (1965) 451
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“ Fg 2 Nephoge ph B se The contrast lead
§ ngisheterog ne 3

<4t B

The nephrographie loading (hig 2) was very wregular areas of normal contrast denstty
alt rnating  1th others of sl ght oc no loading By superpostuon the losded areas \ ere found
1o be vasculanzed esen if the arteries were abnormal Only few or no arteries were present
1n the ar as of no loading As the size and shape of the kidney were normal and no typical
tumour vessels were endent a new groath was considered unhkely Mo radiologic diae
nosts v a3 made

“The serom erestimne sose from 0 7 10 1 4 mg per 100 m! and a dasly protews urea of 5 g
was recorded at the time of genal angwoeraphy The urine contained no ¢ lis ot eyhinders

Renal bopsy  as not performed because of the severe hypertension and poor general
condition Hepate biopsv previous to the hypertensne ensis had indicated acute hepatits
while skin and muscle biopsies were normal

Shortly after the recording of hypertension a penseardial tub was heard and transutory
ECC changes tndicating myocardaal infarction of the antetior wall were recorded The
bypr 1 was partly by antibvg medication As penattentss nodosa
w2 vom 1T e most Dkely diagnoss the p1 ent was given glucokorticosteroid (prednisone)
A5 00 improvement was not<ed a cytofone agest (tmuran) was added The wreatmem
proved weffective hawever and the patent died from cardiac and senal ssufficrency 67 days

after admisnon

tutop y The kidneys measured 12 em « Sem x 4 cm The capsules adhered 10 3 ey
wregular surface with numerous shightly clevated mfarctions surrounded by nasrow red
zones the infarctions reached the papillac and were separated from one another by dark

ateas The rena) artenes were macroscepically normal o specific changes were apparent
1 3ny other organ The brain was also normal
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Iig 1 Selectine ujection snto right rena) artery
eatly artern] phase  The renal artery and pr
mary branches were norul on bith sides but
the peripheral arteries were fewer and shorter
than normal The adrenal artery and some of
the artertes 1 the lower pole are constricted 1
prts (1rronsy

StLrN (1965), Crubacen (1966), and Kineam (1966) hawe pl’O\ldt(l three

more c1ses

The charactenstic radiologic findimgs m the visceral type of the disease
are arterinl aneurysms and rireficuon of the smaller arteries, particulwly
the hdnoy and mtestine: The vascular changes tend to differ from one ese

to wother
Case report

Amale aged 37 was adnutted for collagen discase with 1bdomunal pun vomiung e
treme loss of werght and shightly rused temperature When 10 years old he had suffered from
uncomplicated rheumatic fever no history of artertal hypertension or renal discase Lhe
arterial blood pressure was normal but after 1 month the patient developed arternl hyper
tension 1ccompanied by repeated general comulsions Left side carotrd angicgraphy fur
nished no evplination for the comulsions Ophthalmescopy revealed fundus hypertontcus
grade 1

As urogriphy suggested changes in the night kidney nephroangrogriphy was performed
with inyection of Urografin 60 ©  through 2 catheter introduced from the right femoral
R ‘mal on
Aephroangiography  The renal arteries and primary branches turned out to be nor
both sides whereas the penipheral arteries were fewer and shorter than normnl This \\a;
particularly evident after selective mjection mto the night renal artery (Lig 1) Some ol
the arteries of the lower pole had long dilatations and short constrictions and similar changes
were seen 1n the nght adrenal artery An ancurysm was present in 1n interlobar arters o

the lower pole



92
NEPHROANCIOGRAPHY IN PERIARTERITIS NODOSA 229

case whereas both cases had rarefaction of the penpheral artenes 1t 1s prob-
able that the penartentic process has been demonstrated n different phases
and that the madence of aneurysm formation m3y vary from ont Tase to
anather

A heterogeneous neplrogram was produced m all the cases including the
present one and may be explamed as a result of arterial stenosss accompaned
by changes 1n the hemodynarc function of the rteries

Concluston
Nephroangiography 1 this case of penartents nodosy was performed
shortly after the development of signs of marked arteral hypertension nd

renal damage The observations correspond to those previously published
and probably wmdicate actne vascalitis

SUNDMARY

The anguographic appearances of the kidneys m a case of peniartenius nodesa are deserrbed
The various stages of the condition with sp-ctal reference to pathologic features are discussed

ZUSAMMENFASSUNG
In eincrm Fall von | nodosa wird das phische Bild des Niere®
Die verschiedenen Stadien der Eskrankung und shre pathologischen Ersch werden
erortert
RESUME

Description de 1aspect angiogtaphique des reins dans un cas de pénariénte noueuse

L auteur étudue los duverses phases de cetee affection en particulier au point de e anatomo-
pathologique

REFERENCES
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astie value of an;
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Hustologie exammation ‘The rteries of the kidneys and the striated museles had wide spread
scar like thickenings with stenosis and even complete occlusion Numerous anenuc infare
trons surrounded by reactive zones of very few cells were present 1n the kidneys Fibrinod
neerosts was not evident The histologic diagnosis was perartenitis nodosa 1 a late partly
healed phase

Discussion

According to Arnin (1930) there are four stages of penartentic imohe
ment of vessels In the first stage subendothehal oedemn and fibrinoid necro
sis ire present but there 1s no chimeal evidence of the disease In the second
stage the vessel wall s ainfiltrated by poly morphonuclear leucocs tes mcluding
costeplules, ind occasionnlly ymphocy tes and plasma cells The polymorpho
nuclear cells disappear in the third stage 1nd the vessel 1s infiltrated by grinu
Intion tissue, which may gine nise to thrombosis and occlusion  Aneurysms
arc often formed 1n thus stage ind may cause perirenal hematomas (OsTRuM &
Soper 1960) Tinally the vessel 1n the last stage 1s transformed nto 1 scar,
the nodult along the Iirger artenies described by Russmavn & MamEr are
formed m ths stage The mnvolvement does not proceed synchromeally i all
arteries within the same organ Acute mnflimmation and scar formation were
present m the renal vessels i one of the cases reported by Grirririt & VuraL
(1951)

Lesions 1n the hidneys are often seen 1t wutopsy ARKIv (1930) and RosE
(1957} reported n inaidence of 1bout 80 per cent Anenuc mfarctions crused
by rtenl occlusion are most frequently seen The glomeruh may howeser
be mvolved separately  Renal insufficiency 1s therefore 1 common chuse of
death m perartents nodosa (Ratston & Rvarke 1949) Albununury micro
scopic hematurin, and ¢ylindruna are present m nexrly 1l cases with renal
imolvement Rose (1957) stated that arteral hypertension was evident only
when the renal arteries were considerably mvolved

The present case had moderate albuminurny, shghtly ncresed serum
creatining, and sexere hypertension, when nephroangiogriphy was performed
The rdiologic 1ppearances of the renal arteries correspond well to the 1bove
pathologic findings It 1s probable that the mvohcment was parthy m llllc
stage of granulition nd partly i the stage of scar formation, 1s wens \n’:l
wregular arteries Iy between areas wath practieadly no vasculanzation At
eanct determmation of the stage 1s not possible, 1s no renal biopsy was done

A compartson of three of the four cases Intherto published and the present
case indicates that the formation of aneurysms may prevul, s i the reports
of Brov et coll, hineamp, and Fremne & STERN No 1ncurysms were 1pt
parent m the case published by Crupaces, and only 1 few n the presen
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case whereas both cases had rarefaction of the penipheral arteries Tt prob
able that the periarterntic process has been demonstrated 1 different phases
and that the ncidence of aneurysm formation may vary from one case to
another

A heterogeneous nephrogram was produced mn all the cases cluding the
present onc and may be explamed as a result of arterial stenosis accompanted
by changes in the hemodynarmc function of the artenes

Conclusion
Nephroangiography n this case of penartenitis nodosa was performed
shortly afier the deselopment of signs of marked artertal hypertension and

renal damage The observations correspond to those previously published
and probably indicate actne vascuhus

SUMMARY

‘The angiographic appearances of the kidneys in a case of penarteritis nodosa are descnibed
The various stages of the condimon with sp c1al reference to pathologic features are discussed

ZUSAMMENFASSUNG
In einem Fall von Perrartentis nodosa wied das Bild der \tere beschneb
Die verschiedenen Stadien der E und 1hre pathol Ersch werden
crortert
RESUME

Descrpt on de 1aspect angiographique des rewns dans un cas de pénanénte noucuse

L auteur étydie les duverses phases de ceste affection en particulier au point de vue anatomo-
pathologique
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ANOMALOUS PULMONARY VENOUS
DRAINAGE TO BELOW THE DIAPHRAGM

by

Lars Bjorn

\nomalous pulmonary venous dramage to below the diaphragm 1s a ranty
Qur matenal of 1 500 congemital malformations of the heart and great vessels
examuned by cardiac catheterization and anglocardtography contaims only fne

uch caes and less than 100 cases are described 1n the literature These mal

formations have however certain characterstic radiographic features that make
them recagnrzable m standard chest ro ntgenograms and a bnef report of the
cases may therefore be justified

The most common form 15 the abnormal dramage of the night lung 1ato the
ifenor vena cava or mto the yunclion of the latter with the nght atnum This
malformation of the pulmonary venous system 15 assocrated with hypoplasia of the
right lung and frequently with aramahes of the bronchial tre~ secondary dextro
po woning and rotation of the heart and underdevelopment of the night hem
thorax Hypoplasta of the nght pulmonary artery and anomalous systemic artepal
supply to the lower lobe of the right lung from the aorta or 1ts branches are also
sometimes present NEfLr et coll (1960) have comed the term scimitar svndrome
Tor thus complex of malformations Sixty three cases of the samytar syndrome have
been described (Roenyt Jus & Ampratz 1966) and four addimonal cases have
been obsened at our centre The age vaned from 13 to 21 years two of the

Subrmutted for publication 18 January 1967
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Iig ! a) Hypoplasia of right lung right hemithorax
and 1n anomalous vein running below the diaphragm
(arrows) draiming the nght lung (scimatar syndrome)
b) and c) Sclective angiography of the abnormal vern
entening the inferior vena cava atats yjunction with the
night atrium {arrows)

subjects were males ind two females Only one of them had marhed symptoms (©
mdhcate 1 left to right shunt, the others had no or only shight subjective symptoms
All the cases presented appearances in the conventional chest rocntgenogram
typical of the scmutar syndrome In three of them the hypoplasi1 of the nght
{ung was only moderate wnd the abnormal vew ran parallel to the night contour
of the heart to disappenr below the diaphragm  (Lig 11) More marhed hy
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a b
Fig 2 a] Hypoplasra of the ryght lus ¢ The abnormal vem i partiatly projected with n the contour

of the heart (a rows) b) Obl que s ew A muscular septum separates the nght awer Jobe Srom she
rest of fang (arrows)

poplasia of the nght lung with displacement of the heart was evident n one case
1n which the abnormal pulmonary sein termynated below the diaphragm and was
projected 1n the 2 p view partly within the contour of the heart (Fig 2a)

Cardiac cathetenzation and angiocardiography were performed m all the
cases and revealed a considerable shunt to the ifenior vena cava into which the
abnormal vemn from the nght hng draned  An awnal sepial defect was also
present m one of the cases whereas n the other three cases no intracardiac
malformations were evident Angiocardiography was performed by 1njection of
conitrast medium mto the pulmonary artery 1n two cases but n the other two
selectiee angiography of the abnormal ven from the mfenor vena cava was
preferred (Fig 1] This seems to be the best way in these condiions to
demonstrate the anatomy o the pulmonary veins

Injection mto the night side of the arculanon will usually show any anomalous
arteral supply from the abdommal aorta to the nght lower lobe If adequate
filling of the aorta 15 not obtamed by this method aortic 1jection should also be
performed Only one of the present cases had an anomalous artenal supply to
the lower lobe

One of the cases had an anomaly apparently not previously observed This
conssted of a mus ular septum separaung the night lower Jobe from the nght
upper and meddle lobes (Fig 2b)  [us septum had the appearance at operation
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big 3 Pulimonary congestion pleu
rl effusions and 4 density to
the right of the heart (arrows) con
firmed at qutopsy to be 1n anoma
lous \enous trunk druming both
lungs and termimating below the
dinphragm

of 1 extra driphrigm but when seen m the chest films w1s thought to represent
pleural thickenig Tt 1s inturesting to note that the artenial supply of the nght
lower lobe was normal in this case

The saimitar syndrome may be dingnosed practically always m ordinary chest
roentgenogrms (Figs 1 and 2) The diagnosis may however apparently be
difficult n children, especinlly m those with malformations of the nght lung
and mnflunmatory changes added to those caused by the momalous vem It
seems probable that 1 number of these cscs remamn undingnosed, particularly
those i which the momalous vemn druns only the lower and muddle lobe of the
nght lung and m which conscquently the left to nght shunt 1s small and no
cardiac symptoms arc present Cardiac catheterzation and angiographic €%
ammations e of course necessary to confirm the diagnoss i cases of powible
scimutar syndrome

Total anomnlous pulmonary venous dramage with connection below the
diaphragm 1s 1 more rare malformation Only 34 such cases hwve been desrmibed
mn the Iiterature (Lucas ct coll 1961, 1963, krats ct coll 1965) Thn mal
formation produces serious cffects m the first weeks of fe and most of the casis
reported have been fatal The only patient we have observed with tins mnr
formation was t1hen to hospital when he was three weehs old, after a week 0I
dyspnea and fever Chest films revealed congestion of the lungs and bllattltr:lo
pleural effusions, in addition to a change in the nght lower hemithorax lateral

the heart (11g 3)
The patient was given antibiotics and was digitahzed and improved for a few



ANGMAIOLS PULMONARY VENOLS DRAINAGE TO BELOW THE DIAPHRAGY 233

davs  Angocardiography was planned when the chuld suddenly developed
cardiac arrest and died At antopsy the pulmonary veins from both lungs dramed
into 2 wide channel lateral to the night contour of the hear and corresponding
to the change seen in the chest roentgenogram This venous channel emptied
below the daphragm mio a network of vans to swhich the portal ven the hepatic
vens and the ymbibical vens were also connected This network also com
municated with the inferior vena cava

This malformation of the venous system has apparently not been desenbed
before It ponds to the early develop 1 stage when the pulmonary
veins via a rete of vems are connected with the cardinal vens and the um
ilicostteliine venous system (Nerwt, 1936) In most of these cases the dranage
has been directly to the portal vem and n fne cases 10 the infenor vena cava
(Coorry & Panayots 1962) Radiographic diagnosis with ordinary chest films
15 diffecult simee 1t 15 rare for the anomalous venous trunk to b visible outside
the contour of the heart in a p films as in the present case Hargis et coll 1960
and others have stressed the sigmficance of pulmonary congestion with inter

tinal collection of fluid i the lungs and bilateral pleural effusions ;n com
bination with a normal or only moderately enlarged heart Angiocardiography
an such a case will provide a definite d and since the mall 10n may
be corrected surgically (Cootrs & PanasoTts 1962) the often poor chnical
condition of the child should not prevent such a diagnostic procedure

Addendum 1n proof

Tr o addwinnal typrcal caces of samitar syndrome hasve been obsenved 1n our department
durme the la ¢ sex months Bath patents were women 19 and 21 years of ave respe tnely
They had ymptoms of a left 10 right shunt and abrormal venous drainage of the night lung
mt the inferior \ena cava but no other cardiac abaormalities

SUMMARY

Fine cases of anomalou pulmonary senou re urn below the diaphraom v ere discovered
i a matenal of 1500 eases makine a total of less than 100 cases eported 1n the hterature
In addimon to the anomalies described one of the cases had 2 muscular septum separating

the neht lower lobe from the rest of the luny
g and one case had a complicated
tion of the infra diaphrazmatic venons system phested malfoma

ZUSAMMENFASSUNG
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RESUME

T auteur a trowve cing c1s de retour vemeus pulmonaire normal 1u dessous du dia
phrgme sur 1500 cas ce qui fait un total de morms de 100 cas publies Qutre les anomalies
deentes lun de ces cas ut un septum muscualatre séparant e lobe infenicor drot du
reste du poumon et un c1s presentait une malformation complexe du systeme veneny sous
diaphragmatique
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PHOTOGRAPHIC PROCEDURE IN
CINEROENTGENOGRAPHY

by

Ove A{aTTsSON

Cineroentgen film cannot be viewed directly but must be studied with 2
projection equipment The photographic procedure between the radiographic
exposure and the study of the projected image may be vanied in different ways
the currently avalable approaches being (1) use of only the prnmary roentgen
negatue for a reduced scale positive print or (2) use of the negatnve for study
without any pnnting procedure

The employment of 35 mm film as a roentgen negatne and later copying
of this film to a positve print on 16 mm film for study 13 a generally accepted
procedure Projection with a 16 mm projector is keld to be a useful method and
special projectars are available These factors may have mfluenced the selectton
of this technique For demonstrations to large groups 16 mm film has been
considered to be the best solution

The need for copying 1s also much nfluenced by the fact that the first nega
tive 15 often des eloped 1n such & manner as not to be entirely suttable for direct
viewing  the contrast may for example be too low

Much attention has been gnen to the question of photographic grain

Submatted fos publ eauion 26 October 1966
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RESUME

I autenr 2 trouve ang cas de retour vemeux pulmonaire anormal 1w dessous du di
phgane sur 1 500 cas, ce qui fait un total de moins de 100 cas publies Outre les anomabes
t¢eutes, Tun de ces 18 mut un septum musculaire separant le lobe wfencur drot du
texte din pousion et un cas presentat une malformation complexe du systeme veineus sous
diphnwanatigue

RETERENCES

Comty D\ and Pasavors T B Total anomalous pulmonary venous dramnage into mfenior
vent e Report of suceessful surgical correction Surgery 51 (1962) 798

Harre b B € NunasrR T B D oand Gmozos A Total anomalous pulmonary 1enoss
i below the dinphragm Roentgen appearances 1n three patients diagnosed durn,
e \mer | Roentgenol 81 (1900) 436

Nray lu 1 Marata K and Branes € Total anomalous pulmonary venous dramage
o the partal system Report of a case Acta radiol Diagnosis 3 (196) 561

1w R\ Apan P Asprreon R C et coll  Total anomalous pulmonars venous
VAW 1y the portal venous swstem | cause of pulmonary venous obstrucuon Amer ]
Konteensl o (19%1) 501
AR W K G \riarz K et coll  Coreemtll causes of pulmonary 1enous obstruc
uwm Paliar Chn N\ Amer 10 (19, 781 nclom of

N U\ Dadymaent of the palmomurs vems with reference to the embnlon
Al of palasan vemsus rera Pedemes 18 1906 £37
NN S N D € nds s H Thefumilud omcmeesee of popas
I WaR s et smena] ot wnd venos Arannre SCUTLEY svpdrom®
Wik W [all 107 1™ 2 drome

Rywme} N 13 N Y a0 N e N Radingegein faztures of the soesizs £
Nad Wy Ry Ty R

cn b
Johs



INDGREN) SERA
FROM THE ROENTGEN DEPARTMENT (DIRECTOR  PROF ERTR ul )
FIMERLASARETTET, STOCRIOLYM SWEDES

PHOTOGRAPHIC PROCEDURE IN
CINEROCENTGENQGRAPHY

by

Ove Matsson

Cineroentgen film cannot be viewed directly but must be studied with a
projection equipment ‘The photographc procedure between the radiographic
exposure and the study of the projected 1mage may be varied in different wavs
the currently avalable approaches being (1) use of only the primary roentgen
negatve for a reduced scale positne print or (2) use of the neganve for study
without any printing procedure

‘The employment of 35 mm film as a roentgen negatne and later copying
of ths film to 2 positive prnt on 16 mm film for study 1s a generally accepted
procedure P witha 16 mm p 15 held to be a useful method and
speaial projectors are available These factors may have influenced the selection

of this techmque For demonstrations to large groups 16 mm film has been
considered to be the best solution

The need for copying 1s als0 much mfuenced by the fact that the first nega

tive 15 often dereloped 1n such a manner as not to be entirely suitable for direct
viewmng  the contrast may for example be too low

Much attention has been gren to the question of photographic grain
Subm tted for publication 26 Qctober 1966
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Finc grun film for the first negatne exposure hns been sud to be essuatal,
the reduced contrnst generally 1ppearing in fine grun emulstons 1s more marhed
when the processing 1s selected with the small grun in mind An improyement
m contrist 1s possible with subscquent copymg, however It has also been
considered that copving should demand 1 smaller dose of radintion This pomt
of view 1s difficult to understand, s 21l films need 1 certam Amount of exposure
for optimum density and contrast No method of restitution for an underexposed
mage 1s 1y ulable 1nd copving can only to some extent change the general
mmpression of the 1imige Turthermore, each step of copying means 4 loss of
detul Rapud film emulsion with low contrast might be copred with an merease
m contrast but no rel addimonal mformation can be obtumed It has abo been
stressed that copying may compensate for exposure errors made in the primary
exposure but an improperly exposed film ¢ never be restored All eme
roentgenographic units have control systems for the exposure, wiuch mahes
optimum cxposurc c1sy to obtun and exposurc errors fow

Roentgen dingnostics has devcloped beyond the sole presentation of watomic
detuls To dy » more physiologic approich 1s desirable and 1t has been made
possible by the adsances made 1n motion studies It 15 most rmportant that
cneroentgenographic films be processed s rapidly as films from ordmary
rocntgen extminations so that they can be stuched without dely The loss of
time 1n copying cinefilm 15 considerable, wnd the extra cost 1s ppreenble

From the practical pomnt of view 1t 15 thus desirable to utihze the stme
prmeiples and apparatus that are 1 ulble for routine roentgen films Roentgen
films ¢ now be ready for viewing m 1 reltnvely short tume after exposure
Sumlar demands scem justified in the case of cinefilm

Lxperiences with 1 simple processing techmque for 35 mm rocentgenographic
cinefilm swited for direct use of the primary negative will now be presented
The use of 16 mm film for the primary esposure, or ny type of reiersing
process, will not be discussed, however

The same principles s for conventional roentgen films 1rc pplicable
general to the processing of cinefilm It 15 desirable to use 1 film cmulston of
Ingh contrast 1 order to compensate for the lower absorbtion dhfferences of
Ingher hilovoltages — tody up to 150 or 200 A developer that utilizes the
maximum v atlble contr st of the emulsion 1s needed nd though the types
of photographic emulsion may vary, 1 developer for rocntgen film should be
practical  An important considerattion with Ingh grmmn devcloper 15 the
pliotographic grun, and some tests have been made i order to determme 1:
truc importance The syme 35 mm cinefilm, witi 1n emudston of lugh spee
and contrast, was used for roentgenciemitography with n 1mnge amplificr
for depicting the same object 1s projected optically m ordinry camert
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o pme q)uamumg mottle  b) Image made by usibl I ght of same obyect
ond same fim which was d necally peacessed ths hos hardly any
hotographic gra 1

The object a wire with small metal balls was represented in the same seale
Both films were then processed together 1n a roller machine with the ordinary
roentgen developer The results are gnenn Fig 1

The expenments disclosed a visible grumness i the radographic smage
but this was practcally absent when the same film had been used m a simlar
manner but the image not produced by roentgen rays through an image
amplifier but merelv by vistble light The stnking graimness 1n the radiwo-
graplucally produced 1mage 1s explanable by the radiographic quantum
mottle The gramn of the photographic emulsion 15 thus m 1self fine encugh
for each radiographic purpose The advantage of a further reduction of the
photographic grain size of the cinefilm 1s therefore of httle importance for the
Sinalimage The developer used in this test was bike all roentgen deselopers
an active one which 1s not at all favourable as regards gramminess but most
satisfactory from the viewpoint of contrast

The author considers that from the practical aspect the question of photo
graphic grainmess may be disregarded when 35 mm cinefilm 1s used This 1s
mteresting i view of the great attention that has heen focussed on gram
A possible explanation 1s the fact that radiographic quantum mottle has been
confused with the true photographic grain

The g mottlemn r ams has been gnen much attention 1n
recent years (Rossvan 1963 1964 and 1962) Tis infinence upon the radio
graphic im1ge may be considerable and espeaially striking with the new high
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Fig 2 Densuy cunves for ho Tig 3 Density cunve for
dak Cineflure film processed 1n Kodak Cineflure film de
some  standard  developers seloped 1n a processing
Curyes corrected for fog (From unit{roller machine) with
De Qe Delft 1963) ordinary  roentgen  film

developer

gun amphfiers, with which the primary ridiogriphic exposure cn be held
extremely low

The quantum mottle 15 directly related to the amount of cvposure Tow
sensitive emulsions with fine photographic grun always record 1 more frequent
and thus more ‘homogencous mottle compred with high sensitive emulsions
The former also possess 1 low contrast, which reduces the degree of visibibty
of the mottle pattern

The properties of 1 film maternl and the photographic contrst recording
qulity may be determined from the density curve (D log E curve) Density
curves for the film used 1n the bove (xperiments are gnen i Figs 2 and 3
The curves i Tig 2 represent some recommended standrd developers and
varied processing times For comparison, the density curve obtuned with the
same film developed 1n the roentgen developer of the present experiment 15
shown m Fig 3 The latter, the roller machine developer, gives 1 photographic
result rather stnmlar to that obtuned with 1 common high contrast descloper
The emplovment of 1 roentgen descloper thus entuls no essential photographic
disadvantage

Lxtensive expertence i developing cineroentgenographie film i convent
tronal rocatgen desclopers was guned in 1 manual processing techmique used
for several years m Roentgen Department T' of Karolnsha Sjukhuset The
film wns mtroduced mto the developing tank directly from the cassette spool
Its first part was fastened to the edge of the developer tank and the film wlﬁs
slowly and carefully placed in the tank in Iarge loops T he introduction of the
film 1nto the bath was made 2t 1 given and constant speed, 100 fect of film
requiring about 2 minutes This techmque requrres harge tanks, 200 fcc; Otf
film could be developed m a square tank of 120 itres The solutton hnd firs
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Fg 4 Light tight box for Fig 5 W nding up arrangement
wse wih the procesng ¢ cinefilm
uni

to be well surred and when the development was completed the film was
brought over to the fixing bath having passed first for a few seconds through
a tray of clean water The film then left the descloper at the same speed at
which 1t was introduced so that the whole of 1t was equally developed This
simple method s olving use of the tanks available for cony entional roentgeno-
grams gave good results The only extra departmental equipment required
was a large winder for dryng the processed film
Development with an ordinary processing umt with rollers may be perform

ed without difficulty The Pacoroll deeloping machine with rollers has been
used for about three years i our department to process all 35 mm cineroentgen
film A technque introduced by Horexsters (1963) 1n connection with
processing mmiature film for slhides has been used for introducing the cinefilm
wto the machtee A small piece of ordinary roentgen film (9 cm x 12 cm}
acts as a feeder and with thus the cinefilm 1s brought emulsion side down nte
the reconing end of the developmg unit Fhe anefilm 1s fed into the machine
from a special light ught bex (Fig 4) fitted with a parrow canal in the shape
of a flat tube through which the film leaves the box The tip of the tube 15 of
soft black plastic which can be put into the machine without a gap so that
the ordinary darkroom lighting cannot fog the film It 1s placed close to the
left or nght side of the shit for mtroducing films and does not nfluence the

simultancous processing of the routme roentgen films The ordinary cherm
cals re ded by the f:

er are used 1n the processmng unit The
speed with which the anefilm 15 taken through the machine 15 20 inches a

mimite the total processing time being 8 minutes A preliminary evaluation

16683004 4t Redol n Diag wt ! 7{I1968)
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dak Caneflure film processed 1n Kodak Cincflure film de
some  standard  developers veloped n 2 processing
Curves corrected for fog (From umt (roller machmne) with
De Oude Delft 1963) ordinnry  roentgen  film

dereloper

gun mphfiers, with which the primary ridiogeaphic exposure ¢n be held
cxtremely low

The quintum mottle 1s directly related to the 1mount of evposure Los
sensitiyve emulsions with fine photograplie gram always record 1 more frequent
and thus more ‘homogencous mottle compared with high sensitive emulsions
The former also possess 1 low contrast, which reduces the degree of visibibity
of the mottle pattern

The propertics of 1 film maternl and the photographic contrast recordmng
quality may be determined from the density cunve (D log I curve) Density
curves for the film used 1 the above expenmments are given n Tigs 2 and 3
The curves in Tng 2 represent some recommended standrrd developers and
varied processing times Lor companison, the density curve obtauned with the
same film developed 1n the roentgen developer of the present esperiment 15
shown n g 3 The Intter, the roller machme developer gives 1 photogriptic
result rather simular to that obtuned with 1 common ligh contrast developer
The cmploy ment of 1 roentgen developer thus entuls no essentinl photographic
disadyantage

Lxtensive experience 1 developmng cmcroentgenograplue film i comen
tional roentgen desclopers was guned in 2 manual processing techmque used
for several years i Roentgen Department T' of Karolnshy Sjukhuset The
film wns introduced mto the dexelopmg tank directly from the cssette spool
Its first part was fastened to the edge of the developer twk nd the film ws
slowly and carcfully pliced 1n the tank 1n Jarge loops The mtroduction of the
film wto the bath was made 2t 1 guen 1nd constant speed, 100 feet of film
requiring 1bout 2 mimutes Tlus technique requires Inrge tanks, 200 fiet of
film could be developed 1n a square tank of 120 litres The solution had first



PHOTOGRAPHIL PROCEDURE 1% LARESEEAEEE T

Fig 4 Light ught box for Fig 5 Winding up arrangement
us wth th processng for cinefilm
anst

10 be well surred and when the development was completed the film was
brought over to the fiang bath having passed first for a few seconds through
a tray of clean water The film then left the developer at the same speed at
which 1t was introduced so that the whole of 1t was equally developed This
simple method 3molving use of the tanks available for com entional roentgeno-
grams gave good results The only extra departmental equipment required
was 2 large winder for drying the processed film
Deelopment with an ordinary processing unit with rollers may be perform

ed without difficulty The Pacoroll developing machine with rollers has been
used for about three years 1n our department to process all 35 mm cineroentgen
film A techmque introduced by Horenster {1963) 1n connection with
processing miniature film for shdes has been used for mtroducing the cinefilm
into the machime A small prece of ordiary roentgen film (9 ¢cm x 12 c¢m)
acts as a {eeder and wath this the cinefilm 1s brought emulsion side down wto
the recenving end of the developing umit The cinefilm 1s fed 1nto the machine
from a special light tight box (Fig 4) fitted with a narrow canal n the shape
of a flat tube through which the film leaves the box The tip of the tube 15 of
soft black plastic which can be put into the machine without a gap so that
the ordnary darkroom lighting cannot fog the film It 15 placed close to the
left or nght side of the sht for introdueing films and does not influence the

simultancous processing of the routine roentgen films The ordmary chemu
cals rec ded by the f

are used 1 the processing umt The
speed with which the cineSlm 15 taken through the machine 1s 20 snches a

minute the total processing time being 8 minutes A prehmmary evaluation

168804 (1 Rad 1 pn Dusg b 17(1%8)
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Fig 6 1) Part of 2 16 mm omefilm copy made with 1n mtermediate negatne b) The frames hae
been enlarged n printing

of the dry film can then be made That part of the film that s first visible 1s
usually the part Inst exposed The entire film 1s usunlly exposed with 1bout
the s1me adjustment and ech part of the film will generally be equally ex
posed, the general experience his been that the exposure quality of the first
segment of the film will be representative of the remunder An arrangement
to wind the cmerging film under constant and furly strong tension prevents
it from truclling obliquely nd climinates cursatures, this device has been
built by Phlips to our design (Ig 4) The washing might be made easier
with cinefilm than with the standard roentgen film, which generally has 1 much
thicker emulsion, hardening factors m vy naturally pliy arole Itis wdl hnown
that the chemicals must often be 1dapted to some types of film

I'xperiences with tlus method of processing have been encournging Since the
complete devcloping process requires so little time, correction of errors
exposure are possible while the patient 1s still in the department A sigmificant
advantage 15 that no specinl apparatus nor personnel 1s necesswy One dis
advantage, possibly of mmor importance, has however been cncountered
Some types of cincfilm hve proved to be less hent resistant than others,
probably due to less hardeming i the manuficture, nd hwve then been dam
aged 1n the drying section of the unit By switching off the heat for drymgatis
possible to obtun n undimaged but mcompletely dried film from winch the
remumng water ¢an be removed by 1n electric fin 1t room temperature
A somewhat prolonged but cntirely adequate procedure can be wranged for
emulsion of such sensitivity and thus menans 1 free choice of the type of film

Processing of cinefilm m the manner described constitutes the proper photo
graphic solution 1nd 15 eceptable from the clinteal aspect The films hwe an
optimnl contrast for direct study As there 1s no need for such extrn processing
equipment or procedures s were  previously constdered  necessary, the
introduction of cincrocntgenography for medm sized 1nd smnll roentgen

depnrtments may now be accelerated
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Only a few rontne onercentgenograpiue films wall usually hate to be
viewed 4t other times than at chinical demonstrations or when writing reports
Large amounts of film have no crentific value and there 1s no reason for exten
sive and expenstve reduction (o 16 mum Furthermore the recent mtroduction
of a new principle of projecting 35 mmn cinefilm both for individual studies and
for large audiences {MATTS Ov) reduces the need for copymyg to nn
b olute mummum Copying may naturally be necessary m certain mstances
far example by prnting with the help of specralized equipment Adetadin a
frame may be enlarged to an arbitrary scale Adeguate balanemg of the
fight n copying need expenence and tic Jaboratory equip that
can only be made available 1o a hospital at very high costs An uncomplicated
unprofe sional manner of copymg cannot do full justice 10 a film which 15 to
be yoined to a 16 mm film for demonstration at congresses for example

The proper way to copv 1s to utthze an intermediate positve film (35 mm)
which later on can be reduced to 16 mm The advantages of having such a

master positve are many The final 16 mm copy will have a distnbution of
black and white 1 every respect equal to the onginal film a not ummportant
factor There e certam reasons for having a cineraentgen film leoling like 2
series of ordinary roentgenograms 4n intermediate positive on 35 mm film
produces only a small loss of detl through two step copying and the posttne

forms 4 good base for spectal s anations in the copying procedure ¢ g prnting

This mtermedsate positive 1s ordmanly made with poor contrast with the final
copy agan at full contrast The positve can be stored 1n archives so that film
copies equal to the first one can always be made Another ads antage of having

an ntermediate positive 1s that 1t can be used for making paper prnts of
separate frames

An examole of copying with an mtermediate positise film appears m
Fig 6a Another senes of frames are represented n Fig 6b showing enfarge

ment by printing to hlow up certawn detarls m a 16 mm copv of calafications
of the heart Lead balls were used as indicators

SUMMARY
The development of ctnerventgen film tn an ordinary processm  wmt without greater
imconvemence 1s desenibed Such a procedure 1 tume saving and mav perhaps help to further
the use of roenteen cinematography 1n diagnoss

ZUSAMMENFASSUNG
Es wird gezewot wie G
grossere Nomphikationen entwick
wohl d ¢ Cinerdntgenographue

i emer bnlichen E.
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populacer machen




244 OVE MATTSSON

RLSUML

Descraption du déyvclopy du film cinér phique dans une hine & développer
ordinaire sans dfficulté notable Cette technique fait gagner du temps et contribucra peut étre
A farre employer plus largement le radiocinéma pour le dingnostie
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BARTUM CONTRAST AGENTS
by

GunNar Evpring and Ove MaTrsos

The purpose of the itesuigaton was to determine whether banum con
trast media employed 1 roentgen diagnostics could be improsed particalarly
as regards stability and rendenng of detai}

All the contrast media axailable to the authors were first tested and various
brands and grades of Ba8O, among them a sample descnibed a5 colloidal
banum sulphate were exammed by microscopy [t turned out that the majorz
ty had a considerable tendency towards aggregation 1¢ flocking together of
the separate particles The one described as wolloidal had a lower such tenden
cy however but its particles sere so large that the term colloadal was not
Justified the diameter of the indiidual particles vaned widely, up to approa
mately four uimes A companson of ether commercial preparations resealed
that the elementary particles in the mam were of the same size throughout

The studies indicated that the aggregainon tendency not the size of the
elementary particles determmed the quality of the suspension Subsequent
wisestigations therefore came to deal less with factors increasing the viscosty
but more concentrated on the tendency towards apgregaton The conditions
prevathing m susp with ather p were also sut d to study
The usual method of mmproving suspension stability seems to be 1o increase

Submitted for publication B October 1966
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RESUMEL

Description du développement du film cinérad que dans une a développer
ordinaire sans difficulté notable Cette techmque fait gagncr du temps et contribuera peut etre
a fare employer plus largement le radiocinéma pour le diagnostic
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Fig © Roentgen examinat on of stomach
Becan < of the low misc b1 1y of the con
trast agent with the 1quid pha © of the
fmucosa the examinaton faled 1 g ving
a clear representatton of the mucosal relief

not to amy great extent controllable dunng the process of manuficture
though decrease 1n aggregation and Increase in suspension stabihiny Jargely
appenr to accompany each other

The clectron miscroscopic studies are presented m Fig 1 which shows a
selection of preparations enlarged approximately 8 300 times The aggregates
are often quite ympressive while the indivdual particles are of the same general
magmtude The result of these studies 1s somewhat unexpected So-called
collodal banum sulphates do not warrant the name a fact mentioned by
Hopoes {1923)

Many additines of the tradihonal type 1¢ these increasing the viscomty
remain untested and awat tnal \ egetal drugs have long been used for stabiliz
ing purposes nd there seemed to be good reason for supplementng the
experience gathered from commercial preparations with results from new
vanants A start was made with drugs mixed with chemically pure barium
sulphte These ncluded haraya gum stercubia gum guar gum carragheen
tragacnth and algmates Dosages of suitable concentrations were prepared in
witro with each one of these additnes and the finished compounds were each
tested 1n a few cases referred to the roentgen department for gastrotestinal
examnation

The esumation of the quality of the contrast medium was of course subjec
tive lihe all evaluations of this kind but normalization of the tests was possible
because comparable examinations with a standard agent (Umbaryt) were
always made in the same chme Comparisons could even be made of one and
the same case 1n mamy repeat examinations e g of ulceration cases Rating
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Iig 1 Electron nncroscopic re
cordings of tive different barum
contrast  agents  (commeranl)
Great sinilanty 1n size of the cle
mentary partickes but y inations i
aggregation tendency X B 300 )

the viscosity by v wrous additions, 1s known fiom the hterature the following
common 1dditives may be mentioned  gum arabic, agar, pectin, stirch gelatine,
ctsein, and cellulose dernvatives The additines have remarkably often been
kept secret, wnd 1n some cases wn analysis his shown the declaruon to be
ncorrect, 1s was stated ¢ g by Hopees (1953)

The tests mnde with commercial prepartions 1s well s the microscopic
imvestigations left the impression that the sizc of the elementary particles is
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Fig 4 Exammation of the stomach with the
new contrast mediem Normal case

the techmque used The practical consequences of these facts have been that
the majonty of the cases examned with the carboxy methyl cellulose additive
had to be examined anew with the standard contrast medm 1n order to
obtain an acceptable result

The results obtamned with methyl cellulose were simalar  This compound
was discussed 1 tonnection with mtestinal studies by Marws (1961) Dextrans
1 vanous molecular wesghts (from 200 000 down to 15 000) were also tested
These preparations weré comparatively stable 1n suspension but had less of
the qualitzes surtable for mucosal relief studies

A few more compounds of a type similar to those mentioned were also
tested  polyvinyl pyrrohdone and sephadex both proved to gne an mfenor
relief rendening and this also applied to polyviny! alcohol

Stnce the gh molecnlar organic pound; d gave no clue to
the solution of the problem of stabality com
bined with good mucesal rendening 1t was decided to test wnorgamc gel
forming compounds as stabnl additives B (al silicate) was
tried fairly thoroughly but this substance possessed no clear advantage Similar
results were obtamed with calerum siicate Alumimum hydroxide seems to
have been connidered as early as 1938 (Worpyan) but no mdications of its
practical use could be found tn the hiterture

Since the rehief rendering of the mucosa had been so defectine with the
additines eathier used an exhaustive study of the potental value of wetting
ageots was commenced It 15 true that the pnnapal problem 1 this connec
ion 13 not to produce a wetting effect but to make two water phases muscible
Wetting agents may m principle ncrease the miscibility provided the mucus
has a low surface tension which 1s probably the case Tests were made with
most of the preparations mentioned and mxang them with Tweens sodim




248 GUNNAR EMBRING AND OVE MATTSSON

Tig 3 Practical demonstration of the rheologic transformation of a barium sulphate suspension by
additives The highly viscous suspension 1n (1) becomes quite thin after 2 small quantity of dry
powder has been stirred 1nto st (b) and can then be poured into a second vessel {c)

by points was not possible but clsstfication 1n groups of ‘better’, ‘worse and
‘equally good’ wns practised The essential question was whether improve
ment, 1s compired with the standard contrast matenial, was possible This was
never the case In ssolated nstances the preparation was judged s possibly of
the same clss, but practically always as mferior It was further observed that
different batches of vegetal drugs could produce differing results and this
observation goes well with the experience related to commercinl preparations
Tl latter m1y vary from one batch to another, duc partly to the fact that
there are practically no standards for these natural products

A compound which 1s of nterest from 1ts usc 1 other roentgenogriphic
procedures 1s the sodium salt of carboxy methyl cellulose This product can
be chosen with a smitable molecultr weight nd has been recommended by
some authors (Rirsci & Speriperc 1953, Honces 1953) The present wthors
found however that 1 product uscful 1n practice could not be obtamed The
ncrease m viscosity cnused by the carboxy methyl cellulose was such that the
msaibility of the viscous contrast 1gent with 1ny hqmd phase remuning on
the mucosn was impured, and the relief pattern, which 1s so valuable in rocnt
gen dingnosts, could not be demonstrated Tihus 1s illustrated 1n g 2 The
results differ to some extent from those reported for carboxy methyl cellulose
by some uthors, and we feel that the Swedish eximmation technique, whichs
largelv based on 2 study of the mucosa, 1s morc c¢xacting With cinefluoro
graphy, the disadvantage hardly appears to be decisive, which scems to ndicate
that the evaluation 1s largely determined by the degree of advancement in
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Fg 7 Exam naton of the colon i
with the new ¢ trast medium
Normal ¢ ¢

g B Roentgenograms f om ar exam nation
of th hypopharynx w th the nev contrast
med um

the citric and tartanc salts of socwm, potassum wnd ammomum and the
ethylene diamine tetra acetic aad (EDTA) salt of sodmum The test senes
1n s1tro mdicated that sodium citrate produced the best suspension stability
A ligh degree of stability was generally obtaned with these salts and the
reason scems to be 1 complete transformation of the structure of the suspen
sion which counteracts the tendency towards aggregation As carly as 1908
Gencot used a ertrate to affect suspensions  he worked with barium sulphate as
a model substance for the study of small solid particles suspended 1n 2 hiquid,
the principal purpose of the expenments being to study suspension stabihty
n blood Sodim atrate was used by SpiLLer (1848) for anilytic purposes to
prevent aggregation

The effect of sadium ctrate proved to be substantially intensified by sorbitol
Thus action which 15 on the molecular level will be discussed separately by
the qathors 1n 1 chemical journal sodium citrate nd sorbitol will combtne
to form organic glass  The striking result of adding sodium aitrate and sorbi
tol 1o 1 suspension of barium sulphate m water mav be jltu trated by the
following simple experiment Banum sulphate 100 g and water 40 g are
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Lig 5 Txumnation af the small mtestine with the new  Tig 0 1 xummtion of the small intes
contrist mecium Normal cise une with the new contrast medium in
1 cse of Wipple s discase

TN

Iuryl sulphate ind sapomns A form that tended to hamper the evalution of
mucosal detul was usully produced, and tins disads 1ntrge overslindowed the
somewh it improved muscibility with the mucus Iyer The positive utude
towrds wetting agent wditives, 1dvanced wmong others by Kramrr (1936),
15 thercfore not shired by the present withors The expersence collected at this
stage indieated that high viscosity was rather 2 disady intage nd that stabality
had to be secured by other means Low viscosity nd good stability, in spite
of 1 lugh birium content, scems to be the desirible combination

An mteresting obseryition was made n the course of the mvestigation
regarding the employcd barium sulphate This had been tmported from
vartous manuficturers aind was stated to be pure Onc simple possessed
remarkable degree of suspension stabihty though without addines It was
deseribed s chemically pure barum sulphate nd Iabelled 1 neutrsl
Analysts Iater on revealed, however, that 1t contuned 1 small quantity of
sodm crtrite (1bout 1 per cent) 1s an mpunty  This unexpected finding
prompted the employment of small quintitics of certun clectrolytes 15 adds
fives, 1t was thought that these might affeet the nggregauon of the parucles
m the suspension

A scries of tests was begun with the pnimary purpose of testing the effect
of 1n addition of salts of various multibasic orgime 1cids  The snlts mcluded
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Fg 7 Exam naton of the colon

Fig 8 Roenigenograms f om ar examinat on
w th the new cont st med um of the hypopharynx with the new contrast
No mal ca e

m dwm

the atnc and tartaric silts of socum  potassium and ammonium, and the
etinlene diamine tetra acetic acid (EDTA) salt of sodum The test senes
n vitro indrcated that sodium citrate produced the best suspension stability
A tgh degree of stability was generally obtamed with these salts and the
reason scems to be a complete transformation of the structure of the suspen
ston which counteracts the tendency towards aggregation As early as 1908
GEenGou used a citrate to affect suspensions he worked with banium sulphate as
a model substance for the study of small solid particles suspended 1n a hquid
the principal purpose of the experiments being to study suspension stability
1 blood Sodium ¢itrate was used by Spicrer (1848) for analytic purposes to
prevent aggregation

The effect of sodium ertrate proved to be substantially intensified by sorbitol
This 2ction winch 1s on the molecular level, will be discussed separately by
the authors 1 a chemical journal sodwm eitrate and sorbitol will combine
to form orgamic glass  The stnking result of adding sodiem citrate and sorbr
tol to a suspension of barium sulphate i water may be illu trated by the
foltowing sumple experiment Bamum sulphate 100 g and water 40 g are
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with the new con

Ing 9 R from = ox af the
trast medium

stirred to the consistency of 1 thick pste Adding 1 mixture of sodm citrate 1 g
powder 1nd 9 g sorbitol to the paste, the whole will after surnng  hqufy
so thit 1t cin be pourcd into nnother vessel (Fig 3) A phenomenon of this
azture, frmliar m connection with colloids, 1s clled peptization This term
hns sometimes Also been used for suspensions to desersbe their transformation
from 2 ‘congultted state mto 1 free stite The sulphate 1ons on the surfce
of the particles, which exist 1n 2 Iugh degree of hydration, are pushed nside
by the non-hydrated ateite 1ons This results n hiberation of water winch will
form the homogencous phiise 1n the suspenston

The first results from experiments with bulding up of 1 contrast medinm
based on thus prinaiple were presented by Dysring & Marrsson (1955) Tius
mteresting method of changing the characterstics of 1 suspension was used
by the wuthors in the development of 1 preparation for fchitwing the evacut
tron of the large tntestine by changing the consistency of the facees (Macroln,
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a b © 4

g 10 Su pes on stab ty after 2 hours Three commere al prepasations (a b ¢} are compared
wihthenewp p anon (d)

Index USA Mikroklst Germany) A thin banum sulphate suspension
with an addition of sodmm citrate and sorbitol can absorh conuderable
addiional quantittes of barum sulphate without sigificant increase n
siscosity and spearfic gravines close to 3 are obtamable which has never
before been possible with hquid suspenstons A previously unknown radio
graplne densty of the contrast agent1s thus possible and the suspenston stabil
ty 15 retaned 1n spite of the hugh degree of concentration

The combination of low viscosity with lugh roentgenographic density and
good stabihty will enable good rendenng to be obtamed An introductory
matenal comprsing over five hundred cases confirmed that the contrast
mediym produced excellent rendering of the mucosa Possible explanations
were the good contact of the medium with the mucosa due to the miscibility of
the hqud phases a certam astringency and the thin coating obtained Somme
results are presented m Figs 4 5 and 6 The same preparation although m a
different concentration may be used for the colon as well as for the esophagus
{Figs 7 8 and 0)

The suspension stability 15 1llustrated 1n a ssmple manner 1n Fig 10 which

depicts contrast medium that has been left standing untouched Three different
preparations are compared with the new s the small sep
of water after two hours 1s insigmificant Fig 11 15 of a simular expeniment but

one in which the medsum has been left for 24 hours, although a shght amount of
liquid lies on the surface the homogenesty 1n the well exposed roentgeno-
gram 15 evident 1t should be noted that a complete suspension stability 1s




a b

Iig 11 At24hours a thin layer of hquid has appeared on the surfice but the
homogeneity 1s not otherwi ¢ disturbed The roentgenogram in (b) 1s well
exposed

acturlly not desirable, 3t would probably reduce the conting of the mucosy,
which 1s 10 frct 1 form of sedinentation

Other substances may be added to the prepartion without much changng
the stability or viscosity The 1ddition of nutrients, i the form of earbohs drates,
fat and albumns, to produce the so called phystologic contrast medium for
studying the transit rate through the intestine has been described by e g
MaTrsson et coll (1960)

For pracuieal purposes, the specfic gruaty of these contrast agents will
differ from customary values, ind higher values mny become frequent A
previously developed measurement mstrument (Matrsson 1953) has there
fore been modified nd will be described 1 a separate paper

Reproducible conditions 1n contrast medit are essentinl The use of vegetal
drugs 2lwnys introduces the danger, for biologic resons, of batch vanntions,
and changes through the action of microorgamisms can never be completely
chiminited Contrast media composed long the hines described would scem

to be more consistent, however

SUMMARY

The authors describe the development of stable barium sulphate suspenstons of 1 lower
viscosity than has so far been available It 15 possible with these hqued suspensions to obtamn

high values of roentgen ray absorption
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ZUSAMMENFASSUNG

d

Stabile Iph mit Viskositat als es bis jetzt moghch war
by

Yonnen hergestelt werden Mt duesen flusugen Sugpensionen konnen hohe Werte der Ront
genstrahlenabsorption erreicht werden

RESUME

Les auteurs décrivent 1 élaboration de suspensions stables de sulfate de baryum de viscosité
momdre quon ne le croya possible On obtient amsi une forte absorption des rayons
roentgen avec des suspensions liqudes
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ROV TIE RADIOLOGIC CLINIC {DIRECTOR FROF J HOLY) OF THE FACU!
sepiene ] E PUrRinES UNVERSITY OF BR\O CZECHOSLOVAKIA

IDIOPATHIC SCOLIOSIS CAUSED BY A SHORT
SPINAL CORD

by

M Rotn

The causatne mechamsm of scoliosts has remamned obscure so that about
90 per cent of cases must still be regarded as 1diopathuc (Cosz 1948) Idiopathic
scohows has characterssue features s onset and progression 15 confined to the
growth penod of 1fe and most affects the lower half of the thoracic spie The
pnimary scoliotie cunvature 15 followed of course by compensatory scolioss in the
neighbourtng parts of the spne The attention of nvestigators has been
f{, ussed mostly on the vertebrae and to some degree on the muscles and higa

ments whereas the nervous system has been almost completely neglected An
expl of the path of 1d

pathic scoliosis based on the synthesss of
neuroradiologic observatons and of the morphologic features of the scoltouc
vertebrae will be offered i this communication

Conventional a p roentgenograms of an ordimary thoracic 1diopathie scoliosis
reveal mare or less conspicuous thinning and reduced heght of the concave
sided pedicles This by some observers may simply be ascnbed to a dustortion
n projection but oblique postioning of the patient will reveal the true con
dion (Figs 1 2 and 3) In severe scoliosis the concave sided pedicles may even

Submutted for publ cation 7 December 1966
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Tig 1 Correction of distortion in projection n
scoliosis by oblique posiieming of the patient

Fig 2 lhoracie idiopathic scoltosis Shight scoltosis

with only menimal wedging of the vertebral hodies

be reduced to thin bony Inmellw (Fig 3, b and ¢) In sccondary lumbar scoliosts
accompnying 1 pnmary thoracic curvature on the other hand, 2 rocntgeno-
gram will show flattening of the medinl aspeets of the convex sded pedicles
and 1 shght mererse motherr haght (Fig 4)  The flatteming of the pedicdes
m scoliosis may ncuroridiologically give the tmpression of pressure wrophy
a ociated with mtraspinal expansive processes and the sclerotic reaction of the
wvolved pedicles (Figs 2 and 3) may suggest 2 long pressure cffect

The punstihing studies performed mostly during the last decades of the past
century by Larenz (1886), \rncrr (1890), Nicoravosr (1894 and Scnt
irss (1900~ 1907) correlate the roentgenologic findings with the morpholo.ie
features of the scoliotic vertebrae A constant feture of 2 scoliotic thoraae
vertebra 1s thinning of the concve sided pedicle (11 5) which may be reduced
cven to 1 paper thin bony plate The vertebral foramen of 1 scoliotic thoracic
vertebra 15 deformed and ovard n shape, with the broader extramyy directed
towards the convewity of the scoliotic curvature The narrower concue sdeld

extremity of the dcformed foramen represents in severe scoltows 1 reces arched
over by the thinned pedicle which at the same time 1< bent cramnd 1nd outwards
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Fie 3 Tioracc idopathic s olios  more marked than
nTe ? S e proycted obliquely w tha 1w to demon
trate the ertebrae more or less samttally ) Tomogeam
b) and ¢} Mo se cre scolosis with reactine sclerosis
of the pedicles the ped cles on the concave a pect ap-
pear ©d  d to m re bony lam llae and are dim m hed
m oz

¥ 2 4 S conda v lumdar cune accompan ing a prmary

i1 cun P come  ded ped les app ar f1
tndadinre edinterglt b ' ‘
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g 1 Correction of distorion 1n projection 1n
scoliosts b oblique postioming of the patent

g 2 Thoracic 1diopathic scoliosrs Shight scolious
with only mummal wedsng of the vertebral bodies

be reduced to thin bony Inwdlve (Fig 3, b and ¢) In secondany lumbar scoltosts
accompinymg a primary thoracic curvature, on the other hand 1 rowngeno-
gram will show fhttening of the medial aspects of the convex aded pedicles
and 1 sight mercase m their haght (Nig 4) The flattening of the pedides
I scoliosts may neuroradiologicnlly gne the mmproston of presure atrophy
a octed with mtraspmal expansne processes and the selerotic renction of the
mvobved pedicles (Figs 2 and 3) may suggest 2 long pressure effect

The punstaling studics performed mostly durmg the last decades of the pat
century by Lorenz (1886) \rprrt (1890) Nrcorspost (1894) and Scnu

THESs (1905- 14907} correlate the ro~ntgenologic findings with the morphologic

features of the scoliotic vertebrac A constant feature of 4 scoltotic tharac

vertebrn is thinming of the concave sided pedicle (11g 5) which may be reduced
even to 1 paper thin bony plate The vertebral foramen of 1 scobotic thora
vertebra 1s deformed and ovord in shape with the bronder extremty directed
towards the comvexity of the scoliotic curvature The narrower concnve wded
extrenty of the deformed fornmen represents i severe scoltonts 1 recess arched
over by the thinned pedicle which at the syme time 1s bent cranind and outwards
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(Fig 5a) ‘Mimmal thoracic scoliosis {Fig Sc) produces s'}“ghl thmmr:igooial::::
concave sided pedidle this suggests that the imtial bony changes 1n 1diop:
ur i such pedicles

SCOII\}?:;:DCO:: ﬂand SEHULT"ESS always found the convex sided pedicle thinned
in lumbar scoliosis assoniated with primary thoracic scoliosis (Fig 6) They
considered this finding to be a charactenstic feature of lumbar scoliosis 1n
contradistinction to thoracic scoliosis The mvolved lumbar pedicle 15 thined by
flattening of 1ts medial aspect wheseas sts height 1 unchanged or perhaps increased
(Fig 6b) AtsErT stated 1t seems that the pedicles of a lumbar scolioic
vertebra dispose of the same quantity of bone matenial but 1ts distnbution 13
different

At the earhest stages of embryonal deselopment the spinal cord occupies
the entire length of the spinal canal and ecach spmnal nerve takes ats courset
honzontally and centrally through its arcular intervertebral foramen (Fig 7a)
Dunng the ascent which starts m the fourth embryonal month 2s a result of
physiologic growth disproportion between the rapudly elongating vertebral column
and the slower growing spinal cord the nerves assume a crantad ecceatric post
tion 1n the foramina owing to traction of the ascendmg cord (Tospury 1958}
so that the medio-caudal aspect of each pedicle 15 moulded by and reflects the
course of the respective spmal nenve (Fig 7b) A state of muld longuudiat
tension will be produced by the ascent and mawntain~d 1 the ntraspinal neural
structures (O Covverr 1946) dunng the whole growth penod of Lfe The
traction effect of the spmal nerves 1s of decisive influence upon the position of
the spinal cord withun the spinal canal as well as upon the shaping of the inter
vertebral foramina (Rorn 1965 1966)

The tension of the spmal nerve roots under normal conditions 1s distributed
symmetncally on both sides of the midhne and the straight course of the spine
» thus mamtamed If however at any moment dunng the growth pertod the
cord begins to lag too much behind the vertebral column the neutral tension
will be abnormally increased Let us suppose at first that this merease 1 tension
s aymmetnical 1 unidaterally higher Correction of the disturbed tension
equilibnum 15 then achieved by lateroflexion of the spine towards the side of
mereased tension (Fig 8a) With lateroflevion shortening of the concave sided
zone of the vertebral column takes place the unilateral Increase 1 nerve tension
s reheved and the tension equilibrium restored

This purposeful Yateroflexion 15 at first functional and accomplished at the
:gmw of elastic deformation of the soft parts Soon of course after the maximal

vement of the intersertebral joints and compressibihty of the disks has been
<urpassed structural changes of the vertebral bodues will appear these consist
mamly 1 wedging by which fusther shortenung of the concave sided zone of
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a b <

Fig 5 Vertebrae scen from above side of comveuty mdicated by the curved lines a) From
marked left convex thoracic scoliosis Thinming and altered direction of the concave sided
pedicle ovoid vertebral foramen with a concave sided recess b) Right convex thoracte scoliosts
The concave sided recess of the foramen 1s broader than i (a) c¢) Mimmal right comex
thoractc scoliosis Thinming of the concave sided pedicle and deformation of the foramen
From Lorenz {1886)

Fig 6 Vertebrae from 1 severe left comex secondary lumbar curnve
a) The L2 vertebra shows thinning of the comvex sided pedicle
b) Frontal section through the pedicles of L3 seen from in front
Flattening and increase i height of the convex sided pedicle From
Nrcorapont (1894)
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(F1ig 5a) “Mmmal thoraae scobosss {Fig 5¢) produces sl;lght (hmnu;gooil(h}:z
concave sided pedicle this suggests that the imtial bony changes in diop:
ur 1n such pedicles

SCOI]\:?:‘:;C:O\; and S(}:)x-xunmss always found the comvex sided pedicle thinned
1 lumbar scolioss associated with primary thoracic scoliosis (Fig 6) They
considered this finding to be a charactenstc feature of lumbar scoliosis n
contradistinction to thoracic scolosis The mvolved Jumbar pedicle 15 thinned by
flatiening of ats medal aspect whereas its height 15 unchanged or perhaps ncreased
(kg 6b) Ausert stated 1t seems that the pedicles of a lumbar scoliotic
sertebra dispose of the same quantity of bone matenal but its distribution 18
different

At the earhest stages of embryonal development the spinal cord occupies
the entire length of the spinal canal and each spinal nenve takes 1ts coursé
honizontally and centrally through s circular intenvertebral foramen (¥1g 7a)
Durning the ascent which starts in the fourth embryonal month as a result of
physiologic growth disproportion between the rapidly elongating vertebral column
and the slower growing spmal cord the nerves assume a eramad eceentne post
tion 1 the foramina owing to traction of the ascending cord (Tovbury 1928)
<o that the medio-caudal aspect of each pedicle 15 moulded by and reflects the
course of the respectne spinal nene (Fig 7b) A state of muld longitudinal
tension will be produced by the ascent and mamtamed in the ntraspinal neural
structures (O Covnerr 1946) dunng the whole growth penod of Lfe The
traction effect of the spmal nerves 15 of decisive influence upon the position of
the spimal cord withun the spinal canal as well as upon the shaping of the nter
vertebral foramina (RoTn 1965 1966)

The tenvon of the spinal nerve roots under normal conditions 1s distributed
symmetncally on both sides of the midhne and the straight course of the spine
18 thus mamtained 1f however at any moment dunng the growth penod the
cord begins to lag too much behind the sertebral column the neutral tension
will be abnormally increased Let us suppose at first that this increase 1n tenston
s asymmetnical 1e umlaterally higher Correctton of the disturbed tension
equilibrium 15 then achieved by lateroflexion of the spine towards the side of
increased tension (Fig 8a) Wuth lateroflexion shorteming of the concase sided
zonce of the veriebral column takes place the unilateral increase 1n nerie tension
w relieved and the tension equbbrium restored
“T::: P‘f"ll’"‘d“‘ lateroftexton 15 at first functional and accomplished at the

pense of elasuc deformation of the soft parts Soon of course after the maximal

motement of the intervertebral joints and compresstbility of the disks has been
surpassed structural changes of the vertebral bodies wil] appear these consist
mamly m wedging by which further shortemung of the concave sided zone of
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Tig 7 a) At the carly embryonal peniod
the spinal cord occupies the enure length
of the spwmal canal Fach spmal nenve
runs horicontally and centrally through
sts cncular shaped intervertebral fora
men b) During ascent of the cord the
nerves assume a craniad cecentric post
tion n the foramina The medio caudal
aspect of the peldicles reflects the course
of the respectsve spimal nerve
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Fie 8 a sbnommal increa ¢ s neural ten 1on_unilate ally higher (ind cated i the sc!
by the shones €1h 1o Y1ih Yeft sp nal nenes ) The o

isturbed nefve sens on symimetry has
¢ tored hy laterofiexion of the spn  rowards the side of higher tension pressure atrop)
@ ona ddpedcles b) Severe progresst ¢ lower tharacie structaral scolions with
t mng and wedgt g of the e teb al bodes further stortening of the vertebral column
% % e thn ing of the conca ¢ s ded ped cles due to pres ure effect from the spinal ¢
and ord_ Compen atory uppe thora i and lumbar cunes the comsex sided Tumbar 1
a1t bed with tesufung fatten ng of the pedicles The charactersstic deformat on ¢

rous sect o of the sy nat canal mn th upper toracic lower thoracic and lumbar reg
d cated at the corre pond ng levels
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Fig 9 Roentgenograms
of models of thoracic ver
tebrae cut from foam plas
tic matenal and soaked n
bartrum  a) Normal con
ditions b) Typical scoliotic
deformation of the foramen
and thmmng of the left
sided pedicle produced by
the pull of the spinal
nerve The convex directed
rotation (1e to the rnight) 1
of the vertebral body seen
1n this elastic model “repre
sents changes which 1n the
Iuing subject take months
and years

the vertebral column 1s achieved A progressne structural scoliosss develops
(Iig 8b)

The abnormal increase 1n neural tension 1s concentrated and reflected at the
intervertebral foramina where the concave sided pedicles undergo pressure
atrophy along therr medio caudal nspect corresponding to the course of the
taut nerves The concave sided recess of the vertebral foramen (Fig 5a) repre
sents the pressure mmprnt of the spinal nerve on the pedicle In more severe
scoliosss, the spinal cord 1tself, displaced by the pull of the nerves to the concave
sided wall of the spinal canal, 1lso contributes to the ovoid shaped transformation
of the foramen (Iigs 5b and 8b) The prolonged pull and pressure of the taut
nerve on the pedicle 1s the reason why the concave sided neuro central junction
15 completely open 1t an age when the convex sided one 15 already closed (Fig
10) Growth 1s thus prolonged on the concave side, causing an clongation o'f the
pedicle, which 1 turn produces convex rottion of the vertebral body (Nico
rapont 1894 Knutsson 1963) (Fig 9)

Ilattening of the convex sided pedicles 1 compensatory lumbar scoliosis
results from passive stretching of the convex sided nerves (Fig 8b) The pre<su'r8
mmprint of the ventrally running lumbar spinal nerve may be clearly seen mn the
roentgenogram of a scoliotic lumbar vertebra (Fig 11) '

The clintcal course of 1diopathic scoliosis thus depends on the degree of gro\\tll
retardation of the mtraspinal nervous structures m respect to the vertebra
column The greater the difference between the two growth rates, the more m:’i
the resulting scoltosis After the growth i length of the vertebral column ha
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Fiz 10 Veuebra Th 10 from a nghtcomex
scoliosis m a child The concave sided neuro-
central Junction 15 OpeR the convex sided one
1s fused thinning and sclerosis of the concave
sided pedidle with ovord deformation of the
ettebral foramen caused by the pull of the
spinal nene (cf Hg 9) From Nicorapost
-~ 1894)

Fig 11 Roentgenogram of sertebra L 5 from
a nght-consex compensatory lumbar scoliosss
(viewed from below) The conses sided pedicle
s thaner sts medsal aspect bears & pressure
1mprint from it e spinal nene From Scrvirngss
{1905—1907)

ended the scoliosts does not progress any more since the abaormal neural ten
s on ceases to worh and there will consequently be no reason for further detensive
fateroflexion of the spme

The concave sided nerves are 1n the course of :diopathic scohosis more hed
and cons.quently more mvolied than their convex sided counterparts which
explams the \ d 1 clec hic ph

PP Y ¥ yographic 1n scoliosis
vz the higher electrical actvity n the muscles on the comvex side of the curve
(eg Aeesmaci & WirsT 1923 Zew 1962)

Discussion

It might be argued that the abnormal tension with pressuse croston of the
pedicles are mere sccondary effects brought about by a passive stretching of the
mnerses in scohiotic deformuty caused by some obscure mechansm The vertebro-
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a) Normal arrangement of a b
nng The shoht tension of the
spinal nenes produced by the
ascent of the cord and the n
spiratory expansion of the chest
wall 1s normally bilaterally sym
metrical and the straight course
of the spme 1s mantamed

b) Resection of the dorsal part
of the nb results in a sheht col
lapse of the thoracic wall and
slackening of the respectne spinal
nene  disturbed neural tenston
symmetry s restored by latero
tlexton ol the spne towards the
other side

¢) Resecuon of the nb more
laternlly 1s accompamed by only
shght slackeming of the para
foramintl portion of the nene so
that less scoliosis results

d) Resecton of a ventral part
of the nb has pracucally no ef
fect upon rene tenston nd 1s
therefore not followed by scolio
8IS

Fig 12 a—d
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Schematic view from behind of 2 _ertetral column segment
B 1 e iane . opcaed By unmoolmg the. anter
vertehral forsmen by hemmtamsncctomy the respects € spinal qene
loses 1t support and therefore siackens Nerve tension equilibrium
sesiored by lateroflevion of the spme towards the other side

neural growth theory 15 howeser strongly supported by certain expenmental and
climcal observations

With simple lateroflexion of a pnmanly normal thoracic spine a passne
stretching of the convex sided nerves takes place so that pressure atrophy of the
comvex sided pedicles may be expected In thoracic idiopathic scoliosis the op-
postte 15 true however

Lavaraskiotp & Micuerssoy (1961) and Micrerssov (1965) came to the
conclusion that the operations most effectively inducing <evere progressive struc
tural scoliosts 1n growing rabbits and pigs were unilateral resection of the dorsal
ends of the 6th to 10th nb and radical hemlamnectomy The primary at first
funcuonal cune was imanably comvex towards the side of operation and more
or les severe permanent structural s oliosis deseloped dunng the subsequent
weeks and months The farther lateral to the nib tubercle the resecton was per
formed the less was the resulting scolios s

The e findings are readily explained by changes tn the tension equlibnum of
the <pinal nenves (Fig 12) Resection of the dersal parts of nibs results 1n shght
collapee of the chest wall accompanted by slachening of the respective  pinal
nerves The resuling tens on ymbalance 15 corrected by a reflex laterofiexion
towards tl ¢ non-opcrated sude (Fig 12b) The farther Yateral the resection the
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Fig 14 Post thoracoplisty scoliosis with
comvextty directed typically towards the
operated stde Ascent and growth plasticity
of Lones arc long over 1n the adult and
therefore no appreciable lteration of pe
dicles Neural tension asymmetry will be
acc 1 during y exf of
the thoracic wall

less will the paraforamunal portion of the nerves slacken, the resulting scoliosis
will be less severe (g 12c)

Resectron of the ventral part of the b has no effect upon nerve tension nd 1
therefore not followed by scoliosis (Iig 12d) Radical hemulamunectomy has an
analogous effect on the neural tension balance (Iig 13)

The post thoracoplasty scoliosts, first described by Biscarp (1934) 1s essen-
ually of the same nature as that produced expenimentally by Lancensatorn and
MicierssoN In an adult, of course, no thinning of the pedicles takes place since
ascent of the cord and growth plsuaty of the sheleton are then long over
(Ig 14)

It 15 gencrally taken for granted that in lateroflexion of the spine the cord runs
the shortest way 1n the spinal canal iz along the concave sided wail of the
curvature This presumption seems to be proved by the fact that in wdopathic
scoliosts the cord 1s myvariably found to be lodged n the narrow concave stded
recess of the spmal canal, and the nerve roots are unusunlly taut (Jaroscin
1928, Mchenvzie & Dewar 1949, Movsovic 1964) (Lig 15) -

Shortening of the trunk 1s a charactenstic fcature of scolwotic subjects i,
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T g 15 a) The dural sac in severe scoliosis as
exposed by lamunectomy The dural sac and
the spinal cord are lodged in the concavity of
the spinal canal the visible nerve foots are
taut Courtesy of \{chexzw & Dewar (1919)
b) Cross-section of the spine 1n nght comex
1d opathic _thoracic scoliosis (viewed from
above) The spinal cord 18 1 Intmate contact
w th the thinned concave sided pedicle Cour
tesy of Movsavic (1964)

Fig 16 a) “ormal arrangement of the cord
within the straight growing spine b} Growth
tn tength wmsull ciency of the cord fornng the
aval skeleton into cursatures The cord runs
the shortest way withun the spinal canal ¢} If
the cause of 1d opathic scolions were some af
feetion of the axial skeleton not related to the
traspal perous structures the normal co

4
and penes would rest slackened with;
thortened scol one spimat canat hin the
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thercfore, the cause of 1dopathic scoliosis were some affection of the avial shele
ton not rcfated to the mtraspinal neural structurcs, the normal cord and nencs
would necessanly be expected to slicken m the shortened scoliotic spmal canal
(Lig 16¢) The actual behaviour of the cord And nerves in scohosts (1ig 16b)
would howetcr seem to suggest 1 pnmary growth mnsufficiency of the cord or the
nerves, or of both, which would account for the curvatures of the spme In
other words, the spme cannot grow strught but 1 forced mto curs atures

The proposed mterpretation readily expluns the neghgible role played by
aravty md stran m the production of scolivsi s well as the rapud detenoration
of scoliotic curvatures 1n the pertods of accelerated boly growth

SUMMARY

An explinition of the pathogeness of diopathic scoliosis biscd on the disturbace of
the relune vertebre neural crowth s presented This concept 1y supported by ncurora
diologic experimental and clical observations

ZUSAMMLENFASSUNG

Die Pathogene e der adiopatluschen Sholime wird auf eme Storung des relstnen Wach
stums der Warlc lwle und des Nervensystems zuruchgefuhrt Diese Diklareng wurde nuf
C rund neurordiologincher exparnmenteller und khin cher Beobachtungen gegeben

RISUME

I autenr presente une (vphation de 1 pathogéme de l scolio ¢ idiopathique bisee
sur T perturbation de Iy oros mee et de 11 colonne vertebrile er de Tr moelle
Cette conception est ppuree par des ob ervations neuroridologiques cxpernmentafe ot

chimques
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FROM THE SENSITOMETRIC DEPARTMENT, AB CEA\ ERREN, STRANCN AS, SWEDEN

RAQIATION DAMAGE TO ROENTGLN FILMS
by

ARNE Lunpu

The photographic charactenstics of stored roentgen films change The most
casily detected chinges from a chagnostic pomnt of view consist of decrease 1
contrist and increrse n fog, the sensiraty (speed) usually remuns farly
constant As fresh films render better radiographic quality than old films, the
manufacturers gine an expiry date on each box before which time the matenal
should be used This guarantee s vald only en condition that the films have
been stored m a cool nd dry place and protected from radiation

Humidity and novious fumes do not normally cause defects i unopened
boxes as these contun n mner, senled wrapping which is comparatn ely moisture
proof, when this has been brohen the contents are apt to be affected by fumes
(chemcal damage) from without and must be used «s soon s possible

The photographic characteristics may also be influenced if films are stored at
unduly high temperatures, the storage temperature 15 however usually not of
much mmportance 1 the production of fog as long as 1t remumns below 20° c
The demands on the temperature of the storge space are therefore not ugh but
the temperature should not exceed 20°C for any length of time

The main cause of normal fog mcrease durng storage of roentgen film lies

First published (1brideed) at the Scandinavian Radiotogical Congress Oslo 12 June 1966
Submutted for publication 1o February 1967
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Fe | Sanples of flm were stored n [ ur prem ses where the radiat on level had been measured
_7A 'adiat on protected room w th hoforsite walls i the basement of the Swedish “atonal
Tast tute of Raduation P otectio (Statens Stralskydds ast tut (SSI) Stockholm
B § mn ry soom at the top of the same build ng Brick walls
C — Ref rence sto ing room atth Cea factory Strangna¢ Brick house
D — \illa in Strangnas bullt of ae ated concrete contaming uraniferous alum shale
Thed ag am hows the fog nerease nah gh sen tive non sc ccn roentgen fim stored n the four
pr mises

i ts high radiation sensitvaty No rooms are completely free from radiation and
the emunlsion 15 afways subjected o ¢

from the surround
Lhe mfluence of the natral tadiauon  (background radiation) addmonal

radiaton dunng storage and handling of the films i roentgen departments as
well as defects caused by hight will be discussed 1n this comrauncation

Charactensticsef fog Diffuse irradiavion of a roentgen film produces an esenly
distnbuted denstty or fog Fog may al o be caused by a chemcal effect on the

ither bromide grains 1n the coanng so that the grams become spontaneously
capable of being dereloped without Through a b:

of such

1068304 A Red I p Drag u} 17 (1968)
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factors, fog 1lways mercases with storage time The 2ctual degree of fogging 15
also dependent on the composition of the developer and the degree of develop-
ment The more the film 15 developed, the more grows the fog, nnd how much
the amount of fog mcreases will depund on the charactenstics of the coating and
the composition of the developer 1 very control of the fog Ievels 1t vanous storage
tumes must therefore be made under constant processing conditrons

Lyvenly distnibuted fog means that the density seale avulable for diagnostic
information decrenses The film requires morc light for examunation, e g at a fog
of 03 (=log 2) twice 1s much hght 1s required for 1t to appear equally bright
2% a film that s fog-frec

A film with 2 fog of about 005 15 usually considered free from fog and fog
values of 015 to 0 20 are tolerited without more ado A value of 0 3, absorbing
one half of the «xymmaton hight, may be takhen as the hmit for permissible
fogging (A1l fog valucs are measured above the constant base density, optically
representing only 1 coloured plastc filter, combined with the photogriphic coat
mgs) Mortover, 2 mottled or uncvenly distibuted fog means distinet mter
fercnee n the mformation content of the imnge and may contnbute to 1
mulerding dingnosis Trregular foggmg or cuperfluous detul n the film by fale
radnton arc therefore conaidertbly more dangerous than wvenly distibuted fog

When films are damaged by hght their practical speed increases and the
gradation softens Penetrating rdiation (roentgen and gamma radiation) docs
not lead to the samc degradation of the film It causcs only fog and has no p
prectable mfluence on the sensttivity

Dafferent causes of radiation damage to films

Storage defects (1) radiation damage from building matenals 1f roemgen
films re stored at 1 constant temperature of about 20° G (68° T') fogging will
pracucally always stand n 2 hncar reltionship to the storage period The density
at low values of controlled roentgen exposures alo tncreases m direct proportion
to the dose of radiation which 1s not the casc with exposure to light Tho
behaviour of the film leads to the suggestion that merease m fog 1s munly de
pendent upon cxposure of the film boxes to penetrating radirtion from \h‘L i\\{
roundings (The radiation caused by diffcrent buldmg materrals his alre l;]y
been exhaustively mestigated by Hurtgyist 1956 who established considerable

10ns
"'“;1\‘:: m\clugauon check mn premises with different ridiation levels conflr:czl
tlus assumption (sce Tig 1) The miestigation requrred cump'lr'm\‘e lsxo“hg;r
of films at an unusunlly low level of backhground rdmtion and a speaial chay

0n
was made avaulable at the Swedish Nauonal Instieute of Radiation Proteety
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(Statens Stralskyddsinstitut, here called SSI} A radiation protected room A
shielded with a mmeral from Hofors m Sweden of unusually low acuwity s
atuated 1o the basement (Hurtouist 1956 Livpe. & Rezensten (1963) for
simplicity 1t will be called the hoforsite room The natural radiation lesel 1n
room \ 15 as Jow as 28 #R/h and the temperature about 20 G above ground
fevel the house ss built of bnck

For the control a set of films of four different types with various sensitivities
to roentgen rays were placed 1n the hoforsite room A and another set n a
seminary Toom B at the top of the same building where the radiation level
measured 152 yR/h Pachages from the same film batches were also stored 1n
the brich refesence store C at AB Ceaverken Strangnas 1n which the radiation
Jevel was the same as at the SSI, or 152 p#R/h Finally, samples of the same
film batches were placed 1n a building D of blue aerated concrete contaimng
alum shale which has a considerably higher radiation level in this case 424
#R /h The alum <hale contans uranium and 1s a fundamental component of this
type of aerated concrete being manufactured under two different designauons
i Sweden (Blue aerated concretes manufactured 1 other countnies under
the same designations must not contam alum shale and are consequently less
radiating No general conclusions regarding acrated concretes or other building
matenals may therefore be drawn from the above observations but the matenal
will have to be checked 1 each instance See references to the literature )

The cheching compnsed three months of storage dunng which ume the
packages were exposed to about 6 mR 1n the hoforsite room A 34 mR 1n the
brick houses B and G and 94 mR m the acrated concrete house D Thesc doses
do not seem 10 be espeaially hugh and anyone staying day and might for a year
1 the concrete house D would not recetve more than about a tenth of the dose
allowed for those 1n radiologic work From a photographic pomt of view, how
ever the radiation must not be neglected

MatTsson (1995) measured the denwity curves as 2 function of the radiatson
dose at dufferent voltages He established that a film equivalent to our Test X/H
fitm gave a density of 10 alter an exposure to only 50 mR at 180 KV In fact
the radiatton from building matenals 15 considerably more energenc and 1s less
casily absorbed by the film Tt 1s therefore quite reasonable to assume that ap
f::)::}ilz Ilf\;]tor“dc:n;y;zlu:s a;e :‘chnucd than at 180 kV, especially as the
ademmtion The f i . ading of the latent smage must be taken nto con

gures by themselves indicate plainly that radiation from building

:u;:mh ts of such a magnitude that clearly obsersable fog must appear 1 the

For an extra checking to venfy that the ncrease 1 fog was being caused by
penctrating radaation further films were placed 1n the same rooms these films
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factors, fog 2lways merenses with storage time The actual degree of foggmg »
nlso dependent on the composition of the developer and the degree of develop
ment The more the film 1s devcloped, the more grows the fog and how much
the amount of fog mcreses will depend on the charcternstics of the coatmng and
the composition of the devcloper Fyery control of the fog levels at vanious storage
times must therefore be made under constant processing conditions

Luvenly distributed fog means that the density scale 1 ulable for dingnostic
information decrenses The film requires more Light for examunation, e g 1t a fog
of 03 (=log 2) twice 1s much hight 1 required for 1t to appear equally bright
15 2 film that s fog-free

A film with 2 fog of about 005 15 usunlly conudered free from fog and fog
values of 015 to 0 20 are tolerated without more ado A value of 0 3, absorbmg
one hlf of the examinntion hght, m1y be taken s the hmt for permissble
foggng ( \ll fog +lues wre mensured above the constant base density, opcally
representmg only 4 coloured plastic filter, combined with the photographic coat
mgs) Morcover 1 mottled or uncvenly distrabuted fog mens distinet mter
fercnce m the information content of the mage and mny contnibute to a
musleading dirgnosis Irregular fogging or superfluous detul an the film by fabe
radition are therefore constderably more dngerous than evenly distributed fog

When films are damaged by light ther practical speed mncreases and the
gridation softens Penetrating radiation (roentgen nd gammn radintion) docs
not lewd to the same degradanion of the film It causes only fog and hns no ap
precable mfluence on the sensitivaty

Daifferent causes of radiation damage to films

Storage defects (1) radiation damage from buldding materals 1f roeptgen
films are stored 2t 1 constant temperature of about 20° C (68° T') fogging wilt
practically always stand in 1 hnear relationship to the storage period The denstty
at low valucs of controlled roentgen exposures so ncreases m direct proporton
to the dose of radiation, which 1s not the case with exposure to hght Thi
behaviour of the film leads to the suggestion that increase m fog 1s munly de
pendent upon exposure of the film boxes to penetrating radrition from thlc ﬁl:{r
roundmgs (The ridintion caused by different building matennls has wrc';)])
been exhnustively investigated by Hurteuist 1956 who established considerible

n
mf{i":nstiugauon check 1n prenuses with different radiation levels conflr;:cj
this assumption (sce g 1) The mvestigation required comparative Storig

of films at n unusually low level of background radiation and 1 specral chamber

was made available 1t the Swedish Natonal Institute of Radittion Protection



7
RADIATION DAMAGE TO ROENTGEN FILMS 27

concrete house D, and the rapd fog sncrease corresponded well to the mgher
level

raél"?::: 0;‘(}ch films cheched are mcorporated mn the rabulated data g en below (;

the shelf hfe being extrapolated 1nto months at the fog value of 03 when store

1n the four different room

Premuses Shelf hife 1n months

Test \/H  Swngul \/Roll  Wicor 1

A SSI holorsite room >48 48 36
Plus lead foils 24 — —

B SSI bnch room 1 9 16
Plus lead fails 35 —

C Ceaverken brick room 11 13 24

D Aerated alum shale concrete 25 4 2
building

Since no measurable mncrease n fog had been noted during the three months
of storage m the hoforsite room an extrapolation can of course give no rehable
helf hife value The figures 48 and 36 months are therefore the lower values for
shelf hife

It 1 remarkable on the other hand how strongly shell life was wfluenced
by the building matenials m the other storage rooms Test X/H 1s of course most
easily fogged asat has the highest radiation sensitivaty of the non screen types
of industnal films and also has the highest content of siher The ordinary film
Wicor \ for use mn cassettes with fluorescent screens 15 as expected the most
stable 1n that respect since the sensitivity to blue light 1s the dommating factor
and the siver content 15 25 ow as possible considenng the rapid processing m de
seloping umtts Stagul X\/Roll 1s a non s reen film far development 1n such umts
and the sihver content and therefore 1ts sensitivity to radiation has been lowered
i relavon to Test N H in order to achieve the desired charactenstics It con
scquenthy takes an indermediate position between Test X/H and Wicor X with
regard to fogging from background radiation

The test with iead forls gave a sausfactory confirmation that the merease
fog s caused by soruzng rdiation {Fig 3) In the hoforswe room A the tncrease
in fog under the lead forls was shght and may have been due partly to the 1
tensification by the fous and partly to a weak activity 1 the lead (uranium)
In the «eminary room B wuth the background radiation 15 2 #R/h the fog
::::::ﬂ;d twice as rapidly under the lead foils as 1n the bare film which gives an

fication factor of approuimately 2 The lead foils mtensify by converting
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CEA Test-X/H
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being packed with the emulsion layers n contact with thin lead foils (002 mm)
ol the type used as intensifying lend screens for industnal films

The result of the examination was strhing, as 1s evident from Tig 2 The
storage time of three months m the hoforsite room A caused no measurable 1n
erease m fog 1n the non screen films, two of which (CL\ Test X/H and Singul
N, Roll) arc now considered, whereas the ordmary film for use with fluorescent
screens, m this ¢ase CL A Wicor \, underwent a shight increase, corresponting
to morc than 3 years storage to a fog level of 03 The crease n fog was
measurable but not quite equal 1n the semmnary room B of the SSI, and the
control store ¢ at AB Ceaverhen, i both of which the radiation levd ac
cordimg to measurements was the same The ncrease in fog was more vapud at
the SSI The differing spectral composition of the radiation m the two places
must be the explanation 1t 15 more photographically effectiee 1wt 15 morc
easily ahsorbed by silver bromide at the SSI

If the shelf fe of the film 15 determuned by the number of months elapsing be
fore the fog has reached 0 3 (at a normal development of 5 minutes at 20° C),
the shelf life will be considerably shortened m pramuses B and G relatwe to the
film 1n the hoforsitc room A This fact was sull more obvious m the aerated
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soentgen films (non screen type), surrounded by samples of the materials fu:‘
at leat three months The film envelopes should be nserted 1nto heat scale
humidity proof envelopes eg an alummnium coated plastic All samples must
be stored at normal room temperature on the same premuises where the back
ground radiayon level must not be abnormally high The sample giving the
lowest 1ncrease i fog m the film represents the best building matenal for photo-
graphve stork rooms Exen cement and <and for the concrete must be controlled
and the best matenals selected

As wncrease 1 fog m 2 faultless film 15 mawnly dependent upon exposure from
surrounding building matenals or from the ground the expiry date sramped By
the manufacturer on the film boes has a hmited value It does not spealy
the actual shelf hfe at the place where the films are being stored A cautious
manufacturer cheoses a shorter penod of guarantee mn order to force the customer
to u ¢ the films as soon as possible Ordinarly 1t 15 stated on the boxes that they
are 10 be stored n a cool dry place It 15 howerer more rmportant that the Hilms
are stored at a reasonable radiation level eg 10 to 15 sR/h  at this level the
monthly fog increase for a high speed non screen film 15 m the order av 002 to
003 As the fog mcreasc 15 directly proportional to the radiation sensitivity
this precaution 1s fess important with low speed industrial films There 15 cvery
reason to behieve that afl other types of photographic silver hahde materals are
damaged i the same manner 1 so far as they are highly sensitive to penctrating

radiation That cold storage 15 favourable to colour sensitiz=d matertals and colour
tidms 1s well recogmzed

Storage defects (2) damage caused by nadequate radiation proteciion 1
15 now evsdent thay even though weak the radiation from building matenals and
the ground 1s the most important source of storage fog in toentgen film A de
partment working with roentgen tubes for diagnowis and therapy requires ex

cedingly effectve shiclding in order to reduce the influence of all undesired
radiation added ta the background radiation In the prestowsly mentioned
mstance {alum shale aerated concrete) 1t was indicated that an merease of two
ta three times the background radiation causes a corresponding shortening of the
effecctne hfe of all roentgen films through an mcrease 1m the fog level Even if
the tueldings of cobalt guns or suchlile are considered completely satrsfactory
for the operating team 1t 15 inevstable that any films 1n the regon will become
rapudly fogged Its therefore hest to amange for the mam storage space for films
and roentgen equipment to be well separated and mvoud prolonged storage of
mgle boxes in the roentgen departments themsels es

Less hnown perhaps 1s the fact that valse tubes m ceream crcumstances may act
asroentgen tubes and cause damage to films The tubes in departments for therapy
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the high encrgetic , radiation into electron radition which 1s more effectively
absorbed by the silver bromide It 1s a known fact that lead forl pached films
undergo more rapid agung than the sxme films m folder wrappings This 1
usually not a chemical dimage but n exposure effect duc to the intensifying
cffect of the lead forls

That the fog i cach casc presents a coarse structure 1s easily cxplamed An
1ppreciible quantum mottle 1s produced by the high energetic quanta from the
dominating radium radintion A hght fog or chemucal fog has 1 smooth structure

The concluston to be drawn from the obstrvations stated above 1s thercfore
that the mcrease m fog 1 relation to storing time 1s practically exclusiely
caused by cxposure to radiation from bwlding materials added to background
radinnon from the carth ete This is true on the 1ssumption that the films are
not stored 1t tbnormally high temperatures and that no techmcal defects i
manufacture produce 1 chemrcal mcrease m fog It would probably therefore
not pay to build spectally cooled storcs for ordinary roentgen films, at least not
1n the temperate zones of the world, the stipulation that the temperature of the
storage space must not exceed a normal room temperature of 20° G other than
temporanly should suffice

On the other hand, 1t must be considered 1mperatiie to build storage premises
and therr surroundings of materinls having a low ridiation level Dircctions
about such materials may as a rule be obtaned through the mstitutes for radiation
protection in the respective countries as these are in a position to check different
materials Building matenals may also be cheched by stormg high speed industrial
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Fig 5 Radation damage from a defective
capy val ¢ weparated from the flm beves
2%%; by only 2 wooden w It

o casons exposures were made when the radiation protected door between the
operaung Toom and the yoentigen room had not been quite closed The door to
the processing room was it by direct radiation from an apparatus and the

tilms 1n the disp nser were rumed  Distinctive reproductions of nails were present
m all the films (Fig 6)

Dgmace from radwactie dust The atom bomb tests produced fall-out of
radroactne dust over all the continents Paper mulls use large quantities of water
for wastung and fouling of this water by the fall cut was wesitable Long hfe
active particles were baked into the paper pulp and when a protective wrapper
with such a baked 1n partcle had been i contact with a film for some months
acrcular strongly blackened fog defect occurred (Fig 7) This appeared not only
on the nearest film sheet but could sometimes be repeated on every sheet 1n a
whole box of films the black spot could be between 1 and 2 em 1 diameter
Spots cau ed by radwactive fall out are always situated at the same relative
site on all the damaged film 1n the box and as distingushed from discharge
spots always appear with a mait surface on both sides of the film (penetratng
radation) Spots produced by static are on cursory exammation rather sumlar
but are watt on only ane side of the film

It 15 1mpossible to avoid 1solated fall-out spots as the particles are so small that
they cannot be measured The appearance of large radioactne particles became
rapidly less frequent after the terminauon of the atom bomb tests and damage
by fall-out 1s now relatncly rare The paper mills and the fitm factores hase

tiken extensive precautions to prevent radioactive dust from being ntroduced
nto matenals
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Fig 4 Two film sheets from the same box
damaged durning storage by radiation
from a therapy vahve tube 1n an adjacent
room

re operated 1t very high voltages and, bemng able to gencrate hughly pencirating
radiation, 1re always to be considercd dangerous from 2 radiation point of view
Valve tubes in dingnostic apparatus are mn operation during shorter penods and
do not usually generate appreciable radiation But 1f their cathodes break down,
the voltage drop mmcrenses and they start to act 1s roentgen tubes, and madenees
of this hind are not too rare Dry rectifters have however already to 1 great
extent repliced vahie tubes m therapy as well as m diagnosne departments and
these are of course quite harmless from a radintion point of view

Not so long 1go, very extensive dimage was ciused m 4 Swedish hospital
where the stock of films had been pliced in 1 room 2djacent to the vahes of the
therapy department Il the films mn that stock displayed mottled fogging which
by ats diffuse character simultted a manufacturing defect When several sheets
from the same box were developed, however, 1t became evident that the marks on
cvery sheet 1n the box had exactly the same shape 1nd posiion They were quite
stmply shadow figures from stones and steel remforcement m the concrete wall
as demonstrated 1in Tig 4 which shows two sheets from the same box The con
trast i the print has becn somewhat increased for reproduction mn a printing
block
In another case, film boxes were stored 1n a dark closet on the outside of the
valve tube room of a dignostic department One tube broke down 1nd started
to function as a roentgen generator, causing all the films 1n the closet to b~ ¢x
tensively damaged (Fig 5)

In a third, rather odd case of many years ago the door between the processng
room and the roentgen operiting room was not radiation protected On somc
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Fg 8 Several cassettes had been brought
\ato the roentgen room without adequate
rad uon protection  Parts of the stand
of the equ pment have been reproduced

film ats posion being dependent upon how the cassete 1s placed at the ume It
may someumes be exceedingly dufficult to detesmune the cause of the damage
and 1t will be necessary to cxamne all the posions passed by the loaded cas-
<ctte duning the worh \ccidental double exposures may easily oceur especially
when work 1s performed by mnexpenenced personnel and often during holiday
periods or through faulty routine Cassettes may remain n the roentgen room
unprotected b fore use and several casettes mav often lie together m the ex

room during

lig 8 shows a chest with an apparatus stand supertmposed Tt 15 always useful
to study the contours of the shadows 1n order 1o 1dentify details and enable a
faulyy working techmque to be corrected Defectine equpment or teaks in radi
avon helds may also cavse damage A ¢rack m a wall may permit undesired
radiation to penetrate tnto cassette pass-boxes or conseyors for cassettes and thus
damage the films Only 2 dark streak may appear m the film and be difficult
immedtately to identify as damage caused by radiation If 1t 1s remembered that
damage due to penetrating radiation 1s always identical on both sides of the
film heet and 1s alo always of equal harpness 1t 15 easy to distinguish 1t from
damage by hight on the bare film

1t may have been established that the damage has been caused by penetrating
rathation but at the same time 1t may be hard to determine due to which arcum
stance the damage has occurred espresaliy of the fault 1s 1solated and difficult to
repraduce  Another difficulty in locating the soutce of damage may arse if the
damage has o curred m connection with a faulty handling of the cassettes
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Iig 6 Damage by wradition of films ®
i the storage dispenser of the darkroom ~

A protected door to the dingnostic depart
ment had been left open

Tig 7 Damage by radiation from rdio .
active dust (atom bomb fall out) baked

mto the protecine wrapping  paper i
Fxposure time 9 months

Ng 6 Tig 7

Damage during transport 1 og incrensing in direet proportion to length of time
will 1ppear in films placed m the viemny of a radionctine 1sotope during trans
port Boxes contaiming radiation sensitive films must bear the word Foto upon
2 reproduction of a perforited film stitp i order to avoid such damage It
should ndicate scnsitivity to heat and penetrating radintion: Boxes beanng
thrs marking must be placed s far from cass with ridionctive ssotopes as
possible Damage seldom occurs, though when 1t docs 1t may be extensne More
often shadow figurcs of nuls or other metalhe subjects m1y appear i the
developed films, and thus enable conclusions to be driwn as to the ongin of the

damage

Damase by radiation during work with loaded cassettes If 1 loaded cassette 1s
cxposed to undesired roentgen radiation, the film will be damaged by cxpmusrc
to hght from the tungstate screens The film screen combmation lias 1 lugh sen: ‘l
tvity to radiation and films 1n cassettes are more eastly damaged than the s:mtc
film used without intensifying screens \ dose of about 3 mR mny cause 1 denst ly
of 1 with a normal film screen combination (Marrssow 1955)  Smce bot|1
screens fluoresce the damage will be approximatdy equally exposed on both
sides of the film sheet, the side closer to the source of radrtion 1s <omcun:csua
little more exposed Viuble shadow detuls are ordinanly equally sharp on ;0“1
sides which can be detected by scraping off the emulston layers at corrcqponl() lcg
ates The density 1s usually considerably higher than when the film has be
damaged by direct irradiation of the film box or dispenser | heets of

The damage 15 seldom localized to the s1me reliive site on severa
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Fg 8 Several cas cties had been brought
snto the roentgen room without adequate
rad at on protection Parts of the stand
of the equipment have been reproduced

film ns posiion beng dependent upen how the cassette 15 placed at the tume It
may sometimes be exceedingly difficult to determne the cause of the damage
and 1t wilt be necesary 1o examine all the posions passed by the loaded cas-
sette dunng the work Acudental double exposures may easily occur, especially
when worh 15 performed by mexpenenced personnel and often dunng holiday
penods or through faulty routine Cassettes may remain i the roentgen room
unprotected before use and several casettes may often he together 1 the ex
ammation reom during tomography

Eig 8 shows a chest with an apparatus stand sepertmposed It 15 always useful
to study the contours of the shadows 1n order to 1dentify details and enable a
faulty working techmique to be corrected Defectise equipment or leaks 1n rady
aton  hields may also causc damage % crack 1n a wall may permit undestred
radiation to penetrate 1nto cassette pass-boxes ar canveyars for cassettes and thus
damage the films Only a dark streak may appear 1n the film and be difficult
tmmedhately to sdentify as damage caused by radianon [f t 1s remembered that
damage due to penetrating raciation 18 always identical on both sides of the
film sheet and 15 alo always of cqual harpness 1t 1s easy ta distinguish w from
damage by hight on the bare film

It may hase been established that the damage has been caused by penetrating,
radiation but at the same nme 1t may be hard to determine due to which circum
taree the damage has occurred especally if the fault 15 1solated and difficult to
reproduce Another difficulty 1n locating the source of damage may anse if the
damage has o curred 1n connection with a faulty handling of the cassettes
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especrilly wath an uncooper unc operator It must of course be admutted that the
operator muy be unwware of the fact that his mappropnate working techmgque
15 the source of damage In a particular instance, an myvestigation of damage led
to the ehimuination of a rdition leak, extremely dangerous to the personnel
[ luoroscopy of ~ chest was followed by frontal and lateral exposures It app ard
that the cxposed frontal cassette was left on a char while the patient was
adjusted by {luoroscopy for the lateral view The radintion shieldmg was how
ever defective ind when the patient was i position for the lateral yien, radiation
produced 1 black streak on the film an the frontal cassctte left on the char, the
operator had also during sereening been exposed to the sime radiation kak

As 15 well hnown, films may also be dimaged by hght duning handiing and
processing The damage may nse from dark room safehights, hight leaks, faulty
cas cttes or from white ight when the dark room 15 being cleaned  Electrostatic
discharges represent potentinl sources of damage by hght

Identification of damage by penctrating radation and by hght The denaty
and the contour sharpness will be practically identical on both sides of the film
shect 1 all cses of dimage by penetraung radiation in which the films are
exposed without screens or between two similar screens The film surfaces may
be examuned erther by viewmng them m reflected hght or by masteniag them
and scraping off the «mulsions 2t two corresponding sites The aide closer to
the radintion source has however 1 shghtly lugher density 1t low energy ridintion
The side of the film first hut by the hght 15 of higher density 1 all cases of damage
by Light If the light rcproJduces some object which 15 i contact with one side of
the film (e g wripping paper) the reproduction s distnct only on that side,
on the other, more weakly exposed side, the detul 1s blurred When examining
the surface gloss of the film agunst a hight source the more dimaged side 1 matt,
wherets the other side 15 more glossy This procedure 1s employed to distinguish
static spot marks from those caused by radioactive fall out
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SUMMARY

The mun ciuses of photographic fog and other exposure difects dunng storagc and
processing of roentgen films are described and considered n detul Parucular 1(!(‘:!10 -
bang devoed to the dommating fluence of the surroundings e the bacherow

3

and
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radiation and how the unavardable fog merease durng storase can be extenswely nflu
enced Ty an adequat  choice of buldmy matenals The means of differennating between
camage caused by penetraung raduanion and by light 55 discussed

ZUSAMMENFASSUNG

Die Hauptursachen der Schleerzunahme und anderer Beli htungsdefekte wahrend der
Afoewahrung und won R filmen werd n besprochen und sm Einzelnen
nalysiert Be<onders vard der Eanfluss der F dstrahlung von den den Bau
toffen beachtet und auch die Frage wic die umermeidliche Schleserzunahme beim Lagern
durch die Wahl von 1 gehend beemflusst werden kann Es wird
erort 1t wie man 2 ischen Schaden durch Licht und durch penetnerende Strahlung
unterscheiden kann

RESUME
T auteur décnt et ctudic en detadl les causes du voile an cours du stockage des films
diovraphiques 1l etudie particul Linfluence de 1 emronnement et le rayonne

wment naturel emms par les maténaux de construction Lauteur examine la difference entre
le voite du aux ravonnements pénetrants et celut du a la lumiere
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Book reviews

PROGRESS 1N PFDIATRIC RADIOLOGY Vol | ResriraTory TRact Edited by H J Raufmann
354 pages 237 illustrations 6 tables & Karger Basel 1967 Pricc 68 Schw fr

The first volume in this senies deals with the respiratory tract and 1s dnsded mto three
mun sections  general topies a speaial treatment article 4nd speaific topics

The first section on generl topics opens with a chapter by Davis who discusses the
techmque for ridiogeiphy of cluldren in general The chapter contains much valuable
advice especially for rdolomsts who have had hitle experence 1n handhn, mfants and
young children However the suggestions ginen for the mmmobiization of vounestess are
not entirely convnang and the method recommended for quicting an infant with a dummy
held i posttion with 1 large strp of adhesnve tape cross the face 15 to say the leat
cunous Hodsons chapter on the localization of ptlmonary lesions solely from a frontal
view s both Jomicl and elegant but the suggestion to confine an examuation of the lunys
to this vien alone cannot be smd to encourage good roentgendiguostic practuce One of
the chapters i this section 15 devoted to bronchogrphy 4 procedure less commonh
emploved 1n children than n adults It 1s necessary 1o use seneral anaesthesn and the
results depend largely on how this 1s produced The method desenibed m detail by Brunner
has been found by the reviewer to give excellent results the lungs are well venulated and
the exummation can be ctrried out without undue haste 1here 1re only a few illustrattons
n this chapter but they are of good quality The same cannot unfortunately be sud of
those to be found i the chapter by French authors on pulmonary angiograply n cluldren
Nether text nor illustrations are of the standard required m modern diagnostic roent
genography

The respiratory dustress syndrome presented by F B Singleton forms the subject of dhe
second section In additiort to this entity n 1ts more restrcted sense 1 other words hvalne
membrane diseise the author also includes seseral other respiratory disturbances in new
borns 1 particular the aspiration syndrome The chapter 1s an excellent synthesis of climeal
and roentgenologic observations and contuns many good illustrations the fme rete
ulogrinular denstties Appeanng m hvaline membrane di exse do not reproduce well how
ever The value of the chaptes 1s enhanced by the inclusion of comments by other s
vestigators who have studied these problems

In the thurd section on speciftc topies individuil or groups of authors deal wath \anmxls
diserces 1njunies or malformations the subjects are generally treated in constderable det;l
and the micropathologic features underlying the roentgenegraplitc amitomy re oftest
scribed as well Rare diseases such as listeriosis are also ancluded and an the revieners
opimon this 1s folly justified an 2 reference work of s type There are a few rep huon;
but these are not disturbing they are cometimes even valuable for mstance \\h(n‘SC\”;‘
nvestigators discuss the problems from different viewpornts Pulmonany lcsmns'a ;’r ‘:r
halation of kerosene and similar substances are described among others both by Neu. nusn
and Gnscom 1n the excellent section on wpiritien pneumonia and by Baker & Grossma
sn their chapter on physical and chemical damage of the lung ¢ he

It 15 most satisfactory to have found a good survey assembled in one work © l::h" a“é
aspects of this difficult and dnersified field The iflustrations also ;lcmhlrnLI;S :\\Qo ready
each chapter contuns a conuderabte number of references to other swori

drtions without some
readers should not accept all the recommen

pomnted out however p s wahou e
resene A
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{ RONTENBILD DES SKELETS Von
(GRENZEN DES NORMALEN UAD ANFANCE DES PATHOLOGISCHEN n
l;\]\oh!er und E A Zimmer 640 Seiten und 1889 Abbildungen Georg Thieme Verlag
Stuttgart 1967 Pres 134 DM

This well kniown work nor appeats an 1ts elesenth edition being eleven vears since the
fast German edition was produced Schematic sunveys of skeletal affections and sysltmu;
dusorders of bone have been added These sections will cenainly be most useful as 2 pmmcad
gunde for esiewng essental findings 1 vanous bone diseases they are abundantly 1llusl;atc

by well concenved and instructive dray mes The biblio raphy represents more than 000
references the literature beine covered up 10 the carly srsties U Rudhe

ROENTGEN DIaGNOSIS OF Diskases oF eone By J Edeiken and Ph J Hodes 701 pages 78>
Mustranons and some tables including one of the development of the human skeleton
sccording to Paul C Hodees 1933 Wilhams & Wilkuns Co Balumore 1967 Pnce 37
dollars

This book 15 reprinted from Golden s Diaenostic Roenigenaloey 1n s huch st forms Chapter
VI of the revised pages of 1967 The principal feature 15 the inclusion of a great number
of roentgenograms The text 1s developed for the teaching of mecharusms concepts and
principles apphicable 10 the large field of bone diseases

The conyentional classification of bone lesions found 16 the texibooks of the acknowledged
authonities 15 used as the basis for the various chapters The difficulties in separating daf
fexent enties hustalo wcally ate also presented and duferent opiuons ont the chatacter of
the lesions are discus ed Of course examples of these difficulues are most obvious i the
chapter Cuant Cell Tumors The authors employ Jalfes diuston of these tumours into
three stages based upon the appearances of the atvpism of the stromal cells — and not upnn
th giantcell asm: ht have been expected from the name of the lesion Further they wnte

Finally the grading of 2 tumour may b tetely musteading in the mdradual patient
since the author has seen several cases in which the histologie classification was undoubtedly
ersde T even though the biop y has been obtaned from 2 metastatic pulmonary lesion  As
long 29 dyshibroplassa fibrosatcoma or any other lesion i spongious bone with gant

phagocytes 1s cla sified as a separate pathologic enuty due to the presence of the gant cells
thas particutar confuston will reman

Tte authers also cla ify myelomas and Twings tumours s bone tumours despite the
fact that these do not onminate from mesenchyma of osteogentc capacity

Mo 1 of the dlustrations are instructive for companson of indings m routine work Some
of them could pethaps have been cut to demonstrate more distinetly the featuses of the
leston. It appears mconsistent 1o the revies er that hands and feet are tmverted 180 1n rela
tion ¢o the ¢¢ t of the skeleton — as 15 wsually the case This inconsistency 15 spectally marked

when a st and hand and a forcarm and wrst ate printed on the same page
pages

The authors in the preface emphasze that no attempt has been made 1o deal 1n depth
\l'.uh ud}\bm: 11 case k“ would appear however that the book 1 11! be of help to the radio~
ogist an hus dayl u L i
e ;,.,.,,z,“ Tk and provide sullicient information on 2 number of clinical and

ot on facing

Mis P G Eding
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L EX1 LORATION NEURORADIOLOGIQUF EN OPHTALMOLOGIE By P Guillat, H Sararc et R
Sedan 781 pages and 650 dlustratrons Masson & Cie Lditeurs Pans 1966 Price 125F

The importance and value of the of ne diol n oph

fogy are emphasized 10 this book, the man comnbuyons to which have been made b
logists Ophthalmol collab have presented the special neuro ophthalmo

logic signs and syndromes that chould consutute indicaions for roentzen exammation
The book s ntroduced by a preface by H Fischgold wha 1s mamly responsible for the
neuroridiologre sections He discusses certain special problems and hmitations of roentgeno
logy e also outhnes the requirements for the organizanon ind admmstsanon of » porely
neuroradio ophthalmologic department

The book consists of four sections The first describes the anatomical relationstps be
tween the visual pathways and blood sessels and the ventneular system and the asterns
from the eyebnll to the ocapital lobe 1t 1s well supported by illustrations of amatomical
preparations Suggestions concerning sutable roentgenologic methods with the focus of the
probable lesion as the starung point conclude this part

The second section deals with different neuroridialogic methods and the nformaton
they may yield Normal roentgen tnatomy and pathologic conditions wre descnbed and
conventonal cerchral roentgenography anglography of the ophthalmic artery orbual
venography sertebral angiography and angiography of the internal carotid ave all discusced
encephalography and ventriculography with o1l and toentgen examination of the lacnimat
ducts are alo included This part ends with a discussion on 1sotope s estigations of otbial
fumours

The third section deals with neuroradiologic diagnosis in connection with special ophthal

mologic findings such s exophthalmus chismal syndromes eye muscle pareses tateral
{leds and pathol bulbar pressare
P

b
to complications m neurotadiolone

tnd -

homonymous hemianopsia umilateral |
The fourth and final section of the book 1s devoted

examinations
In view of the wide held covered tlus book of about 770 pages and 650 figures ncluding

roentgenograms of high quality 1s one ol the most comprehensie of ats nd Oph\\nlI
malagic signs because of the extent of the visual pathways from the eye to the occlP“z
lobe may involve the entire field of neuroradiologic diagnosie Tor thus reason the Lol
should without doubt be of great interest and value to neuroridiologists even though 1t may

be prim1rly intended for the ophthalmologist terman [odin

d
RapioroGy of T puopFnum By R A hemp Harper 225 pages ;\noclolo figures Lloy
Luke London 1967 Price 45 shillings
it
The book contins 1 number of interesang, cases of disorders of the d\mdmu,mj b:l‘lud
seems a pity that only comventional banum studies have bren made In a monograph H:hodi
to this particular region of the intestinal tract one could hiove wished ehat ather n[l)c <
had been mentioned including for exampl of the paretic duodenum Desp ¢
5 O
this drawback however and becanse of the many good cases demonstrated h)tm:a‘r:hm
ordinary techniques the book may be recommended as a salnble ud i practic

tic problems anse
dragnostic p! J Frmann Dbl




ACTA RADIOLOGIGA

OFFICIAL ORGAN OF THE RADIOLOGICAL $OCIETIES OF
DPENMARR FINLAND NDRWAY AND SWEDEX

1868
o 7 DIAC\OSIS Jay
Fase 4

UROGRAPHY IN RELATION TO RENAL FUNCTIION
by

O Barrtry U Benorssos and S StarTiv

Roentgenologic imesugation of the renal pelves and the ureters 1 essential m
the majonty of cases of extablished ot possible disease of the unmary tract Either
urography Untravascular mjection of contrast medium) or pyelography (usually
retrograde) may be performed If there are no contramdications the first men
uoned examinauon 1s to be preferred since comphications are less hkely Con
flicting opintanss are found 1a the literature on whether or not yrography provides
tnformation on renal function whether urography can be performed with good
re ult shen the renal function 1s reduced and of so what the lower limt may be
and whether the cortrast mediom can cause or increase renal damage

The refation between renal funcuon and the urographic findings has been
studsed by a number of mnvestigators SiecErs (1961) suggested that if films are
obtained at an early stage ¢ g a minute after the start of the contrast myecuan
diffevences 10 the excreuon rate may mdicate umlateral artenal msufficrency
Foine et coll (1956 estimated the relation between contrast density and renal
funcuon and pomted out that good contrast den sty may occur with poor renal
function and vice versa but they concluded that urography to a certam degree
affords a qualiamne ndication of renal function  1p a later report Epting et
call (1960 ymesugated 2 case of hyperparathvrotdism and stated that careful

From Roentzen Department [ {Dwector O Bartley) and Department 31 (Director
1 Wickbom) and Medical Department T (D rector L Werko) Sahlgrenska Spukhuset
Cuthenburg Sweden Submitted for publicauon 25 Auguse 1967
198304 (4 Redol paDux ulel 1(19%8) 289
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L EXPLORATION NLURORADIOLOGIQUP EN O IITALMOLOCIE By P Guillot, H Saraux et R
Sedan 784 pages and 650 1llustrations Masson & Cie Lditeurs Pans 1966 Price 1957

110 PR
jl

The mmportance and value of the methods of ne gic ¢ n op
logy are emphasized 1n this book, the main contnibutions to which have been made by
neuroradiologists Ophthalmologic collabarators have presented the special neuro ophthalmo
logic signs and syndromes that chould consutute mdications for roentgen examination
The book 1s imtroduced by a preface by H Fischgald who 1s mainly responsible for the
neuroradiologic sections He discusses certam special problems and hmitanons of roentgena
logy He also outhnes the requirements for the organization and admimstration of a purely
neuroradio ophthalmologic department

The book consists of four sections The first describes the anatomical relattonships be
tween the visual pathways and blood vessels and the ventncular system and the csterns
from the eyeball to the ocapieal Jobe 1t 1s well supported by ilfustrations of anatomycal
preparations Suggestions concerming suitable roentgenologic methods with the focus of the
probable lesion as the starting pomt conclude this part

The second section deals with different neuroradiologic methods and the nformation
they my yield Normal roentgen 1natomy and pathologic conditions are descibed and
conventional cerebral roentgenosraphy angiography of the ophthalmuc artery orbutal
venography vertebral angiography and angiography of the internal carotid are all discussed
encephalography and ventriculography with o1l and roentgen examunation of the lacnimal
ducts are also included This part ends with a discussion on isotope iy estigations of orbital
tumours

The third section deals with newroradiologic diagnosis in connection with special ophthal
mologic findings such as exophthalmus cluasmal syndromes eye muscle pareses fatesal
homonymous hemanopsia unilateral papilledema and jathologic mtrabulbar pressure

The fourth and final section of the book 1s devoted to complications in neuroradioloic
examnations

In view of the wide field covered this book of about 770 pages and 630 figures mcludmlsz
roentgenograms of high quiahty 1s one of the most comprehensive of its kind OP\‘““’[
mologic signs because of the extent of the visual pathways from the eye to the occrl;)mnl\
lobe may imolve the entre field of neuroradiologic diagnosis For this reason the bool
should without doubt be of great mterest and value to neuroridiologists cven thoush #t m3y

be primarly mtended for the ophthalmologist Heyman Lodin

RaptoLooy ofF THE puoperuM By R A Kemp Harper 225 pages amFl%) Ngures Lloyd

Luke London 1967 Price 45 shullings

The book contains 1 number of mteresting cases of disorders of the duodtnu}r]nh:-::lul‘;
seems a ty that only conventional banum studies have been made 'Indn ;nnnzﬁ:\g s
to this particular regton of the intestinal tract one could have wishe tjmd e et
had been mentioned including for example examinations of the paretic ulodeb g
this drawback however and because of the many good £ases dclmons‘;m e mymu .
ordinary techmques the book may be recommended as 1 valiable md mn p

dhagnostic problems anse J Frmamn Dahl
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LROGRAPHS I RELATION TO REMAL FURCTION

¢

Ster njection of the congrast
Fig 2 Urography with contrast index {Cl) grade 3 10 sun af

md ur:)ln 213 )ptzr—old woman with papillaty necrosis b) Same case as 1 (a) Urography
ith contra t mdex grade 4 30 min after mnjection of the med um ) Urography with contrast
indes grade 5 mn 3 normat case

ported that urography could be rehable even with reduced renal functon
SciwarTz et cofl (1963} obtamed satisfactory urographtes with serum creatinme
salues of over 3 mg Sc Fritpensere & Carun (1964) emploved 1ncreased
amounts of contrast medium and found that the diagnosis without appreciable
i<k could be mmproved 1n this manner The majonty of the authors are however
of the opimon that urography cannot give detailed mnformation n renal msuf
fiiency  Caweperr (1961) for example tated that good urographic results can
not be attamed when the non protein nirogen value 1s over 50 mg G Carrea
11461) st the limt at 60 mg ©¢ while Os o s (1962) experience was that
with clearance values below 40 ¢ the excrenion of the contrast medium 15 so
poor that the exannnation can offer no diagnostic mformatton  This value
would represcns 2 erum ereatimne level of approxamately 2.5 mg ¢, Das-caarp
\ Hornes expressed a amilar opinion and  uggested 2 limit value of 20 mg 4
Atwart et coll (1933) and Prapercsass et coll (1908) <tated that there 1s
merersed ok with urography i pauents with renal msufficiency This 1s par
uculatly true 1 the presence of reduced Wyer function or severe general disease
“The urographic techniques and tests of renal function have varted 1 the ated
reports somie of the authors have moreover not clearly defined renal msufficiency
In order to clanfy the questions presented 1n the mtroduction the present authors
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(fter

Te 1 The relition lup between serum creattnin
Bossvrs & Iat sky) and the inulin clearance 1n
with or without hnvperteasion Dotted lines wdicate arbitrary normal Jimts

BraeTason et coll 1964)

n young and middle

urographic (xaminations producmg poor contrist filling
atlure susgest reduced

aged patients not suffering from polyurit or crrculatory f
renal capraty  SQUIRE & Scmrecer ( 1059) mvestigated pauents with hyper
tension 1 whom the first urographic film was obtamed five munutes After the
start of the mjection They found that function discrepancies between the two
ladneys up to the order of ten could exist without ny dhfferences being cudent
at urography They thercfore sugge ted that urogriphy affords a poor text of
rentl function WinTir (1960} and Danscasrp & Hornrs (1963) supported

this view

AMcEyaN et coll (1962) cxammed mfants ( 1 re

undcr one year of age) nd
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Fg ? a) Urography with cont ast indec (CI} grade 3 10 min alter injection of the contrast
F 8 e ara y3 fear-old woman with papilary mecrous b) Some case as 1n (a) Urozraphy

W th contrast mde< grad 4 30 mun afte

¢ 1aject on of the med um ¢} Uroeraph with contrast
index grade 5 1n a normal case

ported that urography could be rehiable even with reduced renal funcuon
Scrwartz et coll {1963) obtamed satisfactory urographies with <erum creatimine
values of over 3 mg ¢ Friepevperg & Carcn (1964) emploved inereased
amounts of contrast medwm and found that the diagnoss without apprectable
sk could be improsed sn this maoner The majonty of the authors are however
of the opmon that vrography cannot give detasled nformation m renal snsuf
ficiency Casepers {1961) for example stated that good urographic results can
not be attamed when the non protemn nitrogen salue is over 30 mg ¢c Carrpy
11961} <et the imut at 60 mg € while Orssovs (1962) expertence was that
with clearance values below 40 ¢¢ the excretion of the contrast medum 1s <o
poor that the exammation can offer no diagnostic information  This value
would represent 2 erum creatimine level of approumately 2.5 mg ¢ Das caarp
& Hornis expressed a simular opmton and uggested 2 limit value of 2 0 mg ‘e
Awwarg et coll (1922) and Penpercrass et coll (1958) stated that there 1s
mcreased rish with urography m patents with renal msufficenas Thus 1 pac
ticularly true tn the presence of reduced lwer funciion or severe general disease
The urographuc techniques and tests of renal function hase vaned 1n the cted
reports some of the authors have morcover not clearly defined renal msufficiency
In order to clanfy the questions presented 1n the mtroduction the Ppresent authors
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with or withaut bypertension Dotted lines mdicate arbitrary normal himts (after
Bisors on et coll  1964)

urogriphic examninons producing poor contrast filling m voung and nmuddle
wged patienss, not suffering from polyur or ctreulitory falure suggest reduced
renal capiaty  Sguirr & Scnrecer (1059) mmvesngated patients wath hyper
tension i whom the first urographic film was obtuned five minutes afur the
strt of the myecuon They found that function discrepancies buwen the two
fidneys up to the order of ten could et without my diffurences betng oaedent
at wrography Thev therefore sucgested that urography ffords 1 poor test of
renal function Wintinr (1960) and Danscasrn & Hornars (1963) supported
this view
Melvan ¢t coll 1962) (xamimned mfants (under one year of age) nd re
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Fo 3 a) Frequeney of pavents with contrast excreton 3t 3 wwn after start of ¢ injection

{ CI grade 5 1n each
buted accarding 10 the erum creat nine grouping b) Frequency ol
o econ roug ©) Frequency of CI grade 35 i each renal function group

Grades 3 4 and 5 are illustrated 1n Fig 2 Grade 3 15 the muumum raung
which permuts diagnostic evaluation of the urogram

Results

The frequency of visible contrast mediem at 3 mun after the contra.t medium
wnyection 1s presented n Fig 3a All of the patients 1n groups T to 11T 1¢ patents
with serum creatimine values up to 20 mg §¢ had contrast excretion at thts ume
The frequency dimimishes howeser i the groups with incressing serum cfe
atimne vafues 1e 81 ¢ for group IV The difference between groups I to 111
on one hand and group IV on the other 1s statistically signilicant 25 15 also the
difference between respectnely groups IV and v and VI

The contrast indices as means of the renal function groups are presented 1n
Fig 4 It can be .ecn that the ligher the serum creatimne value the lower
the contrast index The differences betwecn groups T and IT and between groups
II and 1 3t 3 min are not siansucally significant Groups 1 and 11 do not
differ sgmiicantly at 6 min unlike the other rroups at this tme and unlike the
groups at 10 nun and {5 min

The results 1n regard to the frequency of CI 5 m the various renal function
groups are given 1 Fig 3b All of the 23 patients 1n group T were rated CI 5
as were 28 of 34 1n group 11 14 of 3240 group HIT 8 of 33 m group 1V, anc
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hae studied with umform tcchmgues 1 urogrphic matenal an which the renal
function has vared

Matertal and Methods The matenn] comprised 161 adults, 60 men and 101
women, the mem ages bemg 56 nd 50 yenrs, respectnely Urography was per
formed m All, and the scrum creatinine concentration was utihzed s an mdex
of ranal function  The crewimne was determued within 1 week before uro-
graphy The tests were usually repeated

Dctermimanion of the scrum creatimne was cwned out by the method of
Bonsars & Tausshy (1945) Corrclation between scrum creatmine levels and
glomerulr filtriton rate 1s presented m Tig 1 A salue of 12 mg 96 15 n our
hospital considered s the upper normal imit We have recently mesured the
serum creatmine with the autoanalyzer Technicon \ alucs winch on the werage
were 03 mg e lower than with the other method were then obtuned (Hor
1eaDFi ), and for this reason 1 corresponding correction has been applied

The matenal has been divided mto six groups m relaton to the serum
creatimme levels and aceording to the distribution given below

Croup Number of Serum creatinine in e %y
pteents
Range Mecan
I 23 09-12 11
1 3t 13-146 14
1t 32 17-20 18
PAY 33 21-26 23
AY 23 27-33 30
A% [ 34-05 39

Urography w1s purformed according to our standard method by injection of
40 ml Urografin 60 %, and with urcteril compression Tilms were obtamed
3 6, 10 2nd 15 mum after the start of contrast mjection nd thereafter when
necessary at 5 to 15 mm tervals Ureteric compression was ‘Ipphcd mmmeditely
after the 6 mun film

The evaluation of the urograms was bascd on contrast fillmg and contrast
density These two factors have been combined as 2 contrast mdex (CI), nd
graded 1to 5

CI 1 — very thin contrast in the pelvis not pernutting mterpretation,

CI2-——thin contrast allowing detuled terpretation of the renal pelvis

ampulla but not of the calyces,

CI 3 — contrast density low but 2 number of calyces can be judged,

CI 4 — moderate contrast density and 1l of the calyces can be yudged,

CI 5 — high contrast density and filling
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Fig 3 a) Frequency of pauents with contrast ex retion at 3 smn after start of

d tab ted acco ding 1o the serum creatiine grouping b) Freqency of CI grad 5 1n each
renal funct on group ¢) Frequency of CI grade 35 mn each renal funct on group

Grades 3 4 and 5 are ilustrated n Fig 2 Grade 3 15 the mummum raung
which permits diagnostic evaluation of the urogram

Results

The frequency of visible contrast medium at 3 mn after the contrast medium
mjection 35 presented 1n Fig 32 All of the patients i groups I to 11 1¢ panents
with serum creatinine values up to 2 0 mg 5% had contrast excretion at this ime
The frequency diminishes however in the groups with increasing serum cre
atiune values 1¢ 81 ¢ for group IV The difference between groups I to I1I
on one hand and group IV on the other s statrstically sigmficant as 15 also the
difference between respectively groups IV and V and VI

The contrast indices as means of the renal function groups are presented mn
Fig 4 It can be scen that the Ingher the serum creatimine value the lower
the contrast index The differences between groups I and 1T and between groups
H and 111 at 3 min are not statistically sigmficant Groups I and II do not
differ signiftcantly at 6 min unhike the other groups at this ime and unhke the
groups at 10 min and 15 min

The re ults mn regard to the frequency of CI 5 in the various renal function
groups are gven in Fig 3b Al of the 23 patients 1n group I were rated CI 5
as were 28 of 34 1n group IT 14 of 32 in group 11T 8 of 33 1 group IV one
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Fig 4 Mean contrast tndex {Cl) for cach renal function group
10 15 mn

1t dhfferent tunes of exposure after the start of myection

of 23 i group V, and nonc of the 16 patients m group VI The diffrences
between the groups are statstically significant wath the exception of the dif
ference between groups I and 1V

The mean tine for attunmg CI 5 was shortest for group I, namcly 11 7 mm,
1t ws 14 7 mum for group 11 189 mun for group ITI, 1nd 23 8 mun for group
IV These differences between the groups, except between groups III and 1§,
are strustically sigmficant

As earlier mentioned CI 3 to CI 4 should be simtable for satisfactory urography
The frequeney of CI 35 (Tig 3¢ n the vanous renal function groups was as
follows 100 ¢ for groups I and I1, 97 % for group 111, 91 ¢¢ for group 1V,
61 ¢¢ for group V, ad 6 §¢ for group VI Diagnostic urography according to
our defimtion was thus wtuned m almost two thirds of the patients with scrum
creatinine values between 27 and 35 mg §¢

Discussion

An investigation of thi sort 13 wcompanted by 1 number of sources of crror
such as {11l in blood pressure, vaning degrees of dehydration yarble size of e
rennl pelses, faulty urcteral compression and discrepancies m timing and exposure
Furthermore, <simation of the contrast index 15 prone to subjective vartation

Patients with 2 fall in blood pressure were excluded All patients were deprned
of flud for 10 to 12 hours beforc the exummation cven <o the degree of
dehydration could have varted Patients with hydronephroas were excluded T:::
adequacy of ureteral compression would At the earhest, nfluence the w“:“]d
filling discernible after 10 mmautes Patients i whom effectn¢ compression ¢
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ot be attaraed were excluded The error of timing did not exceed one minute
and the voltage was mantamed as close to 75 KV as possible The mA/see vaned
because automatic exposures were usually emploved

The use of  contrast mndex was intended to provide as objective a classtfication
of the films as possible The ratings werc based on two factors of which the
contrast filling could be esumated more definitnely the evaluation of contrast
density on the other hand was more subjcctive and could moreover have been
influenced by film quality development procedure and the shape of the patient
Ths source of error should be of ittle importance for the evaluation was in about
twenty five per cent of patients made independently by two Ato) who
arrived at the same results Even if several steps i the method employed could
have influenced the mterpretations there is no reason to assume that these could
have been overrepresented 1n any particular function group The entire matenal
was exammed within a period of about two weeks

Contrary to previous reports most of the present results indicate that urography
provides a remarkahly good tndicatton of renal function This was exemplifted
by the almost consistent statisucally sigmificant differences between the functon
groups This was true n regard to the contrast index at different times dunng
urography as well as to the frequency of index CI 5 A study of the frequency
of contrast medium excretion at 3 min after start of injection resealed however
no differences between groups with erum creatime up to 20 mg G¢ wherea
a difference was noted above this level This finding probably depends on the
techmque employed 1If the techmique had been modified by the use of a small
amount of contrast medium and exposures made at shorter intervals after com
r;lmccmcm of mjection even the groups with serum creatinine values under
20mg “c would m all probability have been possible to differentiate This as-
sumption 1y supported by the observation of Orsson (1962) who stated that

phy with of the rate provides inf on renal
function

The contrast ndex 1n all of the function groups vaned within moderately

m(:c lx}r]mts i\t the 3 min films probably due to \ariations 1 dehydration as well
as to the relative unrehability of the timing There was m
ratngs of the subsequent films ¢ 23 more conformity n the

The results are based on group mean values and the values within each grou
werept for vhe 3 min flms dnclosed very hittle spread Raungs of only a fcg»
patients deviated from the group means Subsequent controls of these )pauems
;:‘\:lal::l! m contrast to those mn majori sanability of the serum creatinine
fene “;n:‘gri?h; ldﬂ2(l;<. pa:cms for example the creatingne +alues were be
heen 18 Rgm,: ﬁn A mg % iut a few weeks Iater these levels had nsen to
g% and 53 mgS: The urographte findings m these patients
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cesentially corresponded to those m patients with the ligher creatnme lavels One
patent was re esamuned after rerching v cineally steady state and the wro
graphic findmgs then matched those associated with the actual <erum creatnine
value

Another patunt with « scrum crcaunine level of 30 mg ¢ was examined and
found 1o be the only one m group V sith 1 GI 5 Three weehs Inter, however,
the creatmine laved had frllen to 20 mg e, and further urogriphy performed
durmg the subscquent steady state revealed results which were almost dentical
to those obtuned on the imitinl occrsion with the hugh creatinme level Tn these
instances urography offerad 2 better mdication of the actual renal function than
the serum creatnme level The findings for these srx patients with changing renal
function scem to mdicate lag in the serum creatinime chnge

A lugh concentration of contrist medium 1s not necessanly advantageous for
dingnostic purposes 1t may i point of fact hinder the interpretaion: Non opague
concrements and smll tumours mny be mashed and tubular stasis may be dif
ficult to differentiate from, for example, 1 <o ealled medullary sponge hidney or
papillary neerosis

FriEpFaBERe & Cariin have m routine urography adjusted the contrast
medum dose to body surface aren They alo pomted out that comparatsely
large vmounts of mcdium often purmue dingnostic urography 1 renl nsuf
ficiency  Mcanwhile 1t nught be Advisable to determune the 1mount of contrist
medium to be mjected n redatton to the renal function of the pauent Tri rodide
contrast mech1 wre excreted 1lmost entirely by glomerular fltration (McCressh
& Horir 1957) A comparitnvely good estmate of the filtration rate 1s obtuned
by testing the serum creatinme value The test 15 smple and grves more rehible
information than the determnation of the non protein mitrogen A serum cre
atpme yalue of 20 myg $- corresponds to a glomerular filtratton rate of ahout
50 S¢, while 1 value of 30 mg ¢ approumates to 25 % of the norml With
normal hidney function, no more than 20 ml contrist medim re required for
sausfactory urography If the amount 1s doubled or quadrupled m relation to
the aforementioned reduced filtration rates the urinary tract can probably be
studied with better result This assumption 1s based on our txperiences with 1
far number of pauents For example, diagnostic urography was attuned with
60 to 80 ml Urografin 60 % m two patents with papillary necross without
calafications (serum crcatinime 4 5 mg e and 4 7 mg %, respeeuvely ), md w
one patent with congental polycystic hidpey disewse (serum creatimme 4’;
mg 5¢) Another patient had severe uremmn with a serum creatnme value o
136 mg 56 nd a calafication on the left side 1 the true pebas, urngvmphyf 1‘1\ 1;
performed with 100 ml Urografin 60 o and the ureters were <o well filhd
that a uretenc caleulus could be excluded When large amounts of medium were
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ngected excretion o curred 3 mn after commencement of mjection even u‘xha
number of patients with severe renal nsullictency This obsenvation pomts to the
connection between early excrenon and the amount of medium mjected

The present 113 sodide contrast media have a lower touiaty than the earlier
types of media It s marntarned i the hiterature that the contrast medium may
cae renal damage such reports are however relatnely few and generally refer
to the old more toxic media An msestigation 15 under way o estimate whether
the newer media damage the hadney or mcrease already demonstrable renal
damage For this purpose renal function studies have been performed before
and after urography and anglography with large quantities of contrast medwum
(BaRTLEy et coll BenaTsson et coll 1968) There 1s so far no indicat on of
reduced renal funcuon either mn regard to glomerular iiltration rate o= con
ccmranng capanﬁy

SUNMMARY

Urography was performed by a uniform method 1 161 patients and the excretion rate
contrast filling and contrast density 1 ere determined Tte patients were divided into six
groups according to their serum levels Dragnost phy may be attained 1n
the majonity of patients with serum creatmine levels shehth above 3 mg o indications
of renal damage due to large amounts of contrast medium were noted

ZUSAMMENFASSUNG
Bei A dung der dard, d
und die As K

wurde U hie an 161 Patenten vargenommen

und K wurden fe 1t Die
Pat enten wurden 1 6 Gruppen ge nach der hreatimnkonzentration i Serum emgeteilt In
der \fchrzahl der Pauenten in denen die hreaumnkonzentration etwas uber 3 mg  lag
war es mogich diagnostusche Urograph en zu erhalten Indikationen von “erenschadigungen
wurden trotz grosser Menge honstrastrmutel meht beobachiet

RESUME

Les autcurs ont fait de urographies avec une technique wniforme chez 161 matades et ils
on deternuné le taux d excretion 1 opacification et la densite du contra te et o1t réparn
feur malades en 1% gxoupes dapres e taux de creaumme senque Cette methode c[r’mcz
dobtenur une urographie utilisable pour le diagmostic chez ta majonte des malades ;

un taux de ereatimne un peu supenzeur 3 3 mg % L s anteurs nont pas constat dqul e
de trouble temal du aux grandes qguantites de moyen de contraste e de e
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HOSPITAL GOTHENFLRG SWEDEN

ROENTGENOLOGIC INVESTIGATION OF THE
NASOPHARYNGEAL TONSIL IN CHILDREN OF
DIFFERENT AGES

by
SVERRIR JOHANNE.SON

Many otolary ngal and

ped that the methods emploved
clinseally for estimating the volume of nasopnaryngeal lymphoid tissue m chut
dren 1e the size of the so-called nasopharyngeal tonsd are m many ways
troublesome and umsatsfactory The method most often employed palpation
through the mouth 1 usually distressing particularly for young patients In many
mstances 1t 1» difficult to ascertam whether the findings thus established are
pathologic 1t 15 1mpossible to carry out nterior or posterior rhinoscopy if the
Patient v not cooperative
Ro ntgen exammation may reveal the size of the nasopharyngeal airwny and
the quantity of lymphatic twsue within 1t The sunplest way to perform the
examnation m children 1 to take a single laterat fiim of the nasopharynx Gorp
1an & Bacuusn (1928) stated  OGur expenences have revealed that the m
formation obtamed by radiography of the nasopharynx s usually mose complete

and accurate than that obtamned by other methods and can be related to the
surgeeal scope when operation 15 indicated

Subruutted for publicatson 29 Mareh 1967
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greatest fram 6 to 7 years of age at which time regression begins this 1 wsually
completed by the 10th year Cestor (1923) stated that maximum development
of this structure takes place from 12 to 14 years of age and involution oceurs
between 20 and 25 years Grarr mamtamed that the volume of the nao-
pharyngeal tonsil mereases year by year until the age of about 10 when 1t
usually dsmimshes and an involution of the Iymphoid tissue can be Thistologieally
demonstrated

B

of the pharynx in the lateral projecuon 1s carned
out most eastly with the child supine and a horizontal beam (CLIFFORD et coll
Werr7) A true lateral view 15 needed for optimum evaluauon of the soft tisue
1n the roof of the nasophannx During exposure the chuld should breathe through
the nowe as otherwise the space m the lower part of the nasopharyix may
become obliterated due to the elevation of the soft palate and he soft tisue outhne
would then be lost In the mnfant 1t may be necessary to close the mouth so as to
force nasal breathing

The roenteenograms thus obtaned will depict the nasopharyngeal torsd as
a soft trsue mass m the roof of the nasopharynx which usually curves down
ward mio the nasopharyngeal airway Postemorly 1 cannot be dufferentiated
from pre vertebral soft tissue and anteriorly 1t 15 defined by the choanae The
thickness of the nasopharyngeal tonsil 1s taken to be the distance between the
bony roof and the naopharyn eal airway The lobe of the ear 15 sometimes
superimposed on the airway 1n the nasopharynx and must therefore be dif
ferentrated from the na.opharyngeal soft tissues

According to -orpMaN & Bacuvan mvestigation of the nasopharyngeal
wnsit with tormography or contrast media does not provide more information than
can be obtaied with lateral films of the area WEITz and pE LormEr et coll
and Gorpwan et «oll have stated that pathologic enlargement of the naso
pharvngeal tonsil n the majority of children accurs when the width of the soft
tesue o the nasopharyngeal roof exceeds 6 to 7 mm These figures were

30\~e‘i)crdncx velated 1o the children's age nor was the method of measurement
escribe

r]l-’larenal and Method Qur senes consnted of 140 chidren 90 boys and 50
i‘n v x\nI ages between 3 months and 15 vears exammed between October 1964
e :‘)"dlgfa T’;’}‘hc children were chnically free from snfection of ear nose

chest The case historses revealed no special disposit
an‘!l_}a)l\ctg\c dicease of the 1espiratory tract P spostion to miecion or
io‘rm:;i r)r:cmgmologm examinations of the paranasal sinuses which were per
n all the chidren except the youngest were normal and so were the
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Fig 1 Normal nasopharyns n a 10
year old boy The thickness (width)
of the n1ophiaringeal tonwl 15 13
mm

\ number of rticles hve been published on the roentgenologic dingnosss of
cnlrged nasopharyngeal tonsil adenoid vegetations (Crirrorp et coll 1944
Genz 1954, Gorpuan & Bacuman 1938, Grotu 1933 pe Lormer 1924, and
Werrz 1946) The majority of wuthors related the size of this structure to the
age of the chuld but the hterature 15 indefinute ns to the normal limuts of size
in relation to age

The present mvestigation was an attempt to determine the normal vanations
n size of the nisophnryngeal tonsil in children of different 1ges, 1s mersured m

lnteral roentgenograms of the n1sopharynx

inatom) The n1sopharynx lies above the soft palate and behind the choanie
and the posterior edyc of the vomer The roof 1 formed by 2 part of the lower
surface of the body of the sphenowd bone, the spheno occipital synchondrosis,
and that portion of the basilar process of the occipital bone which v suuated 1
front of the pharyngeal tubcrele The Intter comprises the attachment of the
pharyngeal raphe which, with the pharngobaslar fasan and a part of the
supertor pharyngeal constrictor muscles, form the posterior wall of the n1so
pharynx The roof slopes backwards nd downwards mto the posterior wall
In children the mucous membrane of the roof of the nasopharynx and to 1
certain extent that of 1ts postertor wall, are often abundantly infiltrated by the
lymphoid tissue which constitutes the nasopharyngeal tonsil The Jymphotd
tissue 15 thichest 1n the ventro cranial part of the nasopharynx (GRAFF 10531
Adenaid tissue 1 the nvsopharynx 15 present 2t birth, reports concerming its

subsequent development 1re controveraal
According to SymincTon (1910) the volume of the nasopharyngeal tonul 1
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greatest from 6 to 7 years of age at which time regression begins  this 15 usually
completed by the 10th year TestuT (1923) stated that maximum development
of this strictire tahes place from 12 to 14 years of age and mvolution occurs
between 20 and 23 years Grarr mamtamed that the volume of the naso-
pharyngeal tonsil increases year by year until the age of about 10 when 1t
usually d hes and an lution of the lymphoid tisue can be histologically
demonstrated

Roentgen examunation of the nasopharynx m the lateral projection s carned
out most easily with the child suptne and a horizontal beam (CuifForp et coll
Werrz) A true lateral view 1> needed for optimum evaluation of the soft tisue
1n the 1oof of the nasopharynx During exposure the child should breathe through
the noe as otherwise the space m the lower part of the nasopharynx may
become obliterated due to the elevation of the soft palate and the soft tissue outline
would then be lost In the mfant 1t may be necessary to close the mouth <o as to
force nasal breathing

The roentgenograms thus obtamned will depict the nasopharyngeal torsil as
a soft tissue mass 1n the roof of the nasopharynx which usually curves down
ward mto the nasopharyngeal airway Posteniorly 1t cannot be differentated
from pre vertebral soft ussue and anteniorly it 1s defined by the choanae The
thickness of the nasopharyngeal tonsil 1» taken to be the distance between the
bony roof and the nasopharyngeal arrway The lobe of the ear 1s sometimes
supenmposed on the arrway in the nasopharynx and must therefore be dif
ferentiated from the nasopharyngeal soft tisues

According to Gorpvan & BacHuan imvestigation of the nasopharyngeal
tonsil with tomography or contrast medra does not provide more information than
can be obtained with lateral films of the area Wertz and pe Lornver et coll
and Goupuan et coll have stated that pathologic enlargement of the naso-
pharvngeal tonsil in the majonity of children occurs when the width of the soft
tsue m - the nasopharyngeal roof exceeds 6 to 7 mm These figures were

however not related to the childrens age nor was the method of measurement
deseribed

Matenal and Vethod Our senes conssted of 140 children 90 boys and 50
aurls 1n ages between 3 months and 15 years examuned between October 1964
and May 1965 The children were chinically free from mfection of ear nose
throat and chest The case histories revealed no special disposition to infection or
any allergic disease of the respiratory tract

The 1 of the
formed m all the children except the youngest, were

stnuses which were per
normal and so were the
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T, 1 Normal nsophanns i 1 10
year okd boy  lhe thickness (widih)
of the nwopharnngeal tonsl 15 13
rm

\ number of articles have been published on the roentgenologic dingnoss of
cnlarged nsopharyngeal tonsi! Adenowd segetations (Crirrorp et coll 1044
Ginz 1954, Gotnvan & Brcivas 1958, Grota 1933, pe Lornver 1954 and
WEerrz 1946) The majorty of authors redated the size of this structure to the
age of the child but the Iterature 15 mirlefinite s to the normal s of wize
m relation to age

The present mvestigation was an attempt to determme the normal yartions
n size of the nsopharyngeal tonal m children of different ages as mesured

Interal roentgenograms of the nasopharyny

inatomy The nsopharyny lies above the <oft palate and behind the choanac
and the postenior cdge of the vomer The roof 1 formed by 1 part of the lower
surfice of the bady of the sphenoid bone, the spheno ocapital synchendross
and that portion of the bastlar process of the ocapial bont which w wtuated 1w
front of the phinngeal tuberele The latter compries the atachment of the
pharyngeal rphe which, with the pharyngobasilar fasar and 2 part of the
superior pharyngeal constrictor muscles form the posterior wall of the aso
phannx The roof slopes bachwards and downwards into the posterior wall
In children the mucous membrane of the roof of the nophanny and to a
certain extent that of as posterior wall are often abundantly mfiltrated by the
lymphoid trsue which consttutes the nasopharyngel tonsl The lvmphord
tissuc 15 thichest 1 the ventro crumal part of the nasopharynx (Gratt 10531
Adenotd tissue 1 the nasopharynx 1s present at birth  reports concernung 1ts

subsequent development are controyersanl
\ccording to SymincTon (1910) the volume of the nisopharyngeal tonsl 15
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15 year old children were
eans are not sigmficant When the results for the 2 to

::)r:;;med the mean width was 134 mm No difference was obsenved between
the valuzes for boys and those for girly

Discussion

“The investigation revcaled that the mean thickness of the nasopharyngeal ton 1l
ncreased Srom 75 mm for the group of children under the age of 1 year to
100 ruru for the 1 year age group Only minor changes 1n size were observed be
tween the ages of 2 to 15 years The means for these are groups ranged from 120
10 143 mm These figures for chsldren with no avert respiratory tract discase are
fugh 1 companson with the results 1 the aforementioned reports 11 which it 1s

d that the pharyngeal tonwl 15 pathologically enlarged when the
width of the soft tissue 11 the roof of the nasopharynx exceeds 7 mm

Grarr among others has pointed out that many poorly understood and m
sufficiently investigated factors mik the develop of lymphoid tnsue m
the nasopharynx Qur fimuted understanding of these factors (for example the
effect of climatic conditions) necessitates great caution in the mnterpretation of
data on the development of lymphoid tissue in the nasopharynx of subjects of
different national and geographical backgrounds

SUMMARY

of the nasopharynx was perfs 1 140 children without
cudence of respitatory di ease and 1 apes varying between 3 months and 15 years The
thickness of the soft tissue outline + 43 measured on lateral roentgenograms Tt was found

to merease duning the hiest two years of ife and thereafter remained practically unchanged

ZUSAMMENFASSUNG

Bey rontgenologischer Untersuchung son 140 Rundern . Altes von 3 Monaten bis 15
Jahren und ohne oflenbare Exkrankung der Luftueg wurde die Dicke der Nasopharynvton
sille auf die laterale Rontgeno tamme gemessen Wahrend der essten 2wes Lebensyahre
wimmt die Dicke zu und blesbt danach prakus ch umerandert !

RESUME
Lau\m;; fait un examen radiolo sque du nasopharyns chez 140 enfants ages de 3 mois
Ju gaux ans qui ne presentazent pas de Siene d affect,
e pe g oo Ction respiratore Il 3 mesure

sur les radiogrammes laterales Flie augmente au cours des deux
Premucres annces de fa vie puis reste a Peut prds sans chancement



302 SVERRIR JOIANNESSON

.

.

10
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7
Fig 2 Criph depicts the greatest width
of the <oft tissue 1 the nasopharyngeal 3
roof m relation to 1ge Lach point of 41
the ol curve 1s the mean of meas — - - ——————
urements made an 10 children  The o234 678900 “i": ‘:

ringes are ndicated by broken cunes

toutne blood tests A true Interal roentgenogram of the nasopharyny was ob
tuned with honzontal beam and the child supme The cassette was plced clote
to the head of the child, at focus-film distances between 74 and 78 cm and the
films were exposed dunng nsal respiration The greatest width of the <oft tissue
outlined antenor to the site of the pharyngeal tubercle was mesured on the films
perpendiculr to the bony roof of the nasophanynt (Iig 1) In no nstance did
the contour of the soft tisue corresponding to the nisopharyngeal tonsil present
more thin moderate comvexity 15 opposed to the greater comvenity wually
assocrated with a pathologic conchion

Results

The measurements of the <oft tisue outlnes on the luteral rocntgenograms of
the nasopharynx are summarnzed  Lig 2 The solid curve represents the means
of the measurements of the 10 chldren i each age group The ranges of the
values are mdicated by the broken lines -

The mean width of the soft tisue for the group under one year wis /7 3 mm
{range 5 to 11 mm) and that for the group of one year olds was 10 mum range
6 to 13 mm) This difference 1 mean width 15 staustically sgnificant nd these
groups had sigmficantly lower means than all of the other The subscquent
means mcrease shghtly from 120 to 14 0 mm through age 6 wnd thertafter var
hetween 13 2 mm and 143 mm up to age 15 The differences Letween these
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Determination of the posttion of the rmdline structures of the bram by means
of the ultrasomc technique {echoencephalography) first introduced by Lexsert
(1955,56) has proved of great value m the diagnosis of intracramal expanding
processes {see ¢ g Jeersson 1961 Lirmanoer 1961 Barrows et coll 1965) and
also of hydrocephalus 1n children (Lrraanpir 1961), and in adults (Forp &
McRate 1966 Kazver & Scmierer 1966) Its usefulness m the differenusl
diagnosss of intracerebral hacmorrhage and cerebral mfarction {Acnmar et coll
1966 Wipew et coll 1967) has alo been d d Despite the ext
use of the method opimions differ with regard to which structure or <ructures
gve 1€ to the so-called mudlne echo (M echo) Lersert and later Jeppssow
stated that the pnmary source of the M echo 15 the pineal body while other
authors (eg LiTuawper and Forp & \Aserost 1963) suggested that the
M echo comes from the third ventnicle the longitudinal fissure or the septum
pellucidum The present imvesugation was nndertaken to ascertain whether com
buned echoencephalographic and roentgenographic studies would permut deter
mmation of the structure or structures responsible for the M echo 1 ki ng man
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Determination of the posttion of the mudline structures of the brain by means
of the ul hmque {ect phalography} first introduced by Lersere
(1955/56) has proved of great value 1n the diag of 1 expand
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McRae 1966 hazner & Scmicrer 1966) Its usefulness 1n the differental
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authors (¢g Litraxpir and Forp & Awmsrost 1963) suggested that the
\I“cchg comes from the third ventricle the longitudimal fissure or the septum

e The pr‘tscm was undertaken to ascertain whether com

mmmﬂc o graphic and phic studies would permit deter
ol the stru

clure o structures Tesponsible for the M echo in hving man
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Fig 1 Shull roentgenogram in Case 10 A — distance between the pmeal
bods (¢ p) and the pont of tersection of the central beam of the ultra
sound bundle with the md: i plane d d by the of
the lead ndictors 1n the roentgenogram Iy —diameter of the projection
of the lead indseator nearest to the rocntzen tube

AMatertal and Methods The mvestigations were performed m ten patients
1ged 30 to 59 years, referred to the roentgen department In s of these ordinary
skull films had revealed 7 calabed pineal bodv The remaming four patients
were to undergo pncumography In all of them the conventional films were
normal

The ultrasonic technmique was essentially the same as the one described by
Jerrsson  the nstrument being a Krauthramer U'SIP,9 and the operating
frequency 2 Mc s the transmutter crystal was 24 mm m diameter The transmit
ter was applicd to the right temporal region, vertically just bove the tip of the
pinna  and adjusted so 1s to obtain a typrcal M echo of the greatest possible
amphtude \ check was made that the echo, although of lower amplitude
persisted on a + 5 mm movement of the transmitter m honzontal or vertical
direction  Without altering the position of the transmutter, 1 recewer crystal
(24 mm 1 diameter) was then 1pphed to the opposite side and adjusted unti!
the impulses recenved were also maximal A further control was made to see that
the response, although of lower amphtude perasted on moving the crystal = 5
mm m horzontal and vertical directions The centre of each crystal was marhed
on the scalp with a lead mndicator ring shaped on one side and punctiform on
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the other held i posttion with adhestve tape or collodion The fact that the point
of exat of the ultrasonc beam was determined with a recerver crytal and not
for example with a mechanical device such as an mdicator arm perpendicular
to the surface of the transmuter made 1t possible to ignore refractive effects
caused by lack of parallelism of the surfaces of the nmner and outer tables of the
skull nearest to the transmutter

The posttion of the head was adjusted so that the lead indicators were pro-
jected one upon the other with the aid of an image ntensifier The central beam
of the roentgen tube was then directed through the indicators The ditance
between wdentifiable structures chefly the pineal body and the prajection of the
lead md was d on the grams The value of A m Fig 1
which may be regarded as representing the distance between the central beam

of the ultrasound bundle and the pineal body was cal-ulated from the
formula

AUt Is)
T2 Iy

where Iy 1 the true diameter of the lead indicator nearest to the roentgen tube
and Iy the diameter of 1ts projecion m the Toentgenogram

Results

The site of ntersection of the central beam of the ultrasound bundle with the
midsagittal plane 1n each of the ten patients 15 shown m Fig 2 In the patients
for whom ordinary shull films were obtamed the location of these ponts was
determined with the pineal body and the sella turcica as reference ponts On
the pneumograms other reference powts eg the third ventncle and the Sylvian
aqueduct could of course be used 1n addition to the aforementioned ones

A dhown 1n the table below the distance between the point of mtersection
and the pineal body varied greatly

Case o E am naton

Acorr 1n cm

1 Pneumog aphy 27
2 Pneum graphy 08
3 Pneumography 32
4 Ord nary kull films 12
5 O dnary kull film 12
c Odn ry skull film 21

O dinary skull films 26
8 Ord nary skull films 04
l?! Preumog aphy 12

O da ry skull films 19
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Lig 1 Shull roentgenogram in Cise 10 A — distance between the pineal
body (¢ p) nd the pont of intersection of the central beam of the ultra
sound bundle with the midsaqittal plane detertmmed by the projection of
the leid indictors in the roentgenogram Iy —dinmeter of the projection
of the lead indicntor nearest to the roentgen tube

Material and Methods The mvesugations were performed n ten panents
aged 30 to 55 years, referred to the rocntgen department In s of these orcinary
shull films had revealed 2 calafied pneal body The remummng four patients
were to undergo pncumography  In all of them the comentional films were
normal

The ultrisomic technique was essentinlly the sxme s the one described by
Jeresson  the nstrument being 1 krawthrimer USIP 9 1nd the operaung
frequency 2 Mc s the transmitter erystal was 24 mm in diameter The transmit
ter was apphed to the nght temporal region vertically just above the up of the
pmnna, nd adjusted <o 1s to obtun a typical M echo of the greatest posstble
amplitude % chech was made that the echo, although of lower amphtude
persisted on 1 £ 5 mm movement of the transmutter 1n horzontal or verticrl
direction  Without altering the position of the transmitter 1 recaver erystal
(24 mm i diameter) was then applied to the opposite sude and adjusted until
the impulses recenved were also maximal A further control was made to sec tlnrl
the response, although of lower amphtude persisted on moving the crystal £5
mm 1n horizontal and vcrtical directions The centre of cach crystal was marhed
on the scalp with a lead mdicator ning shaped on one stde and punctiform on
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T Fig 4 The cxperimental set
e e S T Ref B om o vp for determining de ellect
b, g on the ampl tude of the ultra
| ! > <o nd ympul e of lateral d
150 om w t N ~ Placement and totaton of
PRI - 1.". TS S

the recener Tr—tran mtter
Re~—reces er

It may be assumed that m the 1deal case the structures producing the M echo
are situated at the pomnts indicated m Fig 2 The Jollowing must howeser be
(aken mto account 1n the evaluation of the results shown 1n the figure The
ultra ound consists not of a single ray but must under the gnen conditions be
regarded as a cylindncal bundle of parallel rays mn the near field Its per
pendicular ntersection with the sagittal plane does not o-cur at a angle point
but within an approwmately crcular area within which th structure producing
the M echo 5o situated Simularly the exit of the ultrasound from the skull on
the side opposite to the transmitter does not eccur at a single pomt but within a
more or less circular area Model expeniments were carried out to determne the
magmtude of the effects of these factors on the results

1 The transmutter crystal was placed 1n firm contact with the outer surface
of a thin walled glass bowl filled with water A arcular plane plastc object
4 mm i diameter was fixed 1 a stereotaxic mstrument (Balumore Instrument
Ca) and lowered mto the water with 1ts plane surface parallel to and 75 mm
from the crystal The object could be moved perpendicular to the ultrasonic beam
along the horizontal scale of the stereotaxic 1n trument (see the schematic dia
gram to the nght 1 Fig 3) It s indicated n Fig 3 that the amplitude of the
echo (R ny1) was largest when the centre of the object was m the path of the
central beam of the ultrasoun bundle (a==0) Furthermore the Rymy decreased
rapidly when the object was moved laterally and was only about 10 ¢
of the R p;y maximum wh n a==10 with the whole object stll 1 the path
of the ultrasound bundle No echo was obtamed when 2> 12 rm which gon
firms the correctness of the assumption that the ultrasound coneists of a hundle
of parallel rays of the same radms (R) as that of the transmutter crystal 1e
12 mm This implies that the arcalar area m the nudsagittal plane wrthin which
the structure producing the M echo must be situated has a radus of <12 mm

1e < the raduss of the transmutter crystal
2

The transmutter was placed m firm contact with a water filled rubber
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Tie 2 Distribution of the points of mter ection of the central beam of
the ultrisound bundte and the mid agiteal plane 1 ten <ubjects

Rampl

T T T T i Jam
74,,,,\017,.:1

Bru.mBR

|, _75mmwa

T
as= g

Fig 3 Amphtude of the echo (Rampi) as a furnction of the distance a beluecn]tbc"n:’):‘:‘
producing the echo and the central beam of the ultrasound bundle On the nght quu(d
perimental setup 1s shown schemancally Tr—transmuter Re—recener Br—transm

L A n, erncmnind bundle reflected from the obiect

Tewn. vear el la
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4 The expenmental et
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- R T8 » up for determing the effect
e o tte amp! tade of the ulra
> sond impilse of lateral dis
~

150 mm w ¢ placement and rotatior of
— fSommwr

the Tecer er Tr-—transmitter
Re~—reces er

It may be assumed that in the 1deal case the structures producng the M echo
are situated at the ponts ndicated m Fig 2 The following mu t however be
taken mto account 1n the evaluanon of the results shown in the figure The
ulira ound conusts not of a ingle ray but must under the ginen conditions be
regarded as 2 cyhndneal bundle of parallel ravs . the near fiell Its per
pendicular mtersection with the <aguttal plane does not ocur at a single pont
but within an approximately cireular area within which the structure producing
the M echo 15 suated Sumilarly the et of the ultrasound from the shull on
the side apposite to the transmutter does not occur at a single pomnt but within a
more or less circular area Model expenments were carned out to determune the
magnitude of the effects of these factors on the results

1 The transmutter crvstal was placed n firm contact with the outer surface
of a thim walled glass bow! filled with water A arcular plane plastic object
4 mm 1 dameter was fixed 10 a stereotaxic wstrument (Balumore Instrument
Co) and lowered into the water with 1ts plane <urface parallel to and 75 mm
from the erystal The object could be mosed perpencicular to the ultrasonic beam
along the honizontal scale of the stereotaxic mstrument (see the schemauc dia
gram to the nght 1n Fig 3) Tt 1s indicated 1n Fig 3 that the amplitude of the
echo (R oq) was largest when the centre of the object was i the path of the
central beam of the ultrasound bundle (a=="0) Furthermore the R n;, decreased
rapudly when the object was moved laterally and was only about 10 %
of the R |, maximum wh n a==10 with the whole object stll m the path
of the ultrasound bundle No echo was obtamed when 2> 12 mm which con
firms the correctness of the assumption that the ultrasqund consists of a bundle
of parallel rays of the sam. radiws (R} as that of the transmutter cry tal 1e
12 mm This imphes that the circular area 1n the mudsagittal plane within which
the structure producing the M echo must be siuated has a radws of < 12 mm

1e < the radius of the transmutter crystal
2

The tran mutter was placed 10 firm contact with a water filled rubber
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Fig 5 Amphtude of mmpule recened
(R, (1} ™ a function of the posiion of 2124 R o R AR R
the recever in the ultrasound bundle for ° o ° °
different values of ngle A (f fig 4} A o 2 ‘. 6

balloon 150 mm i dimeter The recerver was applied to the oppostte ade of
the balloon wnd mounted 1n the stereotasc mstrument It could be moved later
ally along the graded scale as well as rotated on 1 axw perpendiculnr to the
central beam of the ultrisound bundle (Lig 4) \sscen m hig 3, the amplitude
of the mmpulses recened (Ron) was largest when the comre of the recever
crystal was n the path of the central b
to the beam ( A=0°) Rotauon of the recencr 2
the impulses (R,py1) by 1bout 50 €¢ (cf DR VAN DER Gon
\ 6° rotation reduced the Ryp i t0<< 10 G of the Ry maxumum

am (1=0) md s surface 1t nght angles
929 reduced the 1mplitude of
et coll 1966)
Th= figure

4=

Fig 6 Dungram for caleulation of
distance F i |
= (R+ (R—3))2=R="35 i ,
R_5+ (=2 R—75 o _

F
s R =12 then F=165



PATH OF ULTRASONIC BEAM IN FCHOEN\CEPHALOGRAPHY 311

Fiz 7 Diagram showmg the
ponts idicated m fig 2 having
heen replaced by arct s witk a
radus of 165 mm

alyo shows that when a> 24 mm the R 15 10 $¢ of the R npy maxmmum
which implies that the crcle within which a measurable signal can be obtamed
with the tvpe of transmutter and recesver used has a radius not exceeding 2% mm
(="7R)

Fig 6 1 « sthematic diagram of the situation when the position of both the
object and the recerver 1s the most unfavourable 1e when the error caused by
the combmnation of the factors referred 10 under {1) and (2) 15 maximal The
true position of the structure producing the M echo (M ) 1s then at distance F
from the pount at which the central beam 1s assurned to mtersect the midsagutal
plane (M)

1t 15 theorencally possible according to Fig 3 for M 10 be R distance from the
central beam but since checks at the ect phalographic d d
that the M echo persisted when the transmitter was moved * 5 mm 1n honzontal
or vertical direction N\l cannot be at a distance greater than R— 5 from the
central beam  Likewice the pomt of ewit of the central beam determined by
mean of the recenver on the opposite side of the skull cannot deviate from the

true point of exit by more than R 4+ (R-—5) Accordingly distance I'in big 6
may be calculated to be 16 5 mm

Comments and Conclusion

The results of these model expeniments and the calculations based on them
mdicate that m each of the ca es examned the structure producing the M echo
may be stuated anywhere within a cirele with a radms of 165 mm and the

centre at the roentgenographically determined pomnt at which the central beam
wotersects the mad agittal plane
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As mdicted by the values t1bulated on p 307, Ac i was in fnve cases grener
than | In these five eases, the pineal bo Iy ean consequently be excluded 2 the
source of the M ccho In a further three cases (in which A, =1 2) the probr
bnlity of the pincal body beng the source of the M echo was very small InFig 7
the points of mtersccuon depicted m Tig 2 hwe been replaced by arcles with a
radis of {165 mm  The figurc clenrly shows that these ten cses have no ungle
pomnt in common This means that no single structure cwn be sad to be the
sole source of the M ccho On the other hand, the scries s too small to determine
whether any structure sigmificantly more often than any other 1 the source of
the M cchio
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SUNIMARY

The path of the ultrasonic beam in echoencephalography was mestigated 1n ten adult
subjects The pomnt of intersection of the central beam and the midsagittal plane was
determined m rtoentgenogrims The mherent errors of method were analysed n model
evperiments The results indheate that no single structure can be smd 1o be the <ole source
of the M echo The puneal body could be excluded 1s the source of the M echo fne
subjects and in three was lughly improbabie

ZUSAMMENFASSUNG

Der Strabdongang emcs Ultraschallbundels wurde ber Tchoencephilo raphie an 10 1r
wachsenen untersucht Der Schmtspunkt des Zensralbundels und der sasttalen Afrttelebene
wurde nut Hilfe von Rontecnbildern crontecdt und Methodikfehler wurden mitels Afodell
experimente untersuche Ts crgab sich dass heine emzelne Struktur fur das Mittlecho vernt
worthich «em honnte ['s wurde fe tzestellt dass che Zirbeldiu ¢ in funf Fallen mcht vernt
wortlich wr und m drer Iallen war deren Rolle 1n diescr Hinsicht unahrschembieh

RISUME

Les auteurs ont etudie le traget du faiscenu d ultra sons en echo tnccpha[oqmpl;w the‘zl
dix adultes lls ont determinc sur des ridiographies le pont d intersection S“ a:;;;;s
central avec le plan sagittal median Ils ont ¢tudie par une expenimentation surl rf,[m e
les possibilites d erreur de cette methode Les resuliats de ces experiences montre q

i cut ctre constderce comme la sou e de o Lepiphy £ a P!
1e La source umque de 1echo M
cune structure ne p e q

etre exclue comme source cliex cing sujets ct chez trois on rofe etait hautement o,
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ANLURYSM ASSOCIATED WITH AORTITIS SYNDROMF
by

I hozuwa, I Nosani, K Sato and H lacuur:

The noruns syndrome  pulscless diserse or atypieal conrctation of the aorta
consists of extensive lesions mvolving the brachiocephalic arteries and the pul
monary arteries n addition to the qortr and its maun trnbutanes (Inapa et
coll Kozuna ct coll nd Urna ct coll ) Stenoses or obstructions of the wtenil
system with or without dilatation of the ascending rorta, and 1 few aneurysms
(Grotiuan ¢t coll Kozuka et coll and Wakisaka ot coll ) hue also been
reported  The purpose of this paper 15 to present 7 cases of the wortiis syndrome
with 1ncurysms of the aortr and brachiocephalic arteres and to emphasize
the close relationship of the syndrome and such ancurysms

Matenal and Methods Conventional roentgenography and Rortography have
been performed 53 fomales and 7 males of Japanese stock, i ages from 10
to 52 years Ancurysms were demonstrated 1n 7 cases two of wiich had been
reported upon before The ancurysms were i five cases detected by conventional
roentgenography of the chest and in only two cascs by 7ortography

Percutancous retrograde nortography was performed to delineate the extent
and character of the vascular lesions Pressure injection of the contrast medim
was made to outline the thoracic vorta, the tip of the catheter bung placed an

Submutted for publication 12 January 1967
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Fiz 1 Cxe U Ancurysm of tie pro mal part of descending
orta patally filled v th contrast mediwm Aneury mal
dlataton of the lo et third of the des endmg aorta

the muddle part of the ascending aorta By this method the who'e of the thoracic
aorta ncluding 1ts ongm could be demonstrated Transvenous aortography had

10 be eraployed when the inseryon of the catheter into the ascending aorta
{asled

Case reports

Case | NMale aged 27 with cough and bloed staimed sputum Roemgenography of the
hest vevealed a sennsphencal mass protrudiny from the Yeft aspect of the supenor
and distalhy 1o the descendins thoracic gorta ‘The blood

pres ure \ as normal Tor a year she mass gradually mereased i mze Thoracic aortography
disclo ¢4 an ancunysm anene from the proumai pan of the d scending thoracic aorta
parually iked with contrast medium {Fag 1) Fhe Jomen and contour of the descendine
“horane aota 35 uregular The panent died a month after the removal by op ratian of the
aneurysm 3 Tuch had tuptared amnto 1he dorsal segment of the 1eft Jung Autopsy revealed
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Fig 2 Case 2 1) Two masses of smooth contour protruding, from the upertor medstinun
nto the upper part of the left lung b) Contrast injection nto the night atnum Two aneurysms
wnsing from the distal pirt of tortic wch the aora ts narrowed in the viemty of the
weunysm Ancurysmal dilnon of the night subelasian artery

artenitis munly imolung the media and adventina an the remuning pants of the aorta and
the renal artenes

Case 2 Temnle aged 20 who at the 1ge of 13 yeurs deseloped a mediastinal mass and a
shght temperature The mass gradually increased 1 size and the patient had severe pun
radiaung, from the left antenior thoracic wall to the back A systolic murmur was evident
Along the left sternal border Conventional films of the chest disclosed masses with sharp
outhnes protruding frem the supenor mediastinum into the upper part of the left luny
(g 21) Retrograde catheterization of the aorta faled and anrtogrphy was pcrformtd
After venous njection Two aneurysms ansing from the distal part of the rortic arch were
then demonstrated The lumen of the 10r11 was narroned 1 the viemity of the ongin of
the aneunssim (kig 2b)

Case 3 Temnle aged 24 complumng of palpitations general malaise loss of weight and
weahness of the hands The rad:al pulses were hardly palpable and the hlood pressure could
nat be measured 1n the upper extremities 1t was normal in the loner extremuties A systolic
murmur was audible in the nght supriclwicular fosst A protrusion of the 7ortic arch was
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Fg 3 Case 3 a) Dlatauon of the aorhc arch the descending sorta has 2 wavy contout
b) Fusform aneurysms of the aortic arch demonstrated by thorac ¢ aortography \arrowug
of the middle port on of the descending sorta correspouding to the wavy contour present in
the con entional roentgenog am (a) Marked stenoses of the bilateral awtfary arter es ) Fusy
form aneuryym in the uppes part of the abdomual aarta

seen at comventional Toentgenogiaphy of the chest the desceading thoracic zorta had a
wavy contour (Fig 3a) Fusiform ancurysms of the antuc arch and the prowmal part of the
abdormmal aorta were revealed by retrograde aortography (Fig 3 b and ¢} The middle
part of the descending thoracic avrta was moderately narrowed and the brachiocephalic

artertes wese yrregular in contour marked stenoses of the axillary artertes were evident
bitaterally

Case 4 Female aged 22 wath pul

1 the nght 3! lar fossa and a shght
temperatute caugh palpuations 2nd dyspnea  Hee appetite had decreased gradually A

systolic murmur was present ont admission m the first wtercostal space close to the sternal
bord r Conventional roentgenography of the chest disclosed bilateral enlargement of the
supesior mediastinum and the heart Thoracic aoriography rescaled marked aneurysmal
dulatation extendmng from the ascending aoria to the proximal half of the descendino thoractc
aona (Fig 4a) Two fusiform aneurysms were present m the upper part of the abdommal
aonta {Fig 4b) A small amount of the contrast medum regurgitated 1nto the left 1entrrcle

Case 5 Female aged 33 with palprtations weakness of the extrermties and ederaa of the
face which started three months after chuld birth The blood pressure i the nght arm was
170 80 no record from the left arm Conventronal fitms of the chest revealed a protrusion
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to the middle
t of the

Tig 4 Case 4 ) Huge fustform wieurysm extending from the ascending aorta
part of the descending norta b) Successne fusiforrn aneurysms of the upper par

abdemmal aerta

s decreased rasculanty m the upper

of the rortic arch and dilatation of the heart There wa
1 obstruction of the left subclavian

part of the nght lung Thoraac aortogriphy 1ndicated
wrtery 1nd an ancurysm of the left comman carotid artery

Discussion

Stenoses or obstructions of the arteral system frequently revealed m this
syrelrome, are caused by intimal prohferation and thrombosis foliowing
flammatory process of the media and adventina (Nasu) Dilatation of the
vessels has been thought rarely to be associated wath this syndrome, howeser
We hwe n carlier paper (hozura ct coll ) reported upon dilatation of the
ascending aorta The formation of aneurysmal dilatation 1s possibly duc to the
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degeneration and weakemng of the media ana accordingly 1t 13 n:\\ual }::Iaz
aneurysms are frequently found m the thoracie aorta and 1n the brachiocephalr
s where stenoses are most common

am\rl‘lcho::gh this report 1nd that a close exists between the
syndrome and aneurysms 1t 1 strange that so few cases of this Jand have been
reported perhaps because 1t has not been generally recoguized that ancurysms
ray occur m this syndrome There must actually exist more cases of aneurysm
in the aortitis syndrome

The shape and size of the aneurysms vaned in the present <enes Fuuform
ancurysms were domnant as compared with saccular aneurysms which were
detected  only two cases It was interesung to find two fusiform aneurysms in
the proximal part of the abdominal aorta both 1 Case 3 and Case 4

The aneurysm 1 Case 1 gradually increased n size and probably akso n
Case2 such cases may demand sudden operatis e mtervention Calcareous deposits
n the imvolved aortic wall are not uncommon in this syndrome one of the
features m the late or cicatncial stage as stated by GiLLasprgs et coll The size

of an ancurysm with calafication of the wall was in one case unchanged about a
year later

1 n

Coarctation of the aorta which 1s less common 1n Japan than elsewhere may
also be accompanied by aneurysm of the brachiocephalic arteries as well as
of the aorta duc 10 hypoplasia or defect of the media It 55 relatively easy to daf
ferentiate this condition from the aortitis ssndrome by the great iregulanty of
the contour and thickeming of the wall of the aorta 1n the latter condition

Other aneurysmal cond may be d hed e ! lly by the
presence of stenoses or abstructions of the aorta or 1ts mamn branches as well as
of the pulmonary arteries especially in young female subjects An arterosclerotic
aneury m could sometimes be differentiated from the syndrome only with dif
Hieulty because of stenoses and iregulanty of contour due to plaque formation in
the aorta and 1ts main tributaries The ages of the patients are of course smportant
but are not always helpful Syphilitic aneurysms occur marnly mn the ascending
aorta 1 which however stenoses or obstructions 1 the artenes are mfrequent

Patholagic studies of the euologic factors support the view that this syndrome
s an autoimmunizing process though the nature of the tngger mechamsm and
the reason for the dommance 1n young females are unknown

SUMMARY

Ancunsms of the aor1a and somttumes also of the brachiocephalic arteries were demon

trated i seven out of sixty cases with the aortitis syndrome In this syndrome 1n which
stenoss ot obstruction of the artersal s

ystem are wsually reported
ancurysms may often be formed 7 repotted it wosld appear that
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ZUSAMMENFASSUNG

In sieben von sechzig Fallen nut Aortitis Syndrom honate das Auftreten von Aneurysma
der Aorta und gelegenthich der brachiocephnlen Arterien beobachtet werden Es schemt
dass dies Syndrom das Stenose und Verschlusse der Arternen hervorbringt auch haufie
Aneurysmabaldungen nut sich bringt

RLSUMI

Des anevnismes de aorte <t parfors qusst des artercs bracliocephaliques ont eté mi en
cudence dans 7 ¢a¢ sur 60 c1s de syndrome d norute 11 semble que dis amevrt mes panat
se former dans ¢« svndrom ou on constate habatuelloment des stenoses ¢t de obstrucion
du systeme anténel
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VENOUS ARTERIOGRAPHY

A wodified techmque and mdications for 1ts use
by

N E Amteerc O Bartiey and N CHipEker

A basic principle 1 angography 1s that the contrast medium should be ad
mumstered as close to the actual region as possible It follows that for examination
of artenies the contrast medum should be selectively mnjected A precursor to the
more selectise imvestigation methods was the one m which the mjechon was
made on the venous side n this report called venous arteriography The method
was first used by STEMBERG who together with Roze described 1t in 1939 (Roes
& STEINBERG)

An exarmunauon m detail of an artery depends on an adequate concentration
of the contrast medsum within 1t When the medam 1 injected on the venons
e the concentration 1o the artenies 15 affected by many factors such as the site
and rate of wjection and the amount and concentration of the medium wsed
Other important factors must also be considered however such as the method of
puncture and 1ts sute as well as the cireulation time through the lungs

Some authors have used direct mjection through a needle m an arm vemn
{STErNBERG et coll Viaurer et coll Matmer et coll ) Others have employed

Subrm tied for pubhcation 21 June 1967
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ast medtum s still held mn the

1ig 1 Mnle nged 48 1) Ten seconds after start of injection the contr:
vena cva becruse of 1 tumour thrombus from the nght renal vein bu
b) About 20 scconds later Iow contrast medium concentration In
branches abundince of tumour tessels suggestie of hypernephroma

Iging into \ena cava (—)

he abdominal aorta and its

catheterization after cutung down on 2 ven, usudlly the arm (BERNSTEIV €
coll, Sutton et coll RonpEros et coll, 7rret OrTIZ & WeLpon, BURKIEAD
et coll, ScATLIFF & Grrenspa) while RonbEros et coll and Scuranee et coll
for example, nserted 1 catheter Vi1 the femoral vein The catheter has been
ntroduced centrally, ather into the supenor or mfertor vena ¢1v7, the right atnum
or the pulmonnry artery Only 1 few s estigators hve employed the pereutancous
cathcter techmque with msertion of the catheter to or into the nght atnum The
amount of contrast mcdium employed vares from 50 to 100 ml and 1ts con
centration between 70 ¢ and 90 ¢ The rate of injection depends on the length
and mternal diameter of the cathoter the mjection pressurce and the visconty
of the medium  Most of the mmestigators ated e ussd 1 pressure syrnge
which 1 necessany for rapid ngections

The majonty of wthors have cmployed venous arteriography
the thoracic and abdonunal rortr and in several mnstances cven
pelvic artarnes A\ fow induding STFINBERC have moreover used the method for
the mvcsugatron of the medinstinum and the pulmonary vessels (Ronperos ¢t
call, MaTuiey et coll ) the heart (MaTutev et coll ) and the cercbrl vessehs
(ViArLET ct coll )

Venous arteriography ts thus well known 1nd often used W
2 modified technique on speainl indieations The present repo

for mvestgting
for studics of the

¢ bne employe !
rt deak wath our

cxperiences since 1961
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Eﬂ‘}: [N igté

I Ll

h stenoss of the abdom nal
Fg ° Female agd 83 with an Fig 3 Female aged 67 wit

aogmc znz:xrym cfxmd ng cramally otta above the renal arteies (—) and smlar
% wthn 1 cm of the renal a te tes  stenosis of the renal arterics {-—}

—

Methods P P has been employed Wath few exceptions
two polyethylene catheters (No 205) were mserted cramally nto the nfenor
vena cava wia the femoral vems on the two sides with the ups immediately
caudal to the rnight atnum

The exceptions were patients 1 whom puncture of the femoral vemns was
contra mdicated or for whom an examination of the superior vena cava was
abo required In these instances the arm vems were punctured percutaneously
and the catheters inserted mto them or via them 1nto the supertor vena cava
About 10 m] Urografin 76 S¢ equally divided between the two catheters were
mjected with a pressure syninge (Gidlund Elema) The imjection pressure was
3 kg em and senal films wsing an AOT changer (Elema-Schonander) were
obtained 1n the a p projection The i estigation was 1n some instances repeated
with another projection  this was necessary particularly when msestigating the
aortic arch and the arteries an ing from 1t General anesthesia was not used The
patients were premedicated waith morphme scopolamine or promethazine chloride

Regardle.s of whether the contrast 1s mjected on the venous or the artertal

e the Tilled arteries are often projected over the sheletal structures and thu
partially obcured 1n such cases the subtraction procedure has been used

Matenal and Indications The matenal conssted of 111 venous artertographies
carfied out 1n 107 pauents (52 men and 55 women) the average age of whom
was 64 years (range 17—88 years) Some of the subjects were quite old and
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Iig | Male aged 48 a) Ten seconds after start of tngection the contrast medium is stll held i the
vena €131 becuse of a tumour thrombus from the right renal vein bulging nto vena cava (—)
b} About 20 scconds later Low contrast medium concentration in the abdominal aort1 and its
branches abundance of tumour vessels suggestne of hy pernephroma

catheterization after cutung down on 2 van, usurlly i the arm (BERNSTFIN ¢t
coll, Surton et coll, Ronprros ¢t coll  Zrrer Ortiz & WELDON, Burn1FAD
et coll Scartrirr & CrEFnspan), while RONDEROS ct coll and ScHRAMEL et coll,
for example, nserted 1 catheter Vi the femoral vun The catheter has been
ntroduccd centrally ather into the superior or infuror vena et the nght atriwm
or the pulmonary artery Only 7 few myestigators have employed the percutancous
catheter techmque with insertion of the catheter to or wto the night atrum The
amount of contrast mcdium employed varics from 50 to 100 ml and s con
centration between 70 ¢, 1nd 90 S The rate of mjection depends on the length
and mternnl diameter of the catheter, the injection pressure, and the VIxcosIty
of the mcdmm  Most of the muvestgators ated have used 1 presure ~yringe
which 1s necessary for ripid mjections

The myority of authors hive employed venous arteriogriphy for myestigrung
the thoracic 1nd 1bdommAl wortr nd 1n several mstances even for studics of the
peluic arteries A few ncluding STrinsErG have moreover uscd the method for
the imvostigation of the medinstmum and the pulmonary vewts (Rovperos et
coll MaTiieu et coll ) the heart (Matniru et coll } and the cercbral vesschy
(Viarier ct coll )

Y enous 1rtertography 1s thus well known and often used We have employe!
+ modificd technique on special indications The present report deals with our

expericnces smee 1961
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T & Mle aged 71 wih cale fic tons m th common
aotd artery the artery 1 markedly consincted par
ticula ly on the felt _de below the bifurcat on a) A p projec
ton b) Subtraction film of (a)

phroma {Fig 1) arenal cyst venfied by direct puncture and complete occluston
of the left common 1liac artery were diagnosed

Group (2) comprsed 12 pavents The film quahity was sausfactory enough to
answer the clinical question and m some mstarices to provide mformation about
additional changes in aneurysm of the abdomnal aorta was noted i seven
pauents while 1n the remaiing five an aneurysm could be excluded All of the
aoric aneurysms were situated caudal to the renal artenes and the relation
between the aneurysms and the renal artenes could be judged (Fig 2) Renal
artery stenosts {F1g 3} was observed 1n three of the patents in whom no aortic
aneurysm was obsenved

Group (3) consisted of 48 patients 1n whom 52 investigations were made
\dequate films were obtained 1n all the patients except one The exception was
a 88 year old man with very slow passage of the contrast medmm through the
pulmonary vesels The pulmonary artery was sull filled 20 seconds after start of
the 1njection \ repeat mvestigation was contra mndicated since the patient had
had a myocardial infarction only three weeks earber No changes were observed
1 13 of the 51 other investigations (Fig 4 2 and b) Artenal stenosis due to
atheroscleroeis was a common pathologic finding (Figs 4c and 5) but m o
pavients {young women) 1t was probably due to so-called Takayashu s disease An
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a

big 4 Temnale aged 58 (normal case) ) A p projection b) Subtraction film of (1) ) Temale
aged 77 No pulsation 1n the lefe radiat artery stenoss of the left subclavian artery (—) dustal
to the nternal mammary artery  small atherosclerotie ehanges n the right subclavian artery

poor general condition, with evidence of severe cardiac msufficieney Despite
this, no complications occurred

There were four different indicattons for usng the method (1) technical
reasons when arterial puncture with insertion of the catheter m the torta was
unsuccessful, (2) becse of powsible or venfied Aortic ancurysm, (3) for
studying the 1ortic arch and the arteries ansing from at, and (4) for mvestigation
of the mtrathoracic vuns and the pulmonary arteries

Results

Six patients came under category (1) They represented about 3 e of all the
abdomunal aortographic examinations carried out n the department from 1961
to 1963 Despite satisfactory bilateral puncrure of the femoral artenies the in
sertton of the catheters fuled because of the tortuous course of the pehvic arteries
n five of these six patients The exception was 4 patient with gastric carcinom?
and prabable Iiver metastases Arterinl puncture was not perfomud because there
were no palpable pulsations m ether grom The concentration of the contrast
medium was too low to permit of 1 detuled exammation of the hepatic vessls
In fnne pattents, the films were sitisfactory  Among these patients, 2 hyperne
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Fig 5 Male aged 71 with calafications i the common
¢ ond artey the artery 15 markedly constricted par
tcul 1y on the left side below the bifurcation a) A p projec
tion by Subtr ct on film of {a)

phroma (Fig 1) arcnal cyst vertfied by direct puncture and complete occlusion
of the left common liac artery were diagnosed
Group (2) compnised 12 patients The film qualty was satisfactory enough to
answer the chmeal question and 1 some 1nstances to provide mformation about
additional changes \n aneurysm of the abdominal aorta was noted in seven
patients while i the remaining frve an aneurysm could be excluded Al of the
aortic aneurysms were situated caudal to the renal arteries and the relation
between the ancurysms and the renal artenies could be judged {Fig 2) Renal
artery stenosis (Fig 3) was obscrved 1n three of the patients i whom no aortic
aneurysm was observed
Group (3) conusted of 48 patients tn whom 52 imvestigations were made
dequate films were obtamed m all the patients except one The exception was
2 88 vear old man with very slow passage of the contrast medium through the
pulmonary vesseh The pulmonary artery was still filled 20 seconds after start of
the injection \ repeat nvestigation was contra indicated since the patient had
had @ myocardial infarction only three weeks earher No changes were observed
;r:hlcio?c[l::];\zl\\(:sh:c‘:;:f::,gaum:; (‘Flg ?— : and b) Artenal stenosis due to
ptiens (v oy n pathologic finding (Figs 4¢ and 5) but m two
1t was probably due to so-called Takayashu s disease An
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a b

Iig 6 Iemale aged 76 2) Tilm of lungs Mass in the apical part of the nght lung @ ¢ to the
mediastinum. b} \ enous 1rteniogephy (1he process was caused by ancurysmal widenmg of the
brachiocephalic trunk )

arteritl meurvam was Apparent 1 two Instances (Fig 6) Addrronal informatton
wAs obtaned with the subtraction procedure m ten pauents
Group (1) compnsed 41 panents and the same number of
monary embolism scemed probable m twenty two pitients Nne of them had
changes typical of embolism, m nne other patients no such changes were eb
wrsel No definte dingnoss could bt establnhed 1 the remainng four p2
tents
The cxanunation w & performed for posuble tumours mn the Jungs or media
tinum m 19 patients, the majonty of whom had changes of the lilar regon
Desprte mediastinal tomography 1t could not be ascertuned whether calnreed
Il lymph glnds or widened pulmonary vessels were present Ths could how
cver be assessed ingiographically m all these pitents  \n Artenos(nous aneurysm
was noted n one patient (g 7) In another pauent, with 1 probable broncho
genic carcmoma (lig 8), 1 grow th extending nto the supenior 1end cava and
the left subclavian vem, 1s well as an occlusion of 1 pulmentry ariery branch
corresponding to the tumour were demonstrated The diagnosts of carcinoma
with metastases was verificd at utopsy n the Iatter case

exammatons Pul

Discussion

\ detuled analysts of artenes requires « hugh concentration of contrast medmm

m them This 15 best achieved with selectne arteriography, winch s‘mu‘kl
usually be applied However to Judge from the hterature scnous arteriogriphy
 widely used though only exceptionnlly under optimal conditions { RONDFROS
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Fig 7 \ nous arte ography 1 a male aged 39
with a mass n Jower lobe of left lung Artena enous

ancurysm wth widened supply and dramage
vessels

et coll Zerst OrTiz et coll FRIEDERBERG et coll BURRHEAD et coll Scatiire
& Greensean) The choice of method should among other things depend on the
mdividual to be examined and the risks entatled with the method Lasc reported
a mortality of 006 G on arterography carnied out from the artenal side with
Scldinger s techmque while the corresponding figure at venous arteriography
has been given as 002 ¢4 (StervsEre) Lavc has pomnted out that the ind
sestigation of small arteries for example the brachral arteries increases the nsh
of complications

Insertion of a catheter through an aneurysm mght lead to perforation of the
wall or to emboh since aneurysms are often thm walled and as 2 rule contam
an abundance of thrombotic matenal As 1n cases when catheter nsertion via the
femoral artery fails the artenal puncture may be performed at another sie for
example i the arm or neck arteries and the catheter can be introduced mto the
aorta The aorta may also be punctared directly We have however found that the
frequency of complications 1s higher for both of these methods than for venou.
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with bronchagenic earcinomn Catheters inserted 1nto arm vems four
The growth extends into the superior vena cava (—) metastasss at
acclusion of a pulmonary branch (x—s) corresponding to tumour

Lig 8 Temale aged of
seconds between (1) and (b)

left subclrvian vein (~-)

artertography In these two categones, venous arteriogriphy gave «atnfactory m
formation i the mjonty of patients <o that no complemenmr\ study was
required The hepanic vessels and the smaller branches of the renal artery could
however not be studied m detail

For an cxanunation of the aorue arch, msertion of the catheter from the
arterial e 1 young subjects should be connccted with only shght nsks of
complicattons Older patints wwully huve atherosclerotic changes m the aorta
however, and the loosening of thrombotic matertal with crrculating cmboly,
or production of 1 dissecting ancurysm, may become real nshs In the prexent
material the concentr~tion of the contrast medium has been sufficiently gh to
Allow 2 detuled exammaton but m some mstances 1t his been necewan
employ the subtraction procedure

The sclective method 15 clearly supertor to venous arteriogriphy for 1n
vestigation of the pulmonary arteries If the patient s condition permuts nd
resources for selective catheterization of the pulmonary artery are nailable this
procedure should be applied Selective catheterization was Judged xmd\mb]lc
m a ltrge number of patients because of 1ge or 1 poor generl condition It
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seems to us that i such cases angrography without selective msertion to the
pulmonary artery should be favoured Lung emboli among other mamfestanions
were demonstrated wath this method m a number of patents When the differen
tial diagnosis between hilar lymphoma and wide pulmonary vessels 15 dubious
we hold that senous arterography 1s usually adequate for solving the problem

Rusk of damage due to large volumes of highly concentrated contrast medium
might exist A detailed analysis of the renal function before and after Investiga
tions with contrast medium 1njections have however disclosed no changes to
idicate renal damage (Bartees et coll )

SUMMARY

A modified techmque for venous arteriooraphy 15 deseribed and expenence m 111
\estigations presented The method appears to be a valuable alternative 1o anenography
when catheterization of the abdommal aorta cannot be performed and further 1 cases of
possble aneurysm of the aorta for mvestwatng the aoruc arch and the larve vessels
ansing from 1t and for analysing the intrathoracic veins and pulmonary artenes

ZUSAMMENFASSUNG
Eine Modihikation der venosen A e wird ben und die Erfah bes
111 Untersuchungen werden beschneben Die Methode erbietet eme v ervolle Alternative
7 Atteriographic m Fallen wo die disekte phic durch Kath der
Bauchaorta mcht moghch st 1 Fallen von abdomnalem Aneurysma und 1 exter fur die
Untersuchung des Aortabooens und der dort Arterien der mntrathorakal
Arterien und der Pulmonalarterien

RESUME

Les auteurs decrent une modification de la technique de 1antenoeraphic par voie
vemeuse ct en presentent | apphcauon dans 111 cas Cette methode est unle pour sempla
cer lartenographic quand 1l est smpossible de catheten er laorte abdomunale quand 1l
peut y avorr un anevnisme de laorte pour examuner la crosse de laorte et les BTOR vasseaux
qut en partent et pour erudier les seines intrathoraciques et les arteres pubmonasres
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with bronchogenic carciioma  Catheters mserted into arm vems four

g 8 Iemnle aged 51
seconds between (a) and (b) The growth extends into the superior vena cava (—) Metastass at
feft subclavian vein (+—) occlusion of a pulmonary branch (+) corresponding to tumour

arterjography In these two categones venous artcriography gne satsfacton m
formation 1 the majonty of patients <o that no complementary study was
required The hepatic vessels and the smaller branches of the renal artery could
howeser not be studied m detail

For 1 ¢xwminaton of the aortc arch, insertion of the catheter from the
artertal side 1n youny subjects should be connected with only shight nshs of
complications Older patents usually hae atherosclerotic changes m the aorta
however, and the looscning of thrombotic materal with arculating emboly,
or production of 1 dissectng aneurysm, mav become real rishs In the present
matertl the concentr-tion of the contrast medium has been sufficiently gh to
allow 1 detuled exammation but 1n some instances it has buen necessary to
employ the subtraction procedure

The sclective method s clearly superior to venous artertography for an
vestigation of the pulmonary arteries If the patients condition permuts anl
resources for selective catheterization of the pulmonany artery are v aulable this
procedure should be applied Selective cathetenzation was judged mud\FHbI]C
in a large number of pauents because of age or a poor general condition It
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NORMAL CEREBRAL CIRCULATION TIME AS

DETERMINED BY CAROTID ANGIOGRAPHY WITH

SODIUM AND METHY LGLUCAMINE DIATRIZOATE
(UROGRAFIN)

by

T Grerrz

Cerebral angiography has been used mcreasingly for mvestigations of the
brain errculation and new contrast m=dia with very hmted mfluence on the
lacal and systemic arculation have been developed One of these media 1s
(rografin which has been found to be comparatively mactive with regard to
cardiovascular reactions (Torseir 1963 Fisner & Cornirl 1962 Grerrz &
Tornerr 1967) Ithas recently been demonstrated that the bradycardia provoked
by this medum does not sigmficantly influence the result of a determunation of
the circulanon time {Grertz & 51%) We therefore decided to study the ar
culation time by means of Urografin which since 1957 has been used routtnely
1 our institutions for cerebral angiography 1n about 7 000 patients

Uatena! and Methods oy four out of about 1500 patients with normal
findings at caroud angiography were selected All these had suffered from epilepsy
or headache the findings on neurologic examination had been normal and all
had been examuned by rapud senal angography (RSA) at esther Serafimerlasa

Submuttec for publication 8 March 1967
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Table 2
daton time ~— § gmjficance
of the different mrasurements of the normal cerebral carcul
ff:ffmffz Iighlye $ {vﬁmm 0001 >p ** signfeant 001 > p> 000! * almost sigmificant
005>p 001
N bles Correlatan co flic e ts

Angiography of common carotid  Angiography of it tmal cacot d

CTp CTe Q591+ 0606
CTpa CT af 0569 0433
CTpa CTe 023 0184
CTpa CTa 41 0269

Results and Discussion

The results are givenin Tables T 2 and 3 The normal mean circulation time
estimated as the tme interval between maximum filling of the carond siphon
and maximum filing of the panctal vens (CT pa) was found with Urogralin
60 Sc 10 br 3432051 sec with 4 standard error of 608 sec (Table 1} Ths
15 a shorter time and a smaller dard d than established m previous
studies (Grerz 1956 Leeps & Taveras 1963) m which sodium acetnzoate
\Triurol) and sodum dratrizoate ( Hypague) were used the normal values then
bemg 413 £ 078 sec and respectively 437 + 083 sec There are several
possible explanations for this discrepancy The shorter crrcufation time with
Urografin could b due to a difference 1 actingty as this medm s Jess active
than the others The larger deviaton from the mean value however can hardly
be explaned i this way since the vanaton wihin the Ppauent does not seem to
be smaller with Urografin than with Trire) {Grerrz & Ssx)
plausible explanation 1s the more careful selection
study \s mentioned all patients with any neurol
mean age of the present group of patients was 33
the Trurol group There was howerer no definte correlation between ar
culation time and age 1n either group of patients

The nme interval between maximum
vans (CT pa)

The most
. of patients for the present
ogc signs were excluded The
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Tabtle 1

Normal cerebral cirenlation times as estimated tn fire different manners as creulation tume bela en

the carotid siphon and 1 spectuzely the parietal vems (CT pa) and the central vems (CT ¢) a5 the

duration of the artenal filling phase (CT af) the arterial emptvin phase (CT ae) and the arteral
phase (CT a}

CT pr CTc CTAf Cr e CTa
Mean 343 348 167 691 257
Range 2545 2545 10 -25 Ga—1: 2035
SD 051 051 042 029 045
SE 008 008 a07 003 007

rettet or the Neuroridiologic Department of Rarolinsha Sjukhuset Only patients
mecting these three entenn were included and these also formed part of a group
studied for determmation of the normal size of the mternal caroid antenor and
middle ccrebral arteries (GARrIFISFN & GrrT7) Measurements of the diameters
of these vessels were therefore 1vulible In 16 patients, the mjections had besn
performed automatically wd ECG and wmjection times had been recarded No
T'CG or cxposures were on record for the remaimng 28 piients, but these patients
ould be included n the present study since the cardiovascular reactions pro
duced by Urografin arc so shight that they hue no demonstrable systematic
effect on the crculwion ume The accuracy of the program was moreover
cheched on several occasions, and no deviations exceeding 5 96 were accepted q
Tollowing preutaneous puncture of the carotid artery, exch patent recene

5 ml Urografin 60 9% pcr mjcction The mjection tume, when regstered, w1
usually one second, or shghtly more Rapid ser1l ngiography was always C’:
ployed, with 1 frxed program of film changmng 2 films/second for five sconds
and 1 film/second for ten seconds The circulation time was estimted by the
method of Grertz (1956), s the tume mterval between maximum filling 1n the
caretid aphon and maximum filhng i the panctal sans (CT pa) A deter
mination of the tme lag between maximum density 1n the sipton and ma‘(m}um
filling of the internal cerebral van {CT ce) was also made The artunal fll m%
ame (CT af) 1s commonly used m routine work s an cstimate of the arculatior
ame and was also measured m this study In addition the time required for \h;
emptying of all cerebral arteries (CT ae) was recorded T'mally thczj;ﬂlC) (;
arterial filling, from 1ts commencement untl all arteries werc empty ( . aTI\é
a ed by many others, ¢ g Leeps & Taveras (1963), was also mcaSU;'ch o
re.ults obtamed from the dctermmation of these several parameters of the €1
culation time were correlated with each other
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volume capacity better than any other single intracramal va cular measurement
No correlation was found between © 3 and CT pa Tt was found that a cor
celation sigmificant at the 1€ level evisted between the diameter of the extra
dural portien of the caro id astery {C 5) and the arculation time ~sumated as
arteread filling wume (CT al) This was howeser only true when the njection
was made 1to the wternal catoud artery no such corrclation was found for
angography of the common carotud artery The regress on coeffiient was 0 397
for the smternal carood and ~0 211 for the common carotrd artery the df
ference being wgnsficant at the 1 ¢ level Do sigmlicant correlation 1o antenal
aize for C'T pa could ebtained
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SUMMARY

Th cerebral arculaticn time was estumated at carotid anguography 1 3 notmal matenal
wik Lroprafin 605 It was defined as the ttme interval between maumum fidhng
of ¢ caroud siphon and the patictad vens 2nd was found to be 3 43 £ 051 seconds YWhen
the aecsion was made (nto the internal arotd attery the results obtawed from estimates

of ihe 1 e of actersal filling were d peadent on the size of the snjected vessel and therelore
i alid

ZUSAMMEFNFASSUNG

Di Plutum} of ext am Celirn wurde mutels Carotisan 1ographie mu Urografin 60 €5
23ron b n ¥all o ermittelr Die Detirs son der Umiaufzet war der Zeitintrvall zwischen
A M umalfullun d s Caronr sprons und d r Panctalvenen gev ohnlsch 34 2051 sec
Wenn die Ingektion i die A carotis mtemna erfotote warden di. Resultate die aus der

5 hatrung d r Fullunesseit d 1 astenell n Thase erhalten wurd 0 von d 1 Wese dieses
C ts s abhan 12 und deshalb unbrauchbar

RESUML
U oaump & crasion cerebrile o ete estime par anmweraphi  carcidienne aw
moyen de | Urografin 3 60 %7 sur un ser e ¢ normal It a ete deflim comme Lintegvalle de
iemps enre le remphissage maximal dy siphon carotidien et el des veines panetales et 2
€t trowre egal a 3434051 secondes Quand tmjection ost fane dans Lanere caroude m
€m les resultats indiquant Te temy s du remphssage d fa phase artenelle d d nt d
Wb varsea et ne sont done pas valables poad e
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Table 3

Influence of the wyection site on the measurement talues obtamned for the mean cerebral ewveulal on times

Vessel inyected Number Mean crculition times
of cases

CTpa CTc CTAf CTw CTa

Internal carotid 27 337 348 154 09 948
Common carotid 17 354 350 188 08 239
Test for difference 145 007 565 749 061

Ivialucson tand $2dof

~o closely relted to the velocity of the bram crculation The site of puncture
and the capaaty of the mjceted vessel are factors that could affect these cor
rclations
In order to study the importance of the site of puncture for the circulation
time the material was divided i two groups, one (27 patents) mcluding those
examued after puncture of the nternal caroud artery, wnd one (17 patients)
consisting of those 1n whom 1 puncture of the common carotid rtery had been
made The mean circulation ime, estimated as CT py, CT ce, CT af, CT a¢ and
CT 1 ws caleulated for each group (Table 3) A significant difference between
the two groups was found only for CT af This means that with the artenal
illing tme s 1n indication of crrculation time the results will be dependent upon
the site of puncture i that the aircalition times estimated from mjection mto 1h;
nternal carotid artery will be shorter than after mpection mto the common carotl
artery A possible cxplanation for this could be the f1ct that the contrast mcdmt:i\
1s transported mainly by the injection pressure durning the injection nteny al ap
that this filling 1s more rapid than transportation by the blood stream 1 urther
more with mjection mto the ternal carotd artery, the totnl volume capacty
of the arteries distal to the puncture 1s smaller and hence they fill morc rapidly
than upon mjection mto the common carond artery  \ mort distal njection
into the nternal caroud will consequently lead to 2 more rapsd filling of the
periphernl arteries and make the circulation appear to be more rpid e
To elucidate the role playcd by the capaaty of the myected artery, the ynue
of the arculition time, esimated as CT pa and GT af werc correlated to (hi
arterinl size The diameter of the extradural parasellar portion of the nterna
carotid artery was measured on the Interal film The measurements were twl\g;
precisely 1t the first bend of the artery shortly after its exit from the clﬁrlﬂ "
canal The diameter at this level (C 5) 1s fairly representative of the \\un“
the entire mam trunk of the internal carotid artery and 1s likely to reflect th
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BRACHIAL VERTEBRAL ANGIOGRAPHY
WITHOUT A CATHETER

by

BEAGT 7ACHRISSON

\ ertrebral angrography by retrograde injection of contrast medium 1nto the
brachial artery was first descnibed 1n 1955 by Gottp who exposed the brachial
artery and injected the contrast mechum manually The method was considered
espectally sutable for children as the infratentornal vesseb were well filled but
1n adults large amounts of contrast meditm were needed to produce sausfactory
films Corrins i 1927 reported however that he had obtamed good results m
adults by appliing Gould s techmque and using large cannulas huns (1960}
reviened 200 cases 1 which mnjection of contrst medium into the nght brachial
artery had b en performed after exposure of the vessel No serious complications
had occurred He recommended night side inje tion as a routine method to
replace nght percutaneous carotid and vertebral puncture CARREA & SCHUSTER
11961} used the ame methol m 100 aortographies m children The injection
was usually made on the left side and in most cases the cerebral arteres as well
were well demonstrated There were no comphications and no ischemia desprte
the fant that the radial pu's~ disappeared permanently 1 a few instances

Fxeelient results with percutancous puncture of the brachal artery 1n com
binauon with njection of the contrast medwm with a pressure myector hase
been reparted since 1960 both from Germany and from \menca

Read at the Meeting of the Svedih Society of Medical Radiology a
4 t Jonk 12
Sept mter 1960 Submitted for publicanion 3 Januan 1967 @ 3t Jorkopus
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BRACIHIAL VERTEBRAL ANGIOGRAPITY WITHOUT A CATHETER

a

¢

Fig 2 )Sublay  arteryand t3bra chesafier my ct on of contrast m dum anto the left brachual
at y The ert bral terys contn tedat ¢ ex1fom the subclas an a tery b) Drawing (afte

R oz hop ey how g the po fion of th bra hial artery n relation tn pe vus med anus
O F nctwest

fascia The fact that the artery 1s superficially situated at this level and hence
that the angle of msertion of the needle will be small s an addeld advantage
After local ancsthesia has been produced with about 5 ml xylocam 1 S5 both
vewel walls are punctured The mandrin 15 withdrawn and the needle 15 then
pulled back dowly \ release from the posterior wall and a strongly pulsating
tream indicate that the needle 15 1n a satisfactory position

A short wire gwde projectng a few centimeters beyond 1he needle up
mtraduced and the needle 15 cautiously pushed into the artery this ensures
that the needle will remain steady Tis position 15 further checked by taking a
fitm during the mjecuion of about 3 ml Urografin 60 ¢c if the tip 13 seen to
be m contact with the vessel wall 1ts position 1s adjusted The needle 1s connected
with a PE tube coupled to a pressure injector (Cical) To prevent the
contrast medsum Irom passing to the arm and hand and to counteract pam a

wff iflated 1o a level hugher than the sy tohic pressure 1s applied proximally
on the forearm
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Iig 1 Schematic drawing showing contrast filling after retrograde injection
wnto the npht brachial artery (left part of diagrim) and into the Ieft brachil
artery (right part)

Marsuart et coll (1963) dicussed exhaustnedy the advantages of the pur
cutancous metho | desenibing 175 cases, m only four of which 1t had been
neeessarny to st surgicil txposure No scrious complications were noted

Wariensermynr (1965, 1966) rovicwed more than 200 enses i which retro-
grade brachil arte riography had been carned out without scrious sequedae Them
fratentornd vesschs were demonstrated by Teft side mnjectton m more than 90 ¢
of the cxummtions while by night sde mpection the supratentoral vesss on
the night side were filled i mne out of 10 cases and the nfratentorial vessels »
well in eight out of 10 ¢ases He used m adults 1 PE 205 cannult 40 ml
Urografin 60 9¢ and 1n mjcction presure of 2 10 4 hg em WEnpE emplosed
a cannult of the sunc wize but inpeeted 20 to 30 ml Urografin 60 Go 2t 1
pressure of between 6 il 7 ke em

I'he method uwd 2t our hospital 1s 1 modification of methods recommende 1h
Warienscumint ind Winpr

T echnrque The brachil artery 15 punctured with 2 PE 160 Scldinger needle
at the site where the pulvitions arc best felt this 1s usually 2t the ulnar side of
the elbow jomt, where the artery les under the bicipal fascaa This region has
several advantages The large number of collaterals at the elbow jomt constitute
1 safety margin n the cvent of thrombus formation and furthermore the medin
nerve lies shightly medial to the artery at ths level while higher up on the upper
arm 1t hugs the artery closely (¢f Tig 2b) Ihe rish of myury to the nene will
conscquently be less af the puncture 1s performed at the level of the ropital



SRAGHIAL Y FRTEBRAL ANGIOGRAPHY WITHOUT & CATHETER 339

<

Fg? a5 bd umnat ya ditsbanchesaft rinjecton fcont  t med um into the Jeft brachaal
artery T3 3 b alartery & mstcsed af 18 eat from th subc! 1an astery b) Drawng {afte

Ravste ¥ omaxi how ng the p ston of the brachil amtery s relaton to iervus nedian s
Puntue te

fascra The fact that the artery 1 superficnally situated at this level and hence
that the ang'c of nsertion of the necdle will be small 15 an sddel advantage
After lo al anestheva has been produced with about 5 wml wlocan 1 S batk
vessel wails are punctred The mandnn & withdrawn and the needle 15 then
pulled hack slowly \ release from the postertor wall and a strongly pulsatng
tream dicate that the needle 18 1 a satsfactory position

\ short ware quide projecting a few centmeters beyond the peedle up 1
mtroduced and the peedle 1s cautiously pushed into the arery this ensures
that the needie will reman steady Its powtion 15 further cheched by taking 2
fm duning the injecyon of about 3 ml Urogralin 60 % of the up 1s seen to
be i contact with the vessel wall ws posttion 1s adyusted The needle s connected
wih 2 PF tube coupled to a pressuse myectar (Cical) To prevent the
contrast me ium from pasing to the arm and hand and to cougteract pamm a

<uff milated to a fevel higher than the svstolic pressuee 15 apphed proxmally
on the forearm
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Lig 1 Schematic drawing showing contrast filling aficr retrograde mjection
mto the nght beachil artery (Ieft part of diagram) and into the left beachil
artery (nght part)

Magsnatt ¢t coll (1963) disenssed (xhaustinely the advantages of the per
cutmeous metho ! descrbing 175 cses m only four of which #t had bun
necessary 1o ise surgicl exposure: No serious complications were noted

Wattensenmint (1965, 1966) reviewed more than 200 cases i wihich retro-
grade brachid artenography had been earned out withont senous sequedae Them
fraentonl vesscds were demonstrated by Ieft sude mjection m more than 90 fe
of tht cxamumtions while by right side mpection the supratentorsal vesds on
the night side were filled m nine out of 10 ¢ases and the mfratentoral vessels »
well moeght out of 10 (wes He used i adults 1 P1 205 cumula 40 ml
Urogrifin 60 9¢ wnd an mycction pressure of 2 to 4 kg em WFNDE cmployed
A cmnult of the same size but myected 25 to 30 ml Urografin 60 ¢ 2t 2
pressure of between 6 anl 7 ke cm

Ihe method used at our hospital 1s 1 modification of me thods recommende i
Wariensenmior id Winor

T echnique The brichid artery s punctured with « PF 160 Seldmger needle
at the site where the pulsttions are best fot this s wsunlly at the ulnar sk of
the elbow jont where the artery lies under the bioipital fasa Thus regron has
several advantages The Targe number of collaterals at the clbow jumt consttute

saftty margin n the event of thrombus formation and furthermore the medimn
nerve lies shghtly medil to the artery 2t this level while lugher up on the upper
arm 1t hugs the artery closdy (ef Tig 2b) The ek of myury to the nenve \u[ll
constquently be les if the puncture 15 performed e the lod of the ncapital
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. by
Fg 3 Cervcal port on of the verteb al artery sec (a) a d 45 sec (
fier st st of nject on The verteb al artery s Jargely occluded a1d has
be npast ally fill dth ough collater 1s Accumulation of contrast medium
 the left Jobe of the thyroid gland  scen in {b)

cating artery by the carottd artery on the <ame side (SavTzaan 1929} When the
caratid artery m fhe neck 15 compressed the flow through the posterior com
municating artery diminishes while that from the vertebral basilar system to the
postertor cercbral artery increases (Fig 4) In four patients onlv partral filling
of the night posterior cerebral artery was achieved another njection of contrast
mediim  together with compression of the right carotid artery, gave satisfactory
filing 1n three of these patients while 1 the fourth 1t remamed partial In two
the 1p tlateral posterior commumcating artery was also demonstrated

The postertor cerebral artery sometimes anses directly from the carotid stphon
and does not communicate with the baslar artery In such cases 1t cannot be
demon trated by vertebral angiography

n examination using compression of the nght vertebral artery was tred
four patients the compression being low down n the nech 1 the supra
claviclar fosa Without compression no filling of the mght vertebral or the
nght posterior mfenor cerebellar artery was obtamed n these patients With
compression however satssfactory filling of the nght postenior mifcrior cerebellar
and the nght vertebral artery close 10 the base of the shull was obtained m three



340 RENCT ZAGHRISSON

Urografm 60 % m n amount of 35 to 40 ml 1s injected at a pressure of 65
to 7 hg/cm= ilms are obtaned m the Iateral projection (3 per sec for 4 sec,
and then 15 per sec for 4 sce) and in the frontal projection (2 per sec for 6 <,
then one per see for 6 sec) The Jft vertehbral artery usually breomes visible i
the neck after 625 to 15 see The mjection ume s around 3 sec \s a rul, two
to three myections of contrast medium are made at each cxammaton 1 our m
Jections of crch tme were made m 1 fow cases

The left subclwian artery gines off only onc artery to the bram, the left
vertebral artery The night subclwin artery gnes nise to both the nght vertebrat
and the night common carotid artery 1f contrast medium 1 suffictent quantities 1
mnjected mto the brachil artery i retrograde direction, and at suffiontly
high pressure, 1 column of contrast medium cxtending 1 a proxmmal direction
s far as the sorhe arch will be obtuned, and <) the branches springing from the
subclavin artery, including the vertebral artery, will become vistble

Injcciion of contrwst medm on the kft sule thus gives mtracrnlly 1
selective Teft vertebral angiogram (1ig 1b) Injection on the night side alloss
simultancous ngiogriphy of the nght vertebral artery and the nght common
carotd 2rtery (Lig 11)

The left verteheal artery s sud to anse directly from the arch of the orta
immediately proximal to the ongn of the Ieft subclwian artery, in appro‘(unulcly
6 to 7 ¢ of cises (Bossian 1904, Surton & Davies 1966) In such casts
contrist filling of the vertebral artery s1a the left arm ss for anatomrcal reasons
not posstble with thi techmque Some other methot for mstance direet punc
ture an the nech must be used mstead

Results

Thirty frve patients of 1ges ranging from 20 to 74 yers were examned be
tween August 1965 and August 1966 In  further patient, puncturc of the
brachial artery was unsuccessful Contrast filling allowing evaluation of the
infratentonial vessels was achicsed n 31 of the 35 pauents In onc of the
remamning four, the vertebral artery in the cersical region wis highly tortuous
and varble m caliber and the infratentorial vesscls were only partially outlmed
n two others the vertebral artery wa occluded (Itg 3) wd i the fourth case
1t arose from the aortic arch

The filling of the vessels was clsafied s satsfactory of thewr outhin e
penipheral ramifications were distingushable, s partal of only parts of ln
course were demonstrated or as absent A few xanmmations using cOMpressio!
were carricd ont i an endevour to improve the contrast filling .,

The posteror ccrebral artery 15 1ho supplied  through the posterror commur

es nd
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Fg 6 a) Spasm of the b ach lart ry near the needle up Celia
teral ave cont a t filled b} H gh dnvis on of the brachial artery
The needle fills th ent re Jumen. no colfaterals are vis ble

of them while 1 the fourth the vertebral artery failed to fill on the nght side
thig 5)

Complications “The radial pulse was recorded immediately before and after the
wxamination Twenty four paticnts were followed vp and a further ax gave 1n
formatton by telephone No senous sequelac occurred and no 1schemia was ob-
served after the exammation

In one pauent with moderate hemsparests due to constrictton of the nght
wnternal caroud arterv the condition became temporanly aggrasated after the
examnation Na compression i the nech had been applied m this case

The radial pulse was feeble 1n one patient after the examination but was
normal agam the following day Spasm of the brachial artery mamfested by
disappearance of the radial pulse arose 1 two patents duning the exammation

11g 6a) but relaxed after the application of hot compresses In one of these pa
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Ty, + a) Erontil projction Only branches of the vertebral artery on the Ielt side arc
filled b) 1ateral projection with simultancous compression of the rght carotid artery
Satisfactory filkng of the vertebral artery and s branches including the nght posterior
cerebral artery and night posterior commumenting artery

Fig o Left side myection mnto the brachial artery 2) VWithout compression
the basilar artery and the right posterior cerebral artery are partially filled
b) With compression n the night supraclwicular fo sa all branches of the

vertebral artery including the right posterior inferior cerebellar artery 1 ith

adjouning portions of the nght vertebral artery are lilled



BRAGIIAL \ ERTEBRAL ANGIOGRAPHY WITHOUT A CATIHETER 345

over if correctly pex(om\cd this method allows excellent demonstration of the
vertebral artery and 1ts branches

Vanous catheterization techniques have also been suggesteld for the demon
ciration of the vertebral artery The cathetenization may be performed through
the femoral ar ety (Livoores 1926) or through the axllary artery with 2
catheter placed in the Jeft subclavian or vertebral artery (Rapner 1921) Goold
resulis may be obtamned but the procedure 18 usually tume consuming as 1t 1
necessary to get exact mformaton while positioning the catheter preferably by
T\ monttonng Protracted catheterization furthermore increases the rish of com
pheations at the punciure site 10 the form of thrombous or hematomas A few
deaths 1 connection with cathetenzation of the vertebral artery have been
reported

Retrograde mnjection of contrast m dium sato the brachual artery has prov ed
an excellent method for vertebral angiography Satisfactory roentgenograms were
obtamed m 34 of the 35 puents examined The method has abo been recom
mended by German and \mencan nvesugators who have all stressed the ugh
rate of successful exammations and the absence of serious complicattons

It was possible by applying compression to demonstrate the nght postenor
snfertor cerebelfar artery 1 three out of four patients Compression of the carotid
artery can be carried out and 1n some cases gives better filling of the spsilateral
postenior cerebral artery

Amounts of 30 to 40 ml Urografin 60 ¢c were wsed 40 m! gnes shghthy
better and more evenly distnbuted contrast filing of the infratentonal vessels
It 1s difficult to determine how much of the contrast medm actually passes
up 1o the vertebral artery However the artenal capillary and venous phases
were always clearly disunguishable an obsenaton indicating that the m
tracramial dose of contrast medium was adequate

Th discomfort of the patient on mjection of contrast medium mio the brachial
artury may be shightly greater than with direct injection into the vertebral artery
but 1t soon passes off The fact that the left vertebral artery arses fram the arch
of the aorta m about 6 ta 7 G¢ of all cases 15 snother disady antage of the method
ince no demonstration of the vertebral artery 15 then possible The procedure
Iy (‘l\mhcrmorc slightly more time consumung than a drect Ppun ture 1n the
nec

The methad has many advantages however It s usually easy to puncture the
brachial artery The position of the needle can be Lept stable and can be observed
and adjusted as required The position of the patent < head can be altered 1o
m et requirements without affecting the position of the needle Compression of

the nech artenes can easily be carmied out and the cervical part of the vertebral
artery as well as the subclavian arterv and 1ts branc]

hes can be well a
outhned by contrast mehum No senous sequelae nd rapidl,

have occurred
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Lig 7 a) Irontal projection 4 sec after start of injection b) Axial projection
3 1/3 sec after start of injection of contrast medrum i 2 man aged o1 years
with 1 highly tortuous and dilated basilar artery

uents the rdial pulse was foeble for the fist fow hours but returned to norml
within twenty four hours In the other there had been difficults e puncturm,
because of tugh division of the brachinl artery, the necdle completely fillig the
lumen of the artery at that pomnt  the radial pulse was fecble durmg the fint
weeh bug subsequently returned to normal (lig 6b) Thus, in the whole series
temporary woahemng of the rdinl pube was noted mn only three cases

Ounc patient experienced aching pun around the puncture site nd stiffics of
the fingers durning the first week but later had no further discomfort In this
prticular mstance  the brachinl artery had been punctured 1t 2 pomt about
7 cm qbove the elbow pomt and irnitation of the median purve m1y hwe anen

Lxtravasal injection of some of the contract medium occurred n one panent
The radinl pulse was not affecte T and the patient compluned of no dicomfort
when he 1eft the ¢xamination room

Discussion

Purcutaneous puncture of the vertebral artery m the nech (T1NpCREN 1950
SjocrEN 1953) 1s the most common technmique 1n Sweden for vertebral anglo
griphy The method requices Inghly tranad, efficient operators, however as
technical difficulties often arse during puncturing 1 ulures may be duc to dif
ficulty 1n plang the necdle adequately If the puncture 15 not carnied out m the
correct way, complications such as puncture of the dural sac, injury to the nervc
plexus, or arteriovenous shunt formation at the puncture site may s How
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ever f correqtly performed thus method allows excellent demonstration of the
ral artery and its branches

\e:’e:nous ca&elmzauon techmiques have al o been suggeste} for the demon
strauon of the vertebral arters The cathutenzaton my be performed through
the femoral ar ery (LINDGREN 1956) or through the axillary artery with 2
catheter placed m the left subclavian or vertebral artery (Rapner 1921) Gool
results may be obtamed but the procedure 1 usually tme consuming as 1t 1s
necessary to get exact formation while positioning the catheter prefurably by
T\ monttonng Protracted catheterization furthermore increases the i k of com
phcanions at the puncture site in the form of thrombions or hematomas \ few
deaths 1n connection with cathetenization of the vertebral artery Tave bun
reported

Retrograde inection of contrast medium nto the brachal artery hos proved
an excellent method for vertebral angiography Satisfactory rountgenograms were
obtaned m 34 of the 30 patents examuned The method has also been recom
mended by German and Amencan ivestigators who have all stressed the hugh
rate of successful examinations and the absence of serious complications

It was possible by applying compression to demonstrate the nght postenor
snfersor cerebellar artery n three out of four patients Compression of the carotid
artery can be carmed out and 1 some cases gives better filling of the ipsilateral
posterior cerebral artery

Amouats of 30 to 40 ml Urogralin 60 9 were wed 40 mi gnes hightly
better and more evenly distnbuted contrast filing of the infratentorial ve scly
It s difficult to determine how much of the contrast medium actnally passes
up wto the vertebral artery However the artenal capiflary and venous phases
were always clearly disungushable an obsenvation indicating that the n
tracramal dose of contrast medum was adequate

Th-~ discorafort of the patient on injection of contrast medhum 1nto the brachial
artery may be shghtly greater than with direct injection 1nto the vertebral artery
but 1t soon passes off The fact that the left vertebral artery anves from the arch
of the aorta n about & ta 7 G of all cases 1s another disady antage of the method
since no demonstration of the vertebral artery 1 then possible The procedure
15 furthermore slightly more ume consuming than a direct puncture m the
neck

The method has many advantages however It 1y usually easy to puncture the
brachial artery The position of the needle can be kept stable and can be observed
and adjusted as required The posttion of the patient  head can be ahtered 10
meet requirements without affecting the position of the needle Compression of
the neck artenes can easily be cammied out and the cervical part of the vertebral
artery as well as the subclavian artery and 1ts branches

<an be well and rapid
outhned by contrast mehum No senous sequelac hav Pty

e occurred
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Lig 7 1) Irontal projection 4 sec after start of ingection b) Avial projection
3 1/3 sec after start of injection of contrast medium an 2 man aged o1 vears
with a highly tortuous nd dilated basilar artery

uents the radial pulse was fueble for the first fow hours but rurned to normal
within twanty four hours In the other there hd been difficulty m punciunn,
beerne of gh divston of the brachil artery  the needle completely filling the
lumen of the artery 2t that pomt  the radial pube was feeble durmg the fint
week but subsequently returned to normal (Iig 6b) Thus i the whole sries
temporiry wethenmg of the rdinl pulse was noted m only three cases

Onc patunt experienced achmg pun around the puncture site and shffnes of
the fingers duning the fint week but later had no further discomfort In thie
prrticular mstance the brachial artery i been punctured 2t 2 pomt 1bout
7 cm nbove the dbow point and wrntation of the mediin nerve may hne e

Latrnasal injection of <ome of the contrct medum occurred m one patient
The radinl pulse was not affectc 1 nd the patient compluned of no dncomfort
when he 1eft the ¢xammation room

Discussion

Percutancous puncture of the vartebral arteny m the neek (1INDCREN 150
Sjocren 1955) 1s the most common techmque m Sweden for vertebral anglo-
graphy The metho! requires lughly tramed «ffictent operators howeser
techmcal difficulties often anse duning puncturing I ulures may be due te dif
ficulty 1n plang the needle adequately If the puncture 1s not carned out m the
correct Wy, complicitions <uch 1s puncture of the dural sac myury to the mne
plaaus, or arteriovenous shunt formation 1t the puncture site m1y ATC How
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ever f correctly performed  this method allows txeelient demonstration of the
vertebral artery and 1ts branches

Various cathetenzation techmques have abo been suggeste | for the dumon
siration of the vertebral artery The catheterzauon my b performed through
the femoral ar ery (Livperes 1906) or through the avllary artery with a
catheter placed m the left subclian or vertebrad nriery {Rapser 1931} Gool
results may be obtaned but the procedure 15 usually time consuming as st i
necessary to get exact information while posittoning the catheter preferably by
T\ monitonng Protracted catheterization furthermore wereass the risk of com
plications at the puncture site i the form of thrombous or hematomas \ few
deaths 1 connection with cathetenzauon of the vartcbral artery have bun
reported

Retrograde mjection of contrast m dum nto the brachal artery has proved
an excellent method for vertebral angiography Satisfaciory roentgenograms were
obtained 1n 34 of the 35 pauents cxammed The method has also betn recom
mended by German and \mencan mvesugators who have all stresed the high
rate of successful examinations and the absence of senious complicatons

It was possible by applying compression to dumonstrate the nght postenor
wnferior cerebellar artery 1n three out of four patients Compression of the carotid
artery can be carrted out and 1n some cases gues better filling of the ipsilateral
postenor cerebral artery

Amounts of 30 to 40 mi Urogralin 60 % were used 40 ml gives shghtly
better and more evenly distnbuted contrast filling of the infratentorial vessels
It 15 difficult to determine how much of the contrast medim actually passes
up o the vertebral artery However the antenal capillary and venous phases
were always clearly disunguishable an obsenvation indicating that the n
tracranial dose of contrast medium was adequate

The discomfort of the patient on myection of contrast medwum 1nto the brachial
artery may be shghtly greater than with direct mjection into the vertehral artery
but 1 soon passes off The fact that the left vertebral arterv arises from the arch
of the aorta 1n about 6 to 7 ¢ of all cases 1s another disady antage of the method
:;ﬂ;:‘ ::e:!ne‘r;:n::alt‘ngn of the vertebral artery 15 then possble The procedure
iy ghtly more tume consuming than a dwect pun ture m the

The method has many advantages howeser 1t 1s usually easy to puncture the
l;‘ a.l[hnl;l ua:\cdry The position of the necdle can be kept stable and can be obseryed

Justed as required The position of the patient  head can be altered to

moeet requirements without affecting the position of the needle Com, f
the neck artenes can easily be camied out and the cervical part of lhcpressmn .
anery as well as the subclavian artery and uts branches can be well sy
outhned by contrast mehum No serious sequelae have occurred and xapully
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SUMDMARY

Vertehral wngography wah retrograde myection of the coitrist medmm nto the Jelt
brachnt artery gave good results in 34 of the 35 pauents examuned The only cxcepuon
was 2 patient 1 whom the vertebral artery arose from the arch of the 101t Compression
of onc of the carotd artenies or of the nght yertebral artery m1y often be of value No
senious compheiens have becn obsen cd

ZUSAMMLNIASSUNG

Gute Resultate wurden in 34 von 35 1 allen erniclt wenn Vertehrali angioeraphic durch
retrograde Inpektion mdie binke A brichalis vorgenommen wurde Die anzine Ausmbime
war ein Tall in dem die A vertebrilis direht vom Aortabogen entsprany Nompression emner
der Av carous oder der rechten A vertebralis hann oft son Wert sem Keine emten hom
phikationen sind beobachtet worden

RLSUMI

I mgoaplic vertehrile par njection retrograde de moven de contr te dans Tartere
humerale gruche 1 Conne des 1csultuts utilisibles das 34 cas sur 35 L cule exeeption 1
¢t un s o Fartere vertehrale partat de boero s de 1rorte 11 compression d une de
nteres cwrotides ou do Futere sertebrale droite antchore souvent o re uftat 1 wteur na
P ob ene de compliation grne
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SUMMARY

Vertebral angiography with retrogride mjection of the corast medum wto the ket
brachial artery gave good results i 34 of the 35 patients examtned The only exception
w15 a patient 10 whom the vertebral artery arose from the arch of the orta Compression
of one of the caroud arteres or of the nght vertebral arters may olten be of value No
serious camphicitions hve heen obsened

ZUSAMMENTASSUNG

Gute Resultate scurders i 34 von 35 Iallen ernelt wenn Vertebrahs go raphie durch
retrogede Injektion m die hinke A brachilis vorgenommen wurde Die emzge Ausnahme
war em Eall in dem die A ertebralis direkt vom Aortabogen entspring hompression emer
der Av carours oder der rechten A vertebrabs kann oft von Wert sein Reine ernsten hom
plikationen sind beobachtet worden

RLSUMI

I wosoiraphie vertebrade par mjection retrograde d moven do contriste dany [arter
humerale gche 1 donne des resultats utilisables dins 34 ¢as sur 35 I cule excepion @
cte un <18 ou Lartere vertebrile partut de I crose de Frorte La compression d une de
wteres cotides ou de [ utere vertebrsle dratte amcdiore sowvent fe réwltat I oeteur 0t
P ob erve de complication ¢ ne
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Fic ! \nenal needle 1D mm outer
daneter and O€ mm smner dameter
Cuide wires with ciameters of re pec
weh 09 mm and OF mm [T 160
1 tant catheter

The punciare of an ariery must bx 0o trawmatic 1e Ay permnent conse
quences of the procedure must be avonded There for mstance hutle danger
in twice puncturtng the fomoral artery of an Adult with a 1 6 mm needle and
ntroducing two catheters durmg one txammation On the other hand 1 single
puncture with such a needle into the fonoral artery of 2 6 year oldd chuild or mto
the brachial artery of an adult may produce prolonged bleeding spasm  arterzal
thrombo s and even permanent occlusion

After the artery has been punctured without trauma uang, 2 needle of as small
an outer dimeter as possible the percutmeous cathetenzation of medium and
small stzed bloo | vessel should sf necessary be possible to purform also with the
ud of the standard equipment consnting of 09 mm guide wires and ordinary
catheters with a tup of 09 mm nnner diameter

These requirements may be fullilld by the following technique which we
have used for more than a year Up to the present the youngest chuld subjected
10 femoril artery cathetenzatton was 13 months old (Ltg 3a)

We use (see equipment shown m hig 2) a needle with a corrugated hub-
shield of 1 0 mm outer diameter and a litle over 0 6 mm inner diameter having
2 length from up to hub of 50 mm 1t has a shert sharp-pointed bevet and female
fuer Lo\ close fuung obturator of 06 mm outer diameter with a rounded
end extends over the 1p of the needle for about 2 5 mm and 1s freely moseable
The needle was specially designed with mimumum diameters for easy and salc
anterial puncture The puncture may abo be performed with a Jensen Buchtala
needle (outer diameter | 0 mm 1aner diameter 06 mm) or with the inner can
nula of a three piece PF Seldinger needle The lumen of the Tatter will accept

A 06 mm gode wire We have not found thy cannula very sutnfactory how
ower
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NONTRAUMATIC PERCUTANEOUS CATHLTLRIZATION
Or BLOOD VESSLLS WITH GUIDL WIRLS

by

Curista Breskr ind Hane W Becker

The puncturc of w artery or van, and the mtraduction of 1 quide wire nd
catherer m human subjects was described by Srrpinerr (1993) The procedor,
with needle atheter replicamnent meardioyascular rountgengonology constitutes
2 vife and raahable method of ngh dingnostic value

The standard guide wire of 09 mm otter dimcter rRquires 1 certg mnr
dinmeter and therefore alo 1 certun outer dinmcter for the needic this as wsually
16 mm Lven 1 shalled oxymmer will obviously have diffrculty in puncturing 1
cluld » artery for the msertion of 1 04 mm wire of t¢ cluld « wnder 1 catun
age and desclopmental stage This was admutted by Casrrteanos (1964) who

Pereutancous puncture of arterics s cdifficult m children nd the

states
The sume opmon

cxumm ton must be performed s 2 rule After 4 cut down
was cxpressed by Vincsarrar ot coll (1963) and havimann et coll (1903) The
Towest age at which the 16 mm ncedle can be mtroduced mto the fumoral artery
varies and can be 8 10 or 12 yearn W hawve found that m 2 norml chidd of
12 years the artery may Always be punctured satisfactortly with 2 16 mm neadl,
without any strious consequences but not alwnys At the e of 10 yers o
abeolute lower it of 8 vears 1s therdfore suygested

Submutted for publieation 14 apnl 1967
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care After the guide wire 15 secure anl freely moveable 1n the vessel lumen the
cannula 1s withdrawn Shght digital compression just upstream {rom the puncture
site of the artery prevemts bleedme One of two different procedures are no s
op n to the operator

1 The miroduction of a PE 160 catheter or of an Odman red mnjection
catheter urth a tip prepared to it the 06 mm gurde urre Retrograle abJomsnal
catheter aortography i smaller children v possible 1f a catheter length of not
more than about 300 mm 1 suifiem The narrow (06 mm wnner diameter)
up of the injection catheter permuts 2 relatnely mmmal backflow of contrast
medium whereas the side holes m an Odman red catheter allow 1 centam «mi
selective Tilling of e g the renal artenes

2 The use of a 09 mm standard guide wire and injection catheter with tp
adapled to the 0.9 mm mner dameter 1irst a 100 mm {10 130 mm) P} 160
asswtant catheter {hufa, Stockholm Clay \dams New Yorl) having a tip which
ha been adapted to the 06 mm gude wire 15 <hipped over the wire mto the
artery (Tig 1 and 2)

The tp 18 best prepared by stretching 1t over 06 mm nylon or parlon wire
(The tips of opaque catheters (type O)dman) are al o wsually prepared by
threading them on a 09 mm nylon or perlon wire This procedure has two
alvantages the metal gmde wires are spared and the heaung apprrently remams
more locahized ) The exsential pownt 1n the preparatton of the tp of the PT' 160
asistant catheter 1s that the up defined here as the transtion zone from an iner
diarneter of 09 mm to one of 06 mm should not be Yonger than 3 10 2 mm

The gmde wire and the PE 160 asustant catheter are best shpped together
mto the artery rather than the catheter over the fixed guide The guide wire
having been withdrawn the spurting of blood from the cock end of the catheter
marhs the correct positioming of the asstant catheter The catheter 15 insed and
the cock closed

In children over 2 to 3 years of age an Odman red dilatation catheter (length
100 to 150 mm) with the tip exactly adapted to the 06 mm gwde wire and
the end cut may be used with advantage (Fig 2) The difatation catheter
sipped over the guide wire and the catheter tp mtroduced mto the art N lh“
catheter 15 then unmediately changed for the PL 160 asst: D
to the fine up of the Jatter in passmg skin and sub e eter Damage

subcutaneous ussue 15 thus ded
Three pomts must however be mentioned o

I When changing the dilatation cathes

C:lhr!cr changmgg x:brokcn 1¢ that : c\::hﬁir\hl:ea:;:‘nagr:dcztr:;(? e r::‘lc ‘0;
QT ano T O
the sxme or of greater diameter therefore duning the tme the PF 160 ass]i[an(
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Tig 2 \arnous equipment for catheterization Small lancet for making a stab wound through
the shan prior to vessel puncture Male Tuer I ok syringe for catheter nsing Special arteral

needle 10 mm outer diamcter ind 061 mm nner divmeter with hub shield and crrcular pro-
truding, obtuthator Jensen Buclitala needle 10 mm outer duameter Inner cannula of Seldinger
FI 160 needle Cuwde wares with diameters of respeetinely 86 mm 1nd 09 mm PF 100 as
sstant catheter length 100 mm with 1 1 wmm to 2 mm long tip having a diameter of 06 mm
Odmn red dilatation catheter length 100 nun tp of 06 mm diameter Injection catheter
with up of 09 mm inner diwmeter length curvatures nd bends of the catheter bemg adapted

to the actwal examination (o be performed

A\ successful puncturc of the artery 1s mdicated by the characterntic pubating
flow of rterial blood The flow i (uldren will actually be more of 2 dnp due
to the lower arterl prossure m these subjects and the small lumen of the necdle
The needle wath the obturator i position 1s then passed = httle further mto the
wiery The obturator s thereafter pulled back, md 2 fleable 06 mm guide wire
isanserted We use 1 guade ware which 16 400 mm long, 1t has the form of 1 spiral
made of 02 mm wire dosch wound Around 1 core wire also of 02 mm dinmeter
(qualty \ 12, CrNu 17 7)) the tip is fleable The exact dimeter of the gude
wire 15 1cturlly 063 mm and 1t was speaally designed by us to serve our pur
pose Its length s at present Iinnted only by techmcal factors of manufacture
Insertion of the guidc wire mto the artery must be performed with all necessary
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by gentle pressure exerted by the end of th guide wire The successful under
taking of this procedure depends on he exact and perfect preparation of the
tip of the PE 160 catheter This phase of the procedure that 1s of diltting and
pa.sing the tip should be tested by means of a second 1dentically prepared as
astant catheter when cheching the puncture and cathetenzauon equipment
which 1» always an essential part when preparing for an angiographic exam
natien

"The next step 1s to withdraw the assistant catheter, leaving the 09 mm guide
wire 1n posiion and applying gentle digital pressure upstream from the puncture
1te The injection catheter with xs 09 mm mner dhameter tip s <lipped oner the
wire and both are advanced along the artery If necessary 1n the course of
angrography especially 1f selective  catheters and guide wires of standard «ze
(09 mm) may be changed m acco dance with recogmsed principles and
depending on the region to be reach~d

The methad permits puncture and cathetenzation of the femoral artery even
n young children (Fig 3) and +f required of the brachual axllan and caroud
artertes of children and adults The vems of the elbow axilla and ingwinal region
may also safely be punctuced and catheterized percutaneously
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SUMMARY

The equipment and procedure for the safe percutancous cathetenzanon of artenes and
vems with the outer diameter of the needle about the same size as the guide wite age de

scrbed 1 detall The method 15 particularly suited for cathetenization of the femoral artery
1 children and special vessel reqons m adules

ZUSAMMENFASSUNG
Instrumentanium und Verfahren zar schonenden perkutanea hath
t

e und enen oo de cr Punkuoniasdel 1 der Groviomn

des k Fuh htes liegt werder beschreben D
he Methode st fur hath
ternterung der A femorah bes Kundern s 1 .
g et & femer peztell geeign ¢ als auch fur be tmmte Gefass

Arte

RESUME

o et o meme que celus du fl quide Cette methode est utle pour le catbetemme
rale chez Lenfant et pour certames resions vasculares de 1 adylte °
23683004 4t Rad I3 Duwg wub ! 7(1%8)



352 CHRISTA BFCRER AND IIANS W BECRER

Iig 3 1) Pcrcutancous retrograde catheter aortography 1n 1 13 month old cluld  Aphwa of
nght hidney hypertropy of left kidney b) Percutancous catheterszation of left subclavian ntery
v the femoral astery an 2 8 year old child Ocelusion of the brachial arten at the elbow after

mtereondshir fractue followed by 1 chiemic contraciure

catheter is indwelling shight manual compression of the artery upstream from the
puncturc site m1y oceasionally become necessary

2 The dilatation catheter as therdfore best not apphed f the mjection
catheter wteedf 1s of the PI 160 type

3 If the dilatation catheter 1s used, the tip of the PE 160 catheter may be
prepared i advanee with an mnee dismeter of 08 or even 09 mm thereby
facilitating the next step an the procedure

With the PE 160 awsistant catheter m posttion the coch 1s open ! and the ngd
end of 1 09 mm gmdc wire 15 itroduced This wire must be long enough to
fit the mjection citheter to be inserted later nd the end of the wire must b
smooth and rounded 1 short 1t must be in perfect condition The end of the wire
1s moved to the tip of the asstant catheter which 1s now dilated and ady anced
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ROENTGEN EXAMINATION OF STRICTURE OF
THE LOWER OESOPHAGUS

by

W Morigrssov and § SaNpuARK

Oesophagoscopy and logy are the methods of choice w the imves-
uigation of a stenosng lesion of the lower end of the oesophagus The endoscopic
method allows mspection and biopsy but often only of that part of the oeso~
phagus above the stncture  Roentgen exammation will outline the lumen of the
oesophagus above the stricture grve mformation on the length aad the seventy
of the stricture as well as on the condition of the oesophagus below the lesion
and thereby mdicate the nature of the disease Dyagnostic errors due to faulty
roentgen technique are not uncommon Thss paper & concerned with a smple
roentgen examnation method allowing plete d
lesion of the lumen of the lower ocsophagus

A heavy barum meal s usually used 1 the roentgen examunation of the
oe ophagus The patient 15 examined standing or recumbent although attempts
have been made to smprove the diagnosts by examining the patient n the head
down position or with the abdomen supported on a pillow or duning mcreased

Submmitted for publication 4 uly 1967
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{ Fig 2 Ecamunanon with 2 heavy basum
contrat medwm and no abdommal
compression  Long stncture with 1 leer
anon coflapeed herma by Light banum
contrat medum and abdom nal com
presson Herria and a short strcture

Case reports

Case I A oman aged 74 had for some months had increasing swallowing difficulues
Rocntgen examination of the oesophagus at the Jocal hospital had revealed a stricture about
5 ¢m long in the Jos er oesophagus {Fig 1a) Prowisional diagnosis  caranoma of the
sesophagus.

At roentgen examination with a beht barum contrast medium and abdominal compres
sion onc month later a stnicture about I cm long as well as a heruia were demonstrated

(Fig 1c) Microscopy of biopsy tissue on & o occasions inflammatory lesions no evidence
of malignancy

Caze 2 A woman aged 55 had for 10 months had icreasing difficulty m swallowng
Raentgen examination at the Jocal hospital oc ophageal stricture 5 cm long + ith ats lower
border a few cenumeters abose the cardia (Fig 2a)

The pauent was teferred to us + ith a probable carcmoma Roentgen examimation one
month later with a hght banum c¢ontrast medium and abdermuinal compression  hiatus bermia

with a stncture about 1 cm lone (Fig 2b) Microscapy of a biopsy specsmen  inflammation
1th ulceration but no signs of malienancy

Case 3 A man aged 61 had for some months had wncreasing difficulty 1 swalloy ing
and finally could take only fiquids

Rocatgen examination at the local hospual a long marked stricture of the lower end of
the acsaphagus (Fiz 3a) The abnormalits was provisionally considered to be due to carer
noma Microscopy however revealed no evidence of malignaney Later at roentzen examms
tion yith 2 hight banum contrast medum and abdominal compression 2 herma and a
stictute were found

Owine 1o contivu~d s allowins difficalties (he patient was exammned agan 18 months
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g 1 1) Txwmnauon with 2 hewy bartum contrast medium and no abdommal
compression  The stricture appears to be long 1 collipsed hernia s present
b) Dicht binum contrast medium and no abdommal compression Tlhe stricture
seems to be shorter and the fiermn 1s more distinct ) Tight bharum contrast
medum and abdomunal compression A short and moderate stricture with ad
Jacent ulcerattons

mtrathoracic pressure (Valsalias mancewre) To mmprove the dignoss of
hiatus hermn Marenano (1952) mcreased the mtrn abdommal pressure with
the ard of 1 compression arrangement of the type usually emploted m urography
TrerFNIALT (1956) used double phase contrast rocntgenogriphy with gucous
distention of the region below the stricture by the incorporation of 1n effurvescent
powder (sodwm bicarbonate and tartanic aad) i the banum swallow

Our method The pauent 1s cxammed m prone posiion  The mtra abdommal
pressurc 1s mereased by 4 large rubber bag wound around the abdomen and
mflated by 0 deetnie fan to 1 pressure of About 17 cm water, which v mun
tuned durmg the exammation (Sanpyark 1963)  The contrast medum s 2
siscous barum suspension with 1 specific gravaty of 1 (I wutrast, Furng) Four
cases will illustrate the techmque 1nd 1its advantages
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i Fiz 2 Exammation with a Fea 3 banum

cortrat medum and po  abdominal
compresson Long stncture wath ulcer
ation collapeed hernta b) Light banum
contrast medm and abdomnal com
pre son Herma and a short stncture

Case reports

Case I A woman aged 74 had for some months had mcreaung swallowing dithiculues
Raentgen examination of the ocsophagus at the lotal hospial had tevealed a stncture about
5 em long w the lov er oesophagus (Frg la) Provisonal diagnost  catanoma of the
otsophagus

At roentgen examination with a Light banum contrast medwm and abdominal compres
sion onc month later a stricture about 1 em long as well as a herma were demonstrated

{Fig 1c) licroscopy of biopsy tissue on two occasions inflammatory lesions no cvidence
of malignancs

Case * A soman aged 55 had for 10 months had mcreasing dilficulty in swallowing
Roemgen examination at the local hospital oesophageal sty ture 5 ¢m long v 5th ats Tower
border a (ew centimetess above the catdia (Fig 2a)

The patient sas referred to us with a probable caremoma Roentzen examumatan ene
month later with a light banum contrast medium and abdominal compression hiatus herma

v ith a stricture about 1 em lone (Fig 2b) Microscopy of a biopsy specsimen  inflammation
Wik wiceravon but no signs of mals nancy

Case 3 A man aged 61 had for some months had increasing difficulty 1 swallowing
and finally coutd take only hguids

Rotmigen examination at the local hospital a long marked stricture of the lower end of
the ph (Fig 32} The ity was 1y 10 be due 10 carey
nama Microscopy however revealed po evidence of malienancy Later at

Tocnlgen examuna
tim wih a1 Bt banum contrast medium and abdomunal tompression a hernsa and a

stncture were found

Owin to contimued 5 allowing difficulues the pattent was examined asam 18 months
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Fig 3 Ixaumnauon with a heavy barum contrast medium and no abdominal compression
\ery long and marked stricture by Heawy barium contrast medium and no abdominal com
presston As in (a) the hermia 1s not demonstrable ¢) Heavy banum contrast medim with
compression ) Inght banum contrast medium and compression A short stricture 1s pre ent

later Examunation with a comentional barium contrast medium and without abdomnal
compression a long moderate stricture of the lower end of the oesophagus (Fig 3b) The
PF of abd: 1 comp also disclosed a hernta (D1g 3c) Subsequent exanuna
tion with a light barium contrast mediam and abdommal compression  the stricture was
now much shorter (only about 2 em long) (Fig 3d)

Case 4 A man aged 72 had for 6 months had progressne difficulty in swallowine
Roentgen examunation at the local hospital a 3 em long stricture of the lower part of the
oesophagus the cardiac end was not imolved (Fig 4a) The pauent was referred with

probable carcinoma of the oesophagus

Roentgen examunation with hght bartum contrast medium and abdominal compression
a large hernia and a stricture about 1 cm long (Fig 4b) Microscopy of a biopsy specimen
ulcerated oesophageal mucosa without signs of mahgnancy

Discussion

In n roentgen cxammntion of a patient with oesophageal stenosng lestons 10
the crect position with conventional contrast medium nd without mcreased
abdomunal pressure, that part of the oesophagus which 1s below the stricture will
not be distended The stricture will appear longer than it really 1s and if 2 herma
1s present it may remain concealed A collapsed herma below the strcture may
be interpreted as a part of the oesophagus (Figs 1a 2a 3a 3b 41) Invesugation
of the lower wnd of the oesophagus below a stricture requires mcreased ntra
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Fiz 4 a) Examnauon with 3
feasy bacum contrast medium
and no sbdomnal compression
The stncture appears to be 3 cm
fone_ ulces and callapeed Fernia
b) Dight contrast medt m and
compress on The stricture 15 I cm
fong

abdominal pressure The pressure should however not be applied too abruptly
such as by Valsaha s manoeuvre because the abdonunal viscera may then block
the hiatus and prevent hermation of the stomach

The method described by Marenand 1s satisfactory but the advantage offered
by Savpaark 5 method 1s that the compression can be tegolated and hept un
changed despite respiratory movements This 1s of particular importance in exam
nations for regurgnation The pifow used for the exammation m the prone
postion must be large and hard so as really to support and compress the ab-
domen

The light siscous contrast medium employed 15 pot carnied off so rapudly by
penstalsis and thereby allows the examner more tme to study the morphologic
features of the oesophagus 1t also gives better flling below the stricture (Fig 1
a and b) and a clearer demonstration of a herma {Fig 1b) Though a light
contrast medium facilitates the exammation abdomimnal compression 15 a sine
qua non {Fig 1 b and ¢)

The pauents were referred with long stenostng lesions of the lower part of the

Pl The with abd ,
medium demo;

< and light contrast
nstrated that the stncture was much shorter than ongnally sup
posed and that all four patients alo had hiatus hermatson
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SUMMARY

A method for the ritionil examinttion of stuctures of the lower end of the oesophagus
consisting in the use of Abdominal compression and a light contrast medium s desenbed

ZUSAMMENTASSUNG

Es wird eine rationelle Methode zur Untersuchung von Stenosen am unteren Gsophagus
ende beschrieben Die Methode benutzt hompression des Bauches und em dunnes Rontrast
mttel

RLSUML

Les auteurs decrivent une methode dexamen rationnel des stenoses de [etremite 1n
feneure de locsophage grice a une compression abdominale et a un moyen de contracte
dilue
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ULTRASONICS AS A COMPLEMENT TO ROENTGEMN
DIAGNOSIS
A preliminary communication
by

O MarTsson

The first attempts to use ultrasonic reflection within the tissues of the body
to obtain information about internal swuctures may be ascnbed to Dussts and
s collaborators who used the method for dragnosuc puiposes in the central
nervous system as early as 1942 and 1947 Frence Win & Near {1030y
applied ultrasome pulses to the location of cercbral tumours in post mortem
matenal Lexserl who later developed ul hmgques for 1
purpos 8 used ultraound for the determmation of the muddle structures of the
stull as early as 1955 Ultrasound was used by Jassson mm 1963 for certain
spectal purposes such as for locatng foreign bodies 1n the eve

The progress mn ths field has been rapid during the past few years and may
largely be atnbuted to research work paruculasly by Goroon and Howsy &
Hotues who have been the obvious leaders The actnates of the workmg
group at Demver Colorado are well known

A so-called A scan 1s generally employed The echo signal tenerates a peak
on a horizontal axis on the screen of the oscilloscope  the posttion of which in

Submtted for publication 28 February 1967
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Fig 1 Roentrrenogram of a fracture of the humerus
A small amount of callus is visible

Fig 2 Ultrasonic recording from the lateral aspect
of the upper arm The whole contour of the humerus 1
smooth (cf fig 3)

dicates the distance of the reflecting body from the source of sound A so called
B scan has however recently been mtroduced, which means that the signal 18
made to generate a spot the wtensity of which vanes with the strength of the
signal It 1s thus possible to obtan a bidimensional recording of the echo from the
tissues 1f the electron beam of the oscilloscope can be made to follow a pattemn
governed by the position of the trumsducer 1¢ the combimed sound source and
recenver The signals will therefore build up a model of the echo conditions m a
region of the body in the form of sections \ number of research workers have
been engaged upon these problems, but the apparatus developed as a teamwork
by Horumes, Howry & Gorbon seems to have been the most promusmg Radio-
logrsts with some exceptions (Howry et coll Tavrras), appear to have employ
ed such apparitus only to a mited extent clinicrans are the principal users
Investigations of the Ining body made possible by recording echo conditions
m the form of secttons should be regarded as useful complements to conven
tional rountgen diagnosts The recordings hwve been called  ultrisonograms At
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Fg 3 Ul asonic recording from the med al

asp et of humerus with several parallel

ap ey ST sectie (cf g 1) The contour of the

> Ha-"," - 4 umerus 3 cons derable changed indicat ng

g - - e cesstve amount of (s ues n the region of
the caltus

Fg 4 Two wltrason c record ngs from the
abdomen mal as close sections to mclude
the lef nd ey The pelvs  well demonstrat
«d

tempts have even been made to evaluate such recordings stereoscopically (Howry
et coll 1926)

Sonographic recordings have a certan resemblance to radiographic tomo-
grams and are often performed as a nd of transverse tomography The ex
aminatios made so far have mostly been limited to the abdomen apart from
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Tig 5 The transducer
must be passed over the
skin at 1 constant pressure
Twe guiding rods provide
an exact course and the
same pressure conditions

Tig 6 An ultrasonic tomo
grim s made

those of the central nervous system The results obtauned have usually gnen
2 rough representation of the object Comparisons with results obtaunable with
roentgen riys have raredy been made although Brinkrr, kine Tavrras and
some others have published such comparisons

The question s whether roentgen and ultrisomc exanunations mercly
complement cach other or whether the ultrasonogram mny offer somethmg m
wddition Thrs investigation was ntended to throw some light on the problem
1s well s to cover frelds i which no ultrasonc studies have yet been made

The majority of publications presented so far deal only with solated sections
of an objet Although these sections mny produce 1 certaun mount of mn
formation 1 radiologtst will musy the completeness fforded by a series of rdio-
graphic tomograms It 15 quute natural that those who are not r1 lologists are
unaccustomed to observing and «valuwtmg shiced  recordings and that they
will fail to appreciate the muludimensional mformation of a tomographc
roentgen series They may be enthusiastic over an individual section but may not
reahize 1ts high degree of incompleteness

Our first consideration 1s therefore that 1 one planc rendering 1s not sufficient
but that the general configuration should be bwilt up from muluple mn,c;
Tomography for radiographic purpose 15 sumular, 1n cxamunaton of 1n orlg':f
cannot be based on a single tomogram The production of ses eral ultrasonograph
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recordings wall also reduce the disturbing effect of 150lated reflections these cannot
be avoided and are of little value Ultrasonies ako s em 1o belong to the field
of radsology since the techmiques using absorbed radiation and reflected ultrasonic
waves are clo ely related and well complement one another
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The progress m ultrasonics should therefore proceed n itimate cooperation
with roentgen diagnosies There should be much more coordimation than to
date — as examinations made by means of ultrasonics hve so far comprised
only redatinely stereotype routine applicauons

The great importance of muluple sections may be illustrated by the following
shelet] cxammation with the ultrasonic method as complement to radio
griphy tahen from 1 current study of fractures and their healing The distmetne
tcho effect from callus formation may someumes serve as an mdication of
healing, which cannot equally well be evaluated 1 a conventional film A
fracture of the humcrus, treated for six weehs, was seen on roentgen ex
amnation to have descloped a small amount of penostenl callus on 1ts medial
aspect (Iig 1) An ultrsome recording from the [ateral aspect of the arm 15
presented m Fig 2, no irregulantics as regards the echo 1long the Jateral contour
of the humerus are evident Thrs can eastly be deternunced, the structures of the
head and the greater tuberosity may be identified Conditions of a wholly dif
ferent character m1y be obscrved on the medial aspect of the humerus (Fig 3)
Three ultrisome exammatons parallel with the humeral dinphysis were made,
each scetion bemng somewhat displaced relune to the preceding one In thi
manner, 1 cletrer presentation of the conditions 1 gencral was obtamed than
with 1 single section All sections disclose considerable growth of the nissues
round the fracture, thus mdicatmg features that would not have been recorded
roentgenographically

Another region of the body m which the multiple section method seems to be
ndispensable for maaimum mformation 1s the abdomen Lycn only two scctions
from 1 scries {35 n Fig 4) are considerably more useful than one

The author uses 1 few simple tools to ensure that the exanunation may be
performed with reasonble exactness and repro Juabiity  The so called trans
ducer which 1s a combination of sound gencrator and recener, has been made 10
shde across the shin, previously dressed with a switable ol or unguent Fhi‘
general practice has been to pass over the shin manually 2t a furly con‘l'ﬂ‘c
pressure but, owing to the difficulty of mantaming the ostrument at the ?m
level an irregular shin contour with 2 consequent loss of precision in the tetﬁ
cchoes, has resulted Soft plable rods of triangular cross seetion can be a:\‘i\“‘@‘d
as guides for the mstrument in the respective sections of the shin (Iig %) i\ﬂl
the transducer may be provided with two transverse adjustable pins for comr(;
ling the pressure apphed to the shin The wstrument will now follow an 2

o
solutely exact course, which creates optimal conditions for well defined ech

recordings -
The techmique used for the exammaton 1s illustrated i Iig 6 Precrsor

s
the location of the several sections 1s obtamed without difficulty as well as
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complete reproducibulity if complementary wformation 1s required Markings on
the sk will mndicate the various sections The transducer has been mounted on an
atm whick Ily actnates 2 puter system <o that the location and
onentation of the transducer and the ultrasontc beam can be constantly projected
on the screen of the osailloscope The suspension system of the transducer 15 seen
mFig 6 A polaroid camera can be used to record the osallogram

The enes of ultrasontc tomograms presented i Fig 7 show the extremely well
defimed shin contour The anatomy of the lower part of the back at the level of
the pelvis 1s demonstrated The sections mdicate the outlmes of the ala ossis 1schu
and the tomographic presentation defines the anatomy

\n smportant adhantage gamed with the technique may be mentioned s all
esciflographic Tecordings are accumula ed i a wav smlar to a photographic
exposure parts with a shght echo may be better definel 1f several smgle-strohe
secordings are summarized A bind of contrast mcrease m the recording 1s also
obtamed in this way which seems to be superor to what can be obtamed by
mere electric adjustments

An example of different degrees of contrast recording 18 given 1n Fig 8 1
which a single and several supenmposed 1dentical recordings may be compared
The recordings were made with a sagittal se ton from the dorsal part of the
lumbar region The gain 1s obvious

The expertences made 1n the now reported study will be used for the stady
of practical applications relaung to the skeleton its inyunes and healing and
to tnvestigations of the posubilities of extracting addiuonal nformation about

abdeminal organs such as the pancreas The techmque developed for exactly
defining the sectional positions will be employed

SUNMMARY
Introductory studies of ultrasonsc techmques as a complement to roentoen diagnostic
are presented  The importance of multiple sections and ther exact Jocalization simlar to
the conditions obtaining 1 roentgen tomography are discussed

ZUSAMMENFASSUNG
Be 1cht uber vorlaufige Untersuchunoen zur E;
o rganzune der Romgendiaonostik
mll:raschallxerl'a: ll‘s wird hen oreehoben dass es wichtig 15t reshenartioe L;Se:xu:’}::ng:;
enau 2lizat
zaphg,( et 'zation. yorunehmen ahnhch wie die Senenschnnte ber der Towe.
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RESUMI

Presentation de recherches sur les techniques ultrisomques considerees comme wa com
plement du diagnostic ridiologique I auteur cxamme 1interer de coupes multiples ct de
leur situanon exacte semblibles aux conditions dans lesquelles on fatt 1a tomographie ra
diolosque
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RADIOLOGIC STUDY OF INTRACRANIAL
CALCIFICATIONS IN CONGENITAL TOXOPLASMOSIS

by
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Many clintcal reports of toxoplasmic infections have been published since
Worr ConiN & Parce {1939) proved that toxoplasmosis could occur 1n human
subjects While the postnatal type of mfection mostly pursues a subclinical course
with some glandular mvolvement the fetal form selecuvely affects the nervous
system and may result 1n hydrocephalus and mental retardaton Lesions of the
choroids ciliary body or retina of the eyes are also almost invanably present

The lesions 1n the bram and eye start as acute vasculitis followed by necrosis
and cellular mbiltration i the cortex mentnges white matter basal gangha,
bram stem and spmnal cord The toxoplasmic parasies are found i clusters
intracellularly as pseudocysts and may also be sparsely distributed between the
cells As necrosis contintes calcum 15 deposited and orgamisation takes place
{PorTEr 1961} Lemons of the skeletal and heart muscles and the lungs have
been descnibed (ZueLzer 1944 Wolf et coll 1937 hran & Grocorr 1948

Derery 1954) but calasfications have been found 10 be hrmted to the intracranial
structures

From the Department of Diagnosc Radiology (Director U Rudhe) of the Pediatnc
Clme harol nska Syukhuset Stockholm and Roentgen Department 11 (Director B Lalie
quist) Lnivers ty of Umeh Sweden Submatted for publication 2 March 1967
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No of
cases

1 2 3 4 § 6 7 8 9

Tig 1 Distribution of cases by age 1t the Years of
time of the first examination age

The caleium deposits, usnally deseribed as no lular, muluple flecks and cur
vilinear strenks are scattered throughout the bram without any characten te
distrbution {Bronrur 1965, Linberry 1958 Masterea & Varentnio 199
PorTrr 1961, TAvFRAS ct coll 1964) Masueria deseribed two types of cal
cifications muluple dense round foa 1 to 3 mm n dimeter, scattered m
the white matter and more often m the pemventricular areas of the ocapito-
pnetal and temporal regions, and curvilinenr streths m the basal gangha
mostly 1 the head of the caudate nucleus No lular calaifications when com
bined with linear ealaifications may be pathognomontc of tovoplasmoss

The differentinl dingnosts of mtracerebral caletfications of mfectious ongin
should according to Neunausir & Tuckrr mclude toxoplasmosis torulons
Instoptsmosts blastomycosis and possibly malaria In tuberous s lerows noular
and curvilinear caleifications may be present nd be similir to thow m oo
plasmosts (LinpeRen) In cysticercosss trichinosis and toruloss numerous famt
and punctate deposits of calcum are srregularly scattered through the bram

Fig 2 Calcficauons in cerc
bral structures  choroid plexus
(@) ependyma (————)
meninges (—— — and
caudate nucleus ()
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A 0 oo m 0
JS,omas o |
Kramnway

R °

CaseNa'a 19 32 & 10 %19 291

Age11 21 111112 356867 2RQNBISISIBBWIUL 553789
Wegks months years

T AN BB T DLNIEN B O £ 13013

Fg € scmawen {raigedaccord netoage Calefi tom o clorod plecus (A) cp ndvma (B)
men nges (C) ¢ udat nu leus (D) and patents whoded ¢ Jy n1f (+) Thescattered caler

Lons are mask d by eranules a the columns sp vse g anules be ng s ngle catuifications The
dstr butian of tle calethe t 0a was unequal i both hemis heres an Cases 78 29 and 30 The scale
antheod 1t odicates th Jargestd met of the alcum depsits m mil meters

{Masnerra) The megalosytic melusion dreease 15 charactensed by extensne
calaficanons chefly located subependymally and symmetrically on both wides
mouly tn the walls of the dilated lateral ventncles {(Carrey  Porrer TAvERas
et coll ) Intracerebral calafications during early wfancy are however generally
due to tovoplasmosts (CA¥FEY)

The lterature on toxoplasmic mfections from the ehmucal and bactenologic
pomts of view 15 extensne Radiologic publications are however few and es
sentially limited to case reports Dske et coll (1942) described eight cases with
wtracranal calcifications the largest senes the author could find reported

The purpose of the present mesuigation was to analyse the type distrtbution

and progress of the intracranal calctficatrons i a lasge seres of chngcally well
& N
cases of ¢ 1
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No of
cases

Fig 1 Distribution of cases by age 2t the Years of
time of the first examinition age

The calerum deposits, usunlly described as nodular, multiple flechs nd cur
vilmenr streaks are scattered throughout the bram without 1ny characterstic
distnbution (Broprur 1965 Livperen 1954 Masurrea & Varentno 1929,
PorTFr 1961, IavFras ct coll 1964) Masierpa described two types of cal
aifications  multiple dense round foct, 1 to 3 mm m dimeter, scattred m
the white matter and more often 1n the perventricular areas of the ocaipito-
pnietal and temporal regions and curvilinear streaks mn the basal gaugla,
mostly in the head of the caudate nucleus Nodular calctficanions when com
bined with linear cilafications may be pathognomonic of toxoplsmoss

The diffcrentinl dingnosis of mtracerebral caleifications of nfectious ongit
should cording to NeunavstR & Tuchir include toxoplismosts  torulosis,
histoplismosis blastomycosis and possibly malana In tuberous scleross, no {utar
and curvihnear calafications m1y be present and be simlar to thowe m toxo
plasmosis (LiNncren) In eysticercoms trichmosis and torulosss, numerous faint
and punctate deposits of calerum are irregularly senttered through the bram

Fig 2 Calafications in cere
bral structurcs chorod plexus
(@) ependyma {————)
meninges  (— — ——) and
caudate nucleus { )
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CaseNasig 32 8 10 419221

Age1 1 21 1111 13 35 66867 121221001515158 18294 555 788 9
Weeks months years

T AT RII6IB MO 12024 511 93 62921301

Fig 3 Cas mat alrang dacco dngtoag Calafications in choro d plexus (A) ependyma ()
m ninges (C) caudate nucleus (D) and patient who died arly in 1 fe {3} The scate ed cale
ficatons ¢ ma ked by gr nules n the columns sparse granules b ng s ngl _calcificat_ns The
d tribut on of the calc ficat ons w s un qual o both hem spheres n Ca es 78 29 and 30 The scale
ntheo dnat indcate thel gest diameter fthe cale um depos ts 1o m 1! meters

(Masneres) The megalo.ytuc disease 15 ch nised by exten:
calerfications chiefly located subependymally and symmetrcally on both sdes
mostly 1n the walls of the dilated lateral venincles (CarFey  PoTrErR TAvERAS

et coll ) Intracerebral calafications dunng early infancy are however generally
due to toxoplasmosis (CaFFEy)

The Iiterature on toxoplasmic infections from the chinical and bactenologic
pomnts of view 1s ext Radol bl

P are however few and es-
sentially hiotited to case reports Dyxe et coll (1942) described eight cases with
wtracramal caleifications the largest senes the author could find reported

The purpose of the present imestigation was to analyse the type distribution
and progress of the mtracraral calcilications 1n a large senes of chmcally v eft
d d cases of congt \| 1
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Fig 4 Control of 6 cases with Dam
mtracrannl ealafications at differ in mm

cnt ages Iuery case is indicated by 10

Case No age in wecks (w), ] uov_gg_ow,

months (m}), or yeurs (y) at the
time of investigation The dia M M &

v
meter of the corresponding deposits
18 grven by the millimetre seale on
the ordinate Nearly all the calar
fications increased 1n size 1n Cases No29

S8m
'Y 7 !
1 and 28, and further caleifications Ny 28 N2
appeared in Case 2 An increase of j
only one deposit out of erght could Sw
be demonstrated 1 Case 29 ) & 3m

Cases 30 and 31 remained un
changed

R RS

Matenal and Method The case materral consists of 32 mfants and children,
19 of which werc female 1nd 13 males The age distribution 15 gven m Tig 1

The clincal dingnosts was based on 2 positive dye test or positrve complement
fixation test, or both All cases of intracramal calafications m which the diagnosis
was not venified by these tests were eliminated from the scries No autopsy studies
were performed

The roentgen extminations were carned out on a Lysholm table at 70 ecm
ITD m frontal, semu ax11l, axial and lateral projections

Results

The shape of the calafications vaned considerably The lmear shape of
calcifications described by some authors could often be 1dentified as plaques when
the projcction was changed The calaifications were classified as granuloma
tous and massive, m agreement with the pathologic classtfication of Dustisy
(1954) The former were usually small and reticular or amorphous n apr-
pearance, the massne cilafications meluded round, polycyclic, |rregu]?’r On
plaque Iike deposits The deposits were uther rwregularly scattered m lhs rat
or situated 1n certain brain structures (Mg 2) Both types appeared n 12 cases,
scattered calcifications alone 13 and calafications in certun bramn structures
m 7 cwses (Ing 3

Scattcrcd( CiﬁCl[l)Ca!lOﬂS were present in the frontal regon i 23 cases, n lhé
panetal region mn 30 1n the ocapital n 7, and m the temporal region i
cases The relative number of scattered caleifications n these regrons arce lln
dicated by -+, -, ++ -+, corresponding to 1—4 to 5—10 and, nsp{ccn;;ﬂy
to more than 10 caleifications the relative frequency was then 31 + r(‘l‘ﬂ“h"i
75 + panietally, 8 4 temporally and 7 4- ocapitally The calaficatrons
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i ottt

Fg 5 Cose 28 Follow up examinaton of a chld one yeat old {uppe views) and at the age of
9y ars (lower views) D tatation of th ¢ right Jateral ventricle and scattered calafications in the
1ght hem sphere which progressed over several years

these areas were situated mostly in the medal and upper regions and were less
frequent basally No calafications could be identified with certanty 1 the sub-
tentorsal and upper cervical regions

The calcifications were in some cases 1solated (in Fig 3 mndrcated by sparse
granufes) while mn others they were situated pred 1y 1n one hemispt
The size of the calaficatons can be derned from Figs 3 and 4 the calafications
generally enlarged with age They ranged from small granules up to 11 mm
diameter In older children they often farmed conglomerations (Figs 5 and 63
The contrast of the deposts generally increased relawe to thesr suze

- - N = . -
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Tig 4 Control of 6 cases with Dam

tricrinnd ealeificattons at differ n mm

ent ages Fuyery case s indtcated by 10

Case No 2ge in weeks (w) ot be 9y

months (m), or years {y) at the gl OO

ume of imestigrion  The dia 12 N 3 o5y

meter of the corresponding deposits ’

1s gien by the millimetre scale on ®

the ordinate Nearly all the crla s
fications mcreased in size 1 Cases 4 (74
1and 28 and further calerfications 3
appeared 1t Case 2 An ncrease of 2

only one deposit out of cight could .

be  demonstrated 1 Case 29 sl i
Cnses 30 and 31 remamned un

changed

Materal and Method The case matenial consists of 32 mnfants and children,
19 of which were female and 13 males The age distribution 15 gven 1 Fig 1

The chnical diagnosis was based on 2 positive dye test or posive complement
fixation test, or both All cases of mtracranial ealetfications i which the diagnoss
was not vertfied by these tests were elmnated from the series No autopsy studses
were performed

The roentgen examnations were otrried out on a Lysholm table at 70 cm
11D 1n frontal, sem: axtal, axial and lateral projections

Results

The shape of the calofications vaned considerably The linear shape of
caleifications deseribed by some twuthors could often be 1dentified as plagues when
the projection was changed The calufications were cassified as granuloma
tous and massive, m agreement with the pathologic classification of Duptiy
(1954) The former were usually small and reticular or amorphous 1 3P

juded round polycyclhe, wregular of

earance the massne calefications inc
prar ¢ bram

plaque hike deposis The deposits were either srregularly scattered 1n th
or situted 1n certamn brain structures (Fig 2) Both types appeared 1n 12 casts,
scattered calafications alone i 13 and calcifications in certun brain struciures
m 7 cases (Tig 3)

Scattered calcifications were present an the
panclal region m 30, m the ocaprtal m 7 and mn the temporal regio .
cases The rclative number of scattercd calaficatsons these regions are 1]‘
dicated by + ++, -+-++ corresponding to 1—4 to 5— 10, and, rcspfccn::“;
to more than 10 calufications the relative frequency was then 31 + ”i:thm
75 -+ panetally, 8 -+ temporally and 7 + occipttally The calcificattons

frontal region 1 23 cases, the
n i 6
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i 1~ { "g  Tig 8 Cate 14 One year old bov with evten
swe caloications o the head of the caudate

t nucleus («+) the walls of the dilated Iateral
ventricles () and the meninces (o) Cala

iy fications {«) are also seattered (b) wn the
R N S frontal region
<

caudate nucleus the menmses choroid plexuses and subependymally they ap-
peared often together with the scattered calafications (Fig 3)

In the caudate nucleus reticular ca'ctfications were present n 9 cases they
were always bilateral and mostly lay 1n the head {Figs 7 and 8) In 4 cases there
were also depo us 1t the body of the caudate nucleus These reticular calafica
tions 1 the caudate nucleus were found only 1+ 1nfants up to 4 weeks old Atyp
1cal calaified single placues m the head of the caadate nucleus were present only
1’:: one child (of & months) (Fig 9) Memareal calufications {Fig 3) were best
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Tig 6 Case 30 Lncephalogrums of 1 8 1/2 year old boy with extensive calesfications 1 the
choroid plexus on the surfice of the thalamus {arrows) Scattered calaificatrons mostly 1 the
nght pancto temporal region The tevture of the deposits indicates that they grew in cecentric
directions

~

Tig 7 Case 5 Iiveweeh old gurl with reticular
calaifications predomunantly in the walls of the
didated lateral ventnicles {¢<—) the adjacent parts
of the caudate nucleus («=+) and the meninges
) Some scattered calofications are present

at the periphery
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f the aqueduct and
4z 10 C e 2 Encephalograms of a 3 month-old boy w th stenoss of

’lgt tion of :he 3 mmf Plaque I ke calaifications scattered n the upper lower and poster or
arietal eg ons

ervical regions (the latter confirmung the findings of Carrey)  Although the
erebeflum adjacent to the fourth ventridle the ependyma of the aqueduct and
the chorowd plexuses of the eyes according to the pathologists are the regrons
mostly mvolved no calcifications m these areas were observed m the present
nvestigation It must however be stressed that calcum deposits 1n these regions
are difficult to locate in r ams because of the superimposition of skeletal
elements Calaifications m the orbits as descnibed by Prrrovicky 1905, were
not observed 1n ths series
The great vanation 1n the scattered calafications prevents therr being regarded
as typical of toxoplasmosts The calcifications mn certain of the bram structures
m the caudate nucleus, choroid plexuses memnges and subependyma are of
course charactensuc though some of them have also been descnbed 1n eytomegalic
nclusion disease It was sigmificant 1 this senes that the calafications were
present m multiple areas Therefore calaifications present solely m the chorod
plexuses should not be regarded as toxoplasmic residues as several authors have
done (Lorenz 1950 Scmoers 1951) Caleifications m the memnges have not
been previously descnbed probably due to the fact that correct projections were
not utilized for therr delineation The calafic depostts mean 1molvement of the
merunges as observed by pathologists (Dustin Brackwoon et coll ) Caleifica
tions 1n the meninges and caudate nucleus which were found only 1n the young
est children who dsed early indicate a poor prognosis
Case 31 1n which sparse scattered calaifications were discosered accidentally
was without symptoms  other cases with similar caleifications evidently had a
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<) W
s
nglg Case 15 Six month old boy with atypic1l single cilafications m the head of the caudate

nucleus

plaque bhe deposts {(Figs 7 and 8) Their stze varied from small to large and
they appeared mosthy on the medinl surface of the brun, they were imanably
biaterad Calaficntions n the caudate nucleus were obsersed 1 all these cuses
(g 3)

Ependymal or subependymal calcifications were present an 11 ¢ses The
granulomatous 2nd plaque Iike deposits 1n the basal gangha were often siuated
«pendymally or subependymally, outhming the walls of the ventricles (Figs 7
and 8) Ine of the 9 cases with enlafications of the candate nucleus belonged
to this group In 6 cases the deposits were on the surface of the thalamus and w
three of these 1 choroid plexus was o caletfied (11g 6)

Calciftcations were present in the chorord plexus m 1 total of 8 cases They
were granular or massive and sunated 2t the site 1t which non pathologie cales
fications m7y occur The tovoplasmic calafications were however alwmys as
sociated with calaifications in other locations the diameter of the deposits ranged
from 2 to 10 mm

Six cases were r¢ exammed The calaficitions m two of them were un
changed but n four cases they had ncreased n size (Tigs 4 and 5) big 4
fllustrates the maximum enlargement of the calafications m mntersls from some
months up to 8 years 3 further calaification appered i Crse 2 wnd one of
the 8 deposits in Case 20 had increased n size over 1 pertod of 51 2 years

Discussion

The scattered caleifications were situated mostly m the upper and medsal
regions of the skull and seldom basally, also, they sometimes occurred m only
one henusphere No calerfications were present 1 the subtentonal or upper
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bad prognosis (Fig 10) The extent of the scattered caletfications pparently
does not necessanly conform with the chnreal signs and the course of the disease

The ncrease i sze and number of the calaifications, and the appearance
of new deposits n our roentgen control studics may lend support to the charcal
observations of Harstrom (1957) and LAGERCRANTZ (1967) that the process
of healing mny be prolonged nd that cxacerbations may occur months or even
years ter the onset of the infection

SUMMARY

A systematie, roentgenographic study of 32 cases of ntracranial calcifications due to the
prenatal form ol toxoplasmosis 15 reported The caleifications are classified imto those
scattered arregularly 1n the bram and those lving mn certamn structures Calerfications of the
meninges due to toxoplasmosis have apparently not been described before but were dem
onstrated i 7 of the present cases No calaifications were seen 1n the postenor fossa the
upper cenvical region or the orbit The calcification process may continue for many years
after the onset

ZUSAMMENFASSUNG

Es wurden 32 Pauenten nut intrakeaniellen Verkalkungen als Folge der pranatalen Forn
der Toxoplasmose rontgenologisch studiert Zwer Arten von Verkalkungen werden unter
schieden  solche die tm Gelurn unregelmassig verstreut sind und solche die m gewissen
Himnstrukturen vorkommen Memngeal Verkalkungen die bei Toxoplasmose bisher nicht
beschrieben worden sind wurden bet 7 Patienten nachgewiesen Keine Verhalhungen wurden
in der hinteren Schadelgrube der oberen Cersicatmarksregion oder der Otbita beobachtet
Der Verkalhungsvorgang kann sich uber viele Jahre hin erstrecken

RLSUME

L auteur presente une etude radiolomique systematique de 32 cas de calcfications mtra
cramennes dues 3 la forme prenatale de la toxoplasmose Il distingue les calctfications qusl
sont dispersees srreguliérement dans le cerveau et celles qui sont situces dans ccnam(ec
structures Il semble que les calfications dues a la T naent pis :xa
decrites qparnant mas les ont ete muses en evidence dans 7 de «r €as L auteur 2
pas observe de calafications dans I fosse po terreure I region cervicale supericure o
lorbite Ie processus de calcification peut continuer pendant de nombreuscs annecs ap

le début

RETLRENCES
Bracewoop W McMenemEy W H Mever A and Norvav R M Greenfields Neuwro
thology Second edition London 1963
BRDTEUR A L Radswologic diagnoss in infants and children Mosby Cfgoslt Louws 1965
di os1s Year book publishers Chicago
gAFFiY\{' ‘E‘Cd'a"lc }'my mg\“un K kh I n ber handern und Jugendlichen
ATE!

Bd III S 651 Thieme Verlag Stuttgart 1964




ISOTOPE SCANNING OF BRAIY TUMORS LSING PERTECHNETATE 381

Fg 3 Bam sant gram showing grade 1 astrocytoma on the left side
Scne gram sh ® th 2
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ISOTOPE SCANNING OTF BRAIN TUMORS
USING =Tc

by
Ebcar J Frson ind ANTONIO RODRIGUEZ ANTUNEZ

ases at the Cleveland Climic
1966 In cach case 1 bran
f 8—10 mCi of
d 1n 54 case
ence 15 oW

Biopsy proved bram tumors were recorded m 97 ¢
durmg the period from January 1965 to December
semntigram had been obtuned after mtrwvenous adminstration ol
mnTc pertcchnetate An 8 inch erystal rectiinear scanner was usc
and a 3 inch rectilinenr scanner 1n 43 cases An nalysis of our expert
presented

The pertechnetate *’»1c appears to be an 1deal agent for sc
reasons (HARPER ct coll 1964) the short half hie (st hours) permuts a large
amount of radionctive substance to be njected, wiile at the same tme a small
dose of radiation 1s recened by the patient This results i 1 hugh count rte
which improves the statisties of countng The 8 inch rectilinear scanner permit
ted an werage of 30 000 counts per mmnute The high count rate permits the use
of a rapid scanning speed, the average tme for a single view of the brun bemg

about 7 mmutes

anmng for two

Scintigraphic tumor localization

the calvarmi s cleardy outhned Be
he radoactivity 15
wral suses The

In the normal brun scntigram (Fig 1)
¢ usc the stochemical blood brun barrter remains mtact, t
confined within the blood vascular spaces of the diploc 1n the du

—_—
Submutted for publication 13 November 1967
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Tahle 1

T es of tumor and sites ot outlined 15 fen cwnligrams of the series

Type of tumor Site Number ¢f cases
Metasta s Left ec ebellum 1
NMedulloba tom R ght cereb llum 1
Cyst ¢ astrocytoma T eft cevebellum 1
Olig dend ¢ oma Lefs pro tal labe 1
A trocytoma Frontciemporat 1t e >
Table 2

Analpsis of the aceuracy of scintigrams tn the 97 eases with brave tumor rersf ed by biopey

Scannets Mumb v € o rect diagn Rate of accuracy
scntigrams 1n numter ¢f cases n pef cent
Both 97 u7 o
» 5% ! 91
1k 4 x 83
Ten of the cases werc 1nf, 1 and 87 sup ! The hutol

types
i
of the tumors and therr location 1 each one of the ten cascs in which the tumor

was not sistble on the scntigram are given i [able 1

The diagnosuc accuracy 1n this scries uulizing ¥ Tc and an 8 inch reculnear

anner was 94 per cent 1n compar on with the 83 per eent accuracy obtamcd
with the 3 tnch scanner asmeay be cen from Table 2 The oycrall aceuracy of 90
per cent compares favorably with other reports on ¥ Te It has alo been «tated
that dowly growmnt, welf differentiated ghomas concentrase only small amounts
of radwactise matenal Tumors at the base of the bray
the greatly increased vascularity
radioactive matertal by the tumor

n are frequently dden by
of this region which obscures the uptake of

SUMMARY
Vraim s anwm afier admimsiration of ¥ mF¢ was prrform d n 97 patients all wath ntry

appears to b 11 al fos scanmm breause of the
low radiation do ¢ 1o the patent and tke hi
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normAl, rehativedy avascular, cerebral tissue stands out n sharp reltef as a region
‘colder than the blood vascular spaces The excellent outline of the calvana i< an
accurte representation of the true umage of that structure of the patient and aids
m the Jocalization of 1y Abnormality

The seanner 15 set by determining the maumum counts per munute at the md
portion of the sagittal smus A bran santigram s technieally aceeptable only
when the entire outhine of the shull 1s demonstrated We believe that 4 brun
semtigrim on which the outhine of the shull has to be drwn with a was penal s
techmcally unsausfactory The sagittal sinus should show gradually increastng
radioactivaty from the vertex to the Inmbda on the Interal view, which reflects 1
normally icreasing blood load s the stnus progresses toward the toreulwr Hero
philt
When the background suppression 1s of a magmitude to obliterate the normal
antomic Itndmarks (sagrttal sinus, diploc), there are more chances of mising
the lestons with rdionctive coneentration equal to or less than that of the bload
pool Howtver we do agree with Quiny Crric & Hauvser (1965) that the dis
ply of normal intricrimal vascular structures on the pertechnetate bram s
may mash the visualization of abuormal radiotsotope concentrauons m the bae
of the brun and postenior fossn

The increased uptahe of "' Te in 1 memngioma, Iater confirmed 1t operation
1s shown m Iig 2 Meninglomas, cven though slow growsng, concentrate radio-
activaty well beeruse of their profuse v asculanty and disruption of the blood bram
barrier 1 ew radionctive uptake 1s scen m slower growing or Jus vascular tumors
such as 1 grade I astrocytoma (Frg 3) but the uptake cven by thowe tumon »
usunlly sufficrent for drgnosis

Results and Comments

Interest n our dingno tic accuricy with this new agent, *” Te prompted
analysts of the 97 cascs of bram tumor proved by biopsy at the Clovdland Chm(‘
from January 1965 to December 1966 At least one *™Tc brun santigram hnd
been made for each patient, wnd these were reviewed to determine whether or
not 1 tumor could be demonstrated The tumor was outlined m 87 of the 97
cases In fourteen of these there were multiple regions of uptake compatible with
metastases to the bramn A positise biopsy was alo obtuned m each of these cases

The cell types of the 97 tumors ar¢ given below

Astrocytomn (grades T 1T IIT) 29

Ghoblatom1 19
Menmgioma 19
Other tumors 15

Metastases 15
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SIZE AND DEVELOPMENT OF THE CEREBRAL
VENTRICULAR SYSTEM IN CHILDHOOD

by

Heruax Loony

\ost text baoks of neuroradiclogy give detaled descripuons of the normal
roentgenologc anatomy 1 the adult As & rule however the topography of the
ventricular cisternal and cerebral vascular systems during the penod of growth
1» treated only briefly and 1 general terms Thus there appears to be no collective
presentation of the changes that take place n the relanonships between these
systems and the cransal bones dunng growth This also holds for the changes in
size undergone by the ventricular system and the cisterns

e therefore considered 1t of value to mvestigate these conditions 1n 2 senes
of normal encephalographies and cerebral anriographies in children up to the
age of 15 years Increased hnowledge of the roentgenologic anatomy sn the chuld
should help to elimunate diagnostic uncertainty and errors of judgement whict
may result 1f only the adult anatomy is known

The myestigation has been undertaken 1 four parts The present paper will
be foliowed by a study of the normal changes 1n position of the ventnicular <ystem
\Looi 1068} a study of anatomieal relationshups of the asterns (CarLsson &
Loot 1969) and finally by 2 treatise on the gross topography of the cerebral
vascular svstem (Berestrow Loos & Otranper 1969)

Submutted for publication 29 Februar 1968
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ZUSAMMENTASSUNG

Scanning des Gehirns nach Verabreichung von ®nTc wurde an 97 Patienten vorgenom
men ber denen wntrakranielle Tumoren durch Biopsie festgestellt wurden Das Isotop schemt
aul Grund der medngen Strahlendosts und der hohen Zahlgeschwindighent fur Sauntigraphie
besonders geeignet zu sein Dhe Verfasser glauben dass statistisch bessete Resultate von
Scanning ber Verwendung von ®mTe zusammen mut eiem geradhmieen 8 Zoll Rhrstali
Scanner gewonnen werden honnen welches schnelle geradlimge Gehimszintigraphte erlauben
wird Die durchschmittliche diagnostische Genamgkeit war 90 Prozent in dieser Sene

RESUME

Quatre vingt dix sept malades tous attemts de tumeur wntracramenne prou ce par biopsie
ont subi une scintigraphie cérébrale aprds mjection de ?mTc Cet 1sotope parait etre 1déal
pour la scintigriphie en raison de Ia faible dose de radiation et du fort taux de comptage
obtenu On suppose qu utilise avee un scintigraphe Iinéaire a crstal de 8 pouces 1l améliorera
les résultats de I scntigraphie et permettra une scintigriphie hnéaire rapide du ceneau
Dans cette scrie 3l a donné 90 9 de diagnostics exacts
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2 { the antenor horn  the Fig 3 Wudths of the antenor homs i
ngech?u:q“:?:u:ps Upper cune the whole  milmetres Unbrokea hae  nght hom
atenal (fig 1a) lower cune the stnctly dotted Jine left horn Mean values
selected matenal (v 1b) Vean values

The guestion of delimitation between normal and pathologic values with due
regard to the range of normal vanations 1s always open to discussion and cannot
be answered with certamty The use of the quonents suggested by Evans and by
LinpGreN appears however to allow a practical possbility of studving 1he average
normal refanons between the ventncular system and the cranial cavity The
mean values for quotsents o different age groups can be compared and i thi
way information on the dimensional development of the ventncular system can
he obtamed

A study was made of a senes of normal encephalographies with special regard
to the size of certain components of the ventneular system at different ages No
such investigation appears to have been presented previowdy Gortnirz (1951
reported on a senes of encephalographies representing 130 children m ages be

tween 4 and 14 years but no quanttanse results or results of compansons be
tween different age groups were given

Matenal Thus normal matenal of encephalographies was sclected from a

climcal senes according to certam prnaiples Thus the entire ventricular system
should have been by the fr: 4

encephalography method with
an adequate amount of gas In all cases the ventncular system <hould have a
symmetrically harmomic appearance and cases with signs of malformation dis-
placement or deformation subdural air or corucal atrophy were excluded A
funther entenon for inclusion m the matenal was that the Lindgren ratio should
apply for the upper normal birmt of the width of the anteror horn 16 this width

should not exceed 2 third of the homolateral half of the mner cramal diameter
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Fig 1 a) Age distubution of the total material with a quotient of < 033 for the anteror

horn b) Age distnibution of the more selected matenal with 2 quotient of < 030 for the
anterior horn

Dufferent methods of measurement have been used for determmmng from ence
phalograms the normal size and volume of the ventricular system in the adult
Because of the Irge individual varintions in the distances measured directly, many
of these methods have gamed no practical importance

As has becn stressed by Lvans (1942), Linporen (1951), Berc & Lonniym
(1966) among others, the shape and size of the skull have considerable influence
on the form nd dimensions of the ventricular system This factor must be tahen
mto constderation when attempting to assess the sigmficance of the size of ths
system Lvans, and LiNnpGrReN recommended the use of the relations between the
widths of the anterior horns and the inner cranial diameter as a practical measure
of the relative size of the ventricular system Evans (1942) gave an index of
>0 31 as a safe expression of dilatation of the ventricular system, while LINDGREN
(1951) recommended as the upper normal imut that the width of the anterior
horn should not exceed about a third of half the mner cramal diameter Opinions
vary 1s to the placement of the so called normaf hnt Bere & Lonwunm (1966)
favour the method of Encesrt & Lonnum (normal value for septum caudate
Line 15 mm and for width of third ventricle 8 mm), with the addition of 1 mm
per 10 mm nerease in crantal width wathin the normal values given for this width
(155 to 180 mm as measured on the film) These authors found good agreement
between this and other methods, including that of Evans
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Fig 6 Height of fourth ventnicle {H—F) Mean raluey

clearly that the quotients increase up to the age of 2 years but then remam on
the whole unchanged dunng the rest of the gromth peniod

The mean values for the widths of the respective anterior horns measured on
the rocntgen films are iven m Fig 3 Ihe unbroken line represents the right
antertor and the dotted Iine the left anterior horn The absolute widths of the

antenor horns Increase up to the age of 2 years after which they do not on an
average vary noteworthily

T herd centriele In Fig 4 the frontal diamcter of the third ventricle 1s shown,
both 1 the total matenal {unbroken kne) and m the more dtnctly selected
matenal with a quotsent of <0 30 for the antertor horn (dotted ine ) It appears
that this more stnct selection of the matenal does not influence the cunve for the
width of the third ventnicle 1t 13 also evident that this width 1s somew hat smaller
durimg the farst year of hie

The width of the third ventricle 13 given 1n Fig 5 1 two groups i which the
upper himuts for this width are placed at different levels The upper curve (un
broken line) represents all measurable thirid ventricles with 2 width of <8 mm
{atotal of 85) and the lower curve (dotted line) those with a width of <5 mm

2 10tal of 40) The cunve for the 8 mm group displays n principle the same

result as Fig 4 while the 5 mm curve because of the smaller number of cases
does not permut any conclusions to be drawn

Fourth rentnicle The hetght of the fourth ventricle 15 gnen w Fig 6 Tt may

he sen that this value mereases up to the age of 2 years but that no essential
cthani ¢ takes place later
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Fig 4 Width of third ventnicle Unbrohen  Fig 5 Width of third ventnicle Unbrohen
hne matenal fig 14 dotted hne matenal hne upper lmit=8 mm dotted Line upper
frg 1b Mean values limtt=5 mm Mean values

After sclection m this way, the total matenal comprised 119 encephalographies
the age distribution 1s gnven i Tig 1

Encephalographic and Mcasurement techmques All encephalographies wert
performed on a Lysholm skull table The 1imount of arr used was always adequate
for the mensurement of the widths of the anterior horns and third ventricle with
a symmetrical distnbution of aur within the two anterior horns The widths of the
Intter were measured on an 1 p film taken m supine posttion with the central
ray parallel with a line between the outer cinthus and external auditory meatus
and the ratios between the widths of the respective anterior horns and the cor
responding halves of the 1nmer cranal diameter were calculated The mavimal
frontal width of the third ventricle was measured 1n the same projection The
height of the fourth ventricle, te the distance between its base and the fastigum
was measured on a lateral film taken siung (autotomogram) No correctton
was made with the length and width of the shull

The mean zalues for the quotients calculated and the distances measured m
the different age groups are given in Figs 2 to 6

Results

Antenior horns of lateral ventricles The upper curve of Fig 2 depcts the mean
values for the quotients tn the respective age groups m the w hole matenal (re
1n those cases with a quotient for the antersor horns of <0 33) The lower cune
gives the mean values for the quotients i cases m which these were <030 and
thus represents 1 more strictly selected matenal The latter curve illustrates more
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clearly that the quotients increase up to the age of 2 years but then remamn on
the whole unchanged during the rest of the growth period

The mean values for the widths of the respective antenior horns measured on
the roentgen fiims are given in Tig 3 The unbroken hine represents the nght
antertor and the dotted line the left antenor horn The absolute widths of the
antertor horns merease up to the age of 2 years after which they do not on an
average vary noteworthily

Third ventnicle In Fig 4 the frontal diameter of the third ventricle 1s shown
both  the total matenal (unbroken lme) and in the more stnctly <elected
matenal with a quotient of <0 30 for the antenor horn (dotted line) It appears
that this more strict selection of the matenal does not mfluence the curve for the
width of the third ventricle 1t 15 also evident that this width 1s somew hat smaller
durnng the first year of hie

The width of the third ventnicle 1s given in Fig 5 1n two groups in which the
upper limuts for this width are placed at different levels The upper curve (un
broken line) represents all measurable third ventncles with a wadth of <8 mm
‘atotal of 85) and the lower cunve (dotted Iine) those with a width of <5 mm

a total of 40, The cune for the 8 mm group displays prnaple the same

result as Fig 4 while the 5 mm cunve because of the smaller number of cases
does not permut any conclusions to be drawn

Fourth tentncle The height of the fourth ventricle 1s goenm Fig 6 It may

be scen that this salue increases up to the age of 2 years but that no essential
change takes place later



388 HFRMAN LODIN

mm
mm
9
8 o ° s
; N A g
\
3 Prgze, ) / \&J‘:}(k/&‘r/ \‘2 6 ~, .
/ U
51/ ¢ Y 5 A _.\/ \/
414 4 NI S -
3 3

<11234567 8910111213115 <t 123456788M0NM2181U15

Years Years
Fig 5 Width of third ventnicle Unbroken
line upper hmit==8 mm dotted hine upper
lrmit=5 mm Mean values

Tig 4 Width of thurd sentncle  Unbroken
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fig 1b Mean values

After sclection in this way, the total matersal comprised 119 encephalographies
the age distribution 1s given in Fig 1

Tncephalographic and Mecasurement techniques All encephalographies were
performed on 1 Lysholm skull table The amount of air used was always adequate
for the measurement of the widths of the anterior horns and third ventricle with
2 symmetricnl distribution of air within the two anterior horns The widths of the
Itter were measured on an 1p film taken m supine posttion with the central
ray parallel with 2 line between the outer canthus and external auditory meatus,
and the ratios between the widths of the respective antertor horns and the cor
respondmg halves of the inner cranial diameter were caleulited The maximal
frontal width of the third ventricle was measured n the sxme projection The
height of the fourth ventricle, 1 ¢ the distance between its base and the fastigum
was measured on 1 lteral film taken sitting (utotomogram) No correction
was mude with the length and width of the skull

The mean walues for the quotients calculated and the distince measured in
the different age groups are given in T'igs 2 to 6

Results

Anterior horns of lateral ventricles The upper curve of Fig 2 depicts the mean
values for the quotients m the respective age groups mn the whole matcrial (1e
1n thosc cases with a quotient for the anterior horns of <0 33) The lower cune
gives the mean values for the quotients in cases i wlich these were <030 and
thus represents 4 more strictly sclected maternal The latter curve iHlustrates more
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to draw any deBmte condlustons as to which of these quotients 15 the more ap-
proprate It scems probable however that for children a quonent of 0 30 bext
corre pords with the true condimon On the other hand 1f SciirrsMans s normal
index were used, correspoudmng to a quotient of 025 the matenal of 119 ence

phalograplite now presented would be reduced 1o 11 tases Such A normal hemt
does not appe ar realisuc

SUMMARY

A senes of 119 normal encephalographies m children of up to 15y 315 of a_e was surveved
to det toune the relatsve rapidity of the prase of development of th ventricular system
Th phisiolygc merease 1n width of the ventncular system was found to take place mamh
dutime the first ts o years of hfe The results indicate that as a practica) quonent m evaluat
1 the size of the tentricular system m children the upper normal hurut for the width of the
nterior fom shoufd be three tenths of half the inner cramal diameter

ZUSAMMENFASSUNG

Lm die refative Schnells ket der Entwicklung der Cehurmentrskel zu studieren yurde
et Matesial von 119 normalen Encephalo aphien von hundern bis zum Alter von 15 Jahren
uberschen Es 3 urde ermittelt dass dhe physiolcgische Zunahme der Weite des \ entrihel
s tem hauptsachlich m d n er ten zwer Lebensjahren stattfindet Die Resultate deuten
da aaf hin dass der maximale normale Grenz ert der Weste des \ orderharns drer Zehntel

des halben Gehimdiameters sein solite um esn prakuscher Quctient 1 der Auss ertun« des
Yererdel 5 temes sn Aandern zu sewn

RESUME

Latteur a examune une seric de 119 encephalographies normales chez d  enfants Jusqu
15 205 da ¢ pour determuner la vites.e relatve des phase de developpement du svsteme
veutniculzire I sest montre que {augmentation physiofogique de fa fargenr du systeme
ventneulaire se realise principatement p ndant les deux premicres anne s de la vie Les
e ultats de cette etude montrent que pour apprecier les dimenwons d 2 sySteme tentricularse
hez Lenfant on peut considerer que la kmate superieure normale de fa largeur de la corne
anterieure est fes troms dixi mes de la motre du diametre mierne du crane

REFERENCES

A nosEN P oand Griwsken O h H

& ACE radiol Diraomoss 4 (1966Y 257
RG a

" (lﬂgﬁv “645!40‘\1:“ A Ventnicular size 1n relation to cramal size Actarad o] Dagno s

e:ght of fourth ventncle m normal encephalo:
phalograms



390 HERMAN LODIN

Discussion

The matenal presented 1s relatin cly imted, like all smilar matenals Tt never
theless scems justifiable to draw certam conclusions from the results obtamed
The curves llustrating the width of the anterior homn and the height of the fourth
ventricle indicate that the physiologic increase 1 the width of the ventricular
system t1kes plice durmg the fisst years of hfe A sinular tendency may be ob
scrved for the third yventricle

The rapid increase n the width of the anterior horn duning the first year of
hfe comerdes with the rapid growth of the cercbrum that occurs At this time It s
cvident from Tig 3 that the left 1s generally somewhat wider than the nght
lateral ventricle Becuse of the small number of cases below one year of age,
1t 1s uncertun whether or not 1t 15 only by chance that the lateral ventricles have
the sxme width during the first year of Iife On the other hand, the motor
development of the child proceeds rapidly duning the first six months with the
ripid growth of the crebrum A difference m width between the Interal ventricles
n the 1 year group 1s notable Thus is possibly an early expression of the rela
tionship that mught be expected between nght handedness and 1 somewhat wider
teft lateral ventricle According to Gorinirz, however, this difference 1s always
pathological and w expression of the greater valnerability of the predommating
Icft cerebral hemisphere

With regard to the third ventncle, no defimite 1dea of its width durmng the first
year of e has been obtuned Tt appears from Tig 4, however, that at the age
of 1 to 2 years, at least, 1t has reached 1 width that 1s normal for the remamnder
of the growth period This seums to hold both when the material 1s selected ac
cordmg to the mdex for the width of the anterior horn (0 33 or 0 30) and when
an upper lmit of 8 mm 1s set for the width of the thurd ventricle An upper normal
limit of 5 mm was alo used In this casc, however the material was so greatly
reduced that 1t was impossible to evaluate the development tendency, and the
accuracy of this value as a normnl limit seems questtonable

The growth of the fourth ventricle {as 1sscssed from 1ts height) appears to be
maunly terminated by the age of 2 years, after this time no change in height was
evident Taking the cnlargement factor mnto consideriton, a mean yilue of
14 mm obtamed from the film corresponds to bout 12 5 mm This 1s m complete
agreement with the observations made by AMUNDSEN & GRIMSRUD

The criterta for selection are always open to discussion 1 evaluations of chin
1cally normal series It 1s evident from Fig 2 that when the uppes Iimit for the
quotient 1s placed at 0 30, there 1s a more distinct change mn size than when the
\alue of about a third, recommended by LiNocrex for adults 1s used The lowest
age groups 1n the present matenial are however relatively small, and 1t 1s difficult
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REGIONAI CEREBRAL BIOOD FLOW IN
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by

Sten CroONQVIST and FRANK AGEE

An mtracranial tumour mav be demonstrated angiographically either as an
avascular or a more or Jess vascular Jesion The ab ence of vessels or the presence
of an abnormal vessel will probably also be reflected 1n the regional cercbral blood
flow (rCBF) Some of the main changes in regional cercbral blood flow 1 cases
with cerebral tumours have been reported 1n previous commumeations i which
both general and local changes 1n flow were descnibed (CrosQvIST et coll 19635
1966) Simlar changes has e recentls been reported also in focal cerebral vascular
d1 orders [ CrongvisT & Larocne 1967 A local increase m flow was found to
correspond to anglographic findings of partly the same type as encountered 1n
tumours and this raised the guestion 2s 1o an eventual similanty 1n the pathelogy
of cerebral lesions of dfferent fands The sesulis from a combined stdy of
measurements of the regonal cerebral blood flow and cerebral angography 1 39
cases of intracrantal tumours will now be presented The aun of the insestigation
was to determine

1 The nfluence of the intracramal tumours on the overall cerebral blood
flow
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1 2 3

P 1 Tmmal part of clea ance curyes writen 1n semloganthmucal form against ume Curves
obtamed over tumour tissae (1) carotid sipton (2) and o er non tumour bissue

asumption that In a normal subject a *\e clearance curve of the cerebral region
ts made up of a sum of two mono-exponential functions representing 2 fast and 2
slow type of flow probably corresponding to those 1n the grey and the white
matter respectively The solubility of the gas mn the blood and the respectne
tissue 1n these two hinds of bramn ussue 1s different and different parution coef
ficzents \Jambda] have to be used for the flow calculations Pathologically chang
ed ussue ke tumour tissue may be assumed to have other physio-chemical
characteristics than normal grey and white matter so that another parttion coef-
frcent shoutd be used 1o caleulate the flow 1 such tissue The lambda for tumour
tisse > howeves not hnown and furthermore will probably vary Lambda values
for notmal tissue have therefore been used 1n the present study which means that
an error has been mtroduced mto the calculation of tumour tusue flaw The
reported values will hase to be regarded as being refatne

The normal flow values upon which this study 1s based are as follows (Incvar
CronQuisT ExeErc et coll 1965)

Fast flow (f,)  ~=79 728D 107 ml/100 g/mm

Slow flow (s,) =209%SD 26 ml/100 g/mun

Mean flow (m ) =497%SD 56 ml/100 g/mm

The computer program mentioned above also gives 2 mean flow value
tmean’ ) caleulated from wsotope clearance for 10 munutes according to the
stochastic method (Hoeot Rassussin SsemsborTir & Lassts 1966) The
mean [C-minvalue s 498+SD 54 ml/100 ¢/mun
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2 The regional blood flow (rCBL) within the tumour tissue per se as well as
n rdtion to flow in surrounding nen tumour tissue

3 The correlation of regional flow studies with cerebral angography

4 The effect of increascd intracramal pressurc on the rCBF

5 The valuc of rCBT measurement i the diagnos:s of cerebral tumours vary
ng m nature

Material The series conasted of 39 cascs of supratentoral tumours Tour were
extr1 cerebral (meningiomas) and 35 mntra cercbral, ten of which were of meta
static ongm In 32 of the 39 cases the dragnosis was confirmed by biopsy, no
bropsy w1s made in cases of radiographically and chimeally established deep
=eated lesions All cases were «xamined by routine carotrd angiography, 1n con
Junction with which 1 rCBI study was performed, bilateral studies were cartied
out m two casts The presence of mcrensed intracrantal pressure was determined
by funduscopic txammation and, m 1ddition, m mne cases by direct measurement
of the intrventricular pressure by means of a polythene catheter placed m the
Interal ventricles (Luspsere 1960) The Jocalization and the extent of the tumour
1s well as the presence or absence of pathologic vessels and arteriovenous shunts

were detarmmed rdiographically

Methods The carotid angiography preceded the rCBF measurement n all
cases Methylglucamme diatrizoate (Urografin 60 92) was used as contrast
medium  a total volume of about 20 ml being mjccted nto the mternal crotid
artery [ilms were obtaned at 14 second ntenAls for the lateral and 8 sccond
intervals for the a p serals Muluple stmultaneous measurements of the rCBE
were made according to the '"Xe clearance techmque devised by Lassen ct
coll 1963 Four or eight extracransl scanullation detectors, placed at right
angles to the sagittal plane of the shull 1nd adjusted to cover abnormalttics in the
preceding angiograms, were employed Tollowing the rCBF study the central
aws of the detectors was marked by small lead mdicators on the head of the
subject and a lateral film was obtamed to relate the field of the detectors to the
angrogram

Repeat samples of arteral blood were taken for the determination of hacmato
ent values and the arterral carbon diowide tension (aPCO ) durng the rCBF
study The pulse rate and the artertal blood pressure were also measured Details
of the technical and mathematical aspects of the rCBF method werc described
at the symposium on regional cerebral blood flow at Lund 1 1965 as well as
by HoepT RasmusseN (1967)

Calculation of the flow values were all made by a computer program des clcp;:d
by HoepT RASMUSSEN, SvEINSDOTTIR & LAssEN (1966) This 1s based upon the



REGIONAL CEREERAL BLOOD FLOW I INTRACRANIAL TUMOURS 39

1 2 3

e 1 Inwal part of clearance cunes wniten in semilozanthmical form agamst tme Curnves
stained over tumour ti sue (1) carotid siphon (2) and o er non tumour nssue {3)

_sumption that i 2 normal subject a ***\e¢ clearance curve of the cerebral regon
s made up of a sum of two p 1 p ing a fast and a
low tvpe of flow probably corresponding to those i the grey and the white
natter respectisely The solubiity of the gas in the blood and the respectine
assue 1n these two kinds of brain tissue 15 different and dufferent partition coef
fictents | lambda) have to be used for the flow calculations Pathologically chang
ed tissue bike tumour tissue may be assumed to have other phystochemical
charactersstics than normal grey and white matter so that another partition coef
ficient should be used to calculate the flow 1n such tissue The lambda for tumour
wsue 1s however not known and furthermore will probably sary Lambda values
for normal tissue have therefore been used 1n the present study which means that
an error has been introduced into the calculation of tumour tissue flow The
reported values will have to be regarded as being relatne
The normal flow values upon which this study 15 based are as follows {Incvar
CrongrisT ExpErG et coll 1963)
Fastflow if,) —=797+SD107 ml/100g mmn
Slow flow 1s.) =209%SD 26 m! 100 g/min
Mean flow (m ) =49 7£SD 56 ml/100 g/min
The computer program mentioned above also gves 2 mean flow value
(mean' ™ } calculated from 1sotope clearance for 10 minutes according to the
stochastic method (HoEpT RASMUSSEN  SVEINSDOTTIR & LAsSEN 1966) The
mean 10-min value 1549 8 +SD 5 4 ml/100 ¢/min
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Table 1
Cerebral blood flo ¢ 1n cerebral tumours and general effects

Fast flow Slow flow Mean flow aPLO*
ml/100 g/run

Normals (n = 7) 797 209 497 386

Tumours (n = 39) 577 182 335 367

Percentge decretse 27679, 1259, 326 , —
Table 2

Cerebral blood flowe tn tumours and focal effects

Tumour flow Non tumour flow Tinon T flow
Tumour flow  non tumour
flow (n = 23) 732 500 147
Non tumour flow  tumour
flow (n = 13) 534 63+ 81
Total (n = 36) 685 J59 124
Results

Form of the xenon 133 clearance curce A clearnce curve from a normal case,
15 well 15 curves obtuned over regrons of normal brun tissue display char
acterstic features (Tig 1) When the bolus of the 1otope rrves the field
of the dctector, 1 sharp il nise 1s followed by a smooth fall 1n the begmmng
faurly steep but gradunlly less so and reachung the basehne in about 15 to 20
minutes A bricf imuial flattening 2 plateau, 1 somictimes noted before the hegin
ming of the downward slope {¢f Hoept Rasuusers 1967) The curvcs i ths
study often differed from this normal appearance An il peak of different
haght nd of different, usually short, duration was often cncountert d duning the
scry first part of the curve, nsing at a varying height above the pomnt of the st
of the slope (g 1) This finding suggested that 1n the tumour group add
ton to the normal fast and slow components, there wis also 1 third one which
represented 1 compartment with a flow higher than m the grey mauteT

1 General changes i the cerebral blood flow The hemuspherie flow vatues for

the whole senies was {;=57 7 { ==18 2 men =33 5, and mean'**=38 6 ml 100
g/min The values have been calculated as the mean for all regions mewsured [t
may be secn from Table 1 that these salues are low compared to normal xa;uc<
y¢ the presence of a tumour causes 1 general decreasc m the cerebral blood flow
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Table 3

Cerebrat blood flow 1n eerebral wumours and flow. related to angiographic chan es

Flow ml/100 g/m nute

ur Non tumour
Anquography n Fotal hem phere  Tumoy

1 Abne mal tsscls +a v

531

hutts 19 594 4o

2 Abnorm lves Is 6 519 539 522

3 A ascular n 533 594 590
8 578 491 602
3 631 797 557

vathtn the ffected herusphere The decrease 1s most marked for mean* and f,
flow 326 % and 276 ¢ respectnvely and less marked for f, (125 9) The
mmean 10 min value was much less decreased than the value for mean 225 €,
and 32 6 9% respectively

Important vanatons m flow between the individual tases were tecorded A
signsficant decreac te afast flow less than 58 3 ml/100 g/mn (79 7—2¥SD)
was noted 1n the majonty of 22 cases — a sigmficant ncrease viz above 101 mi/
100 g mim i tho cases a non significant decrease was evident 1n fifteen cases
Cases with and without significant flow changes did not difer from the angto-

graphic pont of view 1 both gioups pathologic vessels and shunts as well as
tncreased mtracranral pressure were present

Table { shows that vanations m the arter
but ssere generally not excessive although ]
uncorrected for PCO  the general conclusion

2

2l PCO exssted (mean value 36 7)
he above mentioned flow values are
ns 2re ot iy ahdated

*CBF tn tumour and non tumour frssue In this companson between the
rCBE 1n tamour and non tumour regions three cases were discarded because of
the difficulty 1n assessing the site of the fesion and s relationship to the rCBF
detectors

The fast flow measurements (rCBF) from the region or the re,
Ing 1o or immediately adjacent t

Blons correspond
0 tumour tyss,

ue (T) as indicated by angiography
urtlour ussue (N/T) (Table 2)

100 gy mm for the Tespective tissues
pereentage of non tumour floy,

1% the flow m tumour tssue was
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Table 1

Cerebral blood flowe n cerebral tumours and general effects

Fast flow Slow flow AMean flow aP(0
mlj100 g/min

Normali (n = 7) 97 209 497 386

Tumours (n = 39) 77 182 335 367

Iercentage deerease 2769, 1250, 320 , —
Table 2

Cerebral blood flow 1n tumonrs and focal effects

Tumour flow Non tumour flow Tinon T flow
Tumour flow  non tumour
flow (n = 23) 732 500 147
Non tumour flow > tumour
flow (n = 11) 533 634 84
Fotal (n = 36) 685 5,3 124
Results

Form of the xenon 133 clearance cur ¢ A clearance curve from 2 normal case,
1s wedl 1s curves obtamed over regions of normal brun tisuc csply char
acterstie fertures (g 1) When the bolus of the rotope armes the field
of the detector, 4 sharp mtl nise 18 followed by 1 smooth fall n the begtnmng
faurly steep but graduadly Iess <o, mnd rcaching the baseline m about 15 to 20
mmutes A bricf mitid flattemng 2 platetn 1s sometimes noted before the begm
ming of the downwnrd slope (cf Horpt Raswussrn 1067) The curves m the
study often differcd from this normal appearance An mittil pe W of differcnt
haght and of dufferent, usually shart durition ws often (ncountered durmg the
very first part of the curve, Tsing 1t 1 varying liaght above the point of the start
of the slope (Itg 1) This finding suggested that n the tumour roup m addh
tion to the normal [1st and \ow components, there was Ako 1 third one w tuch
represented 1 compartment with 4 flow higher than m the grey matter
phiric flow values for
1 100
od Tt

1 General changes i the cerebral blood flow The hem
the wholc series was =57 7 f,=182 mc¢m =335 and maan'*=38 6 ml
g/mm The values have been caleulated as the mean for all regions measur
may be seen from Table 1 that these values are low compared to normal Ml;lw
1e the presenee of A tumour cuses 1 general decrcase in the cercbral bloo ! flow
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aemia within the avascular regron thus occurred 1 three cases These lugh values
imiluenced the hemispheric s alues and explained the fact 1hat for the whole group
rio dufference was present between the flow in the lesion and that 1n other regions

Excluding these three cases the average values for the flow m the avascular
tumour and m the non tumour tissue were 49 1 and 602 ml/100 g/mun re

specinely 1e 2 substantial decrease within the tumour was evident

4 The wntra cramal pressure and the rCBF pattern Increased imracramal
pressure was present 1n eighteen of the 39 cases studied It was always indicated
by papilledema and 1n nine cases further senfied by continuous recording of the
ntrasentricular pressure

No sigmficant difference was evident n the present <eries in the average flow
at hugh (16 cases) or normal {21 cases) intracrantal pressure nether 1 leston
ttssue nor 10 non lesion tissue

5 Difference 1n 1CBF pattern between cerebral tumours of different types Too
few cases of or astr

Y were d 1n the serses to warrant
valid conclusions concerning the difference mn flow 1n different kinds of tumour

The authors have therefore reframed from such an evaluation 1n the present
matenal

Discussion

Appearunce of dlearance curre A specilic change n the first part of the clear
ance cunve the so-called imnal peak has been described Pavtson et coll (1967)
in a recent publication have stated that ths mitial peak may be of two kinds The
imitial part of the clearance curve is plotted 1 semi loganthmie form againet the
time obtamed oser the tumour over the carotid stphon aud oter normal tissue
respectvely m Fig 1

A sharp nse corresponding to the njection of the 1sotope followed by a linear
fall 1 actissty are normally present A peakl over the caroud siphon nses tugh
above the point from which the Incar fall starts This peak 1s a signt of a rapid
transponiation of the bolus of the 1sotope through the field of the detector 1 this
tnstance through the carouid arterv Such a peak will of course also occur when
ever the possibihinies for abnormal rapid ISOUODE Lransportation exist 1e 1n arterio-
senous malformations {Haceenpant et coll 1964) and arteno enous shunts
¢ Ckkl)\Q\ T & Larocne 1967) The authors have termed this a carotd or shunt
peal

Mot only a shunt peak but also a peak of longer duration may be present 1n th
curve obtained over tumour tsste This sdicates that 1 addition \}:) the num\;
two components of the clearance curve there 15 a third that signifies a very rapid
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Varntions m tumour flow occurred however mn the indnidual cases and bsed
upon these vantions the cases were separated into two groups There were thus
thirteen cases with 1 low flow m tumour tissue and twenty three with a lugh
tumour flow, m two of the latter cases even exceeding normal values

The respectine clewrance curves tn cases with a high tumour flow often dem
onstrated the speaific change described under the appearances of the curves
1€ an ] peak mdicating the presence of an nitral third compenent A local
high fast flow was <ometimes present without the corresponding curve posses
sing ny obvious peak A peak was somenmes also evident m eases with 1 low
tumour flow

When companing peih cunves with flow values obtaned for mean® and
mean' the Iast mentioned was almost constntly higher, re 1t was possiwle to
tell the presence of 1 penk from these measurements alone Ths fact wall be more
extenstvely dealt with i the discussion

3 Comparison between anglographic findings and rCBF measurements The
cases were separated nto three groups according to the pathologic changes ob
served Twenty two cascs formed the first group, these having pathologic vesscls
and arteriovenous shunts The sccond group consisted of six cases with only
pathologic vessels and the third and last group was made up of elesen cases
without pathologic vessels and arteriovenous shunts, 1e  awvascular tumours
( Tble 3)

The average fast flow values, hemsphenic values 1 these three groups were
5G4 519 and 59 3 ml 100 g/mm respectively A marhked decrease m flow w
thus present 1n 11l groups and this w 15 most esident when pathologic vesscls were
the only findings

Local changes were 1o encountered In cases with arteriovcnous shunts and
pathologic vessels at angiography the flow i the region with these focal ab
normahties was m 2!l but two found to be ugh while the flow n other regions
was marhedly reduced, 745 and 531 ml 100 g nun respectively Reline
hyperacmia within the abnormal region was thus present n thesc cases

In the second group, with pathologic vessels as the only fmdings, the flon was
decrensed to about the same level 1n both the leston region nd in the non fesion
region Vanations were however present m the mdnidual cnses, thus threc fnd 2
high local flow over the lesion and three a low local flow

In the eleven cases with an avascular lsion registered angiographucally a de
rease m flow aver the Iesion would have been lihely Tor the whole group, hD‘“‘
cver, the average flow values i the ay ascular zone 1nd 1n the tissue oumdcl 1t (II(
not differ and were recorded at 58 ¢ and 59 0 ml, 100 g/min, rc<pccmely n
dnvidual changes were also noted m this group of cascs Marhed relative hyper
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Fig 3 From a case of intracerebral ha morrhage a) Acute phase Vlarked sh ft of pencallosal
artery medual displacement of the Syl jan vessels b) Abundance of early filing vemns m
f ontopanetal region <) After partial reco ery less expansity d) Mo early { ling verns

normal This observation 15 1n accord with earlier reports that a focal leston may
cau e a general reduction n the cerebral blood flow (kery et coll 1948 Horpr
Rasuissev & Skivmoy 1965) Remote effects of a focal lesion have also been
described 1n cases of a lesion in the bram stem (Ingvar et coll 1964 CronguisT
1967)

Increased intracramal pressure has been reported to decrease the cerebral blood
flow No dufference 1n flow 1n cases with and without mereased mtracramal pres-
sure was however apparent i this series The general decrease noted cannot

6-683004 4t Rd Lz Dz b | 7(1068)
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Fig 2 Trom a case falsely ciagnosed as malignant
ghoma with acute onset of symptoms a) Angt
ogram showing expanswe leston capillary blush
wnd early filling veins in left paneto ocaiprtal
region  b) Four years leater the angiogram
showed no focal abnormality ¢) Atrophy with
wideming of left po tenior horn

flow The authors have tcrmed this a tissue peah An initial puak most often oc
curred 1n curves over tisues with angrographically demonstrated artertosenous
shunts The analysis of these cunves disclosed fast flow values

The observation that flow valucs for meant and mean® densed from peth
curves presented a difference exceeding the normal of £6 ml 100 g mun can be
theoretically explaned Although the finding may be of practical value 1t must be
stresscd that the above mentioned difference 1s not constant and thus not a relinble
sign of a peak This 15 due to the fact that evaluation of the height of the cune
necessary for calculation of the mean flow values, 1s someumes dufficalt

The results tndrcate that a tumour usually nduces a general reducnon i the
blood flow 1n the hemusphere mvolved This reduction 1s also recorded on the

contralateral side 1¢ 1n regions that anglographically and chimenlly appear
N
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tndicate the presence of regional anoxia and to be secondary to loss of normal
vasomotor regulation (HoEDT Rasytussew et coll 1967) Lassen (1966) recemly
summanzed the evidence that local hyperaemia of this type may be ascribed to
11 sue actdosis following cerebral tissue hypoxia or anoxia

Abnormal connecuons between cerebral artertes and vemns constitute an mm
portant feature 1 the pathologic description of malignant cerebral tumours, and
indeed seem to explam the mitial peak 1n .ome rCBF curves as well as the local
hyperaemia It i however a tempting hypothesis that the presence of rapidly
perfused regions may sometumes be secondary to anoxia caused by the neoplasm
Tf this be so the areas with secondary hyperaemia would probably be located
marnly 1n the border zone between tumour and non tumour tissue The employ
ment of an mcreased number of smaller detectors has indicated that in some
tumour cases this may really be true {Pautssoy et coll 1967}
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SUMMARY

The results of a combined study with measurement of the regional cerebral blood flow

and rerebral aneiography m 39 cases of supratentortal tumours are presented Seven of the
aes 1 ert confirmed by hiopsy

ZUSAMMENFASSUNG

Die Ergebruse ner kombimierten Studie mt Messung des remionalen cercbralen Blut
strome und cercbraler Angiographie von 9 Fal en yon supratentorialen Tumoren werden
voreele t Sieben der Talle wurden ber Biopsie bestatigt

RFSUMEF
Les autewrs pres ntent les resultats d une etude combmée

de mesures du débit sa
eréteal regicnal et d angiomaphue cerebrale dans 39 cas de 1 e oo o

um
¢s cas ont ete ¢ nfirmes par biepsie cur sus tentonelle Sept de
RFFERENCES
CRonQvsT S Transitory hy
Gite Salzburg l;@w yperaemia in focal cerebral 1schemia lesson Int Symp Cerebral

— Regonal cerchral blood flow and

angiographic findingy in 51
disorders To be published wn Acta radiol Diagnosss i 2L st vaih derebroascular
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thercfore have been caused by pressure 1lone but must have been due to other
sccondary effects of the lesion

That mtrierinind pressure may influence cerebral flow has been demonstrated
m ammal experniments by SwrTanoy, Katiguist & Stesjo 1967 The sime effect
has been found to be present m man (Crosguist, INcvar & Lassen 1966) m
cases with spontancously appearing periods of mercased mtricramal prosur, <o
called phitcrn waves (Lunorere 1960) A preliminary report (Lunnsere, Cron
QvistT & harrouist) on the relation between cerebral blood flow, angiagraphy
and these pliten waves hias been published A more extenstie study of the reh
tion between cerebral blood flow and merensed mtracraninl pressure 1s under wi
(CrongvisT & Lunnaerc)

The present results hwe further indicated that the flow 1o tumour tissue %
compared to normal flow 1s changed The lesion flow 1 some cases mamly of
Avascular tumours, was lower than m the rest of the hemisphere In other cases
no marhed diffcrence m flow hetween lesion and non lesion tissue was evident
Most e1ses, however, had 4 Ingh flow, 1 relative hyperiemia within the tumour
region In many of the cases, 1o 18 out of 39 cascs, such 1 hypernemia comaded
with the angographically demonstrated region with arteriovenous shunts and
pathologic artertes Tt 1s of specific interest that local rddauve hyperaemn and
il peaks were present Ao m cases m which no shunts were evident at ango
graphy, that 1s i tumours with only pathologic vessels and even m thos that
angographically appeared wascular The rCBE techmque thus pormitted the
registration of artenos enous shunts 1n spite of no other tyidence of their presence

It was tressed i previous commutucations ( Crongvist 1966, 1967 and Cron
QvisT & Larocnur 1967) that dingnostic problems of differentiation between 1
cerebral vascular leston and 1 malignant tumour mas be cncountered  The basis
for these difficultics 15 the appearance of Jocal hyper i and carly filling veus
m both these lesions (Crongvist & T arocur 1967) The findings m an cxpansine
leston with n abundance of carly filling vans tn relation to the leston e dem
onstrated in Iig 2 The study was made m the acute stage of the disease
Angiographically the changes could well tally wath thow of a hrge mah nant
tumour although the chimenl signs were 1 favour of mtracerebral bleeding A
repeat mnestigation after climeal improvement indicated regression of the ex
panstsity nd no abnormal filling of vems The obscrvavon that the bnormal
venous filling m vascular disorders 1s a transitory phenomenon can be utihzed for
differential dingnostic purposes A repeat study m malignant tumours will thus
disclose persisting or morc often an increase m abnormal vans This 1s m con
trast to 1 cerebrovasculr lesion for which the conditions will probably hate ¢

turned to normal
Focal relatn e hyperienua m cases of cerebral s ascular lestons has been <ud to
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LFFECT OF ANGIOTENSIN ON THE DOG KIDNEY
by

ELeonoka HoTovy Awpras Losoncr and Janos Lanos

The authors have prevtously m d the physol f by <enal
nephroangiography n young patients with essential hypertension (Hotowy et
call 1968) It was considered that endogen angiotenstn may al-o have plaved
a role in the pathogeness of hypertension In view of the fact that httle work on
this subject appears to have been done 1t was decided to imesngate the effect
of angiatensin on the hemodynamucs and function of the kidney in dogs

Matenals and Methods Transfemoral aortography was camied out 1n fifteen
mongrel dogs weighing 10 to 23 hg under mtravenous chioralese anesthesa in
a dose of 100 mg kg bodyweight The contrast medwam 0.5 ml/Lg bodyweight
Uromiro 75 S was injected with a Gidlund myector under a pressure of 4 Lg/
cm mto the aorta close to the ongns of the renal artenes The myector was
coupled to an Odelca film changer and 12 films were exposed dunng the first
5 seconds further films were produced at the standardized times of 10 15 20 30
€0 90 120 1,0 and 180 seconds The exact chronalogic order of the films was
recorded on an Elema Mingograph {Hotow et coll ) The mean artertal pressure
w:s measured with a Hg manometer anserted into the femoral artery of the other
side

Submutted for publication 13 March 1967
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Fie 3 Time of dwappearance {seconds) of Tig 4 Time of duappearance {seconds) of
(S great renal artemes n the controls (C)  the arborzaon in the controls (C) and 1
and m the sngotensin studv (A) Each  the angotensin study (A} Each point refers
pomnt refers to one kidney to one kiduey

seconds (group A Fig 1) The advent of the medium 1 the artertal arbonzation
1n three of the dogs occurred at the normal time while i the remaming dogs
the appearance time was longer 125 to 3 5 seconds {group A Tig 2)

The medium was late 1 disappeaning from the marn artertes (over 25 to 4.5
seconds) with the exception of both hidneys n two dogs and the left kidney in
one dog (group A Fig 3) The disappearance time of the medium m the artenal
arborization was alkso constantly late over 25 t0 4 5 seconds except tn two dogs
(group A Fig 4) A transient spasm was observed 1n the renal artery of one of
the kidneys i two dogs

Three types of nept phic and postneph phuc pyelographic phenomena
were identified

1 In the majonty of the dogs, nine dogs the early nephrographic effect vas
either poor or absent and differenuation did not take place The complete nephro-
graphte effect was extremely late 1n occurnng The postnephrographic pyelogram
appeared late or had not appeared at 3 munutes after injection

2 Intwo dogs mn which the appearance and disappearance umes 1n the
artenal system were equally late the early nephrographic effect was good well
differentiated and not delayed The complete nephrographuc effect was een at

the correct time but persisted longer The postnephrographtc effect had not ap-
peared at 3 minutes

3 In two dogs 1n which the appearance and disappearance times 1n the
anenal system were the same as in the controls the nephrographic phenomena
both from the pomt of view of duration and qualiy were sumalar 1o the controls
Yﬂ;mg of the pelvis was however delaved

0 two dogs 1t was observed that the different &
ypes of nephrographic phe
nomena descnibed accurred 1n one and the same fadney ¢ g the second type u'? the

upper pole of the left kudney in one dog whil
REper Pl of s ol 3pp¢am)| c dog while 1n the remainder of the same
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Fig 1 Time of appearance (seconds) Fig 2 Time of appearance (seconds) of the arbort
of the great renal arterres n the  zation in the controls (C) and in the angiotensm
controls (C) and in the angiotensin  study (A) Each point refers to one kidney
study {A) Fach pont refers to one

kidney

Angrotensin (Hypertensin Ciba) w1s admumstered 1 doses of 0 0025 to 0 005
#g/hg mto the 1ort1 through the catheter In ten dogs, an mitial control nephro
angiogram was followed after an mnterval of 60 mimutes by the adminutraton of
angotensin, and after a further 60 sccond mnterval the second senes of senal
nephroangiograms was obtuned In the remaintng five dogs, the senes of nephro-
anglograms with angiotensin was first cxrned out, and after an mtenval of 60
nunutes the control series was obtarned

Results

Control studies The contrast medum appeared in the mam branches of the
renal arteries within 0 25 to 0 35 seconds and 1n the mtrarenal arterial arboriza
ton within 6 25 to G 5 seconds after 1ts mjection (group C, Figs | and 2} The
contrast medium disappeared from the renal artenal system within 175 to 225
seconds (group C, Figs 3 and 4) The early nephrographic phase appeared within
035 to 1 0 seconds and was followed by a differentiation of the cortex, the septunt
(columna Bertim) and the medullr The complete nephrogram reached maxi
mum density 1n 3 to 4 seconds, perasted for 15 to 20 seconds and then became
less evident The great vemns appeared within 10 to 15 seconds The postnephro-
graphic pyelographic phase became visible in 1 0 to 1 5 minutes after mjection of
the contrast medium

Angiotensin effect The contrast medium appeared m the mam branches of
the renal arteries 1n both kidneys of seven dogs 2nd in the nght hidney of one dog
at the normal time In seven other dogs i both idneys and in one dog i the
left Jdney the contrast medium appeared late i the mam arteries, at 0510075
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ahieden n Cefassbensken selbst m der ewnrelaen Niere hervorrufen kana Die Studse scheint
auch darauf 7u d uten dass das Aneiotensin direkt auf die renalen Tubuli wirke

RESUMFE

Les auteurs ont etudie 1effet de 1anmotensne sur be rem du chien au moyen de néphro-
anmographic en séne Les réaultats ont montre que Yangiotensine peut produire wne vaso
coninction dans differents terntorres ou dans un seul et m me rein Cette expérimentation
condurt ws 5 1 pen er que | angiotensine age directemant sur fes tubules renaux
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Discussion

Angrotensin produces vasoconstriction of different areas of the hidneys which
can be well dlustrated radiologieally The vasoconstriction of the man arteries
presents itsclf m the latencss of the filling of this area, while the constriction of
the interlobular artertes mamifests 1tself m the prolongation of the disappearance
time m the mun artenes: The angiotensin brought about 1 circumserspt and
transtent spasm n one of the man renal arteries m two dogs

The ncrease m the punpheral reastance depends on the site of the vasocon
striction ind may be of two types In the first, m which it 15 preglomerulr, the
nephrograpluc dffect 1s poor or absent and differentiation does not take plice
With an mcrease 1n the postglomerular resistance the arbortzation 1s rich nd the
fillng of the arteries 1s marked In addition, though the disappearnce time of
the medum 1s prolonged, the nephroyraphic effct 1s normal m tme 1nd mtenaty
and well diffcrentinted

The postncphrographic filling of the pelvis may be Iate or abwent even 2t 3
mmutes The fact that the pelvic filling was late m Al the cases after angotansn
may be due to 1 direet tubulr uffect of the drug (Eisato & Rasanen 1963
Leyssac 1965)

All these effects were brought about by such 1 small dose of angiotensin that,
although bove the phystologic dosc for normotensne dogs 1t could not hue
rcached 2 pharmacologic dose (Astoin 1965) and could not have increased the
systemic blood pressurc

The facts that the anglotensin given m the applied dose acts differendy m dif
ferent dogs, 1s well 2s m both hidneys of one wnd the same dog, and, what 15
more, 1cts differently m one and the same hidney suggest that factors as yet un

Lnown may play a role

Acknowledgement
The technical assistance of I Bartfar L Duiki J Conczol and Gy Nagy 1s gratefulh
acknow ledged

SUMMARY
The effect of angiotensin on the dog hdney was mvesugated by means of senal nephrn’
angiography The results indicated that vasoconstriction m1y be produced by the dnu:' n(
different arcas of even one and the sume hidney The study also seemed to suggest thyl
angrotensin cts directly upon the renal tubules

ZUSAMMENFASSUNG

Der Einfluss von Angiotensn auf dre Hundenntere wurde mit Senen Nephroangiographie

ser
«tudiert Die Resultate zeigten dass diese Droge eine lokal begrenzte Rontraktion in
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also often
t § polythene catheter for cathetenzaton of the left (and

E}‘i rl,ghz‘l) I:Svrvtn;ipe\e‘:n pz)y Catheter introduced into the caval semm with up m nght
tnal vem c) Gwde suffemng of the stem of the catheter when st 1 pushed fucther up
the ca al vem d) Loop reformed

method of catheternizing the left adrenal vein for retrograde phlebography and n
1964 de d an al producing ad {which was also evident
at aortography) The present author has later catheterized the might adrenal
vem as described 1n a previous paper in which the ven anatomy was briefly

considered Two cases from our present matenal are described separately in thy
paper

Technigue Cathetentzation of the nght adrenal vern 15 performed mamly as
descnibed previously (1967) For the left side the yellow radiopaque catheter has
been replaced by a non-opaque polythene catheter No 240 which ends i a
large loop of a shape similar to the Grecek letter @ (Fig 1) Ths type of catheter
has been used 1n ten cases It 1s more pliable n the vessels than the other cath
eter 50 that i 1s often casicr to adapt to the adrenal vein and the sampling
of the blood and the tnjection of contrast medum tend to be more complete

The catheter s imserted via the nght femoral vein with a Seldinger guide No
205> The up of the catheter 15 turned m a retrograde direction m the caval vein
by mtroducing it into a renal vewn the loop appearing when the stem of the
catheter 15 pushed further up the caval ven Tt 1s someumes necessary to suffen
the catheter temporanly with the guide dunag this manoeuvse After turming
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LPINEPHRO-PHLEBOGRAPHY IN TWO CASES
OF CONN’S SYNDROME

by

C G MinAErsson

This condition 1s characterized by more or less grave hypertension without
oedem and with hyperildosteromsin m combination with depression of the
plhsma renn activity (Conn 1964) There are often changes 1n the electrolyte
balance such as hypokafaemic alealosis with complunts of muscle weakness and
polydipsin Many crses hve lasted for decades whle others have had a short
duration of one or 1 few years The disorder 1s chused by an aldosterone produc
mg adreno-cortical wdenoma 1n the zona fasciculata or glomerulosa Chinical
and laboratory m estigations occasionally fail to afford the correct diagnoss nd
the radiologic demonstration of a tumour 1s therefore valuable, 1part from tht
importance of localizing the side for operation As the tumours are often small
and imposable to dumonstrate with the usual methods, an 1y estigation was made
of the possible role of retrograde phlcbogriphy n arrving at a diagnosts

A few authors have reported catheterization of both adrenal yens for hormene
analysis (Masont 1957 BETTE et coll 1964) Lrvy et coll (1961) has employed
retrograde phlebography but no informative roentgenograms of the adrenal vens
were published and no tumours werc dumonstrated Bucut (1962) described 2

Submutted for publication 24 October 1967
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fig 3 Case I a) Left nephroangiography
Adrenal artery with normal branches no
sisble tumour b) Left epinephro-phlebo.
graphy Rounded lesion 17 mm in diameter
displacing the adrenal vems and probablv

the diaph agmanc vem (arrows) c) Spect
men

uuhmllmbm LT

nlm " ‘m Lm

The techmque 1n all other respects 18 the same as before except that Urografin
16 S¢ 18 now used as contrast medium The small vessels are better outhned with
this medism No damage by the catheter to the small vessels or any other compli
cations have been encountered with the new technique
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Fig 2 Roentgenograms of two normal adrenal glands

the tip 1s directed to the left and pulled mto the left renal vem It wall there be
pressed against the cramal part of the wall, where the adrenodiaphragmatic
truncus opens close to the left aspect of the spme The tip usually passes directly
wnto the truncus, but sometimes the catheter will have to be rcplaccd by one of
modifted form At ttmes 1t may be possible to ntroduce the tp mto the adrenal
ven proper, which 1ssues into the truncus to the left of the diaphragmatic vem
This 1s not essentinl but gives the best result Any advance of the tip mnto the
diaphragmatic tributary must be avoided, however, and should this occur the up
must be retracted mto the truncus —This type of catheter 15 often used also for
the right adrenal vein —When the examination 15 completed, and the catheter 18
to be withdrawn, the tip should be pulled out of the adrenal vem, nd the loop
strarghtened with the guide which 1s easily performed This manoeuvre 1s alo
advisable for the night adrenal vun, as described 1n the earher paper
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Fig 3 Case ) a) Left nephroangiography
Adrenal artery with normal branches ro
visible tumour b} Left epinephro-phlcbo-
graphy Rounded fesion 12 mm in d ameter
duplacing the adrenal vemns and probably
the diaphragmat ¢ vein {arsows) c) Spec:
men

The techmque n 2l other respects 1s the same as before except that Urografin
76 T 15 now used as contrast mediom The small vessels are better outhned with
this medium  No damage by the catheter to the small vessels or any other compl
cations have been encountered with the new techmque
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vemns {1rrows)

1) Left epincphro phlebography 5

Rounded lesson 11 mm 1n diameter lying ciudally 1 =
the glid and displicing the surrounding idrenal
no vessels evident 1 the tumone stself

b) Phiehography of specumen ¢) Specimen from be
hund

€ G MIKAELSSON

Case reports

Case 1 Temnle aged 51 with hypertension for # vears The blood pre sure was bout
260/140 mm He without therapy and shightly less wath treatment The patient w1 found to

hwe primory hyvperaldosteromsm w 1th considerable renal damage
Gom entional roentgen exanunations fforded hittl information Urography ind abdominal
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20rtogtaphy were Loth netatne On she lelt e 2n adrenyl antery arose from the left rcn.]\l
attery and at sclectne nephroanaiography this artery topether with several smaller supply
artert s conermng a furly hrge arcy were well filled (he 3a) No appropuate diagnosis
could be made however

The roenteenograms cbtawed at epinephro-phlels graphy resealed a poorly vasculaned
soall 1sion 17 mm (0 dameter dispheng the inirglanduhr vens in the central and
medual part of the gland and prot sty the dinphragmatic «emn close 10 3t (hig 3B} T
€ ¢ occurred eatly in the serses. and due to Jack «f experince the «nall but quite chatacter
e changes were ovtrlocked before operaticn The left adrennl gland was remened and
found te contun a typical Cenn« tusmour 1 yelicwdd cortiesl adencma with eell pclymer
phism and ccmpre 1om but nonfdiran n (Tig 3¢)

The 2Wevierone oxereven wwd, e pluma electeelytes becatue normal and. the tlond
pres ure decteaced from 210/190 m the first te 150,62 1 the sccond week Three months
Later 1t had become stibiiredl around 170/110 The muscle weakness de appeared nd the

teneral condimion of the panentimprised th mcomplete recovery + 28 pretably due 1 the
asucnted enal dimage

Cate 2 Temale aged €7 willy mgrane {eom chsldhocd After transent hypertension st
pregnancies e 1o d pre ure bad bon abut 2307130 fer 1 year The patsent had hypes
Tde teremem with 1 nnnary exerenen of B6 g Aldo terene/®4 hours (dunis aift stana
ueny md matked hvptkademe aleatons Tuether exmumucn «f the dectrelyte Ald sters ne
Ealance inducated primary hyperaddr tersnim
Ur geaphy wrd lumbar aoriegraphy were negative {(Acrtegrarhy was al | orferm d after
mje tion of ¥t pg cpinephine 1o cawse small ve v ctber than the adrenal arterics 1o
cntr 1) A and fesion £ mm i dvmeter w s evident o efancphro-phl b ceaphy This
w v diphang th intsaglndutar sems 1n the cawdal extrenssty of the ke adrenat ghnd no
ve 1oy ere obs ned in the timonr steelf (1, ta)
The op ration via the retroperitoneal route exposed the adren st ghind in its caudal dors |
and crnid 2 peets A tumour {resent caudally was remosed (Ti, 4 b and ¢} After the
operaticn th pota wm valy van th plumy sowe It m 2910 3.0 mPq/t and tte aldoter ne

exereticn becam syl Dunng enly o weeks (1w up the Hod pressure d creased t¢
10 100

The ceminations 1n these two 1ses have proved that g 1 possible by means
of epinephro-phichogriphy to disccover small adenoms 1 the adrenal tlands
Such growths can hardly be detected by arteral angiography or by rutropen
toneal pneumography

SUMMARY
m I adrnal tmonr were demen trate
thoadrenit v in T technugie 1 de cabed

Iw

by selectine retrommade phieh graphy «f
detnd

ZUSAMMINEASSUNG
/% 4 kene Tumeren der N Lenmiere kennte
N omit $ide selekuver retregrad
e the s1aden Thick e
hhter? suprarenalen Lene demen trert werd 0 Die “Techmk wied eingehend |
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Rounded lesion 11 mm in diameter lying caudally n ——=
the gland and displacing the surrounding drenal

vemns (1rrows) no vessels evident 1n the tumour uself 6
b) Phlebography of specimen ¢) Sy from be

hind - =

Iig 4 Cue 2 a) Left epmephro phlcbography 5 =

Case reports

Case 1 Temnle aged 51 with hypertension for 4 years The blood pressure was about
260/140 mm Hg without therpy and shightly less with trextment The patient was found ta

hawe pnimary hyperaldosteromsm with considerable renal damage

Cons entronal roentgen examunations afforded httle information Urography and abdominal
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HAMARTOMA (LIPOANGIOMYOMA) OF THE KIDNLY
by

S Fawkmer P Joncuacey O Rasand G F O SaLTzamas

Large benign renal tumours of mrxed mesenchymal ongin <o-called angio-
lip are fauly hough they arc known to occur 1 40 to 80
per cent of patients with tuberous sclerosts (Essex 1966) hrarrroT, Pourasse

& Hazarp (1959) found only filteen reported cascs unassoctated with tuberous
sclerosts and added four of their own A

are 1 dered
to be hamartomas and thus do not represent truc neoplasms. (hupmzo‘m et
coll ) Apart from symptoms evohed by the tumour mass per se and by nter
ference with ns vascular supply so-called angiomyolipomas of the kidney are

mainfy asvmptomatic and are mostly discovered incidentally at autopsy {Jensen
% Prrersts 1960 Essex 1966)

Beng non.

pl and manly

the major chnical ymportance
of renal angomyclipomas 15 that they may be erfoncously dragnosed as remal

caranomas or Wilmss tumour (kay Pratt & Sarzserc 1966) Such a mus
interpretation 1s pasticularly hable to occur when the tumour suddenly becomes
partly necrotic and gies marhed chnical signs Some of the diffscultees mherent 1

the pre-operatnve diagnosis of large hamartomas of the hudney will be reviewed
against the background of an illustrative case

Subrnutted for publication 4 O tober 1967
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RESUML

Dans deux cas de syndrome de Conn I phlcbographie sclective rétrograde de la veme
surrémile a montré une petate tumeur surrénale La techmque est déente en détul
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HAMARTOMA {LIPOANGIOMYO!

Fig 7 Aortography The upper left roent
genogram _shows a markedly vascafar fu
mour 1 the ventral part of the lower pole
of the nght k dney The tumour s suppl ed
by an intrarenal bran h of the renal artery
by the capsular artety and by a lumbar
artery The upper and fower night roent

g nograms show rapd circulat on through
the tumou

MA) OF THE KIDNEY
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Tig ! Urogiaphy o obvious deformey of
the night renal pelis

Case report

\ 2] year old womn previously well and without signs or hictory of tuberaus s lerasts
gave birth to * normal chuld the pregnancy and the delivery also bemng nornal Six days
post partum the rectal temperature slowly rose to rench 2 maximum of 39¢ G twelve days
Inter At that time 2 palpable mass the size of a fist was noted over the nght kidney and
subhepatic regions About three weeks after delivery the erythro yte sedimentation rate was
158 mm/hr A moderate anemra was noted with 1 haemoglobin content of 85 g/100 m!t The
actisaty of several 1so enzymes of the blood was markedly and consistently dJevated the
erum lactic acid dehydrogenase actiaty being 540 unts the HIBD 450 umits and the raue
between SGOT and SGPT 160/20 Serum electrophoresis lowered afbumn content and
an clevated concentration of @ and # globulins The unine was normal

Uro raphy No obvious change in the shape of the night kidnev and no deform ts of the
renal petvis (Fig 1) It was noted however that the nght kidney was farrly eastty movable

tbdonunal acrtography (N 2) A markedly vascular tmour lay farhy superfically m
the ventral part of the lower pole of the right hidney  The vessels were wide and tortuous
and strikingly rosembled those seen i vascular renal carcmomas The tumour derned it
vascular supply from threc sources 117 an intrarenal branch of the mght renal arters 2
capsular artery 1l o ansing from the renal artery and a lumbar artery the artenal crrcufa

tion through the tamour was rapd (Tig 2)
Necdle bropsies both of the tumour and the Iner were performed The cvtolomic examnt
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tion of the specimens from the renal tumour rescaled blood, mflammatory cells and a few
somewht atypieal lrger cells The Iner biopsy rcvealed microscopically normal fner
parenchyma

Operation Qne month after the start of the symptoms the ptient was operated upon
with the dingnosts of renal carcmoma The right kidney was found to contun 1 tumour
measuring about 3 emX5 emX5 em and protruding from the ventral part of the lower
pole of the hidney It was well encap ulated and not adherent to adjacent soft tissues A
round yellowish wlite mass with 1 diameter of about 2 ¢m lay in the nght Jobe of the
Iner and w1s removed by a large wedge resection The surgteal dingnost was tenal car
cimomn sith metastises in the lner

Hutologic e estigation On gross examination fter decapsulation of the hidney at was
observed that the capsule could also easily be strpped off the tumour which protruded from
the comsex surface of the hidney for about half ns dinmeter The conastency of the tumonr
was firm and the et surface was fibromatous and white with some mterspersed yellowrsh
neerotic hemorrhages The tumour was well encapsulated 2gunst the adjcent parts of the
cartex nd medulla of the renal parenchyma It had no connections with the renal pelus
the ureter or the <oft trssue of the hilum The large vessels were normal The cut surfacc
of the Iver nodule was furly typieal of 2 sharply demarcated hepatic lipoma

On microscopic txamimation the rcnal tumour bore the charactenstic appearances of
1 hamartoma of the so-called anglomyolipoma type (Fig 37) There wis however such
A mirhed predominance of the angiomatous and letomyomtous components that it was
constdercd most appropnate to call the hamartoma 1 angioliiomyoma or hpongionyoma
The malformed vessels 1 many regions had large mntercommumcting st spaces lined by
norml endothelium (Iig 3b) Inflimmatory focr were abundant both in the grossly necrotic
arers (e 3c¢) and around the vascular spaces (Ttg 3b) The deep part of the tumour
were surrounded by shightly compressed but otherwise normaf renal parenchyma The hipomt
al the lner was hichly differentinted and not patticularly rich m vossels at contuned x;n
other mesenchymal components and w s not surrounded by any connectise t sut mpm;
{Ig 3d) The final dirgno 1s was nmoleiomyomatous hamartoma of the nght hedney an
fipontr of the liser

r’Thx post operitive course Was unesentful and the pauent left hospual 19 days alter
operation. Chinucal control four months later disclosed no noteworthy changes

Discusston

T his cse clearly illustrates the difficulties mherent 1n the preoperative diagnos
of so called nglomyolipomnas of the hidney Nuther the chntcal and laboratory
myvestigations, nor the cytologic exanunation of percutancous biopsy ipLU}“c“\
could defimtely mdicate the nature of the mass in the nght hdney aret l \lcn
the roentgenologic myvestigations, ncluding aortography, fauled 10 cshbim \,\(Ll
correct dingnosis The combined results of the chmenl, Inboratory, C)mlou,llcl 1;
roentgenologic dat, on the other hand sugrested renl c'\rcu;m“'\ ( D\{)n
nephromn }, 2 diagnoss that recened further support from the findmgs 11"11)““
tion of supposcd metastises m the Iver Although the crroncous prmgmm .
and operatinve dingnosis n the present case did not resuit i mcotrect Py



HAMAKLUALA | LAL R 2

or at operation This has also been stressed by McQueeney Danten & Gesart
(1964) The histologic apptarances of the hner hipoma m the present case con
«tute a remunder that multple hamartomas may occur concomutantly
various organs a fact that may be of practical inportance when dealing with
caes of renal hamartomas (htaPrroTH et coll 1959 Essex 1966)

SUMMARY

The difficufties 1 the dhagnosis of renal hamattomas are illustrated by a ca ¢ i which
the chmcal laboratory cytolo 1 roenigenolome and even the operatne findines, il pro
du ed the erroneous diagnosis of renal carcinoma { by pernephroma }

ZUSAMNENFASSUNG

Schwien keiten ber der Diagnose senaler Hamartomen werden nut einem Fall sliu taert
n dem di klischen Zeichen die Laborer.cbnis ¢ die Zytolooie die Radiolome und soar

die Op rationsbefunde zu emer falschen Diagnose von “ierenkarzinom (Hypernephrom)
fihrten

RESUME

Les difficultes dy diagnosric des hamartamies renaux sont sHlustrees par un cas dans lequel
fes siones chiniques les resultats de laboratoire la cytoloowe la radiolome et meme les cont

statations operatolre conduisatent tou au diaenaostic ervone de can er du remn (hvperneph
rome |
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calanmties of this kind have been reported to occur (Rax et coll 1966) Scrutmy
of the reasons for the misinterpretations i the present case, and sonie suggestions
on the possibilities of dingnosing angiomyomatous hamartomas of the hidney
my therefore be of some practical importance

The rerson why fuver and anama with a lugh ESR and clevated serum o
enzyme activity were present i this cise was obviously the occurrence of large
necrotic and wnflamed areas m the tumour (Fig 3, b and ¢) Such foc, with
prohiferating fibroblsts i the penphery, may alo have produced the shghth
atvpieal cells that were scen at percutancous biopsy of the tumour It 1s dfficult
to estblish 1 corrcet dingnosis by nahed eye exammation 1t operatton without
cutting mto tumours the exturnal appearances of non decapsulated angiomyo
hipoms and Iiver lipomas do not differ from tho ¢ of renal carcinomas and Ier
metastases, respeetively  This is clearly sllustrated by this case which was operated
upon by 1 scnior nd experienced surgeon

As 1t has been clumed that in cases wath 1 renal careinoma { hypernephroma )
located ventrally m the lower pole of the hidney the tumour may recene its blood
supply from intrarenal and renal c1psular arterics as well as from a Jumbar aren
1 Borgsen & ToLin 1961, Forn 1967), 1t was natural to dassfy the tumour in
the pre ent case as 1 renal carcinoma A scrutiny of the hterature revealed how
aver, that 1t has been noted prevtously that both angiolaomyonmitous and wgio
msolipomatous 1y pes of the renal hamartomas may be hypersascularized (hiare
ROTH et coll 1959 Brachwetl, Sauspers & Vaucuan 1964, Lowe & Frank
1965 Lanpcren 1966, ToLin 1967 Parmisano 1967) According to these
authors the vasculanty of the hamrtomas seems to be difficult to distingut h
from that of renal carcinomas V 1amonTe et coll (1966) tated however, that 1
clear vascular differentintion was possible between 1 case of hamartoma associited
with tuberous sclerosis 1nd one of typical renal caremoma The nich vasculinz}
tion of the tumour m the present c1se 1 easily expluned by the mple amounts
of large vascular shits and smaller vesseds of odd shapes (Fig 3, 7 wd b)

It 15 Almost impossible to arrme at 1 radiologie diagnosts of renal hamartom?
by menans of urography, pyelography and survey films The only exception ma}
be when the ipomatous component predomimates 1 the hamartoma so that arcas
with low absorption of radiation apperr (humnant & Worr 1961, ADELMAN
1965) m survey and urographuc roentgenograms The lipoma components in the
present case were small |

This case stresses the mmportance of considermg the posstbiity of a rend
hamartoma 1 the chimeal and roentgenologic didfercntal diignoss of renml
caranoma It s also obvious from what has been said that a urgical EWPS)
specien for cutng frozen sections, rather than a percutancous necd:les b::;‘r:;z
for cytologic v estigation, 1s needed for establishing the correct diagno
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RENAL ARTERIOVENOUS MALFORMATION
by

Bjory GUNTERBERG

An arteriovenous shunt 1n a kidney may be a vascular malformation or may
be acquired Artertosenous renal aneurysms are rare but the condition 1s 1mpor

tant to diagnose a5 the malformation may be of great consequence to the life and
health of the patent

Case report

Femal  who at the a,e of 25 had intermittent pam in the night flank and gross haema
tuna dunine premnancy At the ume of delnery the systolic blond pressure was 12> mm Hg
Left sid d peniodic headache had commenced post partum

At the ag of 31 when she sought medical aid for her hemicrama, the blood pressure
was 140115 Angiography of the 1 ft cerebral b misphere was normal and the condition
:;« dnl"“mtd 3 mieTame N naean het biood pressure to 190/130 caused her admission to

0 pit

There were no agns ¢f cardiac decompensation  auscultation of the heart was negatne
blod pr ssure rerumbent way 10 100 standing 16/100 Routine blood counts and unne
analyses w T within aermal hmits ereatsune concentration 1 serum 08 mg Ge creaunine
clearance tew 45 ml'min Flectrocardiography  routine chest toentgenography and the

phihalmotemy examinition were all negatne Lrography rescaled small rounded mmpres-
sicns i the o cky of the n bt tenal calyces but at tepeat exammnation a fen days later thess
hang s w t not so accentuated

Submitted for pul licatian 10 July 197
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cursond 1ype

\enous shunts as congemtal acquired or wiopathic They re enve the term con
genital for those cases m which there are angtomatous or cirsoid appearances of
the renal vessels with multtple arterioenou: The classification
of McCoon et coll 1nto congenital and acquired arteriovenous commumnications
the tatter of whnch are grouped mito (1) rupture of an artenal ancurysm nto 1
vem (2) trauma cases (3) erosion cases and (4) iatrogemic cases scems
highly sausfactory Cruwnny et coll divide artenovenous malformations mto two
groups group I arcoid charactenzed by muluple small tortuous channels and
group IT <uch m which the involved vessels are larger and the number of fistula
connections hmited Carly filling of dilated vens from artenes that are no pro-
portionately enlarged 1s charactenstic

Filteen cases of congenutal intrarenal artenovenous malformanons that fit into
the Crusn et coll group 1 (9 cases) and group I (6 cases) have been reported
ce Table) It appears that women predommmnate (69 Sc) in both groups All
patients excepting three i group I and two m group II have had gross haema
wna (69 5¢) This s i accord with the optmions of NAFFAR et coll and Lone
cteoll who pomnt out that hacmatuna 1s more charactenssuc of congenital shunts
the ¢ include artenial aneurysms that have ruptured into veins) than acqurred
shunts Heart decompensation 1s ot a common finding ‘The condstion has been
reported 1n four out of a total of 16 cases A bruit 1n the region of the malforma
tion has been des nibed 1n eight of 16 cases probably too low a figure as there
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Tig 1 Pyelography Small rounded impressions i upper
clyces of nght kednes

Two years later the pattent hid attacks of pam in the nght flank and passed blood
stuned unime contuming coagulr On adnussion to hospital the blood pressure was 170/90
the hremoglobin concentration 115 ¢ €7 and the WBC count 12000 the creatimine con
centrtion n the scrum was 1 2 me ¢

Urography showed the kidneys to be 1 normal posttions but there w1s no cxeretion from
the night kidney the bladder was filled with coaguln The patient continued to bleed and the
haemoglobtn concentration decrenscd to 81 g % Tomogriphy of the night kidney revealed
that 1t had been displaced laterally and cramlly by 1 retropentoneal haematoma Renal
angrocraphy disclosed that the crannl part of the nght hidney contained irregular widened
sessels that filfed from distended artenal branches and emptied directly mto tortuous sidc
vems an arteriovepous maiformation

Right nephrectomy was performed Macroscopy reveiled that there had been bleedin
bencath the fibrous capsule and thit the parcnchyma was totally changed with alternating
pale and hiemorrhagic areas giving the impression of total infarction the renal pels we
full of bload Microscopy mdicated that there were numerous arregular biood filled vessel
with predonunating thin endothelium covermg the walls beatneen the thn walled vessel
there were dilated artertal trunks with normal arterial walls Arens of infarction were present
m the parenchyma

The pauent made an unesentful recovery and was di charged two weeks after the opera
tion at that time the haemoglobin concentritton was 125 g€ The systolic blood pressire
was 115 1t control four months Iter

Discussion
Some authors ( CURRIF et coll , Narran et coll, Tone et coll, Tiouas et call,
Twicc et coll ) count 1s congemital intrarcnal malformation those fistulas that
have occurred through rupture of an arterial aneurysm into a ven, while other
uthors (Botgsen & Router  Marbonapo, McCoon et coll ) consider these
commumcations to be acquired Marponapo et coll classify ntrarenal arterio
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raphy although FErveerG & CorpsERrG stressed that cobblestone mucosal de
fects of the upper collecting system as seén at pyelography, 18 a sinking and
probably significant findin,, Some tund of calyceal distortion or fiffing defect
has been evident 1n at Jeast mne of the sixteen cases Angography of the renal
sessels has nevertheless been performed 1n all congenital caxs except two none
of whtch has been reported Jater than 1939 In one of the € two cases operatton
was performed because urography suggested a renal tumor while mn the other
case a papilloma of the renal pehis suggested at pyelography, proved at opera
ton 10 be blood clots

SUMMARY

4 case of tenal attertonenous malformation i a young weman  acutely il with haema
turta and hypertoma 1s described The diagnous was made by means of renal angiography

The blood pres ure returned to normal alter nephrectomy The literature en the condition
s teviewed

ZUSAMMENFASSUNG

Lin Fall von vevaler arteriovenoser Missbildung sn emer akut kranken jungen Frau mit
Hamatune und Hyp rtension wird beschrieben Die Diagnose wurde angierraphisch gestelle

Nach Nephr ktonue gae der Blutdruck auf ncrmal zuruck Die Literatur solcher Falle ward
di kutiert

RESUME

Pré entation d un cas de malformation arteriosemncuse rénate chez une jeune femme dent
Ls malidie « commencé du fagon aigue par une hématune ot une hypertensicn Le diagnostic

3 &€ fant par angeraphie rinale La pression anténelle est revenue 3 fa normale apres
néphrectomie Revue de la littérature sur cette affection

RETFRENCFS

Boysew F and houwer R Renal arteriovenous fistulae Acta radiol 57 (1962) 433
Bervk A J Vascular fistulac {with 2 rrport on cases of pulmonary renal and perspheral
arteriovenous fistulac) § Afr J Lab chin Med 6 (1960) 158
Crewwy Je A B AtrvsoN R J and G
fistulac J Ural 93 (1965 24
Cirrie | € M Tuowss M L and Iinwicer J L C 1
ot T oy Nl 2 J ongenital intrarcnal arteriovenous
Eml:’v(. Angonephrography and su sarenal angiography roentrenolooc study of normal
1dncy expanuve renal and suprarenal los d
oy Sepao pr: 1ons and renal aneurysms Acta radiol (1973

JRS B Congenatal renal art

Ferseero S B and Gotosere M F - Artenovenous
3 COMIMUNICAL
with hypertension Radiclogy 81 (1963) 601 o ofthekdney n 4 it
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Table

Cases (a total of 16) of renal arterorenous malformat on reported n the literature

Authors and year of publicatzon Age  Sex Signs
m
years Gross Heart Bruit Diastohe
hemn de hypertoma
tuna  com
pensa
tion
Cirsoid type—10 cases
SciuLze Beremann 1954 59 Female + —_ = =
Srowisat T Aws et coll 1956 19 Female — + + -
Hvu Hy & Hune 1959 31 Male + — + —
Brivk 1960 29 Male + - + +
Botpsen & honurr 1962 29 Female + - = -
Boysen & honvcr 1962 30 Female + — - -
RARAM et coll 1962 27 Male - = = +
Temscra & Corbnrra 1963 43 Female + + + +
Cruvny et cofl 1965 22 Female ——  — + +
GUNTLRBLRG 33 Female + - - +
Second tipe larger tessels—6 cases
Epsuan 1957 29 Female + — — -
Horrman & FonToura 1958 68 Female + - - -
Gracr et coll 1960 53 Male + + + +
Twice et coll 1962 50  Female — + + —
Long ct coll 1964 24 Male + - + +
Grummy ct coll 1965 32 Female  — - e -

was sometimes no mformation grven s to whether or not the lumbar region was
subjected to auscultation In seven of the cases hypertoma was reported, one of
thesc had 1psilateral stenosis of the renil artery as a possible cause (CruMM: et
coll ) In this, as n three other cases (GRrace et coll, GUNTERBIRC  BaRAM et
coll ) the diastohc blood pressure became normal (below 90) after nephrectomy
One of the cases of hypertension was not operated on and m two cases the blood
pressure remained elcvated after operation MALDONADO stresses the cxstence
of the syndrome (1) high output cardiac failure, (2) diastolic hypertension and
(3) mtraabdomunal bruit i one third of the cases of fistula of the renal vesscs
It 1s obvious that this does not account for arterzovenous malformations, since
only two of the sixteen cases displayed all these three signs

An mtrarenal artertovenous shunt can only be diagnosed by means of angto-
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graphy although Femeere & GoLpRERG stressed that cobblestone mu{]osal dcd
fects of the upper collecting system as seen at pyelography, 1s a strlang ‘an

probably sigruficant finding Some hind of calyceal distertion or fillng defect
has been evident 1n at least mne of the sixtcen cases Angography of the renal
yessels has nevertheless been performed in all congenttal cases except two none
of which has been reported later than 1929 In one of these two cases operation
was performed because urography suggested a renal tumor while m the other

caxc 2 papilloma of the renal pelyis suggested at pyelography proved at opera
tron to be blood clots

SUNMARY

A cae of renal artenovenous malformaton 1n a young woman acutely 1ll with haema
tama and hypertoma, 1 desrnbed. The diagnosss was made by means of venal aniography

The blood pressure returned to normal after nephrectomy The iterature on the condition
1 Tevewed

ZUSAMMENFASSUNG
Ein Fall von tenaler anenovenoser Misdinldune 1n emer akut krasken [unven Frau mi
fHamatune und H: vird b Dic Diasnose wurde anmossaphisch gestelit

™a b Nephrektonne gng der Blutdsuck auf normal zurnck Die Lateratur sodcher Falle ward
diskutiert

RESUME

Presentatun d un cas de malformation artériovemneuse renale chez une jeune femme dont
1a matadie a commence de fagon aigue par une h ¢t une hyp Le d
a ete fait par angographie renale La presuon asterielle est revenue a 12 normale apres

nephreciomie Revue de 1a interature sur cette affecnon
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OCCURRENCE O! VALVES IN THE MAIN TRUNk
OF THE RENAT VEIN

by
N E \mmsre O Bartiey asp N CHIDEREL

The mereasing use of elective anglography 1 modern roentgenologs
diagnostics has mdicated the need for more detalled anatomical information
Both the renal and gonadal vems have in recent years been subjected to m
v from the )t as well as from the chinical and physiologic
points of view {HELANDER et coll 1908 Epwais 1958 Hreiavper & Livozow
1960 Tucns 1961 Amsero et coll 1965 1966)

Information on the valses varnes in the ltcrature A number of authors desenibe
the presence of values 1n the renal veins (Hente 1868 Rnvngron 1873 Geaen
BaUER 1903 Facarasavu 1938 and huceicen & Grememans 1927}, while
others deny therr existence (Luscwka 1863 Grantevay & Gosser 1904 Mor
tEnDORFF 1043 Darta Parva & Serviiro 1956 Giitor et coll 1960 and
Bagry ef coll 1962) The majonty of the authors who have observed valves 1n
the renal veins have given no frequency figures the exceptions being RvingTon
and kacarasanu who investigated ten and thinty autopsy cases respectively
The former found valves on the nght side in three and on the left side m two

tases while the latter observed valves on the meht side 1n twentv one cases and
on the lelt 1n eleven cases

1t has been stated that the left gonadal vesn with few Txcephions empties 1mto
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Table 1
Frequency of val es tn the mawm trunk of the renal ven

Sex Renal vem Nurmber of specimens
Total Wath valves Per cent
o Left 28 1 4
Right 27 6 22
? Left 50 2 4
Rught 38 12 3
Total Left 78 3 +
Right 65 18 28

the renal vein (Anson & DasecLer 1961) while the nght gonadal vein 1n 90 %
of cases opens nto the inferior vena cava caudal to the ternunation of the renal
vein (SAurRAMO 1947)

The present authors have investigated the occurrence of valves n the cramal
portions of the left and right gonadal veins ( \nLeero et coll 1965, 1966) These
stucltes were carried out on autopsy materal consisting of specimens, in 186 cases
from the left and in 84 cascs from the nght side It could be established that
valves occur more often m the right than i the left gonadal vemn and more often
n women than m men To our hnowledge, no mvestigation has earlier been
performed on the possible mterrelation between the presence of valves m the
renal and gonadal veins and the drainage site of the latter

Autopsy specimens from adults were exammed The presence of valves n the
renal and gonidal veins was studied on the left side m 78 speamens (from 28
males and 50 females) and on the nght side 1n 65 specimens {from 27 males and
38 females) The dramage site of the left gonadal vein was noted n 190 specimens
and of the nght gonadal vemn 1n 65 specimens

Results

Presence of valves m the mawn trunf of the renal ven As may be seen from
Table 1, a pair of valves were present 1n the left renal vem 1 4 9 of the spec
1mens while the corresponding figure for the night renal ven was 28 9 The
ncidence of valves was sigmficantly higher in the right renal vemn than mn the feft
renal vemn No difference 1n relation to sex was noted On the left side the par
of valves were situated about 15 cm from the mferor vena cava medial to the
dramage site of the gonadal vem and on the nght ade at the termnatson of
the renal vem n the mferior vena cava
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Presence of valves i the gonadal ten Valves were absent on the left aide in
eleven of the 28 male speamens and in seven of the 50 female spramen rle
1n 39 Sc and 14 €% respectively These figures differ sigmficamly and con |1rm
our carlier fmding that men more often than women lach vales m the left
gonadal ven On the nght side six of 27 male specimens (22 G¢) and three of
98 female speamens (8 §c) tacked valies Thyy difference 13 not <tatstically
agnificant In a larger matenial { \HLBERG et coll 1966) however the authors

noted that vahees in the nght gonadal vein were nuswg more often w men than
n women

Dranage sites of the gonadal veins The leit gonadal vein emphed mto the
renal vemn in all but one case The exception occurred 10 a fermale <pecimen whieh
had a duphcauon of the mfenor vena cava The left gonadal ven termunated 1n
the left vena cava which 1n turn emptied 1nto the left remal vein

The nght gonadal vein emptied 1nto the ferior vena cava immedaately caudal
to the nght renal sen m fifty seven of the 65 speamens In the majonty of
these 57 cases very small anastomoses between the nght gonadal and renal
vemns were obsenved The gonadal vemn termunated 1n the nght renal vein in
«even of the specimens (4 male and 3 female} In the remaming case {female)
the night gonadal vein dwided into two branches of equal wadth 3 em caudal 1o
the renal sein one of these emptied 1nto the infertor vena cava and the other

mto the nght renal vem Thus 1n 88 5% of cases the nght gonadal vemn emptied
wto the mfenor vena casa

Relation betueen presence of vales in the renal and gonadal tesms and the
dramage site of the gonadal vemm (Table 2) Two cases have been excluded
one with a double inferior vena cava and another one 1 which the nght gonadal
ven draned nto the nght renal sein 25 well as into the sfenor vena ena
Valves were lacking 1n the left gonadal ven i seventeen of the specunens
two of these (12 €¢) had vahes mn the left renal vem. Only one out of 60
peamens with vabves m the left gonadal vein (2 $¢) had valses also 1n the left
renal vemn

The nght gonadal vein dramed into the nghe renal vem 1 seven specimens
of these fuve had no vales i the gonadal vem four of which (80 <) had
valves m the renal ven The two speasmens with valves 1n the gonadal vein had
no valves i the renal vem however

There was thus a tendency on the left side towards a tugher frequency of

ralves 1n the renal sein when these were absent 1n the gonadal vemn There was
a surilar tendency on the nght ade when the gonadal vein emptied 1nto the
renal vemn but not when 1t dramed 110 the mfenor vena cava

TSESN04 4t Redol o Dz ubet 71068



432 N E AHLBERG, O BARTLEY AND N CHIDEREL

Table 1

Frequency of valies in the mamn trund, of the renal 1ein

Sex Renal vein Number of specimens
Total With vales Per cent
° Ieft 28 1 +
Right 27 6 29
¢ Left 50 2 4
Right 38 12 32
Total Teft 78 3 4
Right 65 18 28

the renal vein (Anson & Daserr 1961) winle the nght gonadal vein m 90 G
of cases opens into the infenor vena cwa cudal to the termimation of the renal
vemn (SAaurano 1947)

The presunt authors hase mvestigated the occurrence of valves in the eranil
portions of the left and right gonadl vems ( \nLBERG ct coll 1965, 1966) These
studies werc carried out on 1utopsy maternl consssting of specamens, 1n 186 cases
from the left and 1in 84 cases from the nght side It could be established that
valves occur more often m the nght than in the left gonadal vein and more often
in women than i men To our hnowledge no muesugation his earher been
performed on the possible mterrelation between the presence of vabves m the
renal and gonadal veins and the dramage site of the latter

Autopsy specrmens from adults were cxammed The presence of vahes i the
renal and gonadal vemns was studied on the left side m 78 specimens (from 28
males and 50 femles) and on the right side 1n 65 specumens (from 27 males md
38 fumales) The dramnage stte of the left gonadal vem was noted m 190 specimens
and of the nght gonidal vemn in 65 specimens

Results

Presence of valves m the man trunk of the renal e \s may be seen from
Table 1, a pur of valves were present 1n the left renal setn m 4 S of the spee
imens while the corresponding figure for the nght renal vem was 28 97 The
incrdence of valves was sigmificantly hugher i the right renal vemn than n the Ieft
renal vein No difference 1n relation to sex was noted On the left side the pur
of valves were situated 1bout 15 em from the mfenor vena cava medinl to the
dranage stte of the gonadal vemn and on the night side at the termnation of
the renal vemn m the nfenor vena cava
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Presence of values m the gonadal van Valves were absent on the left side m
eleven of the 28 male specimens and i seven of the 50 female specimens te
1n 39 G and 14 G tespectnely These figures differ significantly and confirm
our earher finding that men more often than women lack vales 1 the left
gonadal e On the nght side s of 27 male specmens (22 G¢) and three of
98 female speamens (8 ¢} lacked <alies This difference 15 not statiucally
significant In a larger matersal (AnLBERG et coll 1966) however, the authors

noted that valves m the nght gonadal vein Wwere missing more often 1n men than
1M women

Drainage sites of the gonadal tens The left gonadal vein emptied mnto the
renal vein 1n all but one case The excepuon occurred in a female specimen which
had a duplicatian of the infertor vena cava The Ieft gonadal vein terminated 1n
the left vena cava which 1n turn emptied 1nto the left renal ven

The night gonadal +emn emptied into the wnfertor vena cava immediately caudal
(o the nght renal vem 1n fifty seven of the 65 speamens In the majonty of
these 57 cases very small anastomoses between the nght gonadal and renal
vems were obsened The gonadal vein termmated 1n the nght renal vein in
£ven of the speamiens (4 male and 3 female) In the remawung case (female)
the nght gonadal vein dwvided mto two branches of equal width 3 cm caudal to
the renal vein one of these emptied mto the inferior vena cava and the other

o the nght renal v Thus i 88 % of cases the nght gonadal vein emptied
nto the infenor vena cava

Relation between presence of alves in the renal and gonadal vemns and the
dratnage site of the gonadal vein (Table 2) Two cases have been excluded
one with a double inferior vena cava and another one 1n whick the nght gonadal
vein dramned into the nght renal vein as well as into the inferior vena cava
Vabves were lacking 1n the left gonadal vewn i seventeen of the speaimnens,
o of these (12 %) had vahes in the left renal ven Only one out of 60

pectmens with valves in the left gonadal vem (2 %) had valses also 1n the left
renal vemn

The nght gonadal vein drained mto the nght renal ven m seven specimens
of these five had no valves i the gonadal vemn four of which (80 S¢) had
valves in the renal vein The twa specimens with valyes 1n the gonadal ven had
no valvesin the renal vein however

There was thus a tendency on the left side towards a higher frequency of

vales in the renal vein when these were absent i the gonadal vein There was
a simular tendency on the right side when the gonadal vein emptied into the
renal vein but not when 1t drained 1nto the nferior vena cava

28-S0 41 Red Le Diag w17 (i568)
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Table 1
Frequency of valies i the main trunk of the renal temn

Sex Renal vein Number of specimens
Total With valves Per cent
3 Left 28 1 4
Right 27 6 22
Q Left 50 2 4
Right 38 12 32
Total Left 78 3 4
Right 65 18 8

the renal vern ( Ansov & Dassier 1961) while the nght gonadal vem m 90 Ge
of cases opens into the nfenor sena v caudal to the termmation of the renal
vemn (SAUrRAvO 1947)

The present authors have insestigited the oceurrence of valves m the cramal
portions of the left and nght gonadal veins ( \MILBERG et coll 1965, 1966) Thee
studhies wore carned out on Mutopsy matenal conssting of speamens, 1n 186 cases
from the left and m 84 casts from the nght side It could be established that
\alves oceur more often m the nght than i the left gonadal vem and more often
n women than in men To our knowledge, no mnvesugition has earher been
performed on the posuble wterrclation betwcen the presence of valves m the
renal and gonadal vems and the dramnge site of the latter

Autopsy <pecituens from adults were examined The presence of vabves m the
ren1l and gonadal vuns was studied on the left side 1 78 specumens (from 28
males and 50 females) and on the nght side m 65 specimens (from 27 males and
38 females) The dramnage ste of the left gonadal vemn was noted m 190 specimens
and of the night gonadal vemn 1n 65 specimens

Results

Presence of valves n the mam trunk of the renal ven s m1y be seen from
Table 1 a paw of valves were present in the Teft renal vemn n 4 Gc of the spec
mens while the corresponding figure for the nght renal ven was 28 ¢ The
\ncrdence of valves was signtficantly igher in the nght renal vein than in the left
renal vemn No difference 1n relation to sex was noted On the left «ide the pur
situated about 15 cm from the nferior vena cava medhal to the

of valves were
d on the nght side at the termnaton of

dramage site of the gondal vem an
the renal vein m the inferior vena cava
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for the occasional failure to perform selective catheterization may Ecrgz\ps be lha:!
\alues are present 1 these veins The present results concermng ‘Oc (r}?ml:ﬁc:d :
of the gonadal vems are 1 accord with those in the literature l!n c . &
the gonadal vein almost always emptied 1nto the renal vein, while o: the ngh
ade abomt 90 G emptied mto the ynfenor vena casa and only 10 %5 into the
renal vem The majonty of the cases i which the nght gonadal vem emptied
\nto the mfenor vena cava had small anastomoses between the renal and gonadal
vems These have already been demonstrated 1n an angographic investigation
of an autopsy matenal ( \iLBERG ct coll 1967) The present study of valve in
adence 1n the renal and gonadal veins and the drainage site of the gonadal
vems reveals mumate nterrelations The frequency of valves m the renal vemns
1s hugher when vaheless gonadal vems open anto them than when they are
supphied by gonadal veins with valves

According to AUGELGEN & GREINEMANN valves occur more often m the foetus
and 1 children than in adults The anatorucal differences between nght and
left gonadal and renal vetns may be connected with the complicated embryologic
development At the 15 mm embryonmc stage there are according to McCrurs
& Burrer (1925) and Rers & Fsextuer (1959) three longitudinally coursing
venous channels on both sides namely the subcardinal sopracardinal and dorsal
cardinal vemns The two firt named vessels on the nght side take part in the
formation of the mferior vena cava and are joined by an anastomesis at the level
of the embryomc renal veins At the same level the mtersubcardinal anastomosis
jomns the night and left subcardinal and sepracardinal veins The nght portion of
the intersubcardinal anastomosis 1s included n the formatton of the infenor vena
casa Atthe 22 mm embryontc stage there are double renal veins bilaterally the
dorsal vewns usually cease to develop The night ventral vein forms the night renal
vem and empties into the infenior vena cava while the left renal vein consists of
a lateral part compnsing the remaining embryonic renal vein and a medial part
representing the left portion of the intersub 1 an ‘The 1
dulferences between the night and Jeft renal vens may thus be explaned The
gonadal veins become demonstrable at the 22 mm embryonic stage Bilaterally
the caudal portion 15 formed by a vemn leading from the gonad to the meso-

nephros and the cramal portion of the subcardinal ven which empties into the
left ar nght part of the beard

As was d before
the left of these vessels 15 msolved 1n the formation of the left renal ven while

the night becomes a part of the mfenor vena cava This embryologic deselopment
1s responsible for the dufferent dramage sites of the two gonadal vemns

There are many anastomoses between the dorsal cardinal vem and the sub-
cardinal vein On the night side one of these may remain and 1n combmation with
the cranual part of the dorsal cardinal vein form the cramal portion of the nght
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Table 2

frequency of valies wn the mam trunk of the renal e correlated to 1ake status and dranage sile of the
gonadal tem

Gonadal vetns Number of specimens

Drainage Valves Total With valves sn Per cent
the renal veins

Left renal ven Abseat 17 2 12
Present 60 1 ?
Raght renal vein Absent 5 4 80
Present 2 0 0
Right vent cava Absent 3 0 [}
Present 54 13 23

\s may also be scen from Table 2, valves occurred morc often 1 the nght
renal vein when the nght gonadal vem dramed 1nto 1t than when the gonadal vein
terminated 1 the wfenior vena cava This mamly depended on the male spect
mens 1 which a significant difference compared to the female matenial was
noted
Valves were present in the nght gonadal vern i fifty four of 57 speamens
(95 %) when this vem dramned into the inferior vena c1va On the other hind
when 1t emptied 1nto the renal ven the corresponthng figures were two out of
seven speamens (29 ¢¢) Valves in the nght gonadal vem thus occurred at 1
sigmficantly hgher frequency when 1t emptied into the inferior vena cayva than
when 1t terminated m the renal vein

It may be stated 1n brief that there 1s 1 tendency towards a higher mcidence of
valves 1n renal vemns that are supplied by gonadnl vemns without valves than by those
with valves On the nght side valves occur sigmficantly more often m gonadal
vemns that terminate 1n the inferior vena cava than i those that empty mto the

renal vein

D yn and Concl

Selective catheterization of the renal veins 1 usually techmenlly ensy to perform
but 1n exceptional cases the catheter cannot be passed nto the renal ven There
are conflicing reports m the hiterature on the presence of vales m the renal
vews According to the present findings however, valves are found on both sides
although sigmficantly morc often on the right than on the left side The reason
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gonadal vemn If the cmbryologic development follows this hae, the nght gonadal
vem would empty nto the renal vein since the dorsal cardinal vein has a con
ncction with the embryonic renal ven In 2 simalar manner, the wnastomoses
often occurring between the nght renal and gonadal veins my be explamed
when the Iatter empties into the inferior venn e

SUMMARY

The inadence of valves in the renal and gonadal vewns and the drainage sites of the
Intter were investigated 1n an awtopsy material Valves occur in the renal vein on both
sides but more often on the mght than on the left side and even more Irequently when
valveless gonidal vems empty mto the renal vein

ZUSAMMENTASSUNG

Das Vorhommen von hlappen m den Nieremvenen und m den Ovanal oder Hodens enen
wurde aul dem Sektionstisch studiert Klappen Xonnen in berden Nieremvenen auftreten
haufiger aber auf der rechten als 1uf der linken Seite und noch haufiger wenn hiappenlose
Gonadenvenen in die Nieremvenen ausmunden

RESUME

Les auteurs ont recherche au cours d autopsies 1a frequence des valvules sur les veines
renales et gonadiques et le lien de dranage de ces demueres Il pent ewster des valules
sur la veme renale des deux cotes mais plus souvent 3 droite qui gauche et encore plus
souwvent quand des veines gonadiques sans v ifvules se dranent dans la veme renale
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Fig 1 a) Norma! hymphogram
101 o showing the intersttial
space subep ¢ d al collectors
mediastin 1 nodes ard th as
ctnd ng Iymph vessels as far s 1o the venous junct on by Roentge: ogram of
tpecimén o ndusgrial flm. imterst ual space ‘myocard al subep card 2l and
deep pernencus collectors with eferent trunk

evolution of necrosis and fibrosis are influenced by the permeability or smper
meability of the lymphatic channels

hrowledge of the morphology and funcuion of the cardiac lymphatic svstem
has up to now been based upon anatomical studies 1n which stams or hvdrogen
peroxide (14) have been used The cardiac lymph has also been investigated
under normal and pathologic condittions (9) We have devised and used a
Toentgenologic techmque by which the idenufication of the rormal anatomy
(Fig 1) of the interstitial space and the lymphanc system of the heart has
been achieved (2 3) A study of the changes dunng expertmental myocardial
tnfarction has been undertaken and forms the subject of the present commumca
tion The method seems to be more useful than staimng, sice 1t demonstrates
the lvmphatic system 1n 15 entirety 1€ the superficral as well as the deep
colectors The mrerruption of the fymphanc collectors 1n surgery, cardiac
arrest with myocardia) hypowa and the possbility of heart transplants in the
near future with accompamying fotal suppression of lymphatic dramage, con
yuwite problems to be considered from the angle of expenmental approach
Svupas et coll (1966) using stmning methods have studied the changes i the
hmphatic system fallowing Ligature or expenimental section of the collectors
that run alongside the coronary blood vessels and have shown that arestitution
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LYMPHATIC CIRCULATION IN EXPERIMENTAL
MYOCARDIAL INFARCTION

by

A Ceus, H Marquez, H peL CasticLo tnd D Mijancos

The changes produced n expenimental myocardial mfarction have been
thoroughly studied for gross and microscopic pathologic features Special atten
tion has been pard to the ultrastructure (1), the reversibihity or rreversibility
of the myocardial damnge (26, 13), and changes 1n electric polanity The
metabohc, biochemical, enzymanc and electrolytic changes, both local and
general, that arise 15 1 result of myocardial hypovia and of the transition from
an 1crobic to n nsufficient anaerobic metibolism have 11l been discussed
mn the lierature (5, 7, 8, 12, 15, 16, 18, 21, 22, 25, 26) Changes occurring 1n
the contractile elments during myocardial mfirction are well hnown but
no studzes seem to have been made of alterations taking place n the intersutinl
space where the nterchange of elements wndispensable for the myvocardial
fibrc metabolism takes place The lymphatic system i the arca of anown has
apprrently not been mvestigaited A review of the literature on the subject
disclosed only one paper, one by KLine et coll (1964) who described the histo
logic dhfference n experimental myocardiil nfirction with or without ob
struction of the cardiac lymph flow They concluded that the size, depth and
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Fg 1 a) \ormal lymphogram
1o show ng the mterstut al
space subep cardhal collectors
med ast nal nodes and th as
ending lymph essels as { ¢ as to the venous yunct on b) Roentgenogram of

specimen on ndustrial film intersuuial space ‘myocardial subep cardial and
deep per v enous collectors with efferent trunk

evolution of necrons and fibrosss are influe
meability of the lymphatc channels
Knowledge of the morphology and function of the cardia
up to now heen based upon anatomical studies 1n which stains or hydrogen
preroade (14) have been used The cardiac lymph has also been myestigated
under normal and pathologic conditions (9) We have devised and used 1
roentgenologic technque by which the dentification of the normal 2natomy
(Fig 1) of the wmterstitial space and the lymphatic system of the heart has

nced by the permeabihity or imper

¢ lymphatic svstem
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Fig 2 Immeditte lymphogrim of area of infarction
after coronary ligation showing interstitial space
normal subepicardial and mediasunal collectars

of the drainage tow ards the medristinal trunks occurs after the sccond operatne
weeh

Materal and Methods I xperimental infarction has been produced by higation
of the anterior descending branch of the coronry artery at diflerent level
1n the first few cases smgle complete higature was done Several 1mmals were
lost becnuse of ventreular fibrillvtion, later Harris technique (1950) was
followed with better results, 1 ¢ occluston and hgation of the coronary vessel
was preceded by stuming of the subepicardine lymphatic trunks so 15 10
avoud triuma s much s possible, or therr occlusion withim the hgature
Infarction was demonstrated by ERG s well 1s by pathologic examination

Thirty three amimals survived artenal hganon Lymphography wis per
formed 1n twenty immedintely after arteral occlusion by mjecting the contrist
medium mto the area of 1schemit 4s well as nto the non ischemuc arca In
another group the sxme was done ter 24, 48 and 72 hours, and 9, 10, 11 85
and 130 days after higation, while 1n 1 fow ammals lymphography was repented
s many 15 threc times durmg the clinical evolution of the infrciion Stuning
and lymphography were performed in three c1scs, while the coronary artery
was ligated, 1n order to ascertin changes induced by dissection and hgation in
the absorption and dramage of the medium  Lastly, in two ammals the hgature
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c d

Fg 3 Exp nmental nf cton a) Imm dute lymphogram b) Lympho
gram after 85 d Re canah anon of the subepicard al cotlectors
(ab ent n the ficst ympbogram) ¢} Lymphogramafier 130 days Scanty
danagein 1 0fomthe nf teda eatom dwastnum 1) Spec men

how homogene ty of i s\ma\ sp ceandm mm 1lymphatic dram ge
fib osis of the area of nf r

was placed 1n sitw but not tied so that the changes induced 1n the lympho
gram merely by the trauma of surgery could be ascertamed
A re

was taken immediately 1 every ammal and m some
afew days later as well Cinelymphography was carried out 1 two cases and
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Fig 4 1) Immedite lympho
gram of area of infarction show
g lymph dernation ind filling
of colllectors  and mediastinal
lymph nodes b) Rocntgenogram
of specimen shows the interstitial
space lymph dernation and pert b
venous lymph vessels

Instly, 1n 1 few cases, after completion 1n vivo of the roentgenographic study,
the ammals were saenficed 1nd films obtuned Tine gran idustrial film
(KRodak type M) was used, which gives optimum detul of the mterstinal space
structures and of the lymphatic collectors of the heart

Results

Scrial lymphogriphy and cinclymphogriphy demonstrated that in expen
mentil myocardinl mfarction the filing ume and the morphologic features of
the collectors and medinstinal nodes remauned unaltered In every case, a
drunage pathway remained from the anoxic interstitial space to the systeme
vens, and films obtained during the following days indicated absorption of the
contrast medium and 1ts persistence i the medistinal lymph nodes (Tig 2)

The films obtained 1n vivo and the films of the heart after its removal
revealed that in the 1mmals subjected to cxpertmental infarction the visible
1nterstitial spice was normal s compared with the control ammals, during the
first few hours and the followng days as well s i the chronic stage The inter
stitial space function, as indicated by absorpuon and drunage of the myected
medium, persisted with the ischemic area When the infarction had developed
1nto substitution fibrosss, lymphography showed disappearance of the nter
stitial space and non drunige of the medium (Lig 3, b and ¢)

Drunage of the interstitial space sometimes took place through the subeprcar
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fig 5 Immediate lymphogram of wchemic
area showng lymph dernation and late
contrast fill ng of the mediastnal collectors

diac collectors but generally followed deep derrvauons which do 1ot appear m
normal Iymphograms (Figs 4 5 and 6) The change must lie at the commuru
cation of the lymphatics of the ischemic area with the subepicardiac collectors
since when the mjection 15 performed m the same ammal 1n 2 non ischemic
area the normal collectors are filled When lymphography immediately follow
ed liganon there was o dramnage from the 1schemic wterstittal space through
the subepicardial channels although further lymphograms revealed re com
mumecation between both systems

Injection of contrast medium before and afier induced 1scherma proved
that normal drainage persists and 1s enhanced 1n the latter case and that new
pathways appear This is evidence of the integrity of the subepicardiac collector
Tollowing artertal dissection and ligation and that the 1schemic area apparently
connects with systems of lymphatic derivations or shunts

Lymphograms obtained in a few cases immedhately after infarction disclosed
wrregularhy scattered smudges in the myocardium These were aseribed to a
faulty technique namely tearing of the subepicardial collectors during drssec

nen (27)
Discussion

Iymphography i myocardial smfarction has demonstrated 1n the mamn
that drainage of the mntersutial space from the ischemic area takes place by
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Fig 6 1) Lymphogram of infarction area fter 24 hours \o drunage to the
subepicardial ymph vessels the persenous Iy mphauces begin to apperr wnd the
wiedistinal trunks are filled b) Specimen showing the interstitial space and the
Interal collectors begmnmng to appear probable filling of the upper trunks

normal subepicardinl collectors, derivations or shunts, or r¢ commumecations,
and that 1 Ipse of undetermined duration of functionnl and antomieni mee
grity of the cardinc lymphatic system occurs

The 1schemic are 1n 1 dog with recent mfarction usually druns through
derivations while the non ischenuc aren 1s druned through the normal sube
picardinl channels It may thus be stated that the obstruction Iies 2t the junction
of the 1schemic aren and subepicardial lymphatics so that the lymph follows
new routes via lymph vessels that do not function under normal conditions
On the other hand, the apparent 1bsence of permeabihiny of these 1y mphanes
could be attributed to surgical triuma, or to therr having been included m
the arterta! Iigation, but we do not believe 1 this since previous stumning identt
fied the lymphatics, no smudges of meditm typical of lymph yessel rupture
appeared 1n the films (27), 1nd no lymphatc staws (Fig 7) was evident In
addition, the mnjection of contrast medium nto 2 normal area rendered the
lymphatics visible Our suggestion would certunly have been strengthened 1f
the arternnl occlusion had been produced by intracoronary thrombus (6)
through 1n clectric discharge (23), or with 1n 1ntrt arternl magnesium alu
mumum alloy (10, 19) Cannultion of the left coronary artery was performed
through the caroud artery m two animals, both of these died however from

ventricular fibriliztion
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Fig 7 Lgation of coronary and lymphaue
trunks 1mmed ate lymphogram of area of infarc
uon norm linterstuial space and good Iymphatic
dramage d latation of trunks due to 3ta1 s

Lymphography and cnely

P phography d marphol lly the
intersutial spaces as well as the absorption of the medium at this level and 1t
flow via myocardsal and subeprcardial lymphatics ~— and their dervations
the cardiac node and the mediastinal collectors — to therr junctions with
vems 1f 1t 15 accepted that lymphography provides a true statc and dynamee
representanion of conditions 1t 15 evdent that the lymaphatc system undergoes
no change dunng expenimental myocardial mfarction Furthermore thus

anatomical and funcuonal mtegnty persists for an unknown period but dis
appears when sub fibrosis b blisk

d The flow of lymph con
tinnes however ether through the normal pathways or through permeation
of the deep penvenous dervauons

The lymphatic system 15 1n effect an homeostatic mechamsm to prevent
excessive changes m the 1 fluids indispensable for cellular metabol
It 15 also constant pl levels by all g the return to the
blood stream of fluids  macromolecules protemns long chaimn fatty acids and

enzymes comung from the camllary blood vessels as well as those produced
by the cells themselves (21)

Freservation of the system and uts capaaity of absorption imphes that in myo
cardial nfarction el of cellular « ue 1o ede

matous flutd and proteins due to necross enzymes and in siw hiberated clectro
Istes can sull take place The drainage of these elements may well account for
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their mncrease 1n the blood serum, 2 finding of some dingnostic value 1n tlus
condition This appenrs to support the findings of Sympas ct coll (1966) that
the lymphatic system 1s important in the removal (clearance) of blood njected
into the myocardium 1s well as of 1ts by products due to necrosss as 1lso 1n the
supply of the elements used n tissue repair and healing

Several problems to be vestigated regarding the lymphatic circulation in
myocardinl infirction remun Those that have been mentioned include the
ssessment of clectroly tes, protems and enzymes in the v mph coming from the
anoxic arey, the appreciation of the evolution of the venous system and ats
relations with the lymphatic system and the evolution of the Intter when the
cfferent trunk 1s ligated 1n experimental infarction

Conclusions

The mterstitial sprce 1 the arer of mfirction remuns morphologically
normal throughout the course of the infarction up to the onsct of fibrosis The
mterstitinl space during experimental myocardinl mfarction retuns its power
of absorption of the contrast medium, and 1ts conncctions wath the lvinphates
of the medinsunum 1nd the systemic veins persist through the normal collec
tors, aind more frequently through dery 1tions not apparent in normal Iy mpho
graphy The conservation durtng 1 certun pertod of the anatonmcal wnd func
tional integrity of the lymphatic system cnsures dranage of edemntous
fluid, clements duce to congestion, macromolecules, such s protems resulting
from neccrosis, and the 1n situ hberated enzymes from the infarcted 1ret to
the systemic veins It 1s probable that the lymphatie system playvs an important
role 1n the reparr of the damaged anovic area

SUMDMARY

Lymphography and cmelymphography by a special roentgen technique were cmploy(‘(‘:
to demonstrate the condition of the heart i 33 dogs subjected to cardiac infarction Speenl
attention was pud to changes i the interstitial space mn the region of the infarction rea

ZUSAMMLNIASSUNG
Nachdem kunstliche Infarkte ber 33 Hunden hervorgerufen wurden wurde der I/'u;n,r:g
des Herzens mittels emer spezicllen Rontienmethode mit Hilfe von Lymphographic x;
3} hographie studiert 1 wurde dem ntersuticllen Raum in der

Gegend :!cs Infarhtes gewidmet

R 4
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RESUME
h 4 H nd
Les auteurs ont cmploy¢ 1a lymp hie et la y unetrcchm
que radiologique speciale pour étudser 1 état du caeur sur 33 chiens soumis & un infarctus
cardiaque 1ls ont examiné os de} espace dansla cégion
de Linfarctus
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therr mcrease i the blood serum, 2 finding of some dingnostic value m this
condition This 1ppears to support the findings of Symsas ct coll (1966) that
the Iymphtic system 1s important 1n the remoyal (clearance) of blood njected
1mto the myocardium ns well as of ats by products due to necross s also m the
supply of the elements used in tissue repur and healing

Several problems to be investigated regarding the lymphanc arculation m
myocrdinl infarctuon remun Those that have been mentioned nclude the
assessment of clectrolytes, protemns ind enzymes 1n the lvmph conung from the
anowic ared, the appreciation of the evolution of the venous system and ats
relations with the lymphatic system and the evolution of the latter when the
cflerent trunk is igated in enperimental nfarction

Conclusions

The mterstiinl space m the arer of mfirction remuns morphologically
normnl throughout the course of the mfarction up to the onsct of fibrosis The
mterstitinl spice during esperimental myocardial infarction retuns its power
of absorption of the contrast medium, and its connections with the lymphaties
of the medinstinum and the systerme veins persist through the normal collee
tors, 1nd more frequently through dermv ations not apparent 1n normal lympho
graphy The conscrvation during a certun period of the anatorcal and func
tional integrity of the lymphaue system ensures drunage of edemttous
flurd, clements due to congestion, micromolecules, such s proteins resulting
from necrosis, and the in sity hberated enzymes from the mfarcted are o
the systemic vens It 1s probable that the ly mphatic system plivs 1n important
role mn the repaur of the dimaged anovic arca

SUMMAR?Y

Lymphography and cinelymphography by a special roentgen techmque were cmplu\r::
to demonstrate the condition of the heart in 33 dogs subjected to cardiac mfarction Speaia
attention was paid to changes m che interstitral space in the region of the infarction wea

ZUSAMMENIASSUNG

Nachdem kunsthche Infarkte ber 33 Hunden henvorgerufen wurden wurde der Tnsmn:
des Herzens muttels cier spezicllen Rontgenmethode mut Hilfe von Lymphographie :n
Cinelymphopraphie studiert Besondere Beachtung wurde dem interstiticllen Raum n der

Gegend des Infarktes gewrdmet
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PATHOLOGIC FEATURES OF BONE
Tentative classification of bone lesions
by

Nis P G Epune

Difficulties 1 classification are mevitably encountered when studying bone
lesions AMany classfication systems have been suggested A real cause of con
fusion 1s the multitude of names gnen to the same lesion oUcn attached 10 the
names of wnters The critical student mav say that every new contribution to
the clasufication will sncrease the confusion but as long as the middle exits
there will be unceasing attempts to arme at a satsfactory solution

1t seems essential that a classification should be based on the fact that bene =
a spearabized connecnve fissue with osteagemc capacity It s moreover just as
tiecessary to defime any tssue that s concerned 1 the zrowth or teparr of bone
as osteogenic (Dorland)  whether fibrous carulagumous or osseous Bone has
certam typical features the different stages of its formation from mesenchyma
to matunty the growth and modelling of the skeleton in children and adolescents
and the rebwlding of mature bone tissue throughaut life Disturbances i any of
these processes will result 1n abnormal osseous structures that may be substituted

by non-osteogenic ussues Pathologic conditions of bone are often a question of
too much or too httle osseous tsue {Foriis 1957)
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hondromatous tissue The benign chondromatous changes referred to as non
alafied and calafied en and ecchondromas as well as chondromyxomas may
¢ called dyschondroplasias  [hey may also be cauted by trauma \ahgnant
hondromatous changes represent the chondrosarcomatous entity of the osteo-
enic arcomas when osteogenic 15 used m ats proper sense Chondrosarcomas
cenr late 1n lfe chuefly ta peluc and trochantenc areas that have undergone
1gorous bone formation during growth

Fale osseouts tissue may also be laid down 1n bhone formation  solitan exostoses
o osteomas are weluded 1n this group They should be termed dysosteoplasias
and may also be post traumatic Muluple chondromatoses and muluple oste
ochondromas are usually combined with marked deformuty of the metaphy<eat
regions and inhibttion of bone growth they are included below m- dicorders
modelhng

Circumserbed or disseminated changes with excessive bone formanon are
termed melorheostosis and porhilosts cond Tocal and d
The distribution of melorheostosts may ndicate that there has been considerable
bone formauon for long peniods of growth m extended arcas of one or two extrem
1nes or pants of these Osteopotkilosis 1s mamly distrsbuted n the epiphyses and
other bones with appositional bone formation The rare streaky type of oste
oporkilosis has a metaphyseal and hal distibutton This approaches osteopetrosis
1 growing bone a more general formation of excess bone probably caused by a
reduced osteoclastic capacity All these changes that represent too much bone
formation may be called hyperdysosteoplasias and may be s parated into sohitary
arcumsenbed dissernnated and generalized hyperdysosteoplasta

General changes with dimimshed bone formation occur in nckets osteomalacia
ypophosph and g mmperfecta The pathogenesis of nfantile
nichets and of osteomalacia n the adult 15 umque  their separation mto two en
tities 1 unnecessary as the apparent difference 15 due to age only and s not
qualitatne The markedly more local dustnbution of the changes 1n children s
due to the intense metabolsm occurnng in the metaphises of growmg long
bones Hypophosphatasta 1s simular to rickets as regards defective mineralisation
of the osteord tissue This disturbance 1s however, not caused by avitammoss

but may be the result of deficiency of alkaline phosphatase Osteogenests 1mper
fecta 15 considered a mesenchymal hi

ypoplasta with osteoblastic wsufficiency

These lesions represent generalized hy podysosteaplastas
Ostewtss deformans 1Paget s disease) starts with a replacement of the onginal
mature bone by connecine ussue and then by irregularly arranged cancj:o s
tructures around the remnants of ordinary bone structures An ade uate aud
mformatise name 15 deforming dysosteoplasia 4 "
Dusturbances of modelling of bone m the growmng mdmidual may lead to

h
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The formation of bone may be disturbed or umpaired at iy stage This means
that not only 1bnormal osseous tissue but fibrous nd cartilaginous tissues m1y
also consutute 1 bone lesion (Eprine 1964) When these tissues occur sumul
tancously, quinutatine differences between them do not primarntly mdicate dif
ferent pathologic entities

Bemgn fibrous changes are conventionnlly disided 1nto fibrous cortical defects,
non ossifying fibromas, bone cysts, ancurysmal bone cysts, fibrous dysplasin,
astitss fibros v, subpenosteal gint cell tumouns, grant cell tumours, osteoclastomas,
and so on Most of these changes are caused by bone formation disturbances m
the epiphysel plte, and therr final ste i the growing long bone consequently
depends on age The macroscopre and microscopic 1ppearances of such changes
are fluenced by the vasculnty of the affected area (Epine 1965) Cystic
changes mt 1 compact diaphysis, for example, tend to result m flud degeneration
of the contents, while spongious cpiphysenl changes, m which extensne destruc
tion of bone tissue and hemorrhage may oceur, include 2 profusion of oste
oclastic gt ccdls Tt scums both adequate and mformatne therefore to call
these changes (piphyseal, metaphyseal, diaphyvseal, and subpeniostenl dysfibro
plistas when situated m long bones Bone 1n eartilage growing by appostiion may
also be subject to dysfibroplasta m the form of faulty growth {cysts wnd aneurys
mal bonc cysts, for cxample) In addition cireumsenibed dysfibroplisins may be
found 1 mature bone 1s 1 result of trwmn or hyperparithyrotdism  Post
traumatie dysfibroplastt 1s usunlly subperiosteal while m hyperparathyrod dys
fibroplhsia the appearance corresponds to the site, 15 1 the <obtary lewon Hyper
parathyroid dysfibroplasta also occurs i membranous bone There 1s every 1
dicatron that the fibrous component of dysfibroplian arising from faulty deselop
ment 18 15 well differentinted 15 that of dysfibroplasin resulting from hyper
parathyrordism, despite differences m etiology and pathogencas The general
dysfibroplasia of hyperparithyrotdism is dealt with below

Malignant fibrous changes of bone arc usunlly divided mto fibrosarcomas nd
osteogente sarcomas with sub entities Most of these changes 1rc confuted to
1reas of the long bones where growth 1 most intense before or just after the
fuston of the physes (Eprine 1964, 1965) All pathologists agree that the gronnd
substanece 1 both varneties of tumour 1s fibrosarcomatous ( Jarrr 1958 Boyd
1961, AchermAn & DEeL Rrcato 1962, Licnteastrin 1965) with sarying oc
currence of neoplastic, carulaginous or osseous clements It thercfore scems most
revonable to consider them as one hind of fibrosircoma with varying degrees of
abortive osteogenie capacity When ostcogente 1s used in s true seine thes
tumour would represent the fibrosarcomatous entity of the ostcogentc sarcomas

A disturbance of bone formation may result not only m the 11yng down of
fibrous tissuc 1n place of normal bone but also m the producton of falw
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Table 1 (cont )

Dot s Dystrophy

D a trophue dwarfism Hypothyroidism

Chondroectodermal dyvsplasta Hypo- and hvperpituitansm

D xchond exteose Hurler s syndrome
Rachstiform disease

Gaucher s disease
Heavy metal intoxication
Hyperparathyroidism

Clerdo antal dy ostoss Hormona osteoporosss
\ itamen A and D intoxscation

supply and the ordinary process of continuous rebuilding has been interrupted
1 the second disorder This 15 why necrouc boue has been wrongh termed
osteosclerottc In pont of fact necrotic bone retams its density while the sur
rounding mtact bone loses 1ts density due 1o disuse and vascular reaction

A disturbance of the rebuilding of mature bone 1s usually caused by hormonal
under ar overaction or by non osteogenic cellular actity The recogmtion that
despite forergn sumulation the structyral change s stll caused by an osteogenc
process 1s importamt Thns latter 15 not a darect influence from hormones or fureign
celly upon the bone cells and matnx but a stmulation to abnormal actnaty of
osteoblasts and osteoclasts resulting 1n abnormal deposition or abnermal resorp~
tion of bone This expiains the anatomcal and roenigenclogic similanty that may
occur with different bone lesons On the other hand the difference m vas-
culanzation between spongrous and compact bone explans the fact that de
pending on site one pathologic entity may produce different macroscopic and
mictoscopic appearances When normal hone tisue 1 broken down by foreign
cell invasion the substituting non osteogenic tissues naturally provide a major
contribution to the histologic features The degree of differentiation indicates the
prognosts

The most common dicorder of mature bone has a hormonal basis 1e oste
oporosis due 10 gonadal defictency (agemg) Disuse and hypercorticoidism may,
abo cause osteoporosns A common feature 1 thesc condytions 1 mhbztron of
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Table 1

Broad classification and termmology of dysplasta (according fo Rurn}

Hypoplsin yanety Hjperplasta
congent nd 1arda

Tpiphssis Spondvloeprphyseal dvsplasa Dysplasia eprphy <ahis hemimehea
Multiple epiphisseal dysplasta

Physis Achondroplasta Hy perchondroptsta
Aetaphyceal dysostosis Fnchendromatoss
AMetaphysis Hypophosphatasia Multiple exostoses

QOsteopetrosis
Crantometaphyseal dysplat

Dephasis Osteogenesis imperfecta Progressine diaphyceal daspla 1a
Idiopathic osteoporosts Huperphosphatasemia

deformuties that include jomts They re a motley company that may be groupea
as congenntal hypo and hyperdysplsins and malformations Runin (1964) cls
afied thum s epiphyseal, physeal, metaphiseal wnd diaphyseal dysplasiis of
long and short tubular bones, with the mclusion of modclling crrors of shull,
wertebrac and pelus

Rusin s Broad classification wnd terminology of dysplsta 1s reproduced 1t
Table 1 The structural changes predommnate over the modelling errors in
osteopetrosis, hypophosphatisia and osteogenesis imperfecta The classification 1
these diseascs has thercfore been transferred to disorders in bone formtion The
dysostotic lestons ate nat classified separately, as m Rusn s table, nd the lestons
tabulated by this author under ‘dystrophy have now becn classified as disorders 1n
formation, or rebuldmg of bone

Many lcstons that occur in mature bone are not late changes stirung at adult
¢ have been caused by disorders m the growing ends of long bones and the
es This 1 true for structaral changes as well s for
nges have been cluded as disorders i bone formn

age bu
growing zoncs of short bon
those 11 modelling Such chn
twon or m modddlng

Twao disorders of a speafic type assocrted with the rebuildir
are callus and necrosis of bone In the first one 2 granulomatous richly vas
cularized tissue of high ostcogenic capacity develops which 1s susted for restormg
the osscous contmuity 1y fractures A bone or part of it has lost ats vascular

ng of mature bont
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dastic actinty resulung m lacunar resorption and filmg of the fl:arm\;\ :;‘1‘(}‘:
fibrous marrow tissuc { JaFFe 1958 Boip 1961) An overgrowth of bone kns
the other hand 1n the hormonal over

as gigantism and acromegaly occurs on e Tt
actmty 1n hyperpimtansm It might also be added that to*ucosub y mulace
bone growth Phosphorus porsoning in episodes 10 the growing subjects m 1;
the relatrve rates of growth and modelling of long and short bores {<ee RusIy
1964
S)Thr: osteogenic actnvaty m the remaunng diseases 15L ‘palhologmall) stimulated
by different non tssues § teo! activity s
osteoclastic activity dominates as indicated by excessive production or resorptton
of bone Inflammanon may sumulate both activities and by smpamng the ar
calation cause necrosis of bone and sequestratton Hemangiomas in general have
both hastol Ily and radiographecally typical appearances Bone sesorption
domunates 1n reticulosis and there 15 no osteoblastic reaction Metastases like
&l may late both bl and osteoclastie activity The former
1 the prumary feature mn prostatic carcmnoma as well as i the early stages of
Ewing s tumour Mammary and thyroid carcmoma may sumulate both acuvines
depending upon the degree of malignancy Bronchogemic carcinoma and hyper
nephroma as well as myeloma may produce metastases that act exclusnely m
breaking down bone

The lesions of bone are classfied m this discussion as disorders in formation
1n growth and modelling and n rebuilding of the mature tissue Table 2 cor

telates the lesions to the commonty occuming osteogeme and non-osteogenic ab
normal tissues

SUNMARY

A clasafication of bone lesions based upon the consideration of bone as a tonnectve tissue
1 ith oMteooent capacity 1s presented According to this classification the bone lesions are
d 1d d into d sorders of formation modelling and rebuilding of bone

ZUSAMNMENFASSUNG
Eine neue kil der k
wrd dass knochen 11 als Bind,

wird ben die darauf gestutzt
be mit Falugkeit b htet werden
muss € mass die er Kassifizierune sind die Rnochenerkrankunoen in Storungen der O
shbatson d 1 Formeebung und des Umbaus emngetellt

RESUME

L auteur presente une cla sification des Lesions osseuses basee sur Ic fart que Tos est un tissu
o uf asant une capacnte osteog mque Dapres cette classification les lesions oy enses
# Mt disees en troubles de la formation. du moutage et d fa transformation o los mur
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Table 2
Pathologic features of bone

Abnormal tissties Disorders sn
Formation of bone VModellng of bane Rebuilding of bore
Fibrous Dysfibroplasta (e

nteta  dra physetl sub
peniostel) fibrosarcona

Chondromntous Dyschondroplana Congemit1t hypo and
chondrosarcom hyper plasias and mal
formanions {epiphyscal
physeal metiphyseal
draphyseal)

O scous Dy osteoplasit
Hy perdysosteoplasia
(localized dtsserminated
circumscnibed genera
Lized)
Hypedy osteaplisia
D formung dysosteoplastn

Granulaton Callu

Svasculir Necrosis

Fat marrow ) teoporost

T'throus marrow Ihperparathyvrord
dysfibroplist
\ asculocethidar Inflammatien
Hemangiomatous Hemangroma
Reticuloendothelial Reticuloses
Meta taes

Cellulr

the osteoblasttc actnaty nd the ordinary osteocltstic ctrvity A reduction i the
aumber and thickness of the trabeculne occurs and thte lost bone tissue s rephaced
by fat marrow usuc The reduction of bane n osteaporosts never reaches the
neral breth down of bone often combmed with arcumseribed dvs
found n the hormonal ovcractr sty 1n hyperparhyro
crized by an 2bpormal osieco

fevel of 2 ge
fibroplasta, wlich may be
ydism The bone changes in the latter are charact
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destic actvity resulung 1n lacunar resorption and filling of the marrow with
fibrous marrow tissue {Jafre 1908 Boip 1961) An otvergrowth of bone hnown
as gigantism and acromegaly occurs on the other hand 1n the hormonal over
actiaty 1n hyperpiturtanism It might also be added that toxicosss may sumulate
bone growth Phosphorus potsoning m episodes in the growing subjects mdicates
the relatne rates of growth and modelling of long and short bones {see Ruzry
1964)

‘The osteogemc actnity n the diseases 15 pathol Ay lated
by different tissues S blastic activiey
osteaclastic acuvity dominates as wdicated by excesstve production or resorption
of bone Inflammation may sumulate both actrsities and by impainng the ar
culation cause necrosss of bone and sequestration Hemangtomas i general have
both histologically and  radiographically tvpical appearances Bone resorption
dormmates m reticulosis and there 1s no osteoblastic reaction Metastases Iihe in
1l mav late both bl and 1 actsaty The former
1 the primary feature m prostatic carcmoma as well as in the early stages of
Ewing s tumonr Mammary and thyrod caranoma may swmnlate both actvities
depending upon the degree of malignancy Bronchogemc carcinoma and hyper
vephroma as well as myeloma may produce metastases that act excluswely 1n
breaking down bone

The lesions of bone are classified 1n this discussion as disorders 1 formation
n growth and modelling and i rebmlding of the mature nssue Table 2 cor
relates the fesions to the occurring
normal ussues

g and non genic ab

SUMMARY
A classification of bone lesions based upon the consideration of bone 2s a cannective tissue

with xteooeme capacity 15 presented \ccordine to this classification the bone lesions are
dnid dinto dh orders [ formation modetling and rebuildine of bone

ZUSANNENF ASSUNG

Eine neue RKlassif der Knoch k
s dass hnochen prinzipiell als Bind
mus Cemas die r Kla sif)

wird ben die darauf gestutz
webe mit Falugkeit betrachtet werden
"

sind die Knochenerk i Storungen d
"fikation der Formeebune und des Umbaus emgeteilt eon der 0

RESUME
L
Autedr presente une classification des lesions ossenses basce sur le fa que Jos est un
omon f avant une capacité oste sgent o

que Dapres cette classification les fesi
ons os e
0t daie s en troubles de ba formaior o

n du moulage et de Ia tran formation de 1 os mur
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PULMONARY HAEMORRHAGE IN RENAL DISEASE
by

W \Mogrrensson L E Larssos and B Livoguist

Pulmonary haemorthage may occur 1o several diseases msolving the kidneys
such as nephrosclerosis glomerulonephnius perartentss nodosa (23) Wegener s
granulomatosss (19} pyelanephntis acute renal failure and myeloma (24) The
mot common cause 18 glomerulonephntis of which more than 100 cases bave
been reported (21) McCatcney & T[nodMas at autopsy found bilateral haem
orthage 1n 25 out of 252 cases of glomerulonephntis and small areas of Jocal
haemorrhage and haemosderosis 1n 119 cases Haemoptysis had been noted 1n
only 22 cases

Radiographic pulmonary changes m glomerulonephntis caused by haem
orthage have been reported m 87 cases (1—3 5—11 13 14 17—20 22, 23
2027 29—3t 33—39 41 44—47 51—57) The diagnosss of pulmonary
haemorrhage was based on 2 history of hacmoptysis confirmed at autopsy m
76 cases based on haemoptysis alone m 10 cases who survived and on autopsy
findings alone 1 one case 5 cases were coslirmed by lung biopsy  Tron Jaden
macrophages 1 the sputum made the diagnosis probable n 9 cases The time
that elapsed bets een roentgen examation and autopsy, when the haemorrhage

From (he Roentgendiagnostic Department {D rector Prof Olle Olsson} the Institute of
Pathology (D sector Prof € G Ahistrom) and Medical Chime B (Director Prof N Al
wall: Umsersity Hosp tal Lund Sweden Submutted for publication 4 July 1967
30 68V A te Radiel Diag w3 1 7(1963)
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was revealed, was 5 days or less 1n 20 cases, 1t was 5 to 14 duys 1 13 cases and
more thin 14 days 1n 39 cases Information was not available 1n the remamder
of cses Haemoptysis from shghtly blood stamed sputum to massive hnemorrhage
was reported

The changes disclosed 1t the roentgen examination 1n these 87 cases were
described as ‘coarse or fine motthng, ‘nodular, ‘granular, ‘patchy , stippling
or sunlar terms, m 51 cases, 15 ‘gencralized pulmonary oedema m one case,
and 1s ‘diffuse processes, opacities and ‘haziness’ in 35 cses Bilateral changes
were seen n 67 and umilateral ones i 13 cases, no mformation was given 1 7
cases The changes were nsymmetrical i 37 cnes, predonunating on one side
or the other, on the right side n 30, the left m 3, and uncertun m 4 cases They
were symmetrical mn 24 cases and the location was not mentioned m 26 cases
The upper part of the lung was mvolved 10 26 cases, the nuddle part i 61 and
the lower part 1 46 cases Information 1n tls respect was insufficient i 17
crses The central part of the lung adjacent to the hilum was imvolved m 30
cases 1nd not mvolved m 25, while 12 was doubtful i 32 c1ses whether or not
there was any involvement These changes extended to the peniphery m 26 cses
while 7 free peripheral zonce was noted 1 21 cases, nformation wAs not given n
40 cases

Twelve cases of hacmoptysis have alvo been descnibed in which the findings at
the roentgen exunmation of the chest were normal but 1n which evidence of
lung haemorrhage w1s disclosed at antopsy A probable explanation of this may
be that the haemorrhnge was small

Roentgen exanunation m the lateral decubitus position has been reported m
only one case of pleural effusion (3) A lateral film for exact localization of the
changes was obtained 1 one case (29) The time mterval between development
and disappearance of changes m 10 cases ranged from 9 to 30 duys

I'rom these collected cases 1t 15 difficult to distinguish 1y typical rdiogriphic
changes produced by pulmonary haemorrhage The mam resons for this seem
to be that the exanunations were mcomplete and that 1 figuratine mndetcrnunate
nomenclature was used Pulmonary ocdem bronchopneumontn and atelectasis
may 1n some of the crses have co existed with pulmonary haemorrhage It »
mpossible to decide from the published descriptions which chnges were solely
due to hacmorrhage All the patients had renal discase most of them with some
imparrment of renal function, and many with uracnua of varving seserity The
differential diagnosis of pulmonary changes mn renal disease 1s difficult to establish
radiographically (1 6, 16, 21 28), especinlly in cases of uraemia but ocdema
bronchopneumonia and atelectasis may also occur before the uraemic stage 18
reached (1, 16, 28) Uraemic pulmonary oedemn 15 quite common I stiere
renal discase ALwaLr reported such changes in 43 §¢ of his cases Since this
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Fig 1 Case | Generaliz d_poarly defined nodular cf anges
in the lun s ncluding the peripheral zones

Fg,o Lac Cooflient poorly defined nodular hanges

i the lung tn luding 4
§ T g ing the penpteral zone  particyla Iy m
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complication may prove fatal, and since 1t responds to adequate dehydration
(1), 1t 15 important that the diagnosis should not be missed The roentgen
diagnosis of lung haemorrhage will often be presumptive A report of some cases
1t our sertes that almost certainly had pulmonary haemorrhage may therefore
be of interest

The sertes includes patients who died of renal disease 1 the years between
1948 and 1964 and 1 whom considerable pulmonary hacmorrhage was evident
at autopsy The whole <ertes of cases of lung haemorrhage will be publshed
shortly (24) We have selected for this paper 20 cases that were exammed withm
four days of death The 4 day imut was fixed arbitranly to reduce the differen
tialdingnostic difficulties to some cxtent The presence of extensive bronchopneu
moma or atelectasis could be more defimtely determined at autopsy although
pulmonary oedema could not be excluded

All the pattents were 1n poor condition and could only be examned 1n bed

There were no pulmonary changes in eight of the 20 cases, although at autopsy
1 to 4 days later moderate to marked haemosiderosts as well as large haumor
rhages mn the lungs were revealed Uraemic lung oedema was present 1n four
cases, pleural effusion was evident 1n one case, and 1n seven cases, finally other
pulmonary changes were recorded

Case reports

Case 1 Male aged 56 who had had proteinuna haematunia and headaches since 1949
developed an upper respiratory tract nfection with siight elevation of emperature on 18
Apnil 1961 A week later he began to have chest pamn and the next week dyspnoca No
haemoptysis was present but there were dependent oedema and numerous fresh ecchymoses
on his legs Blood pressure was 200/120 mm Hg NPN 254 mg per 100 ml pernicardial fnc
tion rub severe retinopathy Treatment by diarrhoea inducing drugs to produce dehydration
had Iutle effect The patient died on 5 May NPN was then 361 mg per 100 m]

Roentgen examimnations (bedside) on Ist and 3rd May disclosed generalized symmetnical
course nodular changes in the lungs including the peripheral zones (Fig 1)

Autopsy Recent haemorrhages m the lungs haemosiderosis protein nich oedema and
small areas of pneumoma partly orgamsed with fibroblast prohieration along broad akeolar
septa Nephroscleross partly malignant i type with signs of pyelonephntis

Case 2 Male aged 58 who deseloped a sore throat jomnt pan and fever on 15 June
1964 Pemeilhin treatment had no effect Haematuna and cylindruna developed a week later
and dyspnoea and uraemia (NPN 175 mg per 100 ml) after another week On admission
on 30 June he appeared anaemic (Hb 7 g per 100 ml) and had severe tachypnoea shght
rales over the lungs He was haemodialysed seven times between 30 June and 11 July No
haemoptysis or purpura was noted but he had shight bleeding from the nose and mouth I-Iil:
was gnen large doses of antibiotics and was debydrated to the borderline of shock losmgb
kg without any beneficial effect The dehydration treatment was stopped siice it had be

come to risky He died on 11 July
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Fig 3 Case 3 Confluent nodular changes most marked m
the perspheral 7ones

Fig 4 Cae+4 Confluent nodular ch
zone o tly on the night e o e Penpheral
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Roentgen exammations (bedside) between 30 June and 10 July revealed symmetrical
generahized pootly defined nodular parenchy matous changes 1 the lungs ncluding the
penipheral zones (Fig 2)

Percutaneous lung bropsy on 8 July revealed much iron pigment 1 macrophages partly
in the alveolr partly i the lveolar septa

Autopsy Masave Jung haemorrhages of rarying age haemosiderosis vasculitis and foc of
leucocyte exudation of bronchopneumonic type Acute to subacute prrtly necrotang glome
rulonephritis

Case 3 Mnle aged 25 who developed intense headaches m February 1959 In Apnl he
began to bave fatigue and rhumts My joint patns chulls and swetting and i June con
junctivins He was adnutted to hospital on 4 July Haematuna protemurta nd a hegh ESR
were present no haemoptysis NPN was normal on 15 July 1nd 80 mg per 100 ml on 26
July On admission to this chime on 27 July tracheotomy was performed because of pul
monary changes and marked dyspnoca the trachea was found to contun a small 1mount of
hlood staned secretion He was placed mn the respirator and dehydration with diarrhoen m
ducing drugs was attempted On the maht of 27 July pulmonary oedema wath frothy blood
stuned secretion from the trachea suddenly deseloped and the patient died

Roentgen examination (bedside) on 8 July disclosed no abnormality but on 26 and 77
July symmetrical, partly confluent coarsely nodular changes most marked at the penphery
but not extending towards the nlum had developed (Fig 3)

Autopsy Txtensive recent lung haemorrhanes with difluse hronchopneumonme lesions
moderate haemoaiderous fibrinous exudation and ocedema Acute to subacute necrotuzing
glomerulonephntis with areas of penglomerulins

Case 4 Male aged G6 1 former stone cutter deseloped nausea and mddness i October
1962 Sixteen years carlier hie had had hiemoptysis silicosis was thought hhely but roenigen
examination of the chest and bronchography at that tme had been normal NPN wws 2158
mg per 100 m! in November 1962 He was admuticd to our chme on 5 November

Roentgen exammation of the unnary tract revealed mall kidneys He was dialy ed three
ssmes between 4 and 23 November 1lis condison deteriorited mental confusion comsul
stons and finally rales over the lungs appeared  There was no haemoptysis The panent died
on 23 November

Roentgen exammation (bedside) on 22 October had revealed no abnormality Between
15 and 19 November bilateral penipheral partly confluent nodular parenchymatoas changes
appeared mosthy on the night side These did not extent towards the left lulum (g 4)

Autopsy Extensnve recent lung hiemorthages moderate haemastderosis and small areas
of haemorrhagic pneumonta and oedemn chronte glomerulonephrnts

Case 5 Temnle aged 14 with epilepsy since she was 4 years old who developed an upper
respiratory terct wfection in November 1962 Rhmus with bloed stuned dnschan,rl sk\;\
purpura haematura and protemuriy were present Tncrensing renal msufficiency deve npcd
1t the spring She was dinlysed even times between 13 June and 30 July She had repeate

attacks of dyspnoea and renal pulmonary oedemn was evident at foentgen E‘(anunalmrl;‘
Dehydration produced a waght loss of 8 ke There was no haemoptyss In the last uccd
before death on 30 July she was mcreastngly restless had abdomital pun paroutss an

dyspnoea
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Fig 5 Case 5 a) Partly confluent nodular changes throughout the left upper lobe b) Progres
sion on the left side changes typical of uraem ¢ pulmonary oedema present on the night side

Roentgen examination (bedside) on 17 and 16 June shos ed renal pulmonary oedema
+tuch was found to have disappeated by 29 June after dehydration On 6 July there were
coarse nodutar changes in the left upper pulmanary lobe + Juch persisted despite ntensive
dehvdration (Fig 5) On 29 July further prooression of the pulmonary changes (Fig 5b)

Autopsy Recent lung h marked b d broad aleolar septa with
fibroblast prohferation fibrnous exudation and protemn nich oedema no areas of pncumonia
Subchrome parthy necrotizing glomerulonephritis

Case 6 Female aged 50 1 ho had eaten a poisonous mushroom (Amamita phalloides) on
22 August 1963 Wathin a fes hours she developed v eakness somitino and muscle eramps
On 28 August she was jaundiced and by 29 August anunc Thrombocyte count 13 000
Melaena developed on 30 August and hacmoptysis on 1 September She was haemodialysed
on | and 2 September but died of shock on 2 September

R entgen examination {bedside) on 31 August showed no pulmonary changes On 1 Scp-
tember there were extensie parenchymatous changes basally with areas of atelectasis i the
neht fung a small parenchymatous lesion was observed 1n the left lower lobe (F1z 6)

Autegsy Exvenswne recent lung hacmorrhages in all the pulmonaty lobes as well as small
areas of old haemorrhagic pneumonia Advanced renal tubular necrosis

Case 7 Male aged 36 mentally abrormal 1 sth pulmonary tuberculosss since 1938 who
develop d increasing shortaess of breath and an stermutent drv cou b i the spring of
1964 no haemoptysis By February 1965 the urmarv output had begun to decrease Anti
¥ otics were given for lung changes but these increased further He was admutted to hos
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Fig 6 Cnse 6 larenchymatous changes with atelectasis of
the night lung Small changes basally on the feft side

Fig 7 Cue 7 Confluent nedular changes throughout the
basal zone
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pital on 24 May Dyspnoea at rest blood pressure 220/150 severe retinopathy enlargement
of the heast urea mitrogen of 118 mg/100 ml and a haemoglobin concentration of 95 g per
100 ml wese then recorded In spite of unnc volumes of 1000 to 1900 i the urea mtrozen
fo ¢ to a maximum of 280 mg pes 100 ml on 2 June whercaftes it fell again Haemoptysis
occurred on 2 and 4 June The bodyweight fell shightly dunng the last week of hus lfe He
died on 9 Junc

Ro¢nigen examination {bedside) on 17 May Bilateral diffuse nodular basal changes
with old apical tubetcutous lesions On 2 and 5 June coarse nodular partly confluent
infiltrates were observed bilaterally predomunantly on the nght side n addition to the
previous findings The changes were mainly situated penpherally and 1n the lower lobes
The Wular regions of the upper lobrs wese relatinely free On 6 May no pleural effusion
(Fie 7)

Autopsy Estensne recent Jung haemorrhages notably in the lower lobes hacmosiderosis
and oedema s of the tpe

Discusston

All seven cases had roentgen pulmonary changes that differed from those
usually seen 1n uraemic lung oedema Pulmonary oedema and bronchopneumonia
were at first considered likely Increased temperature and leucocytosis were not
present but these are often absent with infection 1n uraemia Large doses of
antibioties had no effect The subjects were 1 a poor condinon and only one
could be examuned in the lateral decubitus position there was no pleural effusion
Dehydration was tned 1n all cases (in fne resuling 1n insigmficant weight
loss) The roentgen appearances were unchanged after dehydration In only one
case (Case 2) could dehydration be considered to have been adequate
dehydration of 11 g approaching to borderline of shoch was achieved Some
degree of cedema cannot be excluded m the remainder of cases since the de
hydrauon may have been nadequate No atelectass was seen at antopsy and
only such sparse wnfectious lestons that the radwographically observed changes
cannot be explamed by mfection alone The presence of pulmonary hdcmip
rhage 15 supported by the finding of large haemorrhages 1n the lungs at autoj
on:! to four days later In s1x cases there was also moderate to marhed ha:sn)
:: :O;,sdmd(ﬂ[(mg old haemorthage Haemopiysis occurred 1 another three

o 1n a fourth case biopsy of the lung revealed large amounts of sron
Pioments in the mactophages [t was therefore considered most probable that

the radiographicall
o ocd:m‘ir p y observed changes were due to haemorrhage with some degree

Roentgen examnation revealed n six cases partly confluent nodular paren
T P
P:

y
Py ::mu; changes which also imolsed the periphery A more homogeno
us 1
on of the parenchyma with evidence of atelectasis was present ms "
one
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case The changes were bilteral in all the cases but 1n four they extended asym
metrically The upper part of the lung was ivolved 1n three cases the middle
part i six nd the lower part in «ix cases A free peripheral zone ws <een m
only one case, 1nd there were central changes ad)acent to the hilum in six cases,
though they were very sparse in two and on the right side only The appearances
of the changes were consistent with lung hacmorrhage, they resumbled in Cases
1 and 5 thosc that occur 1 uracmic pulmonary oedemn

The role of hepanmization n the causation and appearance of the pulmonary
changcs 1n the present cases 1s obscure

On the basis of the hiterature and this study 1t scems mndycated that nodular,
wymmetrical changes which extend peripherally 1nd medio-basally, and are
most marked on the nght side, with only shght mvolvement of the hilv, most
probably represent pulmonary hvemorrhages The description of typical changes
m lung hacmorrhage by Benorr et coll ns ‘sprcading from the hiar regions
towards both bases 1s not generally correct A charactenstic seems to be the
rdatively slow disappearance of the chinges (over about 9 days), they have
nuver been reported to disappear rapidly

Dehydration mny help to differentiate pulmonary hacmorrhage from pulmo
nary oedema, as 1llustrated by Cascs 2 and 5 The absence of pleural effusion
may possibly support the diagnosis of pulmonary haemorrhage, but further ob
servations are needed Pleural effusion may, however, be absent m many cases
of flud retention lung (1)

Only some of the cases of lung hiemorrhage will fulfil all the above mentioned
roentgenographic criteria The finding of central bilateral changes radiating
from the hulr with 2 free penipheral zone, m uriemic pulmonary oedema 1
regarded as typical (4) Many exceptions have been described  however, and
pulmonary oedema has been observed umlaterally 1s well as perpherally and
basally (for surveys see 1, 28) That pulmonary oedema was really present
1 some of these cascs 1s evident from the fact that the changes disappeared quichh
after dehydration This raptd disappearance 15 one factor that helps to establish
the diagnosis of pulmonary oedema 1t may persist for a long ume after
adequate dehydration (1) What makes the roentgen diagnosis of pulmonary
changes mn renal disease so difficult 1s the frequent co exi tence of several dif
ferent processes m the lungs, besdes hacmorrhage there are often cedemt m
fection, stasis, stagnation of secretion and atclectasis Moreover, the poor general
condition of the patients does not permut a complete roentgenologie examinayion
Introduction of closed lung biopsy and cytology i the examination may m

future facilitate the diagnosis as in our Case 2
Minor haemorrhages need not produce roentgen changes The eight cases

without pulmonary changes had nevertheless considerable haemosiderosts
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SUMMARY

A survey of published rcports on changes 1 pulmonary haemorrhage in renal disease 15
pre ented and thus 15 supplemented with the authors twenty cases seven of which are
described 10 detail Eight of the cases had no pulmonary chances at roentgen examination
but autopss revealed marked haemosiderosis Four cases had pulmonary oedema one had
plearal effusion and seven had pulmonary changes described as and supposed to represent
pulmonary haemorrhage

ZUSAMMENFASSUNG

Dre Arbert enthalt eine Literaturubersicht uber Fallen vonr Lungenblutungen ber \ierener
traokun en Dazu kommen zwanzig cigene Falle son denen sicben eingehend beschnieben
werden In acht von diesen Fallen wurden ber der Rontgenuntersuchung kemne Verande
nungen beobachtet aber bei Autopsie wurde starke H d fe 1t L di
waren 1 vier Fallen vorhanden in emnem Fall Pleuraerguss und 1 sieben Fallen Lungen
veranderungen die vermutlich durch Lungenblutung serursacht wurden

RESUME

Les auteurs completent une resue des publications sur les signes d hemorragie pulmonaire
au cours des nephropathies par la presentation de 20 cas dont sept sont decnits en detail
Huit de ces cas ne pas de signes rad

q bien que 1 autopsic
At montre une hemostderose marquee quatre avaient un cedeme pulmonatre un cas un

epanchement pleural ct scpt avaient des signes pulmonaires que }on a supposes dus a une
hemorragie pulmonaire et qui ont cté decnits comme tels
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case The changes were bilateral in all the cases but m four they extended asym
metrically The upper part of the lung was mvolved n three cases, the nuddle
pt m six and the lower part n «ix cases A free peripheral zone was seen m
only one case, =nd there were central changes adjacent to the hilum m six cases,
though they werc very sparse m two and on the night side only The appearances
of the changes were consistent with lung haemorrhage they resembled 1 Cases
1 and 5 those that oceur m uracmic pulmonary oedema

The role of hepanmization i the crusation nd Appearance of the pulmoniny
changes m the present crises 15 obscure

On the basis of the hterature and thus study 1t seems indicated that nodular,
asymmetrical changes which extend penpherally and medio basally, and are
most mirked on the nght side, with only shght mvolvement of the hila, most
probably represent pulmonary hiemorrhages The description of typical changes
mn lung haemorrhage by Benorr et coll as spreading from the hilar regions
towards both bases 15 not generally correct A charactenstic seems to be the
relatively slow disappearance of the changes (over about 9 dys), they have
never been reported to disappear raprdly

Dehydration may help to differentirte pulmeonary haemorrhage from pulmo
nary oedema, s llustrated by Cases 2 and 5 The 2bwnce of pleural effusion
may possibly support the diagnosis of pulmonary haemorrhage but further ob
scrvations are needed Pleural effuston may, however, be absent in many cases
of flurd retention lung (1)

Only some of the cascs of lung haemorrhage will fulfal all the aboye mentioned
roentgenographic cnteriv The finding of central bilateral changes raditng
from the hifa with 1 frec peripheral zone, m uraemic pulmonary oedem?, 15
regarded as typical (4) Many exceptions huve been described howeer, and
pulmonary oedema has been observed umlaterally s well 1s peripherally and
basally (for surveys se 1 28) That pulmonary otdema was really present
1n some of these cases 1s cvident from the fact that the changes disappeared quicky
after dehydration This rapid disappearance 1s one factor that helps to est2blish
the diagnosis of pulmonary oedema, st may persist for a long time after n
adequate dehydration (1) What mahes the rocntgen diagnosis of pulmonany
changes in renal diseasc <o difficult 15 the frequent co ewistence of «everal dif
ferent processes 1n the lungs besides hacmorrhage there are often ocdema in
fection stasis, stagnation of secretron 1nd atelectasis Moreover, the poor gener!
condition of the pattents does not permut a complete roentgenologic exanunation
Introduction of closed lung biopsy and cytology m the exammation may m

future facilitate the dragnosis as in our Case 2
Manor haemarrhages nced not produce roentgen changes The eght cascs
without pulmonary changes had nevertheless considerable hacmosiderosis
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Fig 1 A cut musdle badge (B) over the descend ng branch
of the left coronary artery

bridges and two bends not explainable anatomcally They carried out the
anglographies in hearts arrested by acetylcholine

These data m the hterature raise the following questions (1) whether all
bends n coronary arteres seen at angiography are conditioned by the spanning
of the artenies by muscle bridges or loops (2) whether the surgical division of
the muscle bridges or loops would much change the angiographic appearances
and {3) what microscopic changes occur after the division of a bndge

Matenal and Methods A total of 10 dogs weighing between 14 and 22 kg
were exammed The experiment was started by coronary anglography The
findmgs were confirmed macroscopically at operation The bridges of loops
were duided and the epicardium on the descending branch of the left coronary
artery was freed Further coronary angiography was performed immedrately
following operauon 1n one dog and from 3 to 10 days after operation m seven
dogs In two dogs the examination was carred out 3 weeks 2 months and
9 months after operation The dogs were Lalled afier the anglographic examina
tion and the findings checked macroscopically

Techntque of coronary angto raphy A yellow or exceptionally a green Odman
Ledin catheter was introduced 1nto the exposed femoral artery and 15 to
22 ml Urografin 7, % (Verografin Uromuro or Urovison) were mjected
under a pressure of 4 to § atmospheres Films were obtaned with an AOT
film changer at a rate of 4 to 6 films{second for two seconds The examimation
was carried out under thiopental anaesthesia without stopping the heart
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BENDS IN THE CORONARY ARTERILS ArTLR
REMQVAL O MUSCLL BRIDGES

by

O Eisna, V Shor wd P Haver

Numerous bends ire seen w the coroniry artertes of man tnd dog, bot
mAacroscopieally post mortem and at angrography 1 wno A whole ser
of factors are known to produce these bends, md the present work 1s concerne
with how 1nd to wht extent the bends may be crused by muscle bridge
Bridges were described by TANDLER a5 ¢ 1y 25 1913 a5 muscle fibres spannin
short sections of the coronary arteries The chinges have been dealt watl
both from the anatomic 1nd pathologic ispects by numerous authors 2 9
10, 12, 14, 17, 18, 19 23, 27)

Porstmann & Iwic (1960) worhed on the problem from the 1speet o
function wd 1t coronwry angtography m man noted systolic nrrowmng o
the left coronry artery 1t the site where 1t was covered by 1 muscle bridgy
Poracen ct coll (1962) demonstrated biphisic curving and shight narrowins
of the artery near the bridge i dogs and goats The angrographie findings
were confirmed mitomically Lowman & Braor (1962} carried out 1 stmilar
experiment m 32 dogs but demonstrated only two coronary arteries bent by

Submutted for publication & July 1967
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he left lateral projection was used 1 all but enc dog m which two projec
10ns were employed In view of the ummportance of the 2 p projection
or examuning the left coronary artery, this was subsequently omitted

Surgical teckmque Thoracotomy wns carned out 1 all dogs via the filth
nterspace, the pencardum being wersed and muscle bridges cut if any were
present on the descending branch of the left coronary artery (Fig 1) If no
brdges were present but bending of the artery was evident at coronary
angiography the epicardium was incised for 1 to 2 cm over the artery The
corresponding muscle bridges and epicardium were evamuned istologically
The night coronary artery was inspected 1n the nght atrioy entricular groove,
this artery was not subjected to surgery

Hstologtc techmgue After kalling the dog a section of artery was removed
at the ste where the brdge or epicardium had been cut After fixation
10 0, formalin the histologic sections were stamed for elastin with resorcin
fuchsin by the Masson method

Results

Findings 1n the descending branch of the left coronary artery Five of the 10 dogs
examned (50 per cent) were found to have muscle bndges at operation
These were present gver the descending branch of the left coronary artery
for a distance of § 10 3 em Three muscle bndges with & gap of about 3 mm
between them were seen i one of these dogs Preoperatine coronary angio
gr-phy 1n all dogs with bridges during systole disclosed biphase curves on the
artery at the site of the bridge

Postoperative chech up of dogs with bridges indicated that the bend 1n
the artery was alwass smaller after they had been cut Dog 3 15 gnen as an
cample Biphase curving of the descending branch (Fig 22} was present
at the preoperatine angwographic exammnation Fourteen days thereafter the
muscle brdge was cut for a distance of 1 em Further examination half an
hour aftes the operation resealed dimmshed bending of the artery (Fy
2b) Three and mne months later the bending still persisted hut the ¢ r\g
was flatter than before the operation (Fig 2c) e
ﬁ\:(\:oclc bgdgrs over the artery were not present at operation in the remamnng
- c\glsdm:slpnxlthtclu;mlglpcl::;sc cunes suggesting the presence of brdges

peratne anglograms This could be explained as

{ullo\\s In one dog this bend may have been caused by an accompanyn
e which crossed the artery at ths site (Fyg 4 a and b} In ano!herydog
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Iig 2 Dog 3 Preoperauve coronary angto
graphy Biphasc bend (T) sn the descending
branch at the site of forking of a fairly large
branch b} Exammation mmmcdiatcly after
diiston of the brdge bend (T) sull
present 1n the descending branch  night
coronary artery (R} tortuous ¢} Nine
months after operation Biphase curve (T)
sull present in the left coronary artery
tortuous night coronary artery(
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a b
Fig $ Dg6 a) Twobph bend (T) n the descend ng branch of the left coronary artery
(Neope ton the artery was found to be ¢ ossed by a 1 at the site of the b nd the pe ca dium
w's tisd) The catheter s s tuated between the a0 ¢ al es b) One we k later A bend (T)
sstllpres nean th de cend ng branch

without bridges a vessel branch was seen both when the artery was spanned
by a bridge and when 1t was free (Figs 22 2c and 3a) Side branches of the
descending branch runming nto the myocardium are probably the sites of
firmer fixation and cause bending of the coronary artery

Findings i the night coronary artery Bends in the night coronary artery were
present i the preoperatne coronary angiographies i all the dogs (Figs
26 2 3a 3b) No muscle bndges or loops were ever seen at operation
Thay finding 15 m accord with the anatomcal findings of PoLacer & Au
DRLICRAJA (1961) and ZECHMELTER (1965)

Summari. in, the results of the present expeniments it could be observed
that the surgical division of the bndges led to a decrease i the bendmg of

the artery It further became clear that not all bends 1n the coronary arteries
were condittoned by muscle brndges or loops

Microscopy The mcroscopic findings m dogs with bridges at operation
were i accord with the macroscopic appearances The excised parts of
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g 3 Dog s+ 1} Preoperitine eximination Catheter introduced into the left ventnicle Two
biphase bends (T) in the descending branch of the left coronary artery right coronary artery
(R) with numerous bends (No bridges over the left artery were found At operation incision of
the epieardium at the site of the bend ) b) Three weeks after operation No bends in the left cor
onary artery the tortuosity of the night coronary artery (R) persists

the catheter was situated between the valves, or in the cavaty of the left ven
tricle, 2t preoperatn e coronary angiography (I'g 31) At the sccond exummn
tion, carried out with the correct technique no bend 1n the descending branch
could be seen (g 3b) The bend had probably been ciused by irmtation
of the endocardium from the cathcter or the contrast medium Bends produced
in this manner must be unusual, smee they were not observed m other ciscs
1 which the same techmical error had been made

No exvplanntion can be given for the presence of 1 bend m dog 3 of thus
group It 1s impossible to determine whether the bend had been produced by
fixation of the eprcardium or by 2 branch holding the coronary artery In
the group of dogs 1n which no bridges were found the eprcardium was mersed
over the artery 1t the site of the wngiographucally visible bend Postopertine
control suggested that the bend was either 1bout the same or 1 biphase curve
had changed mto 1 uniphise curve or had disappeared At the site of most
bends demonstrated angiographically 1n the group of dogs with brdges and
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On the other hand the objection that such scarrng could explam the
persistence of bends after operation 15 not convineing since 1n these expen
ments persistence of bends was observed on coronary angiography as early
25 hall an hour after apecation 1 € at a time when scars could not have
developed {Fig 2b)

Discusston

\o agreement on the cidence of muscle bridges yet exists They occurred
over the stem of the descending branch of the left coronary artery 50 per
cent of dogs 1n the present material These figures differ only shightly from
those of ZecnuersTeR who reported bridges over this branch in 60 per cent
of lus senes The present insestigations were always carnied out en the mamn
stem this s situated n the antenor iterventnicular groove which 1s easily
ealuated by anglography In accord with Poracex & AUDRLICKAJA, and
ZecnmesTER  bridges were never observed over the right coronary artery
1 the nght atnioventncular groose 161t 1s assumed that bends i the coronary
artenes be caused only by muscle bridges the previous findings would make
« unbibely that they could have been prominent w the night corenary artery
Bends were however present 1n this artery 1 all the dogs This suggests that
other factors may cause bends m the coronary artertes of which the following
may be considered

Boucex et coll (1963 1963 1965) reported that the aorta and both coronary
artenes rotate from nght to left during systole This movement involves only
the proimal part of the night coronary artery 1ts dorsal part on the margo
acutus together with the nght edge of the heart rotaung i the opposite
direction  The nght coronary artery elongates during systole and bends
occur betw een 1ts commencement and the site of fixation of 1ts artental branches
fconal and sinus node artenes) at all phases of the cardiac eycle

It1s known from the works of WrrrTEn (1930) Barnes & W rrrres (1929)
and Botcex et coll that bends mn the left coronary artery mav be caused by
the fixation of a certan part of the artery between twe tmmosable pomnts
fepresenting branches runming into the depth of the myocardium These
et e s o o e sy e, S o armomc
similar bends accur only 1 those ‘W : ‘Cf& 7 the mght coronary artery
tricle Oprucain (193(;’) amil lp“bs e syt supply the left ven
perfarttion of my marma\smu‘salr )bo ;;"’\l;’ S $haped bends at the stes of

The present l"’(‘sul[s confin . c(h . dCS Yy artery branches
leavs b e brangs o am cse data and also indicate that there 15

muscle bridge The question thus anses as to
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Iig 5 1) Dog » Resceted pirt of epr
cardium (E) with muscle bridge (B)
b} Dog 3 Shght fibrosis of eprcardium
over the descending branch at the site of
removal of bndge ¢} Dog 5 Massine
fibrosis and dhesions of epreardium and
penicardium over the artery after exct ton
of the bridge

A —artery Bl — edye of bnidge E —
epicwrdium T~ fibross M — myoear
dium O — branching ofl of smaller
artery N {(m dog 31 veins filled with
wmuxture of barium sulph e 1nd mmmum
m 7  gelaune \ pn dog J) —ven

epicardium with 2 bridge had 1 thicher Inver of muscle fibres running under
the ¢prerrdium (Fig 51) The macoscopie absence of muscle bridges was
confirmed histologically 1n the structure of the epreardinl tissue exessed t
operation

Adhestons between the epicrdium and the perierdium developed 2t the
site of operation 1 11l the dogs The remuns of ther edges were pparent
m the lustologic preparitions in the regions where the muscle bridges were
dnided (g 5, b 1nd ¢) Abovc and Interal to the artery productnne pen
carditis with occasional granulomas were present (In one case recnhon
around the suture of 1 small brinching vemn was observed and m nother
case probable rexction around 4 small hiematoma ) Creatrizing grinulition
tissue was not of the sume degree wn all the cises, transitions from fibrosis
(Fig 5b) to definite scarnng (g 5¢) bang scen Fibrous changes were more
marked 1 dogs exammed early (one week to one month after operation)
than 1n those with 1 Jonger mterval after operation (three to nmnc months)
The mucroscoptc findings suggested that dnsion of the bndges probably
hs no preventn e value on ecount of the possibility of cicatriz ation
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ZUSAMMENFASSUNG
Die b fasse wurden hisch m zehn Hunden dargestellt um zu untersuchen
ob ken die h der A v hen die sowoh!

beim Hund als auch berm Menschen vorkommen Dhe Muskelbrucken wurden 1 ahrend der
Operation konfirmiert und zerschmitten Es schent sedoch als ob auch andere Faktoren als
Brucken die Biegungen serursachen konnen

RESUME

Les auteurs ont fait des angiographies coronares sur dix chiens pour determiner dans
quelle mesure les ponts musculaires sont Ia cause des nombreuses courbures des artéres
coronasres chez le chien comme chez 1homme Les résultats de ces angiographies ont éte
confirmés par opération et les ponts ont eté coupés Les auteurs pensent que ces courbures
peurent étre ducs a d autres facteurs que Ia présence de ponts
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the fictor involved 1n the bending of the artery m the region of the bndge
The present obscrsations suggest that both the bndge nd the fination Iy
the branch are imvolved, since fter dividing the bridge m ths materl, the
bend dimimshed, lthough 1t never disapperred completely (Figs 21, %,
31, 5¢)

According to Lurich, e La Cuarerte & Coun (1931) 1 further known
factor mvolied 1n the bending of the coronary arteres 1s ther clongation
durmg Iife Scriarck (1932) stated that two factors, i addition to rteriosclero
sis, contribute to the tortuosity of the coronary arteries In decrense of the
cirdine musculiture due to atrophy, rupture of the internal chstic Ivmina
occurs from ncrensed pressure of the pulse wave, and this leads to tortuosity
of the arteries Microscopy excluded these artenosclerotic chinges m the
present material in which the dogs were young

Considerntion should 1lso be gnen to the “ntramural forees” described
by Bouckx ct coll and produced by contraction of the muscle bundles of
the medin of the coronary arteries They are also hikely to ply 1 part m the
devclopment of intimal changes The specific arringement of these bundles
the descending branch supports the moyements of the 1 essel m 1ts longitudinal
and Iaternl directions

Conclusion

Muscle bridges over the stem of the descending branch of the left coronary
rtery were present in 50 per cent of the dogs Bending of the artery was
demonstrited ngiographically at the site of the bridges The surgicnl din
sion of the bridges fuled to lend to the disappearance of uni or iphise
curvng of the artery but only to 1 decrense

Scveral explinations for the bends on the rtery are offercd, viz (1) muscle
bridges, (2) crossing of the artery by 1 vein, (3) an imperfect angrographic
techmgque, (1) chemucal intation of the endocardium of the Ieft ventnidle,
and (5) branclung of a vessel

SUMMARY

Coronary angiography was performed 1n 1 series of 10 dogs to deternunc the estent (0
which muscle bridges may cause the numerous bends occurrmg in the coronary arlencs of
dog as well as man The findings were confirmed and the bridses dinded at operatton It
15 suggested that not only bridges but also other factors than the presence of bndges M1y

cause the bends



BENDS 1N THE GORONARY ARTERIES 479

ZUSAMMENFASSUNG
Dich fasse wurden hisch 1n zehn Hunden dargestellt um zu untersuchen
ob die der K terten verursachen die sowohl
beun Hund als auch beim Mensch Die Musk wurden wahrend der

Operation konfirmaert und zerschrutten Es schemnt jedoch als ob auch andere Faktoren als
Brucken die Biegungen verursachen konnen

RESUMF

Les auteurs ont fait des angiographies coronaircs sur dix chiens pour determuer dans
quelle mesure les ponts musculaires sont la cause des nombreuses courbures des arteres
coronaires chez le chien comme ¢hez 1homme Les résultats de ces angrographies ont ¢té
confirmés par opération et les ponts ont cté coupés Les auteurs pensent que ces courbures
peurent etre dues a d autres facteurs que la présence de ponts
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the factor mnvolved 1n the bending of the artery n the region of the bridge
The present obserstions suggest that both the bridge and the fination by
the branch 1re molved, simce fter diniding the bridge 1 this maternl, the
bend dimimshed, although 1t never disappered completely (Figs 21, 2,
31, 5¢)

Accordmg to Enricn, bE 1A Ciarerte & Comn (1931) A further Anown
fictor unolved i the bunding of the coroniry arieries 15 therr clongauon
durmg bife Scrivrer (1932) stated that two factors, 1n 2dditon to arterioscleo
sts, contrtbute to the tortuosity of the coronary rteries In decrewse of the
cwrdric musculature due to atrophy rupture of the mternal clstic Jamim
oveurs from increased pressure of the pulse wave and this leads to tortuosity
of the arteris Microscopy encluded these arteriosclerotic changes w the
present mitenal m which the dogs were young

Constderntion should also be gren to the “ntrimural forces described
by Boucexn ct coll and produced by contraction of the muscle bundies of
the medin of the coroniry arteries They are dso hikely to pln 1 part n the
development of tntimal changes The speafic arringement of these bundles in
the descending branch supports the movements of the vessel in 1ts longttudmnl
and Jaterl directions

Conclusion

Muscle bridges over the stem of the descending biinch of the left coronar
artery were present 50 per cent of the dogs Bending of the artery was
demonstrated angrograiphically at the site of the bridges Ihe surgical din
sion of the bridges fuled to lead to the disappearince of unt o1 biphnse
curving of the artery but only to 1 decrease

Several explannations for the bends on the artery are offered, viz (1) muscle
brsdges, (2) crossing of the artery by 2 vem, (3) an imperfect angiographic
technique, (4) chemical wmtation of the endocardium of the left ventricle
and (5) branching of  yessel

SUMMARY

Coronary angiography was performed 1n a senes of 10 dogs to deternune the extent :;
which muscle bridges may cause the numerous bends oceurning n the coronary arlc;l,cs s
dog as well as man The findings were contirmed 1nd the bndges dinided ’\!rl;)p(‘;’ll(; :““
15 suggested thit not only brudges but also other factors than the presence of brdg

cause the bends



FROM THE DEPARTMENT OF RADIOLOGY {prOF P VIRTAMA), THE DEPARTVENT

OF PATHOLOGIC ANATOMY (PROF OSMO JARVI) UNVERSITY CENTRAL HOSPITAL,

SLRKL FIALAND AND THE DEPARTMENT OF RADIOLOGY (PrOF 2z ZSEBOR)
MEDICAL CLINICS OF UNIVERSITY OF BUDAPEST HUNGARY

DRAINAGE OF RADIOGRAPHIC CONTRAST MEDIA
FROM THE ABDOMINAL CAVITY

Experimental studies in rats
by

Iumart Leres Eva ] Nagy and PErkA VIRTAMA

Injection of radiographic contrast media into the peritoneal cavity coeho
graphy has not gamed wide climcal acceptance although it has been used in a
number of experimental examinations 1n laboratory animals (Marcutis et
coll 1963) Thus probably 1s due to the fact that an 1deal and harmless medium
15 not as yet avatlable

Large quantities of flud amounting to up to 30 per cent of the body weight
can be absorbed from the perntoneal cavity {(hrucer ¢t coll 1962) Contrast
media of molecular parucle size disappear rapsdly from the pertoneal cavity
apparently via the chylous cistern and proceed to the parasternal lymphatic
channels and to the lymphatic glands of the neck and filling of the thoracic
duct s neghgible (VMENILLE 1932 Poverasz 1934 Ous & SALpees 1964)
Thus njection of a collosdal solution of thorium diovide {Thorotrast) offers
a possibility of demonstrating the lymphatic channels leading from the pen
toneal cavity to the mediastinum RoEHLER (1963) used 10dized o1l 1n similar
cxperiments

Subm tted for publicanion 20 December 1967
.
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After some preliminary expeniments 01 and O 25 ml of the contrast media
were used for each mjection The following media were tested Thorotrast
239, {Fellows Testagar), \licropaque (Damancy Ltd} ma 10 9% suspension
in phystologic saline zirconium oxade (BDH) m a 10 94, suspension i physio-
logic sahne Dionosil Aquaeous (Glaxo Ltd) Isopaque (Nyco AB), Solu
Biloptin {Schering) Urografin (Schenng), and Perjodal H (Pharmacia AB)

The amimals were examined with an Elema Schonander unit, the roentgen
tube being fitted with a 05 mm tungsten targer and a 05 mm bervlhum
window The tube tension was 40 k\ and the exposure time about 0 3 seconds
at a distance of 1 meter hodak non screen roentgen film (hodirex) was used
The animals were examined smmediately after the intraperitoneal mjection
50 5 to ascertain that the material injected had reached the perttoneal cavity
Films were obtained at 2 and 10 hours and then 2 5 7 21 and 32 days after
the ijection

Each series consisted of at least 18 experimental anmals and these were
sacnificed at different intervals depending on the time of disappearance of the
medwm If any contrast medium was visible outside the pertoneal cavity,
dissection was performed immediately and the organs were roentgen exammed
by the above techmque Microradiography and histologic studies were also
emplosed s0 as to examme the pathways of the different contrast media
The freezing techmque was apphed when oily media were used

Resorption of the barium sulphate suspension from the perttoneal cavity
was also myvestigated with the a1d of an 1sotope technique Barium sulphate
was administered exther as 1BaSO, or as Ba®»50,

The »BaSO, {300 xC1) was imjected mtrapertoneally and the ammals
were examined scintigraphically every other day The ammals myected with

Ba»S0, were dissected between 1 and 7 days after the myection The organs
of the thoracic cawty diapt liver and

p were examined auto-
radiographically (hodak AR 10 stripping film exposure time from 40 hours
to 32 days)

\anious organs were incubated 1 20 ml NaOH 2 o each for 18 hours at

37 C thenevaparated on a water bath for one hour The actyy 1ty was measured
by means of a methane flow counter

Results

'thnqsxl lsopaque Solu Bilopun Perjodal and Urografin disappeared from
¢ peritoneal cavits within 1 to 4 hours In none of th
bc.\{nund wn any other organs © cses could themedua
h dq

phically at 2 to 3 davs in the Iy mphatic chan
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Tig 1 Rat 2 duws after injection of 0 1 ml Thorotrast Lymphauc vessels and nodes are visible in
the thorax 1nd neck

The first research worhers studying the lymphatic drainage of the perstoneal
cuvity found thit granules of Indin mmk and other corpuscular clements were
maunly resorbed 1 the part covering the dphragm  Cusaivenan (1922)
expluned that this depends on the bsence of the basal membrane of the
peritoncum 1n this region

Contrast medin contuming bartum sulphate particles yield good radiogra
phic contrast but cause peritonetl wdhesions This causes death of laboratory
ammals i 1 few wecks (hay & Criovy 1955 Cocuran et coll 1963 hrem
wassErR & Warsnaw 1952, Dorr et coll 1964) Barium sulphate particles m1y
mn exeeptionl cases be demonstrated outside the peritoneal cavity (hay &
Cuoy)

The purpose of the present work was to examine the resorption of varous
rocntgen contrast medi from the peritonenl cavity with specinl regard to ther
particle size This 1s both of theorctical interest and of importance n climieal

cocliacography

Matersal and Methods Wistar rats of both sexes weighing about 200 g, were
used as experimental immals The contrast medin were mjected under general

anaesthesin
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Fig 3 Localenta gementof fig 2 Am  phouy matensal {Thorotrast) in the margnal smus and
1t cytoplasm ¢F v aceophages » 300

the left part of the peritoneal cavity was present at the site of injection for some
+2 hours (Fig 4 a and b) and then moved slowly to the right side of the
diaphragm to appear m the reqion of the Iner {Fig 4 ¢ Total body sant
grams dusclosed that a small part of the banum suspension was present in the
upper medrastinum 4 to 8 days after the injection (see Fig 4 d)

The follow 108 acuvities were mesured m 0 02 ml of the homogemzed organs
after intraperitoneal injections of Ba»SO  lungs 0 heart 0 hver 0 medias

tmum 1 300 impulses/min In addinon an actiaty of 750 impulses/min was
d at the daph
granules

pp ly due to adherent barum sulphate

Conclusions

Pasniculate contrast medwa 1myected mio the perntoneal cavity are parnsally
absarbed via the lymphatse system  The chaphragmatic part of the pentoneum
Plavs an important role in the process Thoratrast made 1t pos thie to demon
strate the efferent Jymphatc channels of the pentoneal cawity The dosage
used 10 this study was much smaller than that employed previously 1 e only
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Fig 2 A lymph node containing a large amount of Thorotrast appears more clearly 1n the micro
radiogram (b) than in the convenuonal histologre section (a) (X 20)

nels of the diaphragm and the medrasttnum, and 1n the lymphatic glands of
the neck at one week (Fig 1) With an injection of 0 1 ml 1t was scen only 1
the lymphauc channels, due apparently to the dilution of the contrast medium
1n the peritoneal cavity Histologically, however, Thorotrast was always dem
onstrated in the lymphatic glands of the neck It was situated 1n the cyto
plasm of the macrophages or n the marginal sinus of the lymphatic nodes
(Figs 2 and 3)

Lipiodol remainced 1n the peritoneal cavity for 8 to 10 days and persisted
for 30 days 1n the lymphatic channels of the mediastinum and the diaphragm
Histologically, 1t was possible to show that this medium was collected by the
lymphatic system

Barium sulphate and zircomum oxide remained m the peritoneal cavity
up to 60 days Neither appeared outside the peritoneal cvity Intrapentoneal

adhesions always occurred after 20 days
Scintigraphic studies revealed that a 1°BaSQ, suspension introduced mto
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Fig 3 Localenl gementof fg ?a Amorphous mater al {Thoroteast) in the ma gmals nusand in
the cytopla m of macrophage ~ ¥ 300

the left patt of the peritoneal cavity was present at the site of injection for some
42 hours {Fig 4, a and b) and then moved slonly to the nght side of the
diaphragm 10 appear n the region of the Iner (Fig 4 ¢) Total body sant
grams disclosed that a small part of the barum suspension was present 1n the
upper mediastinum 4 to 8§ days after the ijection (see Fig 4 d)

The following actiities were measured i 0 0o ml of the homogemized organs
after mtraperitoneal injections of Ba»*S80, lungs 0 heart 0 Iner 0 medias
unum 1 300 1mpulses/min In addiion an activity of 750 impulses/min was

measured at the diaphragm apparent!ly due 10 adherent banum sulphate
granules

Conclusions

Paruculate contrast media njected 1nto the peritoneal cavity are parually
absorbed v1a the lymphauc system The diaphragmauc part of the perttoneum
Plays an important role i the process Thorotrast made 1t possible to demon
strate the cfferent lvmphatic channels of the perioneal cavity The dosage
used 1n ths study was much smaller than that emploved previously 1e anlv
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Fig 4 Santigrams of rat (Siemens Nukleograph) a) Immedintcly after wtraperitoneal administra
tion of 1 300 4C1 1 BaSO suspension (0 8 ml) The actinity 1s seen 1t the site of mjection b) At
72 hours after admimistration of the radionctive barum suspension The matenal has left the sie
of mjection nd 1s located to the night side of the abdonunal ety 1 considerable propartion has
migrated towards the nght diaphragm and appears in the hver ¢} At 8 days after the intrapenito
neal admimstration All of the radioactive barium suspenston has moved to the 1rea beneath the
right diaphragm d) Scintigram of rat 1 days 2ter admemistration of 198asO (300 4Ci) Pare of
the barum suspension appeared in the lesser pelus or on the night side of the abdonunal ety

2 considerable quanuty of the suspenston that did not dissolve 1n the water nugrated into the
superior mediisinum

01 and 025 ml, corresponding to 35 to 90 ml 1n man The radionctsats of
Thorotrast precludes 1ts clinical use, however

I1prodol (Ethiodol) 1s lso absorbed to such an extent that 1t 1s possible to
demonstrate the peritoneal cvity and ats efferent lymphatie channels, even
1f the contrist medium rem-uns up to 30 days It s uncertun if amounts Inrge
enough for the examination of the entire peritoneal ety and its diphrigmntic
and medinstinal lymphatic channels can be administered to human subjects

The behwiour of 1 radwactive barium sulphate suspension 1s manly of
theoretical interest, becnuse due to foreign body rrritation and the production
of ndhesions, 1t cannot be mnjected 1nto the peritoneilcavity Thismedium enters
the dinphragmatic and mediastinal lymphatic channels only to 2 smAll extent
It 1s apparent that contrast media contumng Iarge parucles are resorbed slow I

and only to a shght degree
Acknowledgement
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SUNMAIARY

The resorption and other effects of different v ater soluble oily and particulate contrast
media were examined after mtraperitoneal imjections 1n tats Barium sulphate could not be
demonstrated radiologically outside the peritoneal cavity but scmugraphy revealed small
amounts of labelled bartum sulphate 1n the mediasunal channels Thorotrast was rapidly
absorbed Liptadal was maore slowly absorbed and could be demonstrated radiclogically 1n
the mediastinal lymphatic channels

ZUSANIMENFASSUNG
erschied fosliche olige und kolloidale K 1 wurden Lin
Ratten poiert und deren Resorption und andere Effekte wurden studiert hein Banum
sulphat konnte h halb der P fe d werden aber

szmtilloeraphische Untersuchungen zeigten dass Keme \lenoen son radioaktnem Banum
ihren Weg 1n die Lymphgefasse des Medsasunums fanden Thorotrast wurde schnell absor
biert Lipiodol wurde langsamer absorbiert und konnte rontgenographisch 1 den Lymph
gefassen des Medrastinums demonstriert + erden

RESUME

Les auteurs ont ¢mudié 1a résarption et les autres effets de différents movens de contrast

hdrosol huideux et en tes solides apres injection intrapéntoneale sur des rats

démonter radiologiquement la presence de sulfate de baryum hors de Ia cavité

P maisla amontrélap de petites quantués desulfate de baryum

marqué dans les canaux lymphatiques médiastimaux Thorotrast étart rapidement absorbé

Liprodol étact mows sapidement absorbé €t pouvaut etre démontré radiologiguement dans Jes
canau¥ lymphatiques médiastinaux

s nont pu

REFERENCES

Cocttiay D Q  A\tsosn € H and Ciecart W A An expertmental study of the effects
of barum and intestinal contents on the pentoneal cavity Amer J Roentgenol 89 (1963)
283

Covwiaiax R S Studies 1n absorption from serous cavities 1y On the passage of hlood
ecll granules of dafferent sizes through the + alls of the Iy

mphatics 1 the diaph:
DOJ Phys of 67 (19221 248 ® pbragm Amer
=% | and Brever E P Y h und 1
. rungim Trerersuch Zb1 Gynak 86 (1964) 791 e N erminds
icerns G E and Granam A S Lymphatic dranage fr
e g ge from the pentoneal cavity 1n the dog

Aav S and Cion S H - Results of mtray
peritoneal injection of
g Tedium AN\ Arch Path 50 (1955) 338 vesten of bafium sulphate conoast
terinasser L § and Warsitaw ] Perforation of
vt R ] ation of the sigmoid colon during batium enema



488 ILMARI LINDCREN, LVA | NACY AND 1ERRA VIRTAMA

hoenter P R Radro raphic visualization of the substernal lymph nodes Radiology 85
(1965) 565

Rructr S Crexe D W and Scnurttr ' W The absorption of fhnd from the perstoneal
cuaty Arch int Pharmacodyn 137 (1962) 173

Irerr L, PrivoNT M oand Fisiee R 1 opacification rvliolomique du canal thoracique
Press Méd 69 (1961) 1443

Mircuis A Coon € B Tuenir G L and SartzsternS L Cochiography withiothalamic
acid Experimental studies in dogs and rats \mer | Roentrenol 90 (1963) 723

Mevvnter L J and ANt J N A roentyen ray study n absorption of thorium dioxide from
the penitoneal enity Proc Soc exp Biol 30 (1932) 18

Oty T and Savoiry T The lymphaue pathwass from penitoneal ety A lymphangio-
graphic study 1n the rat Chncer Res 24 (1564) 1700

Pourranz R Animal experiments with colladal thorium - A study in lymphatic absorption
Radiology 23 (1934) 51

Sony N and Dusont A L Roentgenography of the thoracic duct of man by oral adminms
tration of contrast media Proc Soc exp Biol 112 11963) 901



FROM TIHE ROENTGES DEPARTMENT (DIRECTOR TROF ERIL LINDGREN), SERAFI
MERLASARETTET, AND THE NEURORADIOLOGIC DEPARTMENT (DIRECTOR  PROF
TORGA GREITZ), KAROLINSKA SJURHUSET, STOCKHOLY SWEDER

BRADYCARDIAL REACTIONS IN CEREBRAL
ANGIOGRAPHY INDUCED BY SODIUM AND
METHYLGLUCAMINE IOTHALAMATE (CONRAY)
Comparison with Urografin m 2 controlled study 1 man
by

G Tor~ELL

P
Recent m estigations by V osst (1960) Va~ pe Bere (1962) Fiscuer et cg]l
11961 1965) Fujir et coll (1963) hopasa et coll (1963) Gensi et coll
\1964) GoTTros et coll {1965) and Hiar {1966) have indicated that the
methylglucamine salts should be less toxic than the sodmm salts of otherwise
wdentical contrast media The studies now mentioned were made i animals
Sjocren (1957) Frscuer et coll (1962) Grerrz et coll (1964 1966) studied
the bradyeardial feaction dunng catoud angographv i man and armed
a1 the same conclusions FiscrEr et coll 1n man compared different contrast
media having the same odine concentration  Hypaque 50 62 {sodium diatn
z01te) and Renografin 60 ¢¢ (13 2 €¢ sodm datnzoate and 86 8 <& methyl
gucanune diatrizoate) Both media were injected twice i each pa/ncm ‘Jm
a total of four 1njections OF 43 scparate mjections 15 abnormal TESPONSES wel
noted The sequence of mjection of the two solutions was at random The E\C;;
?::!l \ﬂlood pressure were recorded The methylglucamine salt appeared to be less
< than the <odwm salt The same authors (1965) confirmed these results with
Submutsed for publicanon  June 1967
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Iig 1 Recording of mjection time ECG 1nd roentgen exposures following three separate
wtricarotid njeetions 1 one 1nd the sme patent The three different contrast medit were
methylglucymune sjothalimate (A) sodwm 10thalumate (B) and diatrizoate (Urograhin) (L)
The figures indicate the time in 1/100 second There was a marked bradyerrdinl reactian
after anjection of the pure sodium silt in spite of the shghtly longer snjection time

1othalamate mn ammals GrerTz ot coll (1964) made 1 controlled study of brady
cardi during carotrd angiography 1n 1 series of patients and a statistienl annlyas
of the results was made The method was found to be a simple and sensitive one
for compring different contrast medn

The um of the present mvestigation was to make 1 comparison i humnan sub-
Jects between the pure methylglucamine and sodm salts of one and the same
medium fothalamate (Conray) wns chosen for this comparison Sodium methy!
glucamine diatrizoate (Urografin) was also mcluded in the study since this me
dram has been used 1 routine work for a Jong time

Matenal and Methods The matenal consists of thirty consccutnve pattents
referred for caroud nnglography Patients examined under general anesthesta
and those with cardrac arrhythma were not meluded m the study Pethudme and
atropme were usced for premedication, the amount of atropine bemng always
05 mg The contrast medium was injected with an tutomatic syringe through
A percutancous needle 1nto the mternal or mto the common carotid artery LCG,
roentgen exposures and njection time were recorded mn all instances

The method of investigation was largely the same as i a previous study
(Grerrz & TorneLL 1964) The following three contrast media were used for
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Table 1

Bradycordia expressed as maxumal prolongation of the heart ercle sec} 100 and njection h;w " dnm;x;!x
= tal salts
on sntracarotsd sngections of three different contrast media Ve = sodwm as per cent of tol
M = methlgluamne as per cent of total salts (according fo LINDGREN SALTIMAMN &
TORNELL 1967}

\umber of D atrizoate \a 132 M M 100 Na 100
patents 868 (Urografin 60 ) (Conray 615 ) (Angio-Conray 485 )*
=30 291 mgjml 10dine 290 mgfml odine 290 mgfml 1od ne

Badycarda Injec tme Bradycardia Injec time Bradycarda Injec tume

Ra ge 034 074—168 0—14 074174 076

076—140
\Mean 49 107 18 108 99 114
Patients with
reacton >4 73 10 40

Spec al concentration for ths 1n est gat on

all the patients sodium sothalamate (Angio-Conray diluted to 485 55) methyl
glucamine 1othalamate (Conray 615 S¢) and sodum methylglucamine dratn
zoate (Urografin 60 5¢) The 1odine content 1n the first two preparations was
290 mg ml 1 the diatrizoate preparauon 1t was 291 mg/m! Frve mlliliters of
the contrast medium was used at each mjection The pressure was 6 kg per cm
when odm 1othalamate was used applying a csal njector synnge with the
other more viscous media the pressure was raised to 7 hg per cm which was
enough to avoid a prolonged 1njection time

Five series were represented in this expenimental imvestigation each compnsmg
all sx possible combinations of the order m which the different media could be

Table 2
Tackyca dia exp essed as maximal shortening of the heart cycle 1 sec/100 on wntracarond ngections of
three different contrast media Vlean values 1n 30 patients \a = sodwum as per cent of lotal salts A —
methylglucamine as per cent of total salts

Conttast med um D atnzoate Tothalamate M 100 Tothalamate “a 100
Na132/7\ 868

(Conray) 61 5 Angio-Cor
(Urografin) 60 (Angio-Conray) 485 o
Man sty 74 s 76
Rang o2
020
Fatents with 038
reacton 4 0 60

570
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Table 3
Bradycardial and tachcardual reactions at mtracarottd contrast ipections correlnted 1o the order of inpections
guen
Bradycardia expressed as mavimal Thchycardia expressed s

prolongation of heart eycle 1n sec/100 maximal shorteming of heart
cycle in secf100

Ingection number 1 2 3 1 2 3
Mean of 30 pauents o 8 35 73 83 70 7t
Range 034 0—28 076 038 0—22 0—20
Patients with

rection >4 330, 20, 20, Goo 3%, 63,

mjected The sequence in which the total number of thirty combinations were
applicd was completddy 1t random

An attempt was made to mesure bradyeardin as well s tachyeardin The
degree of bradveardin was expressed as the difference m hundredths of 1 second
between the longest heart cycle after and the longest heart evele immediauy
before the mjection (Ig 1) The tachyeardin was mensured as the difference
between the shortest cycle before nd the shortest cycle after the injection The
five beats prior to mjection were measured Bradycardia usuaily occurred within
10 scconds after starting the mjection The LCG was recorded for 30 seconds
after the end of the mjection

An attempt was so made to comparc the degree of discomfort expertenced
by the patents on mjection of the differunt media The patients were ashed to
deseribe the discomfort 1t each injection and compare with mjections already
gven For practical reasons this could not be done s 1 double blind test The
result w1s expresed s rinhs and an analysis of vanance was applicd to the
ranks obtuned

In one patient 5 ml of sodm chlonide 4 65 9o, te with the same sodmum
concentration 4s m Angio Conrvy 50 Sc, or m Hypaque 50 ¢ were mjected
by hand, 1nd the same patient was lso given Urografin 60 ©¢ mcthyllucumne
diatrizoate 60 Se, <odiam ditrizoate (Hypaque) 50 o, physiologe stlme and
hypertonic sodinm chlonde 23 ¢ nd 35 ¢

Results

The results are given i Tables 1 1o 4
The bradyeardial raction to methylglucmume 1othalamate (men of 30
patients 18) w1 considerably Jess than that for the sodmm salt (mean 99)



ERAD) CARDIAL REACTIONS IN CEREBRAL ANGIOGRAPINY 493

Table 4
Vean bradyeardial and tachyeardial reactions 88 carolid angiography m corvelahion fo anpected vessel

Ingections nto the wrernal Injections into the common
carot d artery in 18 pat ents caroud artery i1n 12 patients
Bradycardia Tachycarda Bradyeardia Tachycardia
Contrast medium “Mean  Percent  Mean Mean Percent  Mean
with rea¢ with reac
tion >4 tion >4
Damzoate Na 132/M 808 62 22 ®8) 28 16 (53)
(Urografin) 60
lothalamate AL 100 (Con 21 11 ®2) 13 8 ()
ray) 615
Tothalamate “a 100 {Ang o~
Con ay) 485 89 19 7 15 42 (60)
Mean total react on of
bradyea dia 172 24 20 157 2 176

(Table 1) A prolongation of the heart cycle up to 4 hundredths of a second 15
a weak bradycardial reaction that cannot generally be distingwished from normal
and resprratory varsations 1n heart rhythm When considening only the brady
cardial reactions > 4 such reactions were demonstrated 1 only three out of
thirty cases 1e 10 % when methylglucamune 1othalamate was mjected the
three values being 6 6 and {4 Sodum othalamate on the other hand gave
40 ¢ of reactions > 4 ranging from 6 to 76

1 statistical analysis was performed by Mr Frk Leander Lecturer s Statsstics
at the Unnersity of Stockholm The analysis of the ongmal untransformed
data mdicated that the difference between methylglucamine and sodram 1othala
mate was significant at the one per cent level Urografm the mixture of a small
amount of <odium and a large amount of methylglucamine diatrizoate had a
postion between the two rothalamate compounds In 23 So of the njections a
bradvcardial reacuon >4 rangmg from 8 1o 34 occurred A significant dif
ference between Urografin and sodm rothalamate (Angio-Conray) was evident
atthe s ¢ level the difference between Urografin and methylglucamine 1othala
mate Conray) was not statisucally significant

Table 1 indicates that the bradycardial reaction with Urografin was more
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Table 3
Bradycardial and tackycardial reactions at ntracarotid contrast vections corselated to the order of wnjections
guen
Bradycardia expressed 4s mximal Tachyeardia expressed as

prolongation of heart cycle 1 sec/100  maximal shortening of heart
cyele in sec/100

Injection number 1 2 3 1 2 3
Mean of 30 patients 0 8 35 73 83 70 71
Range 0—3¢ 028 0—i6 038 0—22 0—70
Patients with

reaction >4 33, 20 20, Go° 53°% 63,

myected The sequence 1 which the total number of thirty combinations were
applied w1s completely 1t random

‘n autempt w1y made to mestire bradyerrdia as well s tachycardia The
degree of bradveardin was expressed as the diffcrence m hundredths of 2 sccond
between the longest heart cyele after and the Jongest heart evele immedratcdy
hefore the injection (Iig 1) The tachycardin was mesured as the difference
between the shortest cycle before and the shortest cycle fter the injection The
five beats prior to mjection were measured  Bradyeardin usunlly occurred within
10 scconds fter starting the mjection The LCG was recorded for 30 seconds
after the end of the myection

An attempt w15 alo made to compare the degree of discomfort experienced
by the patents on injection of the different medin The patents were whed to
describe the discomfort at exch mjection wnd compare with mjcctions lready
given For practical reasons, this could not be done as a double bhad test The
result was cxpressed s ranhs, and an analyss of vanance was applied to the
ranks obtained

In ounc patent, 5 ml of sodwm chlonde 4 65 %o, 1¢ wuh the sume sodmm
concentration as m Angio Conray 50 ¢, or in Hypaque 50 < were myected
by hand and the syme patient was also given Urografin 60 S, methylglucamune
dratrizoate 60 S, sodium diatrizoate (Hypaque) 50 Se, physiologic silwe, and
hypertome sodium chlonsde 23 €0 and 35 ¢

Results

The results arc given 1 Tables 1 to 4
The bradycardial raction to methylglucamune jothalumate (mean of 30
patients 18) was considerably less than that for the sodum salt {mewn 99)
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iz 2 Effects of b pertorne sahine on the hean rhythm Arrows wndicate start of
ecuions figures gune the length of each heart cycle m 17100 second Intracarond njec
tans of 5 mi of each one of the following contrast media were made 1n one and the
ame payent

Methylglucam ne diatn oate 60 (A)

NaCl09 < (By 23 ¢ (C) 35 {D) and 465 % (L)

Sod um diatnzoate 50  (Hypague) (F)

Sodi m methylglucam ne diat 1zoate b0 ¢ (Urografin) (G

There was a marked b adyca dial reacton after injection of “aCl 465

and
g € 50 ¢ but no brady ardual reaction afier the meimiglucamine compounds

Discussion

\Mamy compansons of contrast media s regards discomfort and complications
hase been published The smpression from the present matenal 15 that a record
of the bradycardsal reactions 15 not onh more rehable than the evaluanon of
subjectine discomfart but abo more sensitive Comparnison through evalnating the
subjectine discomfort noted by the patient after mjections of the different
media did not give any sigmficant differences 1n this rather small sertes

[he hradycardial reaction during carotid angography was first obsened wath
other now rarely used contrast media namely 1odopyracet and sodium acetrs
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marhked 1n this material than 1 a previous study (Grerrz et coll 1964) The
number of reactions Iarger than 4 m the present mvestigation was 23 Go (mean
reaction 4 9) with Urografin, m the previous mvestigation of 1964 1t was 8 9%
(mien 18) This could be due to mdividual differences 1 the two sefics, or to
statistical chance fluctuations The most probable cxplwnntion 1s howeser the
shortening of the 1njection ume, smee the pressure hiad been raised, from 6 in the
previous to 7 hg per cm 1 the present investigation  T'hus shorter mjection time
may have crused mereascd reactions 1f thus suppositton 1s correct, the differance
between sodium and methviglucmune sothalimates (Table 1) with regard to
bradycardil revcuons would tend to mercase rather than decrevse, with duc
considertion of differences i mjection umes The mean njection time was
108 seconds for methylglucamne 1othalamate In spute of the longer mycction
ume for the sodium s1lt (1 14 seconds), due to the application of a lower m
Jection pressure, the bradycardinl reaction was greater As to tachycardial raac
tions, no differences between the three contrast medit were observed (Table 2)
nor were 1y significant differences recorded with regard to the order of m
Jections given to one nd the same pauent (Table 3) Injectton mto the com
mon carotid artery was performed m 12 patients, and mto the mtcrnal carotd
wrtery 1n 18 patients Injection mto the common cirotid provohed 1 smaller
bradycardinl reaction thn did njections mto the mternal carotid artery, the
men value bung 15 7 and 17 2 (Table 4), m agreement with carlier findings
(GrriTz & TorneLr 1964) Contrary to this tendency, the mjection of sodum
1othnlamate seemed however to cause a Iittle stronger mean reaction when guen
nto the common carotrd artery No explanation of this hias been found The result
may htve been due to chance The diffirences were not sigmificant, howeser
The tachyeardial reactions were all more marhed after injection nto the 1nternal
than ato the common carotid artery but this difference was not sigmbicant

The contrist media that were more actre as regards cardioy ascular reacttons
had some tendency to cause more discomfort to the paents The mean rank
figures were for methylglucamine sothalamate Urografin and sodrum 1othal
amate 187, 192, and 222, respectivels These diffcrences were however not
statistically significant, nor was the shght merese i discomfort with later m
Jections 1 one nd the same patint The mew rank figures were for the Ist
2nd and 3rd njections 187 203, and 2 10, respectinely With the exception of
a few instances of pertarterial hematoma no complications were observed

The bradycardinl reaction (Iig 2) was stronger (=56) aftcr hypertorc
(465 Sc) lne than after sodum dintrizoate 50 S¢ (==34) m the sole pauent
m whom hypertonic saline was mjected A weaker brads cardial reactron o~curred
after saltne 35 ¢ No bradycardr at Al occurred after mjection of methyl
glucamune diatrizoate or after Urografin
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Fig ? Effects of bypertome salne on the heart thythm Arrows ind cate start of n
ections figures give the length of each heart cycle m 1;100 second Intracarotd injec
tions of 5 ml of each one of the following contrast media were made 1n one and the
“ame pauent

Methytelucam ne d atnzoate 60 ¢ (4)

NaCla9 @ (B) 23 ¢ (C) 35 (D) and 465 ¢ (L)

Sod um diatnizoate 50 ¢ (Hypaque) (F1

Sodi m methylglucamune d atrizoate 60 ¢ (Urografin) (G)

Trere wa a marked bradycardial reaction after mjection of NaCl 465 ¢ and
H pague 50 @ but no b adycard al reaction after the meth Iglucamine compounds

Discussion

Many compansons of contrast media as regards discomfort and complications
kase been published The impression from the present matertal 1s that a record
of the bradycardial reactions 1s not onh more relhiable than the evaluation of
subjective discomfort but also more sensitsse Comparison through ey aluaung the
subjective discomfort noted by the pauemt after wjections of the duifferent
media did not gne any sigmificant differences 1 this rather small series

The bradycardial reaction duning carond angiography was first obsenved wyth
other now rarely used contrast media nately todopyracet and sodwum acetn
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zoate The reaction after mjection of these medin was greater, partcularly s
regards the latter, than after 1 ditnizoate compound (Syoeren 1957, Tnp
CREN 1959, LrsTer et coll 1959, I'iscurr et coll 1961) \s both acetnzoate and
dintrizoate were tested m the form of sodium salis, the diffcrence must have
been due to the amon The contrast media now used, with the 1nions of diatn
701te, mutnzoate and 1othalamate, All have 1 low toxiaty, the difference between
them n this respect beng little, if 1 They also produce small vascular effects,
of 1bout the same magmtude, when mjected mnto the penpheral artenies as well
s nto the carond artenes

Lor climeal reasons, however, 1t 1s not sufficient to have 1 contrast medum
that 1s furly good, there are always reasons for finding the best This makes it
necessary to deternune even smaller differencies between the vartous preparations
and to study the different types of silts of suitable 10dine contammng acuds

\s mentioned 1n the introduction, Iiscier et coll (1962), during carotid
angrography in human subjects, had results which were more favournble for
methylgluc imune s2lts of dintrizoate than for the sodium salts Fiscuer et coll
(1963), Fupit et coll (1963), GorrLon (1965) obtuned the syme results with
tothalimate with different expennmental methods i ammnals The present n
vestigation shows that with rothalamate i human subjects there 1s 1 dafference
m favour of the methylglucamine salte w contrast media for carotd angio
graphy, and that this difference 15 statiseally sigmficnt

The mechansm belind the bradycardial reacton dunng carond angiography
has been discussed m previous ppers Grrrtz (1956) reported 1t unlikely that st
was chated via the sinus earots and suggested s 1n explinauen a direct ction
by the contrast medium on visomotor centres m the bran This was confirmed
by LiNneren et coll (1958), but LrsTemN et coll (1959), after local mfitration
anesthestt of the sinus crotss regron m five patients, demonstrated how  carotd
mjections fuled to chiat the previous vagal responses Hizar (1966) mrde ex
periments v dogs nd assumed that the bradycardiv and its result, the first
hypotensive phasce After mtracrotid mjections of contrast medi were drated 1
receptors 1n the extracerebral vessel e g the hngual artery However both the
present and the previous myvestigation have shown that in man 4 stronger or at
least s strong, bradycardial reaction 1s wsually cherted after injection mto the
wternal carotild as after injection mto the common crond artery These
findings thus agree more with the theory that the reaction 15 elicited vin the
brun
Drovan & O1ss0N, s carly as 1949 mvestigated the effect of contrist medin
and other hypertome solutions on the blood brun barner They found that
cercbral lesions after carotid njection of 1odopyracet could not be attrbuted
solcly to 1n osmotic action, smce these lustons were more marked than those
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Fig 3 Collaton of results from

4 three previous senes and the pres-
[t ent imvesngation  all  performed
. with the same techmque The ma
tena} connsts of 467 injections 1

§38 panents All the media had

about the same concentranon of

» / P 1odine 280 fo 299 mg/ml but those
I

L 1 iy s g m e with @ proportion of sodium salt

o st ws watwm grEater than 90 ¢ showed a tend
ency to rause bradycardial reactions
siwmifscantly more {requently (in 38
1 of the patrents) than

e e e those with lower sodum salt con

®, om "4 P % @ n 4w w centrations
P te 1308 um sat of total salts.

after hypertome NaCl Cotrin (1954) and Zseeok et coll (1924) on the
otber band conudered 1hat solutons of DaCl wosmotie with the medsum pro-
duced simifar effects after mtravenous njection as did odopyracet and Uro-
selectan B on the respiration blood pressure and ECG  Their opmion was how
€18 not 1 agreenent with what was published later by eg Gotrron (1963)
Marcouss et coll (1959) and Reap (1959) observed an intravascular aggre
gation of red blood cells after mjections of contrast media Reap thought this
effect could be explamed by the hypertomaty of the medum

It has therefore again been discussed whether such reactions as occur with
contrast media including the bradycardial reaction are alo caused by other
Hpes of hypertome solutions Friesincer et coll (1963) explaned most of
the hemody onseq! of left heart of a diatnizoate substance
as being due to the hypertomeity of the solution The same opimon was ex-
pressed concerning metrizoate {Busriein et coll 1962) and rothalamate com
pounds (hrosTER et coll 1966) Hirav (1966) injected sodium chlotide 1n con
centrations of from 25 ¢ 0 92 ¢ and Zsrrok et coll (1966) 1 2 concentra
von of 31 € inte the carond artery of dogs and both regarded the cardio-
rascular reaction to be of a degree correspondmg to that caused by contrast

media

In order to form an 1dea of bradycardial reactions 1 human subjects after

tnjection of hypertomc saline such volutions and contrast media were mjected
manually into the caroud antery of one and the same patient through one and the
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same needle (g 2) Sodum chlonde 4 65 Go, which has the same concentration
of sodium 10ns s sodium diatnzoate 50 %o {or sodium rothalamate 50 ¢¢),
cawsed 1 this patient stronger bradycardial reaction than Hypaque 50 §¢, s1line
35 % produced shght bradycardin The discomfort of this patient was greater
after saline 4 65 % than after any other media The plnned series of mjections
of hypertonc saline 1n 4 large number of paticnts was therefore discontnued It
seems necessary to perform such a companson between salme and contrast
medsa m 1 senes of ammals This single result 15 1 1greement with the mpression
that the sodum <alts of modern contrast medin do not produce greater vascular
cffects than 1 sodium chlonde solution of the same tomeiy

The amelioriting effect of caleium and magnestum tons on the touicity of
sodrum metrizoate m the wolated ribbits heart, as shown by SaLveses et coll
1964, must 1lso be considered However, caleum and magnesium tons seem to
play 1 lesser role mn dimmishung the bradycardinl rerctions after carotid angro
graphy than does a large proportion of a methylglucimne salt (Greitz et coll
1964, 1966) A high sodium concentration nppeared to be the mam cause of
bradycardinl reactions that occurred 1 connectton with carotid Angiography in
the present miestigation A graphic representation of the correlation established
between the concentration of sodmun in contrast media and the frequency of
bradycardia 1s given i Tig 3, 1t mcludes all the results from the two previous
imvestigations on dtrizoate and metrizoate compounds (Grerrz & Toraert
1964, Grritz, TeLEntus & TorMELL 1966) 1nd those of the present myvestigation
The matenial thus consists of 138 patients and 462 mjections As may be seen
from the diagram, the frequency of bradycardia 1 as high s between 38 and
40 % for anyone of the three modern contrast media wsed n the form of 1
pure or 1lmost pure (92 to 100 57) sodum solution When methylglucamimne
<olutions werc 1njected, the frequency of bradveardin was subject to larger
varmations (8 to 27 ¢ ) but the tendency Appears to be smular for the three
medin 1y esugrted

Scvere bradycardin fortunately seems to be rare with modern media but my
become rather marhed, especinlly m patients with a slow cerebral circulation, as
hns been shown by GreITZ ct coll (1964)

One sertous comphcation which according to expenimental and chinteal reports
may have a connection with the proportion between the sodium and methyl
glucamune salts 1s ventrrcular fibrillation which has been obserycd at 1ngoeardio
griphy It seems to be chicited more readily by contrast medin consistng maunly
of tugh conceatrated sodtum salts (Gensint et coll 1964 PorsTyann 1962)
Reports on chinie! complications with ventricular fibnllation occurnng when
such types of contrast media were mjected have been pubhshed by BERNSTEIN
et coll (1962), Lopa et coll (1965), and Mrentck (1966) Zivurruan et coll
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(1966) and Ampratz (1966) have expressed the opmon that the media used
may have been the plausible cause If so it seems reasonable to prefer media
consisng of methylglicamine compounds or a mixture with only a small pro-
portion of sedim salts for rapid wmjection 1n Jarge amounts mte the heart or
great vessels as well as for njection m lower concentrations and smaller amounts
during cerebral angiography
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SUMMARY

ECG recording of bradycardia following intracarotid injections of contrast media has been
found to constitute a sensitine methad of companson between such media The brady cardial
reacuon induced by sodm methyl lucamine datrizoate (Urografin) and methylglucamnc
sothalamate {Conray) was significantly less marked than that produced by sodium rothalamate
(d luted Angio-Conray) The methylglucamine compounds therefore appear to be preferable
for cercbral angiographs  The bradycardial reactions caused by contrast media and other
hypertonic solutions are di cussed

ZUSAMMENFASSUNG

Nach Injektion von hontrastmutteln in die Carotis Artenien wurde die auftretende Bra
dikardie elektrokardiographsch registnert Dies Verfshren erbietet eine empfindliche
Methode um einen \ergleich zwischen K llen Die Bradykardie nach
Natnum Vethylglucamn Diatrizoat (Urografin) und nach Methylglucamn Tothalamat
{Conray) war bedeutend schwacher als nach \atnum Tothalamat (schwache Losung yvon
:ngm-&mray) D¢ wirdy h dass Methylgl Praparate fur cerebrale

p sind Dic von k und andercn hypertonischen Los
ungen verursachten Bradvkardie Reaktionen werden diskutiert

RESUME

L autenr decnt f enregr trement €lectrocardiographique de la bradycardte quiswt ] injection
Intracarotidienne de movens de contraste qui est une méthode sensible de les comparer
La réaction bradycard: due au de sodm méthylg) (Urografin) et
2 hothalamate de méth Igtucamine (Conray) a été notablement mows marquée que celle
produdte par | iothalamate de sodwm {Angto-Conray dilué) Les sels de méthylelucamine
Parawsent donc préférables pour | angographic cérébrale Les réactions bradycardiques
€AW ¢e3 par les movens de contraste et par d autres solutions hypertoniques sont dlscul}éts
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EXCRETION OI' METRIZOATE IN MAN
by

Joun B Dawson, Iy an W McCuesaey and TRANRLIN F TELLER

Isopaque 300 1s 1 solutton of metrizore 1cid (3 acctanudo 2,4 6 triodo
5[N methylwcetimido] benzoic 1ad) i 1 balanced misture of sodwum,
cilcium, magnesiwum tnd N methylglucimine sales (Isopaque is 1 registered
tride name of Winthrop Laboratories, New Yorh US A Metrizoic rad
wis first prepared m the laboratories of Nyegrard and Company, Oslo,
Norway ) The concentritions of these salts in the order named e 43
15,05, and 79 % Tlus compostion provides n orgame 1odine content of
300 mg/ml, with 1 specific gravity of 131 (Wmthrop Laboratories 1966)
Metrizoic acid has been extensively studied 2s the sodam salt, m both Jabora
tory 1nd clinic Its toxicaty for the mouse hns been found by BusrieLp et coll
(1962) to be about equal to that of dintrizonte but other studies in the
Winthrop Laboratones have shown the ammal tovicty of the Isopigue 300
formulition (based on equivalent amounts of 1odine admimistered) to be
about 70 9, of that of sodmm diatrizonte Although studies in man (ParTiv
son 1962, AMunpseN 1965) have indicated hittle difference in tolerance be
tween ditrizoate ind metrizoate, when these compounds were admimistered as
the sodum salts or 1s muxtures of sodtum tnd N methylglucammestlts Partiy
son felt there were some overall 1dvantages i fwor of metrizoate In 1 com
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parave study 10 dogs Fiscrer & Cornerr (1965) found datrizoate to be
better tolerated than either sothalamate or metnzoate but in a subsequent
study (1967) the same authors found the Isopaque formulation to cause Jess
disturbance 1n heart rate and arteral blood pressure than an equrialent
amount of sodium metnzoate Hurst Csen & Mclntosi (1967) studied a
shghtly dafferent formulation (Isopaque —40, which 15 a solution contarmng
47 9, of the sodium salt and 32 % of the N methylglucamine salt of metrizoic
acid 10dine content 440 mgjml) 1n 110 patents Excluding warmth, they
found a 35 % mcidence of adverse reactions of which none was serious or
persistent roentgenographic density was reported as excellent

Prelimnary ammal expersments on the excretion of 1odme following the
admuimistration of sodwum metnizoate (Winthrop Laboratonies 1966) have
shown that

1 Stx hours after an ntravenous dose of 100 mg/kg to rabbits the mean
recovery from the urine was 88 4 % and from the bile 1t was 22 9% Penodic
blood analyses mdicated a half life of 55 mm

2 Six hours after an ntravenous dose of 100 mgfkg to cats the mean
recovery from the urine was 86 6 °;, and from the bile 1t was 4 8 °, Penodic
blood analyses ndicated a half hfe of 82 mm

3 Male rabbats recetning 1000 mg/kg doses intravenously excreted half of
the dose in approximately 50 mmn and 75 ©, of the dose 1n 100 min

The purpose of the present expermments has been 1o study the excreson
of metnzoate 1n man with the expectation of being able to demonstrate
that 1t 15 elimmated at a rate entirely comparable to that already observed
n the two amimal specics

Experimental protocol Following physical examination and recording of the
subject s medical history (especially with the objective of establishing the
renal status recent ingestion of halogen contaming drugs present and recent
medical therapies smoking and coffee dnnking habuts) the experimental
Procedures were described to the subject 1n detail 1n order to obtamn the
mvamum degree of patient cooperation The subject was asked to discontinue
the use of coffee and tobacco for the next 2 to 3 days On the day prior to
the actual test 124 hour unme collection wasstarted at 7a m to be exarmned
Tor volume osmolality and content of urea N creatinine, soditm potasswcn
magnesium chloride and total proten At 2 p m the subject recened his
first bowel preparation (30 ml of milk of magnesia 500 ml of water 1 tablet
cach of senna and bisacody! and four 40 mg tablets of simethicone) On the
followwg day at 6 2 m the subject recened the second part of the bowel
preparation (500 ml of water and one suppository each of senna and bisacodyl)
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Isopaque 300 1s 2 solution of metrizowc cid (3 acetanudo 2,4,6 triado
5|N methylrcctamido] benzoic ncid) 1n 2 balinced minture of sodmm
caleum, magnesium and N methylglucamine salts (Isopaque 1s 1 registered
tride naume of Wmthrop Laboratories, New Yorh US A\ Metnzoic 1e1d
w1s first prepared m the laboratories of Nyvegiird and Company, Oslo,
Norway ) The concentrations of these salts in the order nimed are 43
1505 and 799, Tiis composttion provides n orgame odme content of
300 mg/ml with 1 speafic gruvy of 131 (Winthrop Laboratories 1966)
Metrizoic 1cid hs been extensiely studied s the sodum salt, 1 both Ibort
tory 1nd climic Its toxicaty for the mouse has been found by BusrieLp et coll
(1962) to be 1bout equal to that of dintnizoate, but other studres m the
Winthrop Laboratories hne shown the ammal toviaty of the Isopigue 300
formulition (bised on equivalent nmounts of 10dime admimstered) to be
about 70 ©, of that of sodium ditrizoate Although studies m man (Parm
son 1962, AnunpsEn 1965) have indieated Dittle difference m tolermce be
tween dintrizoate ind metrizoate, when these compounds were admimistered 1s
the sodium salts or as mixtures of sodium nd N methyIglucanunesilts Party
son felt there were some overall 1dvantages in favor of metrizoate In 1 com
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paratuse study in dogs Fiscrer & CornerL (1965) found diatrizoate to be
better tolerated than ether 1othalamate or metnzoate, but mn a subsequent
study (1967) the same authors found the Isopague formulation to cause less
disturbance 1 heart rate and artenal blood pressure than an equnalent
amount of sodium metrizoate Hurst Cuew & Mclnrosi (1967) studied a
shghtly different formulation (Isopaque —440 which 15 a solution contaimng
47 °, of the sodum salt and 32 9, of the N methylglucamne salt of metnizoic
acd 1odine content 440 mgiml) m 110 patients Excluding warmth they
found a 35 °, madence of adverse Teactions of which none was senous or
persistent roentgenographuc density was reported as excellent

Prelimmary ammal experiments on the excretion of 1odine following the
adtministration of sodmm metrizoate (Winthrop Laboratories 1966) have
shown that

1 Six hours after an itravenous dose of 100 mg/kg to rabbits the mean
tecorery from the unne was 88 4 %, and from the bile 1t was 22 9, Periodic
blood analyses indicated a half fe of 55 min

2 Six hours after an intravenous dose of 100 mg/hg to cats the mean
recovery from the urine was 86 6 9, and from the bile 1t was 4 8 ¢5 Periodic
blood analvses indicated a half ife of 85 min

3 Male rabbits recennsng 1000 mgfkg doses intravenously exereted half of
the dose 1n approximately 50 mn and 75 % of the dose m 100 mn

The purpose of the present experiments has been to study the excretion
of metrizoate n man with the espectation of being able to demonstrate

that 1t 15 ehminated at a rate entirely comparable to that already obseryed
m the two animal speaies

Expe

{ protocol Foll physical and recording of the
subject s medical history (especraily with the objectne of establishing the
enal status recent ingestion of halogen contaiming drugs present and recent
medical therapies smoking and coffee dunking habis) the experimental
Procedures were described to the subject m detail 1n order to ohtamn the
maximum degree of patient cooperation The subject was ashed to discontinue
the use of coffee and tobacco for the next 2 to 3 days On the day pror to
the actalest 224 hour urme collection wasstartedat 7a m to be examined
for volume osmolality and content of urea N creatimne sedium potassiam
Magnestum chlonde and total protein At 2 p m the subject recenved his
first bowel preparation (30 ml of mulk of magnesia 500 ml of water 1 tablet
cach of senna and bisacodyl and four 40 mg tablets of simethicone) On th

following day at 6 2 m the subject recened the second part of the bow ?
Preparation {500 ml of water ind ane suppository each of senna and bl:acog):;;
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Isopique 300 1s 1 solutron of metrizoic 1aid (3 rcctamudo 2,4,6 triodo
5[N methylicetrmido] benzoic 1cid) 1n 1 balinced mnture of sodum,
caleum, magnesium and N methylglucrmine sals (Isopique 1s 1 registered
trade name of Winthrop Laboratories, New York, US A Metnzow 0d
was first prepared i the laboratories of Nyegaard and Company  Oslo,
Norw1iy ) The concentrations of these silts i the order nimed are 43,
15,05, and 79 % This composition provides 1n orgamic jodine content of
300 mg/ml, with 1 specific gravaty of 131 (Winthrop Laboratorres 1966)
Metrizorec rexd has been extensively studied s the sodium salt, in both Inbora
tory and chme Its toicity for the mouse has been found by BusriELp et coll
(1962) to be about equal to that of dintrizoate, but other studies in the
Winthrop I 1boratories hive shown the tmmal toxtaty of the Isopaque 300
formulation (based on cquivalent amounts of 1odine 1dmmmstered) to be
about 70 94 of that of sodium dintrizoate Although studies in man (Parrin
sov 1962, AMuNDsEN 1965) have mdicated Iittle difference n tolerince be
tween ditrizoate 1nd metrizoate, when these compounds were admmistered 13
the sodum salts or 1s mistures of sodrum and N methy Iglucamunesalts Parin
son felt there were some overall advantages m fuvor of metrizoite In 1 com
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paratne study 1 dogs FiscHer & CorneLr (1965) found diatnizoate to be
better tolerated than either 1othalamate or metnzoate but n 2 subsequent
study (1967) the same authors found the Isopaque formulation to cause Iess
disturbance m heart rate and arterial blood pressure than an equnalent
amount of sodium metrizoate HursT, Cuev & \McInrosu (1967) studied a
shightly different formulation {Isopagque —H0 which 15 a solution containing
47 °, of the sodium salt and 32 % of the N methylglucamine salt of metnizoic
aad 1odine content 440 mgfml} m 110 patients Excluding warmth  they
found a 35 ° madence of adverse reactions of which none was senous or
persistent  roentgenographic density was reported as excellent

Prelimunary ammal experiments on the excretion of 1odine following the
admmistration of sodium metrizoate (Winthrop Laboratories 1966) have
shown that

1 Six hours after an imtravenous dose of 100 mg/hg to rabbuts the mean
recovery from the urine was 88 4 % and from the ile 1t was 22 9, Penodic
blood analyses indicated a half life of 55 mun

2 Sk hours after an intravenous dose of 100 mgfkg to cats the mean
recovery from the urine was 86 6 %, and from the bile 1t was 4 8 °, Periodic
blood analyses indicated a half life of 85 min

3 Male rabbits recenvang 1000 mg/kg doses mtravenously excreted half of
the dose 1n approxamately 30 min and 75 ¢, of the dose in 100 min

The purpose of the present experiments has been to study the excretion
of metrizoate m man with the expectation of being able to demonstrate

that 1t 13 ehmimated 1t a rate enurely comparable to that already obsered
m the two amimal species

Experimental protocol Following physical examination and recording of the
subjects medical history (especially with the objectne of establishing the
renal status recent ingestion of halogen contaiming drugs present and recent
medical therapies smoking and coffee danking habuts) the experimental
piotedures were described to the subject 1n detail in order to obtam the
maximum degree of patient cooperation The subject was ashed to discontinue
the use of coffec and tobaceo for the next 2 1o 3 days On the day prior to
the actual test a 24 hour urine collection was started at 7a m to be examined
for volume osmolality and content of urea N creatimne sodium potassium
magnesium chlonde and total protemn At 2 p m the subject recenved h
first bowel preparation (30 ml of milk of magnesia 500 ml of water 1 tablc‘:
;Ach of senna and bisacodyl and four 40 mg tablets of simethicone) On th,
ollowing day at 6 2 m the subject recenved the second part of the by i
preparition (500 ml of water nd one suppository each of senna and bls:cog‘;l;l
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At 830 1 m, 1 the ward, the subject s vl signs were recorded, and 1
clean specimen of urine was obtuned for routine analysis A sample of blood
was 1so obtuned, from the left arm, for determinations of osmolalty, urea N,
creatinine, sodium, potissium, magnesium, chlonde, bicarbonate, glucose,
hemoglobin, hematocrit, white cell and differential counts Following these
prelimmary steps, the following steps were performed,

1 A test dose of Isopague 300 (1 ml) was mjected mto the left irm

2 A 325 mg capsule of carmine stool marker was grven orlly with water

3 A scout film was obtuned nd exumined

4 Thurty ml of Isoprque 300 were mjected mto the left 1rm (time “zero )

5 Roentgenogrims were obtuned at 2, 5, 10, 15 and 30 mm, nd the
powcr scttings were noted

6 Pulse, temperature and blood pressure were determmed at 15, 30 and
360 min

7 LDTA treated venous blood simples were obtuned 1t 0, 30, 120, 210
and 360 min In some cases 10 and 20 min samples were also obtuned

8 Urmne samples were collected quantitatively under toluene for the
penods 0—2, 2—6, 6—12 and 12—24 hours (in one case, also for 24—48
hours) These samples were stored 2t 12 G until they could be analyzed,
but the interval between collection and anlvas did not execed 4 days mn any
c1se
9 Stools were collected until the carmine marker came through

A total of 7 mle subjects participated in these studies They ranged m
age from 20 to 50 years, and i weight from 66 to 96 kg All were well within
normal limits with respect to the numerous parameters of blood and unne
chemistry listed above In the urine occastonal RBC, leucocytes, aind epithelnt
cells were noted, 1s well as some debris m the form of 1morphous phosphates,
mucus, nd oxalates That All subjects but one had normal renal function
was demonstrated by the fict that thewr creatinne clewranees fell m the
ringe of 84—~I150 ml/mm In the onc exceptional casc the fow clearnce
value observed was believed attributable to an incomplete urine collec

tion

Methods of analists The blood plisma was separated promptly nd 1liquots
were analyzed for total jodine by the method of Zak & Bovie (1952) The
amounts found 1n the zero hour samples (usunlly neghgible) were subtricted
from the values found on all subsequent samples from that subject, to gine
the net values Unpe and feeal samples, the Iatter prepared for analysis s

waghed aliquots of umform suspensions, were analyzed by the syme method
To determine the chemical nature of the excretory product, 1 unne sample



EXCRETION OF METRIZOATE I MAR AV

v
€€ Evo % 07 00SE

Fg | Plasma levels and cumulatne
unmary everet on {as mean = S E) of
todine 1 scven subjects following the
intravenous administrat on of 2 standard
dose (31 mi) of Isopaque 300 The
b oken hme represents an extrapolation

of the plasma level curse on the bass
that 1n the 6—12 hour post med caton
interal the log conc of plasma iodine
would be a lnear function of time
ouRs € Tw T Fecal excretion = 16 2 03 of dose

¢ w wEus

from one subject {for the 0—2 hour nterval) was acidified with sulfunc
acid Since no precipitation occurred the sample was thoroughly extracted
with ether which was evaporated to dryness The crystalline residue was
examuned by Mr A V. R Cran by chromatography on a thin layer of
sihea gel using the solvent system (by volume) formic acid 10 methanol 10,
ether 25 chioroform 55 1n this system the Rf of metrizoic acid 1s 04 Unine

samples were also tested for the presence of odide by means of the familar
mtrous acid starch reaction

Results 2nd Discusston

The mean plisma 1odine levels for the seven subjects are presented 1 Fig 1
plotted agamnst ume and extrapolated beyond 6 hours postmedication on
the basis that dunng the 6—12 hour imterval the term [log conc] should be
hnearly related to time The mean cumulative urmary excretion as Ppercentage
of dose 15 plotted on the same graph and for both varnables the standard
errors of the means are shown as vertical bars

It 15 quite apparent from the figure that the two parameters which have
been plotied are fancuonally related 1 ¢ the plasma 1odine level decreases at
the same rate as the radiopaque 15 excreted 1n the unine However when log
{plsma 1odine concentration] ss plotted against ime (see Fig 2asan example)
1t becomes apparent that more than one rate process 15 msolved m deter
minng the nature of the plasma 1odine regression cune To establish the
exact nature of thus cune required data on some intenals earher than 30
min postmedicition Such data are presented for one subject 1n Fig 2 1n

BG4 C1aRed [y Dug ul L 7(19%8)
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wiich (a) log plasma 1odinc concentrition, and (b) percentige of dose
not yet cxcreted m the urine, are plotted agunst time after mediction This
figure suggests that there might be as many as three distinct phases mn the
plisma 1odine regression curse The first would have a half hfe of 32 min,
while the third would have 1 half hife of 125 mn, nd the sccond (05 to
2 5 hours) could be regarded as transitional A more rigorous pharmacohinetic
analysis of these plasma level data has shown that there were, however, only
two ratc processes mvolved, and that they had half ives of 14 and 127 mm
A similar analysis showed half lives of 18 and 132 min for subject J V, 1nd
of 15 and 100 min, respectively, for the seven subjects considered as 1 group
The elimmation rate for subject W T for the 1 5—12 hour period may be
scen to parallel quite closely the longer of the two plisma half ives (Fig 2)

Elimination rates mvolving 1t least two half Iives secem to be charactenstic
of the urographic agents, BLauroxet coll (1963), for example, from a study of the
plasma regression rates of diatrizoate i dogs, concluded that a 2 compartment
system was ivolved Sumilarly, Stones & TER PERGOSSIAN (1964), 1n =2
study of the excretion of diatrizoate mn man, concluded that the plasma
todine regression curve resulted from rate processes having halflives of 52
and 120 mm However, stmilar experiments on the excretion of diatrizoate
1n 15 normal male subjects led CATTELL et coll (1967) to conclude that
there were three distinct phases 1n the handling of this compound The first
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of these imolved dilution of the contrast agent to a volume of 241 the second
imolved sts mixng 1n the extracellular fimd (volume 12 1), and the thrd
imohved excretion with of course all three p going on 1y
An examnation of the plasma level curves presented by CATTELL et coll
(which corered the 1-—30 mn mtenval only) reveals that there were actually
two rate processes mvolved m the 1—30 mn interval the first having a
half hfe of 4 min and the second a half life of 72 mn Further analysts reveals
that the 72 min half hfc represents a combination of the 52 and 120 min
halflnes observed by Stokes & TER Percosstan  Metrizoate  therefore
would appear to differ from diatizoate only i that the first of its 2 rate
processes has a considerably shorter half hfe 1t 1s this process which 1s governed
by the rate of distribution of the agent m the available water space

The total human renal excretion of 86407 ¢, of metrizoate n 6 hours
15 abmost exactly the same as has been observed for the cat (86 6 9;) and
for the rabbut (88 4 ©4) for the same time interval In the present experiments
2 unmne collection was made for the 24—18 hour penod n only one subject
It contained 10 mg of 1odine or approximately 01 % of the dose The mean
fecal output which was 147428 mg or 1 6:£0 3 ° of the dose added to the
2¢ hour unnary excrenion of 933 ¢, bnngs the total 24 hour recovery up
to a mean of 96 9 ©, of the amount admimstered and indicates a ratio of
unnary to fecal excretion of about 60/l As was expected for a substance
which 15 so rapidly eliminated the unnany excretory product proved to be
unchanged metnzorc acid 1 the one sample so studied and of the many

unine samples examined by the mitrous acid starch reaction, none was found
to contamn 10dide
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SUNMARY

md'1‘:: nc:euon of metnzoate following the admnustration of a balanced solution of the
e ::A cal c‘lum magnesam and \ methylglucamine salts has been studied 1n seven phys
« :mhm- subjects The compound was rapidly ehunimated i the unine (86 ° 10 6 hou,
ntnz«‘:nr? form hlhc 24 hour cxcrenion exreeded 92 of the dose The fecal exerr ‘n)
of the dose 1nd cating a ratio of unna; Son
ry 1o fecal
The absersed plasma sodwne tevels suggested that ther e e o ¥ about 601

vession rat
40 tate processes hasing half hnes of about 15 and. 109 et ¢ " CC e mned by
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ZUSAMMENFASSUNG

Die Ausscheidung von Metnzoat nach Verabreichung ciner balanzierten Losung von
Natrium  Kalzium  Magnesium und N Methylglukamin Salze wurde 1n sieben gesunden
Indiiduen studiert Die Substanz wurde schnell im Urin unverandert ausgeschieden (86 °,
i 6 Stunden) Dic 2} Stunden Ausscherdung war mehe als 95 ©, der Dosts Die fakale Ex
kretion war durchschmitthich 169, der Dosis was auf emne Urnexkretion tm Verhaltus
zur fikalen Exkretion in der Rate von etwa 60/l deutet Aus den beobachteten Plasma
Jod Gehalten geht hervor dass dic Regressionsserhaltmisse von zwer Rate Prozessen mit
Hnibwertzeiten von etwa 15 und 105 Minuten abhangen

RLSUME

Les auteurs ont ¢tudic !excrétion du métnizoate aprés admustration d une solution
cquilibrée de sels de sodium de caleum de magnésium et de N méthyl glucamine a sept
sujets en bonne santé physique Le produtt sans changer a été rapidement éimmé dans
lurnine (86 %, cn 6 heures) 1excrétion de 24 heures était supenicure a 95 %, L excrétion
fécale étart environ 16 %, de la dose cc qui correspond A un rapport de | excrétion urmarre
A lexesétion fécale densiron 60/1 Les taux diode plasmatique observds font penser que
leur vitesse de régression dépend de deux processus ayant des demt vies d environ 15 et 102
minutes
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POSITION OF I'HE LUMBAR INTUMESCENCE
OF THE SPINAL CORD

by

Jan Jrour

In our earher pneumographic studies of the wmohility of the spnal cord 1
normal mdraduals JirorT 1963) 1t was observed that the antenor arachnoid
space m Jateral views often appeared narrowed at the level of the lumbar
tumescence This 1 partly due to the bulging of the ventrai contour of the lumbar
intumescence and partly to a true ventral displacement and ventral curving of
the caudal end of the spinal cord This shape 1s considered to be a remnant of
the cunvature of the embryonic spmal cord (RoTti 1965 1966) The lumbar
enlargement may someumes be so close © the ventral wall of the spmal canal
that the ventral arachnoid space 15 oblitcrated

The question anses as to whether the lumbar intumescence 15 actually fixed
n thas sentral position to such a degree s to be damaged by the pres ure of
vanous pathologic structures (deshs bony spurs) protruding from the ventral
wall of the spinal canal

In measurements of the extent of the ventrodorsal mobility we found the mo
bility of the caudal end of the spinal cord to be considerably greater 3 2 mm on
an average than the mobility of other parts of the thoracic spmal cord (15
10 2 mm on an average) This fact seemed to mdicate that the < entral posttion
©of vemral runng of the caudal end of the spmal cord 15 1nconstant
—_—

Surmitted for publicasion 4 July 1967
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With 1 sview to gather reinble nformation
about space relations between the lumbar en
largement and the anterior wall of the spmal
cmal and whether these were constant we hwe
pracured Iaternl pneumograms m supine position
Tufty two subjects, most of them with lumbr
dishopathy but with normal conditsons i the
thoracolumbar region, were esamuned In all of
them excepting one, the site of the lumbar en
Jargement was dlose to the postenior wall of the
spml el The antenior arachnoid space was
well flled and ats width, 2s measured on the
fdms, ringed from 2 mot o 11 mm (werge
55 mm) {see weompanying dlustration)

The lumbar roots run m 1 ventrocaudal
dircction and 1t may therefore be assumed thae
they fin the ¢audal wnd of the cord to the
venteal wall of the spinal cnal, espeerilly when
the nerve roots are under tenston Addigiondl I the supine posttion the hambyr
lateral films were therefore obtuned m aght  Rroeeece fies :1:"::‘,":1',"':\ Pod
subjeets, e the supme positton with mamal e ntenor achinesd spue
flexion of the lip jomnts and c¢xtension of the  Wdencd
knces The doral powtion of the crudal «nd of
the cord ranuncd unchnged m seven of these but in one subject 1t moved to the
ventrl wall of the canal

The fact that all but onc of the fifty two subjects examud supine I a
sufficiently wide wtertor arachnoid space t the lovel of the lumbar mtumescence
seems to indieate that thare 1s wsually ample space for the cord to recede back
wards provided there 15 no mrhed congutl narrowing of the spmal ¢l The
milucnce of the spmnl nerve roots on the ventrodorl mobility of the caudal end
of the cord would also appear to be msigmficant Stretchmg of the lumbar nerve
roots m1y however i some subjects result m ventral displicement of the crudal

end of the cord
Tt thus scums improbable that wbjtets wm whom the width of the spmal et

1 normal would be likely to mour myelopathy as 2 result of 1 ventrally stuated
Jumbar mtumescence This view 1s supparted by chmieal eadence Myclopatines
resulting from spinal cord compression by pathologie structures protruding from
the anterior wall of the spml canal are ruatnely rare n the thoracolumbar
region and far less frequent there than in other parts of the spme

The concluson may thercfore be drawn that e the devel of the hwmbar w
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tumescence there 15 4 greater possibrlity than n any other parts of the thoracie
spinal canal for the spinal cotd to monve dorsally and avord pressure from its
ventral aspect

Addendum 1n proofs
Since July 1967 the number of suby ct< xamuned have mcreased In 69 out of 70 case
th lumbar 1ntyme cence was found to be adjacent to th posterior wall of the spinal canal in
upine potion In bs of 18 cases the ponuen of the caudsl end of the cord remaned

unchan ed in supine positton with maimal flevon of th hup jomts and extension of the
xnees

SUMMARY

The lumbar mtumesceuce of the spinal cord was lound 0 kie close 1o the pos enor wall of
the spinal cansl 1n 51 out of 37 normal subjects examuned supine by pneumography This
would appear to be an indication that at this level the cord s able 1o avo1d pressure tifects
from s ventral aspect

ZUSAMMENFASSUNG

Es urde b emer Untersuchung von 57 normalen Fallen muttels Pneumographie n
Ruckenlage festgestelli dass wn o1 von diesen Fallen die Jumbale Inumeszenz des Rutken
macks ganz nahe der hinteren Wand des Ruchenmatkskanales law Daes scheint daranf ha

# deuten dass das Ruck nmark i dieser Gegend die Fahigkent besitzt ventrale Druckef
fekte 7u vermed o

RESUNE

Chez 51 sur 57 sujets normaux exarmncs par pneumographic en decubitus Je renflement
tombante de [a moelle epiniere etait sine pres de la parot posteneure du canal rachidhen.
Ceat cmtle ndiger que la moelle 2 ro nneau ewt capible deviter des compres 1ons
venant de la face anteneure du canal rachudien

REFERENCLS
Jmarr) Nt
, (‘.LGS’ o"l)l) of the thoracsc spinal cord under normal conditions Aeta radiol Dragnosis

Rorit M Caudal end of the §,
b agnows 3 119651 177
— Verteh dull

e s observedin gay myelography  Acta radiol Di 4

pinal cord 1 “Normal pneumographic features \cta radiol




FROM THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY (DIRECTOR PROF }
I\I\UTSSO\), THE UNIVERSITY HOSPITAL, UPSALA, SWEDEN

NORMAL TOPOGRAPHY OF THL CEREBRAL
VENTRICULAR SYSTEM IN CHILDHOOD

by

Hrzan Lopin

Ihe antomieal relauonships between the ventricular system and the cramal
cvaty m children have recenved some attention The refauvely ngh position of
the thurd ventnicle above the sella turcicn and 1ts progressine downward displce
ment during the first ten years of life have been desertbed and simmarly the
relatnvely hugh position of the fourth ventricle 1bove the forimen magnum h1s
also been recorded (RoBperTSON)

The aim of the present mvestigation has been to study the rddations during the
pertod of growth between certun anatomical structures withu the sentricubar
system nd landmarks on the base of and withm the shull

Matenal All unequivocally pathologic cases (intracramal expansion hvdro
cephalus dilntation of one lateral vemtricle, and malformations) were first cxclod
ed from the total materzal of «ncephalographies in chuldren under 15 yers of age
Cases with a lirge amount of subdural ur were 1lso not considered sutable Tin
left 164 negatn e Lncephalographies 1s a basis for the study The matenial mcluded
1 few cases with relatively wide convexity grooves and rather wide lateral ven

Submutted for publication 29 February 1968
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Years Fig 1 Age distnbution 1n the material

tncles the widths of the antenor homs were however less than one third of half
the wnnes cramal diameter (cf Linogren) The age distnbution 1s shown m
Fig 1 Twenty-cight of the patients were aged from 0 to 2 years 38 were O to 4
and the remainder between 5 and 15 vears

All encephalographies were performed by the fractionation method foliowing
fumbar puncture m all other respects the imvesugavions were performed under
sumlar condinons on a [ vsholm shull table The enlargement factor m the senesy
varted with the width of the shull and no correction for thee sanations was made

L} t techmque Al s were made from films obtamed in
the lateral projection The reference points and lines used 1 the measurements

are gnven m Frg 2 In the case of the third ventnicle the measurements were
made on lateral films obtamed with the patient m the recumbent position Dis-
tances in relation ta the aqueduct and the fourth ventricle on the other hand
wert measured on lateral fitms ob 4 siung | dard films and

grams) fn about 20 ca.es dulferent parts of the ventricular system were compared
1 these two projections and no measurable changes in the relauonstups of po t
tion were noted  As regards the third ventncle this 1s 1n agreement with the

obren ations of Buiw
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Fi, 2 Landmnrks and reference lines
Cl—clvus F—Fusugum  L—lambda
s—nasion O—optic recess of third
ventricle  P—protuberintin oceipitalis
mterna - S—squamt osas ocaipitahs
T—tuberculum sellae

A—pomnt where the normal from
optic recess (O) meets the extended
nasion —tuberculum hne (N—1)

B—point where the tubereulum—
lambda line (1 —I ) 1ntersects floor of
aqueduct

C—pomt_where the normal from
fastiaum (F) meets the tuberculum—
Inmbda line (T—1I)

D—powt where the chvus—Imbda
line (C1—I') ntercects floor of aque
duct

I —pomt where the tubereulum—
protuberantia hne (1 -P) mtersects
floor of fourth sentrnicle

C —pownt where the normal fram
fastiqum () meets the tuberculum—
protuberaintia ine (T—P

Certun watomical relattonships were determmed by distance measurements
and others by calcultion of the rtios between distances The mean values for the
distances or the ratios obtuned were caleulted for each year group nd wert
then plotted on 1 coordinate system, 2fter which 1 curve hine was interpolated
between the different values

Results

Optic recess of the third ventnicle Buirs chismal pomt (0) was used s
reference point for the optic recess This has been defined by BuLt as the deepest
n ertion of the wall of the third ventricle between the optic and mfundibular
recesses The position of the chrasmal pomt was deternined nter alia n relation
to the tuberculum sellre (T) This pomnt 1s clearly defined and casy to find n the
roentgen film but because of the varations m length and orentauon of the
doreum scllae 1t was avoided as 1 refurence pomt A hne projected through the
nasion (N) and the tuberculum sell1e was used as a refurence Iime (N—T) The
distances measured were (Fig 3)

1 O-—T, the distnce betwecn the chiasmnl pomt and the tuberculum sellc

2 O—A, the perpendicular distance from the chiwsmal pomt to the projected

N—T hne,
3 T— A, the distance from the tuberculum sellae along the projected N—'1

lme to the normal O—A
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Fig 5 Relationship of the fourth ventncle G— point where the normal from fastigrum (F)
meets the tuberculum—protuberantin ine (I—pP}

By measuning these three distanees an idea was obtaned of the distance from
the chiasmal point to the tuberculum sellae (T) as well as of the postion of the
former, both vertically above the n1son tuberculum sellae ine (N—T) and m 1
fronto-ocaprtal direction ong tlus line

The results of the measuraments are grven in Fig 3 Distance O—T decreases
omewhat with mcrensing 1ge, as does distance O—A, the latter decrense 1
somewhat more marhed, however Thus with mereasing age the chiasmal pomt
approaches the nasion tuberculum sellie Iine and the base of the skull A more
marhed change occurs for distince T—A with mereasing age The chrasmal pomnt
1s thus more displaced 1 A fronto oceipital direction than tow ards the base of the
shull The greatest displacement mn 1 fronto-occipitnl direction takes place duning
the first two vears of hfe, whercas the basal movement occurs somewhat more
slowly The principal change in posttions 1s completed 1t an 1ge between 6 and 7

Wrs

Aqueduct Both the Ime between the tuberculum selle nd the Iambdorda!
suture (T—L), and the normal from the dorsal side of the clivus to the [amb
doidal suture (C1—L) werc used as measurement lines for detcrmining the
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Fig 6 Relaonship of the fourth ventricte C—pomt where the normal from fasugum (F)
o ets the tuberculum—lambda e (T—L)

po 1on of the aqueduct 1n relation to the base and dome of the skull (Fig 4)
The position of the aqueduct has been given both as a ratio between the distance
from the tuberculum sellac to the ventral wall of the aqueduct (T—B) and the
dixtance from the tuberculum sellae to the lambdoidal suture {T—L) as well as
asa ratio between the distance from the clivus to the ventral wall of the aqueduct

C1—D) and the distance from the clivus to the lambdoidal suture (C1—L)
The antenor of these lines generally crossed the most antertor part of the aque
duct while the postenior line traversed 1ts postersor part The results of the
Measurements are ginen 1 Fig 4 The two curves follow the same course The
aqueduct recedes somesshat from the clrvus and after the age of about 5 years

matains a relatively unchanged position 1n relavon to the base and dome of the
<hult

Fourth tentncle ‘The level of the fourth ventncle (Fig 5) was determuned
velanon to the tuberculum sellae—internal ocapital protuberance lime (T—P)
The fasugum (F) was used as reference pomnt 1 the fourth ventnicle this pormnt
being casily 1denufied 1n the roentgen film (automogram) The position of the
{2 ugum was determined m relation to T—P by measunng the perpendicular
distance to T~ P from F (F—G) When the fastigtum was sttuated above the
ne the measured distance was regarded as positive and when it was situated
below the bine 1 was considered negave The distance F—G s mdrcated n
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Fig 7 Relationship of the fourth ventricle E——potnt where the tuberculum—protuberantta
Iine (T—P) intersects the floor of the fourth ventricle

Fig 5 The fasugrum moves with mcereasing age from 2 position bove T—P to
one below T— P From 6 to 7 years of 1ge and onwards, the fastigum occupies
a more constant posttion m relation to the above mentioned reference pomts mn
the vault of the shull (1—P)

To shed further light on the position of the fastigiim, a reference hne was
drawn perpendicularly through the fastigrum from the tubcrculum sellve—lamb
dordal suture line (T—1 )} (Fig 6) The distance from this Iine to the fastiglum
(C—T') was compared to the distance C—S, 1e that point mn the occrpital
cquumn that s met by the normal through T from the ne T—L When the
position of the fasigium was given s the rite between distainces C—F and
C—S, the result shown i Ing 6 was obtuned This figure, ke Tig 5 indicates
how the fastigium of the fourth ventricle moves m the direction of the occrpital
squam? to occupy 1 more constant posttion by the age of 6 to 7 years

The position of the fourth ventricle m reltion to the ciinus (Fig 7) was
deternmuned by using the reference hine from the tuberculum sellae to the mernal
ocaipital protuberance (T—P) Its position has been given as the ratio between
the distince T—E where L marhs the pomnt of mtersection with the base of the
fourth ventricle, and the distance T—P As mny be seen from I'ig 7, 2 rddatively
munor, gradual displhcement occipitally of the fourth ventricle in rclation to the
clhivus and essentially completed by the age of 6 to 8 years takes place

A relatively rapid change n position of the fourth ventricle in the direction
of the occipital squima thus occurs during the first 6 to 7 vears of Iife Further
more, 2 less marhed displacement awny from the clivus 1s the rule dunng the

period
The anatomical relationships at the ages of 1, 5 and 10 years, wre summartzed

mFg 8
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Cm———

Fig 8 Anatomical relationships at the age of 1 year (
)

(= —

) 5years () and 10 years

Discussion

The curves now presented are based on mean values for distances and quo
tents The separate measurements on which these are based vary considerably
probably due mamly to natural vartations s shape and development of the shull
durmg the growth peniod The matenal comprises a group of about 10 cases per
year which 15 mnsufficient for a statisucal analysis It does however allow more
precise knowledge to be gained about the normal conditrans of physiologic devel
opment and with reservation for the relatnely large individual vanations the
cunes can be regarded as normal

The distance between the aqueduct and the dorsum <elfac i adults 15 normally
about one third of a hne thought to pass from dorsum sellae through the aqueduct
to the shull vault {SantsTEDT 1935) No exact comparson with this method has
been possible mn the actual measurements since the posison of the aqueduct has
been determined atong the lines from the tuberculum sellae and the clsvus to the
lambdoidal suture The actual measurements will after the ages of 6 to 8 years
e slightly higher quotients for the more frontal hine and shghtly lower quotients
ior the more occipital Iine 1 companson with the above mentioned Swedish

ine

According to Twinvine 11939; the centre of the fourth ventricle 1s located
midway between the tuberculum sellac and the torcular In this paper the base

of the fourth ventricle 15 used as a reference pomnt and this gies shghtly lower
quotients than the Twining method
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g 7 Relavonship of the fourth sentricle E—pomt where the tuberculum-—protuberantia
Iime (T—P) mterscets the floor of the fourth ventricle

g 5 The fastiglum moves with ncreasing age from 2 poution above T—P to
onc bedow T— P Trom 6 to 7 years of age wd onwards, the fastigrum occupres
2 more constant position 1n redation to the above mentioned reference pomnts m
the vault of the shull (T—P)

To shed further light on the position of the fastigum, 1 reference hne was
drawn perpendicularly through the fastigium from the tubcrculum sclle —lmb
dodal suture Iine (T—L) (Tig 6) The distance from this Iine to the fastigum
(C—T} was compared to the distince C— 8, 1¢ that pomt in the ocaptil
quamn that 1s met by the normal through T from the lme T— L When the
position of the fasigium was gnen s the rwo between distances C—F and
C—S, the result shown in Ing 6 was obtamed Thus figure, ke Frg 5, mdreates
liow the fastigium of the fourth ventrick moves m the dircction of the oceipityl
squamn to occupy 1 more constant position by the age of 6 to 7 years

The posttion of the fourth ventricle i redation to the clnus (g 7) was
determined by using the refurence Ime from the tuberculum sellie to the mternal
ocapital protuberance (T—P) Its position his been given s the ratto between
the distince I'—E, where L marks the pomt of mtersection with the bise of the
fourth ventricle, and the distance T—P As myy be seen from Itg 7 1 rdatnely
minor, gradunl displacement ocaipitally of the fourth ventricle m relation to the
clivus 1nd essentinlly completed by the age of 6 to 8 years takes plice

A relatnvely rapid change n position of the fourth ventricle m the direction
of the ocarpital squamn thus occurs duning the first 6 to 7 vears of hfc Further
more, 1 less marhed displacement away from the clivus 1s the rule during the

period
The 1natomucal relationships at the ages of 1, 5 and 10 years, we summarized

mbig 8



FROM ROENTGENDIAGNOSTIC DEPARTMENT I (DIRECTOR PROF O o150\ },
UNIVERSITY HOSPITAL, LUND, SWEDEN

REGIONAL CEREBRAL BLOOD FLOW AND
ANGIOGRAPHY IN APOPLENY

by

S1in CrONQLIST

Cerebral lesions may be demonstrated roentgenographically not only as changes
m anatomical structures but abo as localized or generalized changes in the
dvnarmic arculatory pattern Such changes m the cerchral blood flow hate also
been demonstrated by means of quantitative measurements of the cerebral blood
’1‘2.‘3\3) Exserc  Cronguist & Incvar 1965 CrongvisT Eneere & Inciar

A eries of cases of focal cerebrovascular lesions were imestigated both by
cerebral angiography and measurement of the regional cerebral blood flow

TCBF) New pathologic aspects on the focal cerebrovascular lestons were sug
gested by the comt of the two p dures and new d
Criterta m focal cerebral ischaemia were indicated Preliminary n:pons on the

Present matenal by
Lsoce 1063 ave Tecently been pubhished { CrongvisT 1966 CrongvisT &

mu\;r;l;od: The patients were all examined by angiography of the mternal cq
ety Senal lateral films were obtained at 2 films per second during the

Submtt d for publication 13 October 1967
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The phystologic condtions csplam the relatiely great distances between the
scllar region and the recesses of the third ventricte that appear m the youngest age
groups It may be concluded that the ntracriumal portion of the optic nenc
reaches its final length at an early age The more frontal position of the chiastma
and the large suprascllar cisterns at this age may mean that suprasellar tuntours
i this regron must be relatn ey Targe before they produce chmcal signs

SUMDMARY

Physiologic changes m postion of the oplic recers of the third ventricle the rqueduct and
the fourth ventricle duning the penod of growth were studicd 1n 3 maternd of just over 160
norraal encephalograplues The changes take place durtng the first 6 ta § years but are most
marked during the first two years of life

ZUSAMMENFASSUNG

An einem Matcrial von uber 160 normalen Inzephalogriphien wurden die physiolomschen
Verwnderungen der Lage des Recessus optins des dotien Ventrihels des Aquaducts und des
vierten V entrikels wahrend der W ichstumsperiod untersucht Dre \ eranderungen entwickein
sich in den ersten 6 bis 8 Lebensjrhren vorzugs wer ¢ aber wahrend den ersten 2 Lebens

Jihren

RLSUME

1 auteur 1 étudie sur un peu plus de 160 encephalographics normales les modihieatron phy
siologiques de 1a position du recessus optigue du troisiense ventricule de laqueduc et da
quitrieme ventricule 1 cours de 11 cror sance (e modilications ont heu pendant les six 1
hut premieres 1nnées et sont plus marquees au cours des deuy premieres mnees de by vie

RETERENCES
Butt ] The normal variations 1n the position of the optic recess of the third ventricle Acts

radsol 46 (1956) 72
Linocren B Encephalography in cerebral atrophy Acta radiol 30 (1951) 277
RosertsoN E G P -phal hy Blackwell scientific pubhcanons Gord §357

Samstepr H  Das normale Vcnmk;lo;ramm In E LyshoLw Das Ventrskulogramm I
Teit Rontgentechmk Acta radiol (1835) Suppt No 24
Twivuing £ W Radiwlogy of third and fourth ventricles Brie J Radiol 12 (1939 38%

569




CEREBRAL BLOOD FLOW AND ANGIOGRAPHY IN APOPLEXY 523

Table 2
Angographic  Number Interval Range of varia  Type of lesion
find ngs of cases  onset of symp-  tion (normal
toms examina  range 30)
tion (days)
Cases with focal Abnormal
flow {early veins
abnormalty  blush) 6 66 (1—17) 59 (36—57)  Focal hyperacmia
Abnormal 9 143 (3—29) 389 (30—53) Focal ischacmia
Normal 2 930 (18—165) 475 (33—62) ™on focal
Cases without  Normal and
fow abnormal 30 30 (191 <3

aboormal ty

caleulated as 2 weighted average n ml/min /100 g brain tssue (HoepT Rassus-
SEN SvENsDOTTIR & Lassen 1966) The normal mean rGBF obtatned with this
method in healthy controls 1549 7£5 6 ml/min /100 g The fast type of flow has
2 normal value of 79 7+ S D 10 7 and the slow type of flow 2094-SD 26 ml/
min 100 g (InGvak et coll 1965) In the present analysis mainly the fast flow
values (rCBFf) have been considered since 1t has been shown {Incvar & Ris-
Biac 1967 Incuar & Sutc) that these appear as more sensitive indicators of
regional functional changes in the brain than other types of flow

Studies 1n normal subjects indicated certain differences i rCBF between dif
ferent parts of the hemisphere (Incvar CrONQVIST Liefro et coll 1965) For
the fat flow the difference between the maximal and the mimmal regional flov
te the normal range of vanation had a mean value of 194 per cent (+SD
464) of the hemisphere values Thus whenever the difference between the high
estand the lowest rCBFf exceeded 30 percent (m+2 S D) an abnormal vana
ton indicating a focal abnormality of the cerebral blood flow was Ppresent

Matenal The series consists of 51 cases 30 men and 21 women Cases with
chnical o roentgenologic signs of disturbance of the cerebral carculation due to
cerchral haemnnhagc emboli thrombosis or to arteral stenosis were mcluded 1n
the smvesugation Cases 1n which the symptoms were due 10 a subarachnoidal
haemorrhage or caused by a cerebral tumour were excluded and will be dealt
with separately (CrongvisT & RacsTROM CrongvisT & Acer 1968) At
l‘h:ou‘r;; g:)lsh;(,]?:“:’,l:,m:],c'fcﬁiT,ng‘m;Ph) cxamm?:mns which took place

ed el o g nset of symptoms the majonty of cases pre
nted ¢ gns referable to supratentonal structures Four cases with signs
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Table 1
Material of 51 cases i group dussions according to the angiographrc findings

Group  Angographie Number  Flow values (compartmental analysis) Foel

findings of cases abnorr
Mean Fast Slow

(497 £107) (797 £ 107) (P09 £ 26)

1 Angiogriphy normal 15 407 651 194 2
b} Angrography 32 334 561 165 15

abnormnl

a) Space occupying

lesions 16 353 614 168 9

b) Art occlusions 9 359 601 178 5

¢) Art stenoses 7 292 468 168 1
I Cases with chnical

signs of bram steim

lesions 4 338 551 156 o

first 6 seconds, followed by 1 film per second for the next 4 seconds Tinlly, tw
additronal films were obtuned at 2 second interv s for 14 seconds

The rCBF measurements, which 1w wys followed angtography, were made t
the 1sotope clearance method mtroduced by Incvar & Lassen (1962) and wdp
ed for chinieal use by Lassen, Hoepr Rasmussen  Sorensen et coll (1963
About 1 mCi of the radiorense frecly diffusable gnmma emitung mert gas, seng
133, physically dissolved in 3 to 4 ml saline, was injected nto the mternal carot
artery The injection was made through the same needle, or eatheter, a8 w1s use
for angrography The uptake and subscquent divippearance {clearance) of the i
tope were recorded with four, or ught, extracramal sentillation detectors plice
lateral to the head at nght angles to the saguenl pline (Incvar CrongyvisT, Es
»rRG et coll 1965) The size of the detcctors with 2 diameter of about 25 e
and the collimation used, permutted recording from a part of the labelled hem
sphere forming t stumped cone, with lateral and medial druneters of about 4t
and 5 cm, respectively The actvity of the 1sotope recorded by each detector wa
followed for 15 mmutes and was transferred to an 1k wnterviaa tape recorder
The ensuing curie, the cletrince curve, the slope of which 15 determined by th
blood flow within the field of the detector, may be considered 1s the sum of tw
matn mono exponentinl functions, representing a fast and 1 slow type of flov
(HoepT Rasswussen 1967) There 1s abundant evidence (Ken 1967, HoroT
Rasmussen 1967) that these two types correspond to the flow withm the grey anc
white matter of the bramn Trom the two components, the mean rCBF can bx
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Table 2
Angograph ¢ \umber Interval Range of vana  Type of lesion
findings of cases  onset of symp-  tion (pormal
tomeamina  range 30
tion (days)
Cases with focal Abnormal
flow {early veins
abnormal ty blushy 13 66 (t—17) 59 (36—a¢y Focal hvperaemia
Abaormal g 143 (39 339 (30—353, Focal schacma
Normal 2 930 (18—1651 475 ¢33—6 ; \on focal
Cases without  \ormal and
w abnormal 30 730 (491 - 30
abnormal tv

calculated as 2 weighted average in ml mm 100 g bram tissue (HoepT Rassyi~
SIN SVENSDOTTIR & Lassen 1966) The normal mean rCBF obtamed with this
method i healthy controb 1s 49 7% 5 6 ml min 100 g The fast tvpe of flow has
amormal value of 79 7£S D 107 and the <low tvpe of flow 209-SD 26 m
mn 100 g (INgyar et coll 1965; In the present analysts mainly the fast flow
values (1CBFY) have been considered <ince 1t has been shown {INGvAR & Riw
BRG 1967 Tnavar & Stic) that these appear as more <ensitne sndieators of
regional functional changes 1n the brain than other 1ypes of flow

Studies 1 normal subjects indicated centam differences 1 rCBF between dif
ferent parts of the bemusphere (Inguar Crovgvist Exzixg et coll 1963) For
the fast flow the difference between the maumal and the minimal regional flow
te the normal range of vanauon had a mean value of 194 per cent { =S D
4 64) of the hemusphere salues Thus whenever the difference between the high
est and the low est rCBFY exceeded 30 wreent im=2S$ D an abnormal vana
tion indicating a focal abnormality of the cerebral blood flow was present.

Vaterial The senies consusts of 51 caes 30 men and 21 women Cases with
nical or rocntgenologic signs of disturbance of the cerebral circutation due o
:}c:bral haemorrhage embolt thrombasis ot to artenal tenosts were tncluded 3n
Ny iMetigaton Cases sn which the svmptoms were due to a subarachnodal

morthage or caused by a cerebral tumour were excluded 2nd will be dealt

with scparately (Crosgvist & Kacstrom
the sy (Cro ov T s CronguisT & Aces 1968) Ap

110 165 days following the acute onset of rs l o 100k place

ymptoms, the majonty of cases
sented clincal signs referable to supratentoral structures Four cases with :gl:s

el
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Table 1
VMatertal of S1 cases 1n group dustons according to the angrographic findings

Group  Angiogriphic Number  Flow values (compartmental analysis) Focal
findings of cases abnorm
Mean Fast Slow
(497 £107) (797 £ 107) (209 4 26)

I Angiography normal 15 407 651 194
11 Angiography 32 334 561 165 15
abnormal
1) Space occupying
lestons 16 353 614 168 9
b) Art occlusons 9 359 601 178 5
¢} Art stenoses 7 292 168 468 1
m Cases with chmcal
signs of bran steam
lesions + 338 551 156 0

first 6 seconds, followed by 1 film per second for the next 4 seconds Finally, two
Additional films were obtuned At 2 second intersals for 14 scconds

The rCBT measurcments, which always followed angiography were made by
the 1sotope clearance method mtroduced by Incvar & Lassen {1962} and adapt
ed for climcl use by Lassen, HoenT RasuusseN, SoreNsen ct coll (1963)
About 1 mCi of the radionctive frecly diffusable gamma emitting mert gas, xcnon
133, physically dissolved 1n 3 to 4 ml saline, was mjected nto the mternal carotid
artery The injection w1s made through the same ncedle or catheter s was used
for ngrography The uptihe nd subscquent disappearance (clearance) of the 1c0-
tope sere recorded with four, or eight, extracramn] sanullaton detectors placed
lateral to the head at right angles to the sagittal plane (InGvar, CRoONQuIST, Ex
rFRG et coll 1965) The size of the detectors, with a diameter of about 25 e
and the collimation used, permitted recording from a part of the labelled hert
sphere forming 4 stumped cone, with Interal ind medal diameters of about $em
and 5 cm, respectivcly The actinaty of the 1sotope recorded by each detector was
followed for 15 minutes 1nd was transferred to an ik writer vina tape recorder
The ensung curve, the clearnce curve, the slope of which 1s determmned by the
blood flow within the freld of the detector, may be constdered as the sum of two
matn mono exponential functions, representing = fast and 1 slow type of flow
(HoepT RasmusseN 1967) Therc 1s abundant evidence (hemy 1967 Horot-
RasmusseN 1967) that these two types correspond to the flow withmn the grey and
white matter of the brain From the two components, the men rCBF can be
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‘Table 4
Repeat angiographic and yCBE studies in a case of cerebral mfasct

thours JFdays  Bdays  2days  4fdays  [20daye

Mean fast flow for aif areas

{ml/100g"m n) 745 800 887 74 8319 473
Relato ship fow tn des on

arca to non lesion areas

) 90 N0 1570 — 950 740
Ang graphy \vascular  Early an Normal
Results

The arerage rCBF values for the different groups are gnenin Table | The
fast flow was reduced in aff groups The reduction was mose obvious 1 cases
with angiographic changes than 1n those without and amounted to 29 5 and 18.5
percent respectinely The decrease 1 flow was also related to the type of lesion
cases with only a stenotic Jesion or signs of stenosis presented the lowest fast flow
values but those with chinically diagnosed lestons within the bram stem all had a
marked decrease of rCBF of 31 per cent 1n the supratentonial structures as well

A non focal type of flow 1e the difference between the maximal and the
minmal rCBF did not exceed the range of normal vanation was present m 34
cases 1e the majonty A focal abnormality of rCBFi according to the criteria
gven on page 523 was demonstrated 1n 17 cases (Tables 2 and 3} fifteen of
these presented abnormal angtographic findings 1¢ they belonged to group 11
High vajues within the region was the characteristic fmdmg m six cases and i
companison with the flow 1n other regions a focal relatve hyperaemta vas present
Afocal low flow a focal relatne sschaemia on the other hand was noted 1n nine
cases Companson of the results of the blood flow Tueasurements 2nd the angio-

graphic findmgs mdicated that the region or regions with the abnormal flow 1n
all the 15 cases corresponded to the phtc ab y Three types of
arculatory pattern could thus be observed m thus seres viz the non focal type

the type with focal relatiy e hyperaemia and the tvpe with focal relative 1schacrma
Fable 4)

The angiograms 1n these
o the usually recognized s,
hypacrua had early fithng of a vem or 8roup of vems draming the same region
The critenon used for carly filling was the appearance of a normal ven at an
carlier ime than usual Such veins were generally present during the earf:
artenal phase (Figs b %b a and 42) In addition a local accumulation oyf
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Table 3

Result of analysis of 15 cases with fast Socal flow and angrographic abnormalities — Iy Tgures 1 tlalics
represent angiographucally abnormal area

Patient Interval Range Regional fast flow values expressed as  Flow values in
between of percentages of average flow lesion as per
onset of symp  varauan centages of flow
tom to 1n non lesion

examination

AA 2 57 158 81 60 - 225
rJ 1 103 101 102 78 58 193
k1 2 75 133 105 103 99 149
PN 1 44 121 102 7 — 135
Ao 17 36 127 102 96 99 134
so 7 39 19 102 99 96 120
[eX¢} 29 30 118 100 9t 88 112
81
Gw 18 53 127 106 106 91 99
e 5 40 15 109 103 74 88
8 15 35 12 96 97 & 82
JL 6 32 113 106 9 8 76
AO — 10 118 103 L — 7
FL 10 42 119 116 08 90 75
@ 79
AB 12 37 18 101 & — 74
BA 28 41 122 112 85 80 72

of bran stem lesions were alvo mncluded 1n order to study the effect of such lesions
upon rCBI 1n arens fed by the carotid artery
The matenal has been separated into threw groups according to the rountgeno

logic findings (Table 1) Group 1 consists of cases with normal angiographic
findings Group 11a 15 made up solely of cases with an expansive lesion demon

strated angographically but without concomitant signs of occluded arteries The
diagnosts of an artenal occlusion (group IIb) was made from the angtogram
whenever artenal obstruction was directly seen or when 1ts presence was indicated
by signs of collateral airculation An expansive lesion was also present i some of
these cases Cases with arteral stenoses of intracramal vessels are collected in
group Ilc Such changes may be accompanted by a decrease the speed of pas-
sage of the medim peripheral (o the stenoses A few cases had 1 local slow

contrast passage of the medium as the only angiographic abnormality , this finding
was used as 2 criterion of “nvisible stenoses and such cases were also referred to

group 1lc
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Table 4
Repeat angrographic and rCBF studies m o case of cerebral wfaret

dhours 3days  Bdays  Zldays  4ldap 120 days

Mean fast Row for all areas

{m 100g!mun) 45 800 282 774 839 473
Refat onsh p flow n Jes on

area 1o non leston areay

) 790 1190 1570 — 90 50
Ang graphy \sascular  Early ven Normal
Results

The average rCBF salues for the dillerent groups are gnen 1n Table 1 The
fast flow was reduced m all groups The reduction was more obvious in cases
with angiographic changes than m those without and amounted t029.5 and 18 5
per cent respectnely The decrease 1n flow was also related to the type of leston
€ eswith only a stenotic lesion or signs of stenosis presented the lowest fast flow
values but those with climcally diagnosed lesions within the brait stem all had a
marked decrease of tCBY of 31 per cent 1n the supratentonial structures as well

A non focal type of flow 1¢ the difference between the maximal and the
mummal sCBF did not exceed the range of normal variation was present m 33
cases te the majonty A focal ab luy of rCBE( ding to the cnterna
guen on page 523 was demonstrated m 17 cases (Tables 2 and 3) fifteen of
these presented abnormal angiographic findings 1e they belonged to group I1
High values within the Tegion was the charactensue finding 1n six cases and 1
comparison with the flow 1 other regons a focal relative hyperaemia was present
A focal tow flow a focal relatie ischacmia on the other hand was noted m nine
cases Comparison of the resulis of the blood flow measurements and the angio-
graphic findings mdicated that the Tegron or regrons with the abnormal flow
all the 15 cases corr ded to the angiograph abnormality Three types of
cireulatery pattern could thus be obseryed 1 this senes viz the non focat type
the type with focal relatne hyperaenua and the ty pe with focal relatinve 1schaema

(Table 4)

The angiograms m these groups revealed substantial differences 1 addition
to the usually recogmized signs of a vascular lesion the case with reguanal relatne
hvpaemia had carly filling of a ven or gT0up of semns dratming the sume region

the appearance of a normal Y
em at an
carier tme than wsual Such vens »w

ere generally present duning the easl
artenal phase (Figs 1b 2b 3a and 4a) In addiion a lgcal aCCuiu]ahon o}
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b) Iate artertal phace Contrast medium remaining n
blush and euly filhng vemn (=) ¢) and d) Repeat

angiography No occluston no capilary blush no early filling veins

Iig 1 a) Muluple emboli (—)
tuded artery with 1

contrast medium, a blush, was frequently noted n the same area (Figs 1b and
4a) These specific "bnormalities were never present in cases with focal relative
1schaerma or mn those with the non focal type of flow

The close relationshup between focal hypertemia and the anglographic dem
onstration of 1 vemn that was bemng filled early and 1 local accumulation of
contrast medum has been further illustrated by repeat examunations i one and
the same case, which 1s briefly described below (g 4)

This was a male, aged 69, with sudden right sided hemuplegta Left angio-
graphy disclosed occlusion of a small branch of the middle cercbral artery with
signs of a local collateral circulation, early filling vemns and an accumulauon of
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©

Fg ® a) and b) Small expansie lesion an posterior part of temperopanetal region c) and
& Repeat ¢ ammation fter ¢} mcal smprovement No expansion no early fithng vewms

contrast medium (Fig 4a) Further angiography one week later when the
patient had almost recovered no longer revealed any of these changes (Fig 4b)
Repeat determnauons of the regional cerebral bleod flow was also made in con
necton with the angiographic examnations In the first study it was found that
the cerebral blood flow n the lesion was 51 7 {mean value) while the non leston
ateas had a mean flow of 40 7 In the second study the blood flow 1 the lesion
had decreased to 41 6 with flow 1n the non lesion areas of the same magmitude

These studies mdicated that a local relative increase in cerebral blood flow
angrographically 1s indicated by an accumulation of cantrast medium and by eacly
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Fig 1 a) Muluple emboli (=) b) Iate arterjal phase  Contrast medium remarnng 1n
occluded artery with sinultaneous blush and carly filling vein (=) ¢) and d) Repeat
angiography No occlusion no capillany blush no carly filling semns

contrast medium, a blush, was frequently noted 1n the same area (Figs 1b and
41) These specific abnormalities were never present 1 cases with focal relative
1schacrmia or 1 those with the non focal type of flow

The close relationship between focal hyperacmia and the angiographic dem
onstration of a vemn that was being filled early and a local accumulation of
contrast medium has been further illustrated by repeat examinations 1 onc and
the same case, which 15 briefly described below (Fig 4)

This was a male, aged 69, with sudden night sided hemiplegia Left angio-
graphy disclosed occlusion of a small branch of the middle cerebral artery with
signs of a local collateral circulation, early filling veins and an accumulation of
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Discussion

It was reported in a Previous s esigation (Crongrist 1967) that the con
tra t medium Urografin 60 S¢ used 1 our department for cerebral angiograyhy
causes an merease 1n the cerebral blood flow amounting to about 10 per cent
Angography preceded the rCBF <tudy 1n the present matenal and consequently
the flow values might reasonably be expected to be proportionally elevated Ttis
howeser possible that contrast medium may cause speaific effects within a focal
leston and this 1s now under further mmvestigatton Preliminary results suggest that
the main conclustons m this study are vald

The size of the scmtillation detectors and the collimation used 1n this study
permuts flow measurements only from fasrly large circumscnibed parts of the brain
It mav be that this technique does not permut the detection of small focal lesions
Tlus could probably account for the negative results of the rCBF studses 1n some
cases with defintte angrographic signs of a focal abnormality

The roentgenologic ceitenia for separating the cases m different groups (Table 1)
were usually clear cut Those cases with a localized slow flow as the only angio-
graphic finding may be subject to some doubt Slow flow 15 admttedly not
easy to define A slow passage of contrast medium in an artenal sector of the
hemisphere has been used as a diagnostic criterion for several years and good
agreement between such focal retardation and the chinical signs has usually exist
ed The vahdity of the findings 1 further enhanced by the fact that focal slow

transit of medium 1s common 1n cases of local <tenosis or spasm (CrRONQVIST &
RacsTrROM)

General yCBF effects Previous experience has suggested that any focal leston
whether tumour mtracerebral bleeding or occlusion may cause a decrease i the
cerebral blood flow in the affected hemisphere This obsenvation has been con
firmed 1 the present mvesigation It 1s also known (HEEDT Rasmussen &
Sinnioy 1964) that a decrease in rCBF may not only be confined to the hem:
sphere having a lesion but may also affect the contralateral side Bilateral studies
w four cases of the present matenal disclosed a decrease 1 rCBF 1n both hem
spheres The cause of this reduction m flow was not apparent No correlation
could be obtamed n this series between the localization of the lesion and the
degree of reduction n flow The lesions were also of vanyng size but the size
wself did not determine the degree of reduction mn flow It 15 of particular interest
that four cases with chintcal signs of bram stem lestons all displayed a decrease of
the cerebral blood flow m the supratentonal parts of the bram although y
chmeal or angiographic signs of a lesion were present 1n these structures 7I‘h“°
obserations support the concluston that a focaf lesion may exert remote el(cce:
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Tig 3 Intracerebral frontal hacmatom.
a a) Early filing vemns b) Repeat exammation aft
improvement Normal findings b Rep “

NON LESION LESION NON LESION LESION
407 517 416 416

a b
Fig 4 a) Slow arculation Llush (=) and early venous filling penipheral to small occluded
branch from the Sylvian artertes b) Repe.t examunation after recovery Ganahzation of

artery normal flow no capillary blush no early ven Ihe flow values i the lesion recion
and respectively 1 the non lesion region are given below the rocntgenograms 1n ml/10¢ g/

min

filling of vens The angiographic changes are transitory and an mitinl local high

flow may decrease and reach a value corresponding to those found m other
regions Furthermore a decreased flow may persist in spite of the complete dis

appearance of earlier angiographic changes



CEREBRAL BLOOD FLOW AND ANGIOGRARIN IN APOPLEXY 531

focus 2 fact confirmed by the obsenanon of Mrizr & Devvy Brows {1925)
of an increased pO 1 the tussue surrounding an 1schaemic leston A more com
plete sun ey of the pathologic features of cercbrovascular lesions has recently been
gnenby Ihovar (1967)

Temporal pattern of yCBF changes The observation that regional relatine
hyperaemia (Figs 1 2 3 and 4) may be only transitory leads to the conclusion
that the mtenal between the onset of symptoms and the angiographic or rCBF
imestiganon may be of importance n mtespreung the results i indrdual
cases For cases with focal refatine hyperaemia this internvalwas6 6days (1—t7)
while tho e with relause nchaema had an ntenval of 14 3 days (5—29) The
same mtenval for cases without signs of focal flow abnormality was 230 davs
(4—91) (Table 2) There are reasons to believe that the focal flow changes will
pass through all these patterns of flow (Table 4) and esentually end up with an
over all reduction 1€ with the non focal type ol flow (Frg 4) If this decrease
m over all cerebral blood flow 15 a permanent one or if partal or complete
recovery may occur 1 due course 1s as yet unknown A more or less marked
decreae in flow could sull be detected in several cases of the present matenal
examined more than two months after the onset of the acute phase Variations
from case to ~ase will probably always occur Further mestigations aimed at
clanfying this point are now 1n progress

Regional rCBF pattern The present study has also demonstrated that areas
of relatively high flow occurred within areas with a relatiely low flow (Table 5)
In cases s whuch relatve 1sct corresponded to the anglographucally dem
onstrated lesion the highest flow was present peripherally (¥ B) On the other
band tn cases with a regional relative hyperaemia it was evident that the Towest
local focal flow was present within an area supplied by the same artery but pe
upherally o the kesion (SE J) The explanation may be the existence of an
Intracerchral steal syndrome i these cases

Differential diagnostics [he angrographic demonstration of an accumulation
of contrast medium and an early {iling ven 15 of great valye in the dragnoss of
focal cerebrovascular lesions The findings may however also cause new diagnostic
problems They are not speatfic but have occasionally been noted m cases of
abscess (Chast & $anciez 1965) as well as i thase of severe vasospasm after
subarachnoid haemorrhage (CrovgvisT & Racstroy) Sumilar changes are
frequently seen 1 cases of tumour and actually form the basis for a roentgenolo:
diagnoss espeaally as regards mahgnancy A cerebrovascular leston must he; f‘:
forth also be included 1 the differential diagnosis of tumours whe -
filing veins parucularly when combs RN

ned with & space
QT 1966 Crovquist & Larocie 1967) are Sc:j occupying leston (Cron
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Table 5

Tast flow values n the different regions expressed as percentages of aterage fast flow — LIN  Tast flowe
lesions (LY expressed as percentages of flore i otker regions (N)

Tlow in the different regions iz
1 II m n
SL]J 161 102 78 58 193
cw s 109 103 74 89
AR A 112 96 8¢ &G 87

1e functional depression in distant cerebral areas with a general decrease of
rCBY as a result (IncvAr, HaGeEnDALL, NiLsson et coll 1964)

Focal 1CBI ¢ffects Although three mam types of orculatory changes m the
regional cerebral blood flow were observed in this serics, some observations secm
to suggest that more than onc type of flow may oceur m 4 single patient (Table
5 GW) It may be that the umploymient of an mcresed number of smaller
probes will permut 2 more exct defimtion of regional chinges

Some of the specific Toentgenologic observations made mn the chses of focnl
Iy peracnuit described above have buen previously reported upon, extensively by
Lannrr & RoSENCREN 1964, and by other authors (Taveras & Woop 1964,
ZATZ ct coll 1965, Teruus et coll 1966) Only the present TOBY technique bas
however made it posstble to mnterpret the angographic chinges and demonstrate
their assoction with regional cercbral hyperaenua Avaulible experimental data
suggest that this hyperacmia may be sccondary to tissue hypoxia induced by a
cerebrovascular leston Cercbral autoregulation 1s abolished by hypoxia (Haccen
paL & Jomansson (1965) Focal ischaemia may thus lead to a focal loss of quto
regulative capacity, 2 fact proved by Hoent Rasmussen, Skinuo], Pavtsson et
coll Furthermore, cercbral 1schaerm cruses not only a decrease 1 tissue pO
(Merer & Densy Broww 1955), but also an increase m tissue pCO. (Siesjo
1961) These factors together will cause dilatation of the small vessels withm an
1schacrmic area Contrast medium withunt such vessels mty be the explanaton
of the blush phenomenon The presence of these dilated vessels also expiams
the rapid flow as demonstrated by the carly filling of vems seen i the angio
gram These vewms correspond to the red vemns obscried m relation to 1s-
chaerue regons 1n ammal brams (Wactz & SunpT 1967) Asn artersovenous
malformations, the red veins scem to contan blood with 2 high oxygen <atura
tion This tmplies the presence of cerebral hyperacmia i refation to an 1schaemic
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ZUSAMMENFASSUNG

Eim Matenal von 51 Fallen von folalen cerebraten € efasslasionen wurde mit Anmo-
eraphie und Messung des fokalen Blutstromes untersucht Die beiden Methoden ergaben
neue Cesichtspunkte fur derartige Lasionen und erbicten wuch neue hniterten 1n der Ront
genuntersuchuno der fokalen cerbralen Ischarmie Die Signifikation emer Abnahme des cere
bralen Blutstromes s 3rd du huniert

RESUME

Lauteur a cxammne por anmio raphic et par mesure du détat anguin cérebral regional 51
cas de lesions cerebrales focales vasculaires Ces d ux techmques ont fart décowvnir de nou
‘eaux caracteres de ces lesions et font proposer de nouseaux criteres radiologiques pour le
dugnestie de 11schemie cerebrale en foyer L auteur etudie la simfication de la diminution
du debit sanowin cérebral
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The observation of sumilar angiographic changes in tumours and i cerebro-
vascular lesions, together with the fact that rCBF studres have demonstratcd the
presence of focal hyperacmia in both types of lesions (CronguisT & ACEE), may
change our present concept of the nature of tumour veins It may be that some of
these 1re duc to tissue hypoxta, secondary to the occlusive ischaemic effect by the
cxpansive lesion on the cerebral arteries

Conclusions

Thus mvestigatron has verified earlier obseryations that a focal cerebrovascular
lesion may cause 1 decrease 1n the cerebral blood flow not only 1 the henusphere
affected but also mn distant cerebral areas In 17 of the 47 cases of this series focal
flow 2bnormalitics have been registered, seven of these consisung of relative focat
hyperaemin and ten of relative focal 1schaemia In addition to the well known
angtographic signs of a cerebrovascular leston, the seven first mentioned cases
with focal hyperacmia presented charactenstic early filling vens and accumula
tion of contrast medium n the rea corresponding to the hyperacmia These
changes were often the only angiographic «igns of 1 vascular lesion An analyss
of the 1ntervals between the onset of symptoms and signs and the exammnation will
determine the type of change i flow prescnt mn the mdividual case, 1s well as the
type of angilographic pattern, with the hyperaenuc type confined to the acute or
subacute phase of the conditton The finding of hyperacmia 15 of considerable
physiologic mterest and supports the present expertmental nterpretation of the
events in focal cerebral ischacmia The concomitant angiographic findings bear
differential diagnostic importance 1n relaton to sumlar changes cvident m cases
of abscess, v1sospasm and tumour
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SUMMARY

A material of 51 cases of focal cercbral vascular lesions was exammned by angioeraphy
and by measurement of the regional cercbral blood flow These two procedurcs revealed
ese lesions and the results indicated new roentgendiagnostic eriterrt

new aspects concerning th
7 The sigmificance of decreased cerebral blood flow 1s di cus ed

1n focal cerebral 1schema



FROM THE DEPARTMENT OF RADIOLOGY (DIREGTOR PROF G LOMBARDI) ISTI
TUTO NEUROLOGICO MILANO ITALY

PNEUMOSINUS DILATANS
by

G Louparnr A Passerint and A Crcenny

The term pneumosinus dilatans comed by Benjaurs (1918) refers to
the abnormal dilatation of a paranasal caity contamng aw only It 1s an
exceedingly rare disease lutle known to radiclogists nearly all cases being
published 1n journals of otorhinolaryngelogy or ophthalmology Even in recent
treatises on cramology  with the exception of those German, only passing
reference 1s made to the disease 1f 1t 15 mentioned at all It affects all the
paranasal sinuses with differing incidence and consequences

Frontal sinuses These are the sinuses most affected In a review of the hter
ature UngerECHT (1964) collected 39 cases 38 men and 1 woman with an
age range of 15 to 50 though the majonty were between 20 and 40

Preumosinus usually presents as a bulge above the orbual margin The
buige 15 often Jarge and disfiguring ‘There may be no other trouble or there
may be headache or painful local tension (Harrisov & Youne 1955) Very
rarely 15 1t bilateral 1t affected the orbit 1n 3 cases displacing the eyeball to
the point of causing double vision 1n Case 1 of UncerECHT s {1964)

Maxdlayy sinuses These are the least affected We have found only 2 cases
in the Wierature Cotre & NovE JosseRAND (1907) Poeaner (1963) Ac
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Fg 7 Pneumounus sphenod 1
t mography Left ¢ ntour of sella def rmed by th preumos nu

ntour of ¢ lla no rral d; Coronal tom graphy th ough the dorsum sellac F 1ger shaped projec
t ofth left phnidcll s cen nth lumen of the sella

a Svollen sph nod cell ba imvaded the lla b) Late al
¢} Iateral tomography Rihe

Roent en examnation of the skull {Fig 2) showed the sella to be deformed
by an abnormal sphenotdal cell accupiing a large part of the lumen and
going beyond the dorsum Tomography revealed that the enlarged sphenoidal
well was developing upward and leftward spanmg the night contour of the

sella: The walls were regular and the mtersinusal septum was consersed
but the transparency of the canty was reduced

Encephaloraphy \Frg 3} The ventricular cavities espectally the thard
‘ventricle and 1ts optic recesses were normal The sellar  asterns filled badly
and at the level of the pneumosmus they were obliterated medaally and
laterally reduced to two thin flakes At operation the enlarged left sphenordal

368004 4! Rd te I o 1 1 9cioral
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Iig 1 Pncumosinus dilatans ethmowdalis (Clinical
signs of acromegaly with temporal hemianopsia
and diminution of visual acuity From D AGATI in
Radiol med 32 (1946) 141 Courtesy of the
publisher )

cording to PsENNER, pncumosinus devclops 1 the supero internal and anterior
quadrant of the cwity 1s a hard protuberance covered with normal sk,
and 15 usually dingnosed s an osteoma until subyjected to roentgen examina
tion

Antertor ethmordal sinuses In tlus site pneumosinus tends to invade the orbit
causing slowly progressive, irreducible, non pulsating cxophthalmoes We
have collected 5 cnses in the Iiterature van pDER Heuar (1917), Meyer (1931),
MonTrEsor (19534), Mercier & Jezrcaser (1958), FLOTTES et coll (1959)

Posterior ethmordal and sphenoidal sinuses The ballooning of these cwatics
tends to develop mside the shullan the sellar region Mild forms 1re symptom
less, but when the pneumosinus 1s large 1t behaves s 1 tumor causing dimage
to the optic pathways and sometimes giving nise to endocrine disorders {(Fig 1)
If pnecumatisation extends to the optic forwmmna, thereby narrowing
them, visual damnage may be more severe {Beuten & Tanzer 1963) We
have traced four symptomatic cases of this group Hajeck 1926 (1 case)
Bexprscu 1932 (1 case), Acarr 1946 (2 cases) To these we would ndd n
personal cse, which differs from the above 1n that 2 single sphenoidal cell
was nffected nd the pneumosinus developed within the selln, spaning the
sphenoidal plne

Our case was a male, 1ged 38, with a 3 year history of progressive weight
gam (20 kg), polydipsia, polyurn, decreased hibido and attachs of migrune
Ophthalmologic examination while the patient was m hospital disclosed 1
shght decrease n visual rcuity on both sides and bitemporal hemranopit
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c d

Fg 4 a;Sellatuc adefo med by a mmetrcal d  clopment of the sphenaidal ¢efl b) and )
Tomug aphy of the ! ftand  pectns by of the night cont ur of the sclla’ d; Coronal tomography

4 The condition 15 excluded from other paranasal sinuses erther because
of anatomical malformations or because of nfl of the sur ding
Cavittes (susitis polyps) which prevent access

2 It contains air only

6 The macroscopic normalty of the muscosa A few of the small number
of cases examined hustologically disclosed shight signs of inflammation

7 The absence of osteomyelinc changes 1 the bone walls which appear
to be ballooned

8 The overwhelming preference for males of the 51 cascs considered,
oniv 3 were females

9 Age of onset the great majority of the cases occur mn the 20 to 40 age
rangc
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G

Iig 3 Lncephalography in the same case as shown i fig 2 The third ventricle 15 normal \t
the level of the pncumosinus the sellar eusterns are obliterated medially and reduced to two thin
lateral flakes (arrows)

cell w1s found not to communicate with the other paranasal cuwanes It
appered to be cmpty 2t the openmg and covered with shghtly thickened
mucos, which was removed The texture and 1ppeutince of the underlving
bone was normal The histologic exymmnation brought forward nuld esidence

of non specific mflnmmntion

Discussion

The notion of normahty s 1pplied to the paranasal sinuses 1s 1 nghly
elastic one Variations 1n shape 1nd size of the mdividunl cuvities and 1 the
degree to which they evtend 1into the nd)acent structures e so common
that they must be regarded s representing the normal anatomy of the sinu
scs
Pncumostnus 1s, however, characterised by several features that mark 1t
off from the normal pattern nd pernut identification  Irrespective of the
chimcl consequences, which vary with the site, the features common to the
group of 50 pncumosinuses collected from the literature and to the personnl
case are 1s follows

1 The dilatation 1s confined to one or to 1 few sinus cells

9 The condition may be stationary 1t some stages wd then m1y suddenly
develop

3 There 1s a predilection for certaun sites  the lateral recesses of the frontal
smuses, the superior recess of the maxillary sinus, the sellar region m the
spheno ethmoidnl loctions, ind the orbtt 1n the anterior ethmoidal locations
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\ery probably connected with the menmgioma To av oid confusion we
prefer to speak of ‘blistering , 1 descriptive word used 1n the knglsh hiterature
that does not 1mply 1ny pathogenetic defintions or hrmitytons {compare
with Fig 5)

In the bterature the hyperpneumatisation of the parmnasal cities that
1s observed 1n severe cerebral palsy dating back to crly mfiney 1s often
assocnated with pneumosinus Actually the two have notlung mm common
Overdevelopment of the sinuses occurs ex vacuo and has a compensating
function It usually extends to all the paranasal cavinies on the affected side
and 15 accompanted by other crimal deformauons and more or less marhed
signs of cimcal palsy

Penorbital sinuses that difate to fill the void left by enucletion of the eye
performed 1n the first years of hfc and not corrected by prosthieses oceur by
the same mechamsm

All workers emphasise that 1t 15 possible to mustabe 3 pneumosinus for a
mucocele and in fact not a few pneumosinuses especially frontal and ntertor
ethmoidal ones have been operated on with this dingnosis Thas 15 mawnly
due to the ranty of the condition and hence to unfamilianty with it Pneumo
sinus does not cause increased bone density or destructine changes of s
walls and the oniginal septa of the cavities are at least in part mtact

SUNNARY

Prneumosinus dilatans 13 a rare disease marked by a circumscribed dilatation of the
Pparanasal cavities containing air only It may affect any of the paranasal sim

uses and 1 some
sues may have or

q The 1ncidence
dstnbution and charactensuics of 50 cases collected from the hterature are analysed and

one new case of sphenoidal pneumosinus dilatans 1s described

ZUSAMMENFASSUNG

Tneumosinus ditatans 1st selten d und durch b Dilatat der \asen
nebenhohlen die nur mut Luft gefullt sind  gek Jede der N h
kann angegnffen werden und daber n Regionen hthal he

dokrne Fol b hervorb

';:der her Frequenz Vertellung und charakteristische.

rschemungen 1 50 in der Lateratur Fallen werden ) E;
Fall won P dilatans sph dalis wird besch o newer

RESUME

Le
gos o eumosinus dilatans est une aflection tres rare. marquée par une dilatation cxreonscr
smna:‘ Paranasales ne contenant que de Lair Il peut toucher n 1mporte lequel des -
P au et dans certames localisations 1l peut avo r des conséquences neuro—:}phlﬂl !]mus
malog
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tig 5 Menngiamas of the spheno ethmordal plane silustrating blistening

Several hypotheses have been dvanced to explan the discaise Some
lrive been disearded whibst others are sull being discussed The idea that
pneumosinus 15 duc to 1n 1erobic germ infiction or that 1t 15 the outcome of
1 spontincously emptied mucocele (Harruon & Youne 1955) or the 1dea
that 1t 1s duc to mtrsmusal hypertension hase At been disearded  The current
view tends to e that several factors are 1t work (Ovrersporr 1903, Piguer
1960, Uncericur 1964) an existng malformation, chronie inflammatory
changes 1 the surrounding sinuses that wxelude the pneumosinus ¢ty and
sumulate the pnecumatisation power of the subepithedinl lyars of the mucost,
hormonnd fictors (DE STEFAnt 1957), wluch 1n other pathologic conditions
such as wcromegaly, lead to orverdevelopment of the parinnsal cavities even
after they are fully grown

Preumosinus 15 connected with some dragnostic problems The first
low to establish 1 line of demarcation between the extreme umit of norml
nd the pathologic Smul bulgss quite without pathologic sigmificance
{PssNNER 19510 may develop ong the mner contour of the sella In the
cse of Nig 4, climcally symptom free 1 sphenodal el had descloped mside
the selln In this, @5 m suadar eases, only 1ts further growth nd/jor the onstt
of chnicl disturbinces might jusufy the diygnosts of pneumosinus

Another problem 1s the connexons with memngioma which, 1 the opmion
of some worhers (ScruLLer 1930 Stanka 1933, Mavrr 195 Pepnuee
1963), go buyend mere comadence Lottt of the smuses demarcated by
varying degrees of ancreased bone density was n finding 1 thurteen {38°,)
of the 34 memngiomas of the tuberculum sellne and 1 eght (20 7] of the
10 menmngomas of the ollictory grooves operated on At this hospatal «J oy

ARDI 1967) Such a igh madence contrasts with the ranty of pncumosinus
When 1t 15 considered thit no other tumor gives nse to this deformation
1t 15 reasonable to suppose that there 15 1 different mechanism of ongin
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sery probably connected with the menmgioma To avoid confusion we
prefer to speak of ‘blistering , a deseniptne word used 1n the Enghsh hterature
that does not imply any pathogenctic definttions or himitations (compare
with Fig 5)

In the hiterature the hyperpneumatsation of the paranisal cawvsties that
1s observed 1n severe cerebral palsy dating back to early infancy 1s often
assocrated with pneumosinus Actually the two have nothing in common
Ouerdevclopment of the sinuses occurs ex \acuo and his a compensating
function Tt usually extends to all the paranisal cavities on the affected side
1nd 15 accompamed by other crimal deformations and more or less marhed
signs of chiical palsy

Penorbital sinuses that dilate to fill the void left by enuclcation of the eve
performed 1 the first years of hife and not corrected by prostheses occur by
the same mechamism

All workers emphasise that 1t 15 possible to mustake a pnenmosinus for a
mucocele and 1n fact not a few pneumosinuses especinlly frontal and antenor
ethmoidal ones have been operated on with thas dingnoss This 15 mainly
due to the ranty of the condition and hence to unfamihanty with 1t Pneumo
sinus does not cause wcreased bone density or destructive changes of s
walls and the onginal septa of the caviues are at least in part ntact

SUMMARY

Poeumonious difatans 1 & rare disease marked by a circumscribed dilatation of the
paranasal cavities contaning air onlv It may affect any of the paranasal sinuses and m some
stes may have h 1 d q The mncidence
distribution and charactensties of 50 cases coliected from the Lierature are analysed and
one ew case of sphenordal preumosinus dilatans 1s described

ZUSAMMENFASSUNG
Preumosinus d latans 1st selten vorkommend und durch begrenzte Dilatation der Nasen
nebenhohlen die nur mut Luft gefulle sind Jede der N benh
kann angegnflen werden und daber Regionen hthalmolor 1che
oder endokrine F e b Frequenz, rtelung und charaks

21
Erschenun en in 50 n der Literatur angegebenen Fallen werden analysiert Ein ne

uer
Fall von Pneumosinus dilatans sphenoidalis wird beschrieben

RESUME

Le
Mol Ppoeumesinus ditatans est une affection trds rare marquee par une dilatation crconscrite
a
doc 11es paranasales ne contenant que de latr 1) peut toucher n importe lequel des sinus
2saux et dans certaines localisations 1l peut avorr des conséquences neuto-ophtalmologt
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ques ou endocrimiennes Les auteurs analysent la fréquence la distribution et les caracteres
de 50 cas de pneumosinus dilatans recuelis dans la hittérature et deersent un nouseau cas
de preumosinus dilatans sphenaidal
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\MIMER 111 AND ROTATING CHAIR
by

G Frepzete T Grerrz A Greee and L HovLwstrOM

The preciion in projection required 1n neuroradiology was emphasized al
;;ad)kby Lisioryr and resulted m his design in 1920 of the precision mstrument
mr“smull radiography When rapid <enal cerebral angiography was mntroduced
b r}:mccn fifies the need for new equpment became apparent and this
s 0nc‘}funs\ruv:lu:m of the Mimer (Fripzere & Linoeren) This nmt was
o gael Saf‘fl‘lt radrographic principles of projection as the Lysholm unit but
pog an%jr > :rebc:xbdngl for durection of the central beam towards a stationary
o \S]uckgl\c;msznc;‘:lf) in addition be replaced by a biplane cut film
xbx’i::sh[}::i:h n 1mage mtenstfication and transmussion have created new pos-
and oo t;‘ ap};lxcauon of fluoroscopy 1n connection with encephalography
wch Eum‘,g;; v There 1s.also a trend towards mcreasing use of tomography m
sty manom!\on;) 1Thls tendency has tutherto been restramned by the lack of an
o 1 rable umit espeaially for use 1 encephalographv Tomography
rather b uSCdopxmon not be considered as a separate examination but should

deeton o 1 ;s a complementary radsographic technique comparable to the
revan of bugh or low Lilovoltage It therefore should be possible to apply

Submitted for publicaion 19 September 1967
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e o

N 1 Mimer HI 1) Adjusted for en
amation with honizontal beam by Re
trtng chur adjusted for exinunation of
Patient  n supine position with vertical
beam

tomography s well as fluoroscopy with as ittle effort wnd tume lag s an alteration
of hilovoltage

It has for techmeal rersons been consdered desirable to have aceess to
entity of equipment 1 which the roentgen tube, cassette holder, image mtenstfier
and device for tomograply are parmanently m position for use This s 1chieved
by the desgn of a U arm which crries the tube 1t one end andd the cassette
halder and the mmage intensifier 1t the other By means of switably constructed
supporting arms the central ry can be adjusted m any direction m relaton to
the object to be examuned, which can be pliced 1t the centre of rotation The
location of the objuct at the centre of rotation was recommended by Durac
(1956) especrally for radiography of the cir, and was applied m the Princeps

Gravity plys a role m the distnibution of contrast medim and the panem
must be placed m 4 certun posiion since the region to be cxamned 15 given
and cwnot be altered To achueve the predetermined positioning it 1s usually
sufficient to rotate the patient about his long 2vs However when symmetrical
filing must be mamtamed 1 encephalography and sventniculograplhy, rotation
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MIMER 11l AND ROTATING

Fig > Rotau g chair table (RCT 71« nthy
supports and strappings used in encept alo-
graphy and sentriculograpt y

bout a transverse axis 15 preferable This 15 the sttuation 1n ventriculography of
the postenior fossa and when bilateral filling of the temporal horn 1s requred
Devices for rotation of the patient have been designed with these Purposes n
mind (PoTrs & Taveras 1964 Potts 1965) Problems of a similar hind are en

countered 1n myelography when considerable tilts around the honizontal trans

‘erse axis may be required The demands for equipment to support the patient
duning the above menticned neuroradiologic procedures are thus sumilar cnough
10 justfy the construction of 2 rotational umt equally switable for all these pur

Poses In the development of a new roentgen stand according to the requirements
mentioned 1t 1g necessary to consider the demands on the rotating support of the

Pauent and vice versa Iy has therefore been conudered logical to arrange for a
barallel construction of both units

Technical description of Mimer
Mimer 111 The
1959 w1th the first
8en twbe 35 suspend;

III and the rotating chair table

pattern of movement of the roentgen tube mtroduced 1n
fimer stand 1s maintamned in Mymer I (Fig 1) The roent

ed m two arms one of which the tube arm rotates ahout
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Tig 3 Iauent posttioned for T\ fluorg
scopy and ar fithag of posterior fos 1 dur
g encephalography

a horizontal 1x1s and the other the vertical arm, about a veryeal avs In this
system of mosement the central ry cin be dirceted from 1ny point on the sur
face of 2 spherc to 1ts centre, which comcides with the mtersection of the two
axws In Mmmer HI, the radius of the sphere 15 80 em The tube arm 1s extended
and carrics 1 eassette holder and an image ntensifter tube  The vernical arm 15
suspended from the caling 1nd consists of two telescopic members which allow
1 vertieal adjustment of 56 cm

The eassette holder, which hs 2 aircular opening for TV fluoroscopy, and the
image mtensifier tubc are not directly attached to the extended tube arm but
via a third arm which ean be tilted £ 20° an relation to the tube arm
This ult 1s actnated by a motor, which aiso controls a corresponding
traved of the tube an order to achive correct linear tomographic traved of the
focal spot and cassette, or the imnge intensificr: Tomography may thus be per
formed with any directioning of the centrl rvy Three tomographic angles have
been chosen, nimcly 10°, 15° and 30° The exposure trmesare then 08 13 and
30 scconds

Tomographic fluoroscopy 1s provided since the mmage mtensifier tube follows
the cassette Certun TV momtoring accessories 1¢ 1n 1mage storage umt e
however necessary to mahe this hind of fluoroscopy uscful The posinon of the
tomogr iphic layer 1s mdicited by a hght ponter All tomograms e magmied
exactly 40 5 and therefore offer the most accurate means of measuring the

correct size of any detaul
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Fig 4 Mmer I1 and rotating char
t Hle adjusted for use m gas m elo-
crapt

Different holders mcluding Lysholm multiline focussed grds are ayailable for
each cassette size The holder permuts the cassette to be rotated + 90° and ulted
%40 The fo us fitm distance can be vaned between 80 and 110 cm according
to the location of the cassette holder along the tube arm A small object film
distance may thus be obtamed and annoying mterference by the patient s neck or
shoulder 15 avoided By tilung the cassette holder 1t 15 possible to obtamn tomo-
graphic layers oblique to the central ray and at an angle that corresponds to the
ult of the cassette This 1s sometimes the only way to obtam the re juired location
of the layer 1 the case of 2 gien tomographic travel An example 1s a frontal
cut parallel to the optic chiasm

Analternatne to Mymer I ss offered by \fimer I The arm system respon
sible for the trayel of the roentgen tube cassette and image intenstfier are in

Mimer 13 Suspended 1n a heavy cantilever which tray cls vertically along a column
attached to flogr and wall The ceihng 15

left bare but the umt requres more
floor space than Mimer 111 The two umts

are 1dennical 1n function

The rotating chayy {

RCT 2) (Fig 2) consists of a seat which can be con
verted to a flay table to;

P and a rotaung leser the position of which determimes
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Tig 3 Pauent posiioned for 1\ fluoro
scopy nd ur illing of posterior fo <1 dur
g encephalography

1 horizontal 1s and the other, the vertical arm, about 2 vertical wis In this
system of movement the central r1y can be dirccted from amy pomt on the sur
face of 1 sphere to its centre, which comcides with the mtersection of the two
axes In Mimer I11, the radius of the sphere 1s 80 em The tube arm 1 oxtended
and carries 1 cassette holder and an mmage mtensifier tube The vertical arm 1
suspended from the cetling and consists of two telescopic members winch allow
1 vertical adjustment of 56 cm

The cassette holder, which has 1 circular opening for TV fluoroscopy and the
mage mtensifier tube are not directly attached to the extended tube arm but
va a third arm which can be tilted £ 20° in rdation to the tube arm
Fhis tile 1s actisated by 4 motor, which also controls 1 corresponding
trvel of the tube 1n order to achieve correct lmear tomographic travel of the
focal spot and cassette or the image mtenstfier Tomography may thus be per
formed with ny directioning of the central riy Three tomographic angles hue
been chosen, namely 10°, 15° and 30° The exposure times 1re then 08, 13 and
3 0 seconds

Tomographic fluoroscopy 15 provided smce the image intensifier tube follows
the cassette Certain TV monitoring 1ccessories, 1€ n 1mage storage umt arc
however necessary to mahe this hind of fluoroscopy useful The position of the
tomographic lycr 15 ndicated by 1 hight pomter All tomograms are magmfied
«xactly 40 Ge and therefore offer the most accurate means of measuring the

correct size of ny detul
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Fie 7 Ventnculography 1n a case of tumaue of tte foicth sentnele

on a.track countersunk mto the floor and transversely by the travel of the <eat n
relation to the 1o ating lever

Forchead and nech supports are provided for the head and the pauent may
be strapped o the <eat A hole 1 the back of the chair 1s provided for lumbar
puncture (Fig 3) The patient remains fastened to the chair m a siting positron
during all phases of phalography and ventriculography  a f somer
sault may be accomplished The speed of rotatton of the pauent may be con
tinuously selected between 2 ,second and 24° second 1¢ one complete revolu
tron in 15 econds

The back of the cha {or encephalography may be replaced with a larger onc
non obstructive to radiation which 1s used during myclography after the chair
has been conserted to 2 flat table top (Fig 4) The patient 1s suspended head
down sn 4 harness i which he may be tumed into supine or prone poution from
the ongmally lateral recumbent position Linear tomography on a recumbent
pattent can be used all along the body with a travel parallel to the spme and
from the head to the Jumbar area with a travel transverse 10 the spine

The Mimer units 1n c¢linical practice
NMmer 11 and the rotaung chair have for nearly two vears been 1 daily use
i the department of neuroradiologv \Mumer IL 15 wdentical to Mamer 111 1n ats
clineeal application and our experiences which are based upon over one thousand
examinations should therefore be valid for both umts Furthermore we have
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Fig 6 Tomographic exammation of posterior foss1 with encephalography

the height (50 to 100 cm) bose the floor level of the scat There s alvo 2 bise
umt, which 1mong other 1tems contams a motor and gears for vertical adjust
ments parallel with the floor, by rotation of the lever, and for the free rotation
of the seat The chur table 1s adjustable longitucdinally by the trnvel of the bise
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MIMER II AND ROTATING CHAIR 5ol

anaestheaa are preferably performed with the \imer becwse of the high
sccuntty offered Some nunor disadhantages are that with the patic tn hornizon
tal position the areas below the cenvical <pine cannot be fluoroscoped with 1
honzontal beam direction The vertical adjusument of Mimer 11 shoutd pref
erably have been larger ¢ g m order to facihtate radiography lateral pro-
fection with the head down The total time requured for an encephalographic
emination has not been shorter than with exrlier equipments marmnly becuse
of the frequent use of tomography (Fig 6}

The rotaung char has been found to be a labour sxung aid in the manage
ment of the patient during ventriculographs cspeaially for achieving and mun
tanng filing of the ventricular system of the postenor fossa (Fig 7) Gas
myelography has been successfully carmied out both by the subocapual and
lumbar routes according to the techmques described by Lisneren (1939} and
Westserc (1966) (Fig 8)

Daily work with Mimer II has shown the umt to be of value also outside of
neuroradiologic work Instant fluoroscopy mas be used at most skeletal and
jomt exammations as a control that optimal projection has been obtuned eg
duning asthrography Examinations including tomography 1n the erect postion
may afford additional information concerning the spme hip jomts and hnce
joints Mumer 11 15 also a hinear tomograph which fulfils the chmical demands
for all linds of tomography where the exposure tme 15 of subordinate importance
The excellent results obtained with Mimer I have convinced the authors that the
charactenstic principles of this urut showid not be confined to neuroradiclogy
but should be extended to other fields of diagnostic roentgenology

SUNMMARY

The roentgendiacnostic umt Mimer 11 and the rotatin., chatr table RCT 2 are de cnibed
These offer great flexsbility 1n the choice of beam direction and posiionung of the patient as
well as ready accessibibity of TV fluoroscopy and limear tomography

ZUSAMMENFASSUNG

Die Ronigendiagnosuk Emnhett Mumer 111 mut Rotationsstuhl Tisch RCT 2 wird beschrie
ben Sie erbietet grosse \ anationsmochichkeiten in der Wahl der Strahlennichtung und Lage

des Patienten so 1e unnuttelbaren leichten Zugang {ur Pemsehdurchkuch\\mg wnd hineare
Tomographie

RESUME

D ccrpion de Lappares de radiodagnoste Mumer I et du fauteu! table rotatsf RCT 2
Us offrent une grande mamabilte pou le chorx de la dhrection da tayomnement ot de 1
mise en place du malade ammnt que la po sbilité ynmediate o

\tsee et la romorraphie binfaie uuhier Ia radioscopi tele



550 € FRFDZFIL, T CREITZ, A GREPF AND L HOLMSTROM

e B
!i) ¥ Vo i} ot |
B, s - * -
Bl

hg 8 Cas melogriphy  lomography with horzontal heam
direction

had scveral sears of experience of corresponding exanunitions armied out with
the Lydholm shull table, as well 15 with Mimer I The exanunation routme m
encephilography performed with Mimer 111s baacally the same s carher, 1e
mamnly denvcal wath that deseribed by Linpern (1949), with mo hfications
introductd according to new posstbilities

One advantage with mnstnt fluoroscopy 1s that 1t mhkes the el nd most
critical phase of encephalography 1n the sittng position less time consunung
Ths 1s becuse 1t affords immedrate miormauon about the absence or prestnce
of tonsiflar hermation and about the degree of filling of the ventnculr system
and the subarachnoidal asterns The examination may thercfore progress with
out delvy Should 1 postenor foss1 lesion be considercd improbable, the vy
natton m1y be carried out immediately i the supine and prone postions The
patent 18 so well strapped 1 the charr that the lumbe puncture needle cin be
left m situ The ngid nd rehable fivation of the patient, combined with the
movability of the nmt increascs the secunty smee the head end can be mstantly
lowered 111 casc of immment hermtion or fall m blood pressure

The rotating chur docs not restrict the patient to 1n exanunation n sieting,
prone, or supme, posiions He m1y be placed n 1ny intermediate position to
obtatn optimal filling of 1ny part of the ventricular system, or of the subarachnoid
asterns  This fact, combred with the possbiliy of performing tomographic
studies during all stages of the exanunation has pernntted more smformaton to
be procured about previously less discernible structures (g 5)

The design of the equipment 1s such that it does not always leave the paent
within easy reach but this has been no problem erther for the radiologist or
for the anaesthetist when the examunation has been performed under genernl

anacsthesta  On  the contrary, cxammations of pauents under general
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anaccthe 13 are preferably performed with the \limer because of the mgh
<ecunty offered Some mnor disadvantages are that with the pauc.t in horizon
tal position the areas below the cencal spime cannot be fluoroxcoped with a
honzontal beam direction The vertieal adjustment of Mimer 11 should pref
erably have been larger, e g an order to facihate radiography n lateral pro-
jectian with the head down The total time required for an encephalograptue
exammnation has not been shorter than with earher equipments mamly becaus
of the frequent use of tomography (F1g 6)

The rotating charr has been found o be a labour sasing ad 10 the manage
ment of the patient dunag sentewulography  espeenally for achieving and mam
taming fillng of the ventncufar system of the postenior fossa (Fig 7) Gas

lography has been fully carred out both by the subocaipital and
lumbar routes according 1o the techmques described by T1nperes (1939) and
Westerre (1966) (Fig 8)

Druly work with Mumer IT has shown the umit to be of value aho outade of
neusoradiolome work  Instant fiuoroscopy may be used at mowt sheletal and
jotnt examinations as a control that optimal projection has been obtamed eg
dunng anbrography E nons mclnding phy m the erect posimon
may afford additional information concermng the spine Iup jounts and knee
yomis Namer 111 also a hinear tomograph which fulfils the chneal demands
for all hinds of tomography w here the exposure time 1 of subardinate mportance
The excefient results obtained with Mimer 11 have convinced the authors that the
characterustic principles of this umt showld not be confined to neuroradiology
but should be extended to other Tields of diagnostic roentgenology

SUNDARY

The ro nigendiarnostic umt Mamer 11 and the rotating chatr table RCT 2 are de enbed
The ¢ offer great fiexitatity 1n the choice of beam direction angd po thiemrg of the pauent as
well a¢ 7 ady aceessibabiy of TV fluotosropy and bnear tomography

ZUSANIMENFASSUNG,

Die Rontgendizenostik Lirthert Mimer 1T mt Rotationsstuh] Ts ch RCT 2 3 1ed beschrie
:n Ps.e exbiet ¢ gro. e \anation mooliehesten in dee Wahl dev Strablenrichtung und Lage
es Panenten sowie woenttelbaren feachs o
Tarmogragine < o Jeichien Zugany fur Pernsebdurchleuchtung und hneate

RESUNE

D cnpron d 1 appareit de radiodia

Ils offr nt une grande maniabilite
mis en place dn malade amst que Ja posub

e s tomonragie e PO e tmmediate

gnosic Mimer T et du fautewd table
otatit RCT 2
pour Je chorx de ta direction du rayonnement et de la

dutiliser 1a radioscopie tele
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Tig 8 Cas mvelograpln  Tomography with horizontal buam
direction

had several years of experience of corresponding examunations carried out with
the Lysholm shull table, as well as with Mimer I The exammation routine
encephalography performed with Mimer 11 1s basteally the same as earlier, 1 ¢
manly 1dentical with that described by I'inperen (1949), with modifications
mtroduced 1ccording to new possibilities

One adsantage with nstant fluoroscopy 1s that it makes the mtal and most
critica] phase of encephilography i the siting position less time consuming
This 1s because 1t affords immedhinte information about the absence or presence
of tonsillar hermaton and about the degree of filling of the ventricular system
and the subarachnoidal asterns The examinquion may thercfore progress with
out delay Should 1 posterior fossa lcsion be considered mmprobable, the esum
nation may be carried out immediatcdy 1n the supine and prone positions The
patient 1s so well strapped m the chur that the lumbar puncture needle can be
left in situ The ngid and rehable fixation of the pauent, combined with the
movability of the umt increases the secunity since the head end can be mnstantly
{owered 1n crse of immunent hermation or {all i blood pressure

The rotating chair dots not restrict the pattent to an examnation m sitting
prone, or supine, positions He may be pliced in any mtermedinte position to
obtun optimal filling of any part of the ventricular system, or of the subarachnoid
asterns This fact, combined with the possibility of perforrmng tomographc
studtes during all stages of the examination, has permutted miore snformation to
be procured about presviously less discermble structures (Fig 5)

The design of the equipment 1s such that it does not always leave the patient
within casy reach but this has been no problem erther for the radiologist or
for the anaesthetist when the examination has been performed under general

anaesthessa On  the contrary, exumimnitions of patients under general
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anaesthesta are preferably performed with the Mimer because of the Ingh
«ccuriy offered Some munor disadvantages are that with the patie t n horizon
tal posiion the areas below the cervical spine cannot be fluoroscoped with a
horzontal beam direcuion The vertical adjustment of Mimer II <hould pref
erably have been larger eg i order to facihitate radiography in lateral pro-
Jection wath the head down The total time required for an encephalographic
examunation has not been shorter than with earlier equipments mamly because
of the frequent use of tomography (Fig 6)

The rotating chair has been found to be a labour saving aid the manage
ment of the pattent during ventrculography  especially for aclueving and mam
tamng filling of the ventricular system of the postertor fossa (Fig 7) Gas
myclography has been successfully carried aut both by the suboccipral and
Jumbar routes according to the techntques described by Livnoren (1939) and
Westaere (1966) (Fig 8)

Datly work with Mimer IT has shown the unit to be of value also outside of
neuroradiologic work Instant fluoroscopy mav be used at most sheletal and
joint examinations as 2 control that optimal projection has been obtaned ¢g
duning arthrography E luding phy in the erect posttion
may afford additional information concerming the spine hip joints and haee
Jomts Mumer II 1s also a linear tomograph which fulfils the clinical demands
for all kinds of tomography where the exposure ume 1s of subordinate importance
The excellent results obtamned with Mimer 11 have cominced the authors that the
charactenistic prinaiples of this unit showld not be confined to neuroradiology
but should be extended to other fields of diagnostic roentgenclogy

SUNMMARY

The roentgendia no tic umit Mimer 111 and the rotatne chair table RCT 2 are de ented
These offer great flexibility in the choice of beam direction and positioning of the patient as
well as ready of TV and Linear

ZUSAMMENFASSUNG

Die Rongendiagnostik Einhest Mimer 11T mit Rotationsstuhl Tisch RCT 2 wisd beschne

l'; n PSxe erbictet gro e Variauansmoglichkerten 1n der Wahl der Strahlenrichtung und Lace
e Pantenten owie uamittelbaren I o

oo aren leichten Zugane fur Fernsehdurchleuchtung und hineare

RESUME

D<cription de 1appares) de radiodiagnostic Mime
et 1T et du faut

Tis ol ot une grande manusbibie pour le chore de 1a ducenon oy 1o coee ! RGF 2

mic en place du malade amst que 1a po silte smmediate & gl o 1 96

1 ce et ta tomozraphic hneawre diser Ia sadsocope tele
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Tig 8 Gas mvelography  lomography with horizontal beam
direction

had severl years of experience of corresponding examunations carried out with
the Lysholm skull table, as well as with Mimer I The ¢xumnation routine m
encephnlogriphy performed with Mimer I11s basically the same s earher, 1¢
mamly 1denticn] with that described by I vperen (1949), wath mo lifications
mtroduced according to new possibilities

One advantage with mstant fluoroscopy 1s that it makes the imual 1nd movt
cntieal phise of cncephalogrphy m the siting position less ime consunmung
Thus 15 because 1t affords immediate mformauon 1bout the absence or presence
of tonsillr herniation and about the degree of filling of the ventricular system
and the subarachnordal asterns The exummation may thercfore progress with
out delay Should 2 postertor fossa lesion be considered improbable, the examu
nanon m1y be carned out immediatedy m the supine nd prone positions The
patient 1s so well strapped m the chur that the lumbar puncture needle can be
left m situ The ngid and relinble fixation of the patint, combmed with the
movability of the umt mereases the securnty since the head end can be mstantly
lowered 1n c1se of immunent hermation or fall n blood pressure

The rotating chair does not restrict the patient to an exanunation 1 stung
prone, or supine, posittons He may be placed m 1ny mtermedinte position to
obtun optimal filling of any part of the ventricular system or of the subarachnord
asterns This fact, combined with the possibility of perfornung tomographic
studies duning all stages of the examunation, has permutted more information to
be procured bout previously less discermble structures (Iig 5)

The design of the equipment s such that it does not 1lways leave the patient
within easy reach but this has been no problem etther for the radiologit or
for the anaesthetist when the examination has been performed under general

anacsthesta On  the contrary, exauminations of patients under general
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