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NORMAL SIZE OF THE INTERNAL CAROTID, MIDDLE
CEREBRAL AND ANTERIOR CEREBRAL ARTERIES

by

Trycve O Garriersew and Torewx GrETZ

‘The size of the mternal carotid, rmddle terebral and antenor cerebral artenes
have been mtestigated by WoLiscntarcer & WoriscRLAEGER (1966} m un-
selected cadaver bramns as well as with carotid anglography performed dunng
hfe However, neither the angiographic nor the chmecal dragnoses were given for
the Inng subjects

The present nvestigation has been made m an attempt to determine the
normal size of the internal carotid, Tmddie cerebral and antenor cerebral artenes

AMaterial and Methods The records of 4 402 caroud angiographies coded as
normal duning the fiteen year penod 1950—1964 were screened m order to
find as many normal examnations as possible Of all these examinations, 4 139
had been performed at Serafimerlasarettet and 263, the more recent ones, 1 the
Department of Neuroradiology at Karolnska sjukhuset,

Most of the cases were ehmunated from the study erther because of the hustory,
or signs pomnting to disease of the central nervous system other than epilepsy
An abnormal electro-encephalogram among the epidepsy cases was not regarded
as a ground for exclusion No case with abnormal neurologic signs or recent

From the Department of Neuroraduology (Director Prof T Greits), Karolmska Syukhu
set, Stockholm, Sweden. Sub for publ 5 February 1969

1—703004 Aita Radsolegrca Diagnons Vol 10 (1970)
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Fig 1 ¥ig 2

Fig 1 Dumeters of the sntemal earond, muddle cercbral and antenor cerebral artenies,
dm of normal carotid angiographies

Fig 2 Vanous diameters of the internal carotid artery d

d 1o lateral
of normal carotid angiographies

were obtaned by senal filmung with a 10 by 12 mch Elema Schonaader changer
at 85 cm film-focus distance The 10 by 12 mch Elema-Schonander cassette
holder (Livporen 1847) and a film focus distance of 70 cm had been used for
the 112 carlier examtnations

‘The measurements were carmed out as follows The diameter of the contrast-

filled lumen was marked with a sharp lead penal and the diameter measured

with a P ruler to an p of one tenth of a mulimeter,
In order to d the dard error of , both writers m 50 of
the 156 examnations, made two sets of , all four sets independ

of each other

Measurements C, M and A were taken both from anteroposterior and half-
axial views, tn which the petrous ndge was projected below or above the roof of
the orbit, G was the diameter of the internal carotid artery 5 mm proximal to
1ts bifurcation 1nto the antenior and middle cerebral artemes The size of the
muddle cerebral artery (M) and, respectisely, the antenor cerebral artery {A)
were measured 5 mm beyond their ongin (Fig 1) Measurements of the arteral
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hustory of head injury or subarachnaid hemorrhage was mcluded A lstory of
tnigerunal neuralgia, nugramne, and other types of headache, was considered
acceptable There were no chmcal notes to suggest that angiography had ever
been carried out during an acute attack of migrainc

If additional roentgenographic investigation or subsequent evidence revealed
cven probable central nervous system discase other than as specified above, such
a case was excluded from the study, cases of relatnely minor deformuty or
asymmetry of the shull were thus chimmated Exclusion of anglographies per-
formed under general anesthesta explams the absence of children mn the series
Exammations with pernvascular or subintimal injection of contrast medium were
discarded

Only studies of good techmcal quahty, with at least one lateral and one frental
roentgenogram an the arterial phase, were included  Arterial measurements
were often made from both anteroposterior and half-axial projections from the
same carotid angiography Cases of cven mmmmal atherosclerosis involving the
cercbral arteries, and those having known cerebral atrophy of cither central or
cortical type, were climnated from the i estigation

One hundred and thirty-three cases, which passed all requtrements for ‘normal-
1ty’, also had normal encephalographies In the remaiming cases without pneumo-
grams, the carotd angiographies were used for measurement only when careful
scrutiny of the venous phase pornted to a normal size of the Iteral ventricles

These strict criterta permitted measurement of the artenal size to be performed
m 156 angiographies from 72 males and 84 females, ranging 1n age from 13 to
69 years

Number of 0—9 10—19 20—29 3039 40—49 50—59 60—G69 years
exammations 0 20 42 51 25 14 4

The clinical diagnoses 1n these cases are hsted below according to frequency

Cases
Lptlepsy 120
Trigemmal neuralgia 4
Migrame 10
Other types of headache 22

Although bilateral examinations were performed 1n some of the cascs, only one
examination (either nght or left) per case was included m the study All ex-
aminations hade been carried out by direct percutancous puncture of either the
common carotid or the internal carotid artenies The latest 44 angiographies
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Table 1

Afean values for canous diameters of normal cerebral arteries bajrdk a;xl
156 normal caroted angiographies and no corvection for sex and skul

“Measurement “Mean diameter Standard deviation
N 382 mm 043 mm
A 302 mm 050 mm
[ 457 mm 046 mm
C, 378 mm 043 mm
c, 408 mm 047 mm
G 512 mm 063 mm
C, 580 mm 076 mm
Co 590 mm 073 mm
Siphon length 151 mm 2 45 mm
Table 2

Influence of sex and extemal biparietal duameter (W measured wn
cm) on the sz of the internal carohd and middle czrebral artenes
expressed i mm

Measurement Male Female

M 19740118 W 17840118 %
c 29940100 W 28110100 W
C, 456+0112 W 391407120
M+C+GC 95240330 % 85040330 W

by performung measurements on test films that have also been measured by the
observer whose data were used 1n this study

The mean salues obtamed for the vanous arterial diameters m the total
material, with no corrections made for sex and skull size, are presented m Table 1
The measurements for the postenor cerebral and postenor communicating artenes
could be made 1n so few angrographses that the results of these were pot mcluded
Measurement Cg could be performed i only 105 cases. The value for Cg was
practically the same 1n cases subjected to mternal carotid artery puncture and
m those subjected to puncture of the common carotid artery

The stausnal analyss {Cg not meluded) revealed no significant correlation
between the measured size of the cerebral arteries and the following vanables
site of injection (internal agminst common caroud artery}, side of wnjection,
electroencephalographuc findings, blood pressure, and age
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diamceters were made on the lateral roentgenograms (Tig 2) at the following
Iocations the internal carotid artery 5 mm penipheral to 1ts junction with the
posterior commumicating artery (Ci), the internal caroud artery Just proximal
to the junction with the postenior communicating artery (C.), the mntemnal
carotid artery at the level of the tuberculum sellac (Cj), the internal carotid
artery Just proximal to 1ts bend at the posterior aspect of the cavernosus sinus
(Cs), the internal carotrd artery at the Jevel of the atlas (Cr), the posterior
communicating artery 5 mm posterior to 1ts connection with the mternal carotid
artery (PC), and the posterior cercbral artery 5 mm penpheral to ats junction
with the posterior communicating artery (P) Measurement Cy occasionally had
to be made less than 5 mm penpheral to the posterior commumicating artery
when this part of the internal carotid artery was unusually short The length of
the carotid siphon from the tuberculum scllac was also measured

The data were studied statistically 1n a series of multiple regression analyses
performed with an automatic computer The mmual analysis was carried but by
considering the sum of three measurements (M +- C 4+ Cs) as onc dependent
vanable 1n order to make a prehminary exploration and to decrease the adserse
cffect of measurement crrors Imvestigation was made of the manner 1n which
tins dependent vanable was affected by the simultancous vanation of background
vanables, such as age and sex, chmcal diagnosis, EEG findings, systolic and
diastolic blood pressure, shull width and skull length, internal or cxternal carotid
mjection, mjection on left or night side, senal or no senal filming, and the pro-
Jections used  In this analysis the dependent vanable (M 4 C 4 C,) was
studied 1n relaton to each bachground mdependent vanable 1n order to judge
the amount of dependence when other independent vanables were held constant
In the next stage, the relationships of all single artery measurements (A, M, C,
Ci, Cz ctc) to those vanables that scemed important 1n the 1ntial exploration
were mvestigated

Results

The measurements analysed by multiple regression were all performed by the
same observer, whose standard error of mecasurement relating to a single determi-
nation was estimated to be 0 127 mm for C, 0 124 mm for M, 0 146 mm for Cy and
0122 mm for C, These standard errors were somewhat larger for the other
observer The figures ndicate a very good reproducibility as regards repeat
measurements on the same film On the other hand, therc 1s an indication of
systematic differences between obscrvers amounung to as much as 015 mm
Anybody using the figures now given as a standard should be awarc of this
source of error A possibility of making adjustments for errors of this type exists
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Table 1

VJean calues for sarious dvameters of normal cerebral artenes based on
156 normal caratid angographies ond no comection for sex and skull
size

Measurement Mean diameter  Standard deviat on
M 382 mm 043 mm
A 302 mm 050 mm
[ 457 mm 046 mm
[ 378 mm 043mm
G 408 mm 047 mm
< 512 mm 063 mm
[ 580 mm 076 mm
[} 590 mm 073 mm
Siphon leagth 15 Lmm 24> mm
Table 2

Influence of sex and external baparetal d ameter (W measured tn
emy on the s1ze of the wiemal carotid and muddle cerebral artenies
expressed 1 mm

“Measurement ale Female

M 19740118 W 17810118 W
c 299+0100 W 28140100 W
[oX 45640112 % 39140112W
M+C+C, 95240330 W 85040330 W

by performing measurements on test films that have also been measured by the
observer whose data were used 1n this study

The mean values obtamed for the vanous artenal diameters in the total
matenal, with no corrections made for sex and skull size, are presented 1n Table 1
The measurements for the posterior cerebral and posterior commumicating artenes
could be made 1n so few angiographies that the results of these were not mcluded
Measurement Cg could be performed 1n only 105 cases. The value for Cg was
practically the same 1n cases subjected to wnternal carotid artery puncture and
m those subjected to puncture of the common carotid artery

The statisual analysis (Cg not included) resealed no sgnificant correlaton
between the measured size of the cerebral arteries and the following vanables
site of mjection (internal agamst common carotid artery), side of injection,
electroencephalographic findings, blood pressure, and age. ’
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The electroencephalographic findings were analyzed not only as normal agamnst
abnormal but also 1n sub groups as focal versus non-focal and lateralizing versus
non-lateralizing Blood pressure data were analyzed separately 1n terms of systolic
and dhastohic pressures as well as pulse pressure

Age by atself was not a statistically sigmficant factor, although there was a
shight tendency toward increased artenial size with advanang age No statistically
sigmficant difference 1n artenal size could be found between the older angio
graphic and the more recent examnations with serial filming Neither was the
angle of the central beam for filming 1n frontal views of any defimte statistical
sigmificance The trend was for measurements G, M, and to be a httle greater
in half-axial than in anteroposterior views Artertal size tahen as a sum of M,
C and C;5 was significantly dependent on sex (T value of 546) cven when the
cffect of shull size was elimmnated by giving this a constant value The finding of
cerebral artertes smaller in females than males was reflected more 1n measure-
ment Cs than C and M, both with regard to the difference (Table 2} and its
significance, as demonstrated with T values, of 5 92, 2 38 and 2 65, respectively

Artenal size (sum of M, C, and C5) was not sigmficantly related to maximum
skull length from the inner table of the frontal bone to the mnner table of the
ocapital bone when the maximum external cramal width m the panetal area
was kept constant Thus latter measurement, however, showed a correlation with
mcreasing size of the cercbral artenies (T value of 2 72) when the shull length
was held constant The cxternal bipanictal diameter was also mdividuallv cor-
related 1n a positive manner with measurements Cs (T value of 158), C (T
value of 190), and M (T value of 2 36)

The combined cffect of sex and shull width on M, Cy, Cs, and the sum of
these varables, are indicated by the formulas i Table 3 where I 1s the externnl
bipanetal diameter measured 1n centimeters

Cases with a history of migraine had smaller artenes (T value of 4 05 for the
sum of M, G, and Cj;) than the total group Although nine of ten cases with
mugrame were females, the correlation between migrame and small artennl size
could not be accounted for entirely on the basts of sex and shull size A less
striking, opposite relationship was noted for the other types of headache and
trigerminal neuralgia, in which the arteral size statistically was larger than for
either the entire matenal of 156 cases or the epilepsy group (T value of 2 56)

When M, C, and Cj were studied indvidually, G and M bore a less marked
relationship to the climcal history of nugraine, other headache, and trigeminal
neuralgia, 1n that order of decreasing dependence Compared to the total group,
Cs tended to be greater 1n the four cases of trigemmal neuralgia (T value of 4

1 63), greater 1n other types of headache (T value of + 2 64}, and smaller
mugrame (T value of — 295)
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Fig 3 MNormal case a) Lateral projection i Icft carotd angiograpby The mtemal carotud
artery 1s unusually w de and supp! es both pencallosal artenes b) The nght nternal carotid
artery suppl ¢3 only the ™ ddle cerebral artery and 55 mamrow

laspection of the data for cases with mugrame revealed that eight of the ten
had a C suze smaller than the expected mean sith regard to sex and shall
width Three of these eight cases had a Cs of particulatly small size

Wah a T value of — 206 the cates m which encephalography had been
performed had shghtly smaller cerebral artenes (0 49 mm difference for the sum
of M, C, and Cs) thap those without such examinations

Discussion
Radol,

100 1 with sigmf d fort and posubly
with morbiduty, are rarely performed 1n clinically ‘normal cases For this reason,

1t 15 dulficult to collect a large seres of carotid angiographies of normal 1nds
viduals The present materzal of carotid angographies represents a highly select
group both from the climcal and the radiologic aspects The mean age was
33 years, which reflects chmcal selection Radiologic selection also elimmated
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many cases mn the older age groups on the basis of even minor cerebral athero-
sclerosts, ectasia of the cerebral artenies and cercbral atrophy

One mught question whether the present results would have been different if
carottd anglographies of cases presenting radiologic evidence of cctatic and
atherosclerotic cerebral arteries had been mcluded A chech mvestigation of part
of the material has been made mn order to judge the cffects of such selectivity
Of 263 carotid angrographies coded as normal in the Department of Neuro-
radiology, Karolmsha sjukhuset, only thirteen met the cntena for ‘normal’
Durmng the same period, there were 34 carotid angiographies coded as only
ectasta and 8 as only atheroscleross, thirty-four of these forty-two cases would
have been excluded on the basis of various neurologic abnormahties and sx
of the remaimning seven cases would have been elimmated due to other abnormal
states diagnosed by additional roentgenographic exammnations That leaves one
case with ectasia as the only objective evidence of clincally and radiologically
presumed abnormality It secems probable that there had been proportionately
fewer cases dingnosed as ectasia of the cercbral artertes at Serafimerlasarettet

It thus scems unlikely that inclusion of carotid angtographies with ectatic and
atherosclerotic artertes would have significantly altered the values that have been
cted as normal diameters for the cerebral arteries However, 1t mught have
shghtly mcreased the average age of the patients and mfluenced the correlation
of artenial size with age and blood pressure

Although the difference was munor, the cerebral artery size was smaller (a
difference of 0 5 mm for the sum of M, C and Cs), with statistical significance,
n the 133 cases investigated with encephalography than in those without such
examunations The selection of cases was probably responsible Cases n which
also encephalography was normal may be more ‘normal

The wrters arc well aware of the fact that the contrast media used for
carotid angrography produce dilatttion of the cerebral vems (Grerrz 1966)
and probably also of the arteries (Huper & Hawpa 1967) However, such
arterial duatation apparentfy develops after maxmmum filfing of the carotid
siphon and could not sigmficantly have affected our measurements

Cases with subintimal mjection of contrast medium were not imncluded m the
study because this procedure often leads to reduced blood flow m the carotid
arterv and the artery might be narrowed Nor werc examinations with ntra-
cramal arterial spasm, which had been coded as pathologic, mcluded in the study
Cases with marhed spasm of the nternal carotid artery n the nech had some-
tumes been coded as normal but were also excluded Some spism may be as-
Saated with every carotid puncture but always stops short of the carotd canal,
this can be accurately determined since the walls of the carotid canal are easily
seen when the artery 1s filled
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Bl

The size of the error of may be app In measurements
from an mdndual examination as compared with the small vanatons reported
as dependent on sex and skull width However, this does not alter the statistical
significance of findings based on 2 large number of examinations. An crror
of measurement must also be differentiated from the standard deviation cited for
each mean artenal measurement The latter 1s maiwnly a function of anatormcal
vamation or possibly pathologic change The largest standard deviation was found
for measurerent A Tt 15 well Lnown that the first portion of the antenor cerebral
artery may be small on one side and commensurately larger on the other side, 1t
15 reasonable to assume that such vanation will nfluence the size of the internal
caroud artery (Fig 3) The wnters made no systematic imvestigaton of the
relationship betwecn the size of the internal carotid artery and vanations in the
arcle of Willis

Spasm of the mtracramal artenes has been observed duning an acute attach
of migrame The wnters cannot completely rule out the possibility that the three
patients with migrame, who had the narrowest arterics, may have been examined
by carotid angography dunng at least the imtal stage of an acute attack On
the other hand, the present findings also rasse the possibility that patients with
migrame may have had cerebral antenes subnormal i size even between acute
attachs

No firm conclusions can be reached regarding tnigeminal neuralga, smce there
were only four such patients m the present matenal The trend towards an 1n
crease m the Cs measurement m these patents probably warrants further in-
Vvestigation

An increased sze in the Cs measurement m the group of other tvpes of
headache suggests another etiologie mechanusm, than for ugraine

Conclusions

The size of the iternal carotid and muddle cerebral artenes s somewhat
dependent on sex and skull width In this study of strctly selected, nosmal carond
angiographtes, no defimte correlation of statistycal significance between the size
of these cerebral artertes and the variables gite of mjectian, side of ijecuion, age
of patient, blood pressure, and electro-encephalographue findings was evulen; is
compnrcd"lo the epilepsy group of the entire matenal, the mternal carotid arten

m other types of headache as

A senes of 1ext films for calibraung
Ppurposes may on request
T Greutz, harohinska sjukhuset 10101 Stockholm ()‘:0 Sv:c?]en e obtamed from Professor
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SUMMARY

The size of the mternal carotid, the mddle cerebral, and the antertor cerebral arteries
was determined 1n 156 normal caroud angiographies selected by strict cltmenl and rdi
ologic enterin The data were analyzed statistically

ZUSAMMENTIASSUNG
Dic Weute der Aa carotis interna cerebralis medin und cercbralis anterior wurde i 156
normalen Rarotisangiographien die durch Kl hen und radiol hen Kntenien

ausgewahlt wurden Die Daten wurden statistisch annlysiert

RLSUML

Les auteurs ont mesure sur 156 angiographies carotiiennes normales, chaisies sur des
cnitéres cliniques et radiotogiques trés stricts, le diametre de Partere carotide interne et des
arteres cerébrales moyenne et ntérieure Ils ont analysé statistiquement ces résultats en
fonction de plusteurs sarinbles
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SKULL SIZE AND VENTRICULAR DILATATION
IN SUBDURAL HYGROMA IN INFANTS

by

S Crongvist and H O Ersing

A new mdex for determunation of the size of the neurocranmum has recently
been applied m a <enes of cases of vanous neurologic disorders (CrovgvisT
1968) The skull was found to be enlarged m 15 out of 20 children with
subdural hygroma Sgnce 1 ¢arly age the size and the form of the neurocramum
1s dependent upon the intracranal content, 1t was at first believed that the
hygroma 1tself, being a space occupying process, was the direct cause of this
enlargement We have, however, noted that disproportton almost always existed
between the degree of cramial enlargement and the depth and extent of the
hygroma, the size of the neufocransum far exceeded its normal upper Lt even
if the hygroma was only a few millimeters deep Ths observation called for
another explanation as to the cause of the increase i cranial size 1n these cases

and prompted a review of our senes of cases examined roentgenologically with
the dragnoss of subdural hygroma

Methods Cases of probable subdural hygroma at our hospital are always
referred for roentgenologic examination Thus consists of conventional skull films
and encephalography, which, 1n our opintan, 15 the only special procedure needed
for a diagnosis and only exceptionally has to be supplemented with angiography

Subm tted for publicatson 21 March 1969
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Results

Roentgenologie examnation of the shull before operation disclosed enlarge
ment of the neurocranium 1 twenty eight of the thirty nmine cases The diagnosis
was based upon the crantal index, which 1n these twenty eight cases proved to
exceed the upper normal hmit of 560 E hal hy or hy 1n-

dheated unilateral hygroma m fourteen and bilateral 1n twenty three cases The
roentgenologic diagnosts was uncertain 1 two cases Ventricular dilatation with
an 1ndex exceeding 0 30 was present m thirty two of the cases

The entricles were symmetric, 1€ there was no sigmiicant dufference 1 the
sizes of the nght and left ventricles, 1n exghteen cases, with an operation finding
of bilateral hygroma m ten and umlateral hygroma m eight cases Asymmetry
with a difference between the Evans mdex on the two sides equal to or exceeding
002 was noted 1n twenty one cases Ten of these had bilateral hygroma at opera
ton a uniateral hygroma being present n the remaming eleven cases The
widest ventricle lay on the side of the hygroma 1n six and on the contralateral side
m five of these eleven cases

The relation between the size of the neurocranum and the degree of ven
tncular dilation was further investigated The Evans index indicated ventnicular
dilatation 1n twenty frne of the twenty eight cases with an enlarged neurocramum
(Cindex > 56 0) Dilated ventricles were also present in seven of the eleven
cases with a normal cramal size (G-index <56 1)

Nene of the six postoperatine encephalographic studies was undertaken merely
to control the result of the operation the mdication for the investigation was
either p of p or P of new logic signs En
cephalography was completely normal 1n three cases One case had normal ven
tricles but no passage of gas over the comvexity on the operated side was seen
Marked atrophy both central and cortical was poted on the operated side 1n the
fifth case Increased dilatation of the ventncles was present 1n the sixth case
operated upon for unilateral hygroma there were however no signs of any re
sidues of the fiygroma the air over the the convexity being i close contact with
the internal table of the skull The gas reached the con ety of the brain from
the interpeduncular cistern via the dilated ambsent cistern with no air passing
bevond the chasmatic astem 1e there were signs of basal arachnoiditis The

P shull study ind L an warease i the cramad mndex
to that 1 the earlier investigation

as compared

Discussion

Increase 1n the size of the neurocranium measured aloy
ng the crrcumfe
the shull as 2 sign of chronic subdural hygroma mn chddrgm was csxab;:s::fic \‘:yf
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The size of the ncurocramum is determined from these films by means of the
cramal index developed by one of the present authors (Crongvist 1968) The
mdex 1s based upon measurements made between the mner tables of the shull
and include the greatest length (L), greatest width (W) and greatest height
(H) The latter 1s the maximum perpendicular distance between a line drawn
from the nasion to the posterior margin of the foramen magnum and the vault
of the shull In addition, the maxumum distance between the mner margms of
the two nechs of the mandible 1s measured on the film obtamned m ap projec-
ton (M) The cramal mdex (C-index) 1s then obtaned from the formula

T
C=I—-‘i¥—g X 10 The mean value of this mdex based upon normal
shull films 15 53522 X 121 A salue above 56 0 thus indicates a pathologic
nerease 1n size of the neurocramum

The encephalographic changes charactenizing a subdural hygroma arc of two
different hinds (RopErTsoN 1957) The hygroma 1s sometimes mamfest because
of an increased distance between the calvarium and the surface of the bram, 1e
the gas-filled suler on the convenity (Dhvae 1936) This finding 15 dingnostic
Sometimes, howcver, no gas passes to the convexity on the side of the hygroma
(LinporEN 1942), this 1s suggestive but does not permut of a defimte diagnosis

In this series, the size of the cramal ventricles was determined by the method
of EvAns (1942) The maximum width of the antertor horns was taken as the
greatest distance from the septum pellucidum to the most lateral border of the
ventricle on cach stde m the ap films In addition, the distance between the
mudline and the mner table of the shull was measured on both sides The
ventricular measurement and the shull measurement from each side werce nter-
related The 1ndex thus obtamed has, accordmg to Evans, a normal upper Iinut
of 030, an mdex above ths 1s thus to be considered as pathologic and indicates
dilatation of the lateral ventricles Measurements for the normal vanation i the
width of the antenor horns have been given by Lopiv (1968) We have used
these figures for calculating the difference 1n the Lvans mdex on the two sides
A xalue equal to or above 0 02 was found to signify pathologic asymmetrs

Matenial The present series conststs of 39 cases, 27 boys and 12 guls of ages
varying between one month and 19 months, with an average of 7 months
Encephalography with adequate arr filling of the ventricular system had been
made 1 all cases Conventional roentgenography of the shull was carnied out
prior to operation, which venfied the presence of hygroma, umilateral or bi-
Jateral, i all the thirty-mne cases Postoperatiye enccphalography was performed
m six cases
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hygroma compressing the subarachnosd space, with impairment of the arculation
of the spmnal flud and, as a consequence, 1ts resorbtion The other kind scems
to be secondary 10 atrophy of the bram tissue also evident as cartical changes,
1e widened sular (ef CrongvisT 1968)

Since, as has been shown, ventneular dilatation seems to be reflected in the
size of the head 1t was thought of mterest to compare the skull size and the type
of phalographic changes char d or suggesting the presence of a hy-
groma It was found that the group with no ar passing over the convexity had
2 larger cramial sdex than the second group with aur-filled sula The cramat
ndex of the two groups was 58 1 and 56 1, respectively Although there 1s so far
no statistrical analysis, this observation would appear to favour the existence of
two different types of ventricular dilatation 1n cases of subdural hygroma

Twe different methads of examination should be used for the further analyses
of the mech: of v lar dil One 1s 2 new 1sotope method of
gamma assternography (DiCiiro} which permts studies of the pathways of the
cerebrospinal fluid and of its resorbtion There are reasons to believe that the
procedure will afford valuable information even from the viewpoint of diagnosis
The other examimation that should be carmned out 13 postoperatne encephalo-
graphy The aim of such a follow-up study would be to control the results of
surgery as to passage of gas mn the subarachnowd space or regression of the

medial displacement of the surface of the bramn registered prior to operation, and
ventricular size

The observations on the six postop phalographies lable m this
senes are not conclusive The indications for the nvestigations were persistent
p or develop of new )!

signs Thus, no exanunation was
performed 1n cases with obvious regression of clinical signs However, even 1

the present cases no further ventncular dilatation was present after operation,
with the exception of one case with added basal arachnorditis It should b;
ponted out that results of such an phalographic foll
suggested may help n solving the disputed problems as to w
hygroma should be actively treated or not

m as
hether cases of

SUMMARY
T mae e fa .

of - . )

the + " . te : )

en! Y e oddtun A relatio - v so id
wd nship between the tw

Posuble explanations and further studies are suggested @ enlities seems to exst
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IncrauAM & MaTson (1954), and was present 1n about 29 per cent of ther
cases A Ingher figure was given by Trrunniieir et coll (1956) who found the
crcumference of the head to be enlarged 1 fourteen of mmneteen cases These
authors pointed out, however, that thar cases were selected, most of them beng
admutted to hospital because of this special sign

The cranial index used 1n the present study has previously proved to be a
sensitive mndicator of changes n the size of the shull Enlargement of the head
was present in no less than twenty-aight of the thirty-nine cases i the series An
mncrease n the size of the head thus scems to occur more frequently than sug-
gested 1n carlier reports It was further observed that ventricular dilatation was
present 1n the majonty of the cases, 1e i thirty-two It occurred 1n twenty-fine
of the twenty-cight cases of cnlargement of the head This suggests that ven-
tricular dilatatton may be the causc of the ncrease 1n size

The reason for the dilatation of the ventricles 1s so far unknown There scems
however to be some justification for imaging a mechamsm simular to the one
acting 1n cascs of basal arachnoditis, m wlich fibrons membranes, formed within
the asterns, cause a blockage of the crculation of the cerebrospial flud The
result 1s decreased resorbtion, secondary to which dilatation of the ventricles may
develop Impairment of the circulition of the spinal flurd may also posably anse
from a subdural hygroma causng compression of closely relited parts of the
subarachnoid space The exsstence of such compression m the present serics was
indicated 1n the encephalograms by the absence of air in the subarachnod space
frequently noted on the side of the hygroma Tlus was observed 1 a group com-
prising twenty-four of our cases In the other group, consisting of the remuning
fiftcen cases of our scrics, the hygroma was instead mamfest as an mcreased
distance between the inner table of the shull and the surface of the bram Wid-
cned ventricles 1n these two groups were present mn twenty-three and nine cascs,
respectively  The difference between the frequency of ventricular dilatation m
the two groups favours the theory that compression of the subarachnoid space,
with disturbance of the flow of the spinat frmd, actually existed mn vhe frt
mentioned group In the other group, the onc in which the hygroma was n-
dicated 1n the encephalogram by the mncreased distance between the calvanum
and the convexity of the bran, the air had passed to the convexittes where 1t lay
m the suler These suler often appearcd wider than normal and the finding was
then similar to that occurrning mn cortical atrophy Tlus type of atrophy mn cases
of subdural hygroma was noted by INorAuam & Matson, who also pomted
out that 1t was often combmned with signs of central atrophy, 1¢ ventricular
dilatation

The dilatation of the ventricles observed 1n this series may thus be divided into
two hinds One probably represents external hydrocephalus and 1s caused by the
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h comp: g the sut hnoid space, with ympairment of the airculation
of the spimal flud and, as a consequence, its resorbtion The other kind seems
1o be secondary to atrophy of the bran ussue also evident as cortical changes,
1e widened sulas {ef Cronguist 1968)

Since, as has been shown, ventnicular dilatation seems to be reflected 1n the
size of the head 1t was thought of mterest to compare the shull size and the type
of phalographic changes ck 1zed or suggesting the presence of a hy-
groma It was found that the group with no aur passing over the convexity had
a larger cramal index than the second group with ar filled sula The cramal

_ o teee .

~Anw  ta
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of the mechamsm of sentneular dilatation One 1s a new 150tope method of
gamma cisternography (DiCiiiro) which permuts studtes of the pathways of the
cerebrospinal flwmd and of s resorbtion There are reasons to beleve that the
procedure will afford valuable information even from the viewpoint of diagnosis
The other exammation that should be carmed out 15 postoperatsve encephalo-
graphy The aim of such a follow up study would be to control the results of
surgery as to passage of gas in the subarachnoid space or regression of the

medal displacement of the surface of the bran registered prior to operation, and
ventncular size

The observations on the six p
senes are not 1 The 1nd.

perative phalograph Table 1n this
for the v were p
symptoms or development of new neurologic signs Thus, no exammation was
performed 1n cases with obvious regression of chinical signs However, even 1n
the present cases no further ventncular dilatation was present after operation,
with the exception of one case with added basal arachnowditis It should be
ponted out that results of such an encephalographuc follow up my as
suggested may help 1 solving the disputed problems as to whether cases of
hygroma should be actively treated or not

SUMMARY
Thirty nine cases of subdural hygroma have been
o}!l the skl and encephalography An increase in the size of the head occurred 1 nearly all
dl : cases \:n(mcu]ar dilatation was noted 1n twenty eight cases most of which also had
of the

hip between the two entities seems to exst
t
Poss ble explanations and further studics are suggested

tigated with roentgen
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ZUSAMMLNFASSUNG

Emn Matenal von neununddreissig Fallen von subduralem Hygrom wurde muttels gewohn
hichen Rontgenaufnahmen und muttels Tnzephrlographic untersucht  Vergrosserung des
Schadels wurde in den messten Fallen geschen Dilatation der Ventrikel war i achtund -+
zwanzig Fallen vorhanden und n den mesten von diesen war auch der Schadel +ergrassert
Diese zwer Erschemungen durften sogar m Zusymmenhang stehen Erklarungsgrunde werden
crlautert und wertere Untersuchungen yvorgeschlagen

RLSUME

Trente neuf cas d hydrome sous dural ont ¢té extmunés par radiographies du crine et
cncephalographie I1'y avut dans presque tous les cas une augmentation édente du volume
de la téte Iy avait une dilatation ventriculaire dans 28 cas dont la plupart mvaient ausst
une augmentation de volume du crine Ii semble donc y avorr unc relation entre ces deun
anomalies Les auteurs étudient les explications posaibles de ces fuis et proposent la pour
suite de ces recherches
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FROM THE DEPARTMENT OF WELROLOGY AND THE LARORATORY OF EXPERIMENTAL
ROINTCENGLOGY, UNIVERSITY HOSPITAL, LIND SWEDEN

NEUROTOXICITY OF ROENTGEN CONTRAST MEDIA

Study of the blood-bram barner 1 the rabbit following
sclectn ¢ mmjecnon of contrast media mto the wternal carotid artery

by
P G Jeresson and Torp Oy

The touaty of modern contrast media mjected intravenously 1s low When
such media are admmistered intra artenally, however, toxioty 3s sull 2 problem
and this 15 especally true for the central nervous system Damage to the blood
bram barnier following injection 1nto the common carotid artery has been used
as a parameter of the neurotoxicity of contrast media Brouvax & Otsson (1948)
developed this method 1 the rabht trypan blue, which will not normally leak
through the barmer being used as an indicator to demonstrate the lesions Stmlar
studies have been made in other speaies, for example the dog (WinTtieaTnEr &
DeSausstre 1926}

Indtcators other than trypan blue have also been used, for example sodium
fuarescein Syt et coll 1901), ™1 human serum albumin (Epstrom 1961)
and * P-orthophosphate (GoNseTTe & ANpRE Bavisavx 1967) Another method
of studying damage to the capillary endorhebum of the bramn has been IEroseopy
following silver staiming (McCovnite & MERSEREAU 1964) When the blood
brain barmer 15 damaged, contrast medium leahs ot mto the braw parenchyma

Ths work was supp 1ied by 2 grant {No BE—23N—60>—03) from the Swed sh Medscat
Research Counedd Subm tted for publ catton 26 February 1969

2-70°0M 1 a Rod ooy a Dagno Yol (19 0)
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Table 1

The varous contsast medra wsed tn the present Study

Trade name Generic name and components mg I/ml solution

Urografin 60 °, Diatrizoate Na 8% 290
Megl 52 %

Urografin 76 ¢, Dratrizoate Na 10 °, 370
Megl 66 9

Meglumine diatrizoate 60 °, Diatrizoate \egl 60 %, 283

Sodum Isopaque 60 °, Metnizoate Na 60 %, 350

Isopaque cerebral Metnizoate \egl 591 % 280
Catl3e,

Conray 300 Tothalamate Na 50 °, 300

“Meglumne Conray 60 © Tothalamate Megl 60 ®y 282

and clonic seizure usually develops, this has been used as a method to esumate
the neurotoxraty (Otin & Repman 1967) EEG changes after intracaroud
mjection of contrast media have been studied by BLoor et coll (1951) and
Lunpervorp & Encrser (1967) Damage to the spmal cord followmg an
mjection of contrast medium 1nto the aorta has been nterpreted histologically mn
long-term expeniments (Marcouis et coll 1958)

TorneLL (1969) studied the frequency of pareses following contrast medium
mjection mto the aorta, which was occluded distally The cardiovascular re-
sponse, hypotomia and bradycardia, following an internal carotid mjection has
been used as an index of ncurotoxteity (TorneLr 1968) No investigation seems
to have been performed in which blood-bramn barnier and cardiovascular reac-
tions have been studied simultancously n the same experiment The purpose of
the present mvestigation was to compare the effects on the blood brain barner
and on the general crculation of some of the new contrast media now 1n use for
cerebral angiography It was also considered necessary to compare a standardized
injection techmque at a fixed flow rate with previous methods Selective mjection
1nto the mternal carotid artery of the rabbit was preferred mn order to make the
conditions more disinct This meant that a possible anomalous origin of the
ocaipital artery from the internal carotid artery had to be taken 1nto account
(Jeepsson & Ouiv 1960)

Material and Methods Ninety-four rabbits, 2 hg m weight, were used The
animals were anaesthetized with sodium pentobarbital {mebumnlnatrium 6 %)
gven wmtravenously, artificial respiration was usuallv not used The left carotid
artery was exposed and the extcrnal carotid artery hgated The most proximal
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Table 2
Results using Crogeafin 677 %

Rabbt Con Body Body Imy Apph Pubcfmn  Biood pressure mm Dura Degree

_— tion of
t  temp time cation Hg
mc“ fg at ? m  twme Before Duting ~———————— 5r &1l injury
,: an m s m Before Fall  Ruse yp
1,
vol ml °C sec sec

K3l 100 15 382 655 688 300 60 10> 0 40

0 +(+)
R3O 12 372 650 644 248 WA W5 35 8+
KS5 100 13 386 660 640 — —~ % 5 25 — i
R2¢ 50 25 384 330 324 330 330 J25 5 4 3 g
K28 50 26 390 375 320 270 180 110 0 40 0 44
K29 50 32 392 310 304 300 240 100 10 30 5 neg
K25 25 19 370 160 172 40 G 120 5 15 7 neg
K2 25 15 386 185 196 270 270 100 © 17 0 neg
K27 25 25 396 150 164 306 300 (15 (8 4 3 44

part of the mternal caroud artery was mspected for an anomalously ansing
ocaptal artery, which was hgated when present The common carotid artery
was hgated caudally and then cannulated with a polythene catheter with an
mnner dineter of 115 mm (PE 160, Clay Adams, New York, USA) A burr-
hole was made 1n the panetal region of the shull on the lef side The femoral
vem and artery were fated with polythen h (PE 160), the vein
being connected to a saline contaner and the artery 10 an electromanometer
(Elema Schonander) for measurement of the blood pressure and pulse rate
The catheter in the carotd artery was connected to 2 10 ml syninge, which was
Placed 1 an infusion machtne (Cueventz & Oy 1961) The flow rate of
the injectson that expelled the blood 1 the pral vessels during the whole mjection
time was determinied m pilot experiments to be about 016 ml/s, and this speed
of injection was apphed thronghout the subsequent s estigation. The time dunng
which the pial blood vessels were ninsed of blood will be referred 1o as the
application time In conurast to previows authars, such as Browan, & Orsson
(1956) and *

whale ime d

the length of \ « ey 1ne 4 ltcation w e

the b ete (thsLull . ppl a5 checked by 1nspection through

24, Elema Schonander)

of trypan blue 05 ¢, at room temperature were miused nto the femoral vein
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Table 1

The varous contrast media used tn the present study

Trade name Generie name and components mg Ifrl soluton

Urografin 60 9, Dntnzoate Mage, 290
Megl 520,
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Meglumune diatnizoate 60 0, Diatrizoate Megl 609, 283
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Isopaque cerebral Metrizoate Megl 591 °, 280
Calige,

Conray 300 Iothalamate Na 50 ¢, 300

Meglumine Canrty 60 %, Tothalamte Megl 60 °, 282

and clonic seizure usually develops, this has been used as a method to estimate
the neurotoxicaty (Orv & Repman 1967) EEG changes after intracarotid
mjection of contrast media have been studied by Broogr ct coll (1951) and
Lunpervorp & Encrser (1967) Damage to the spnal cord followmg an
mjection of contrast medium mto the aorta has been mterpreted histologreally
long-term experiments (MaRrcoLis et coll 1958)

TorNELL (1969) studied the frequency of pareses following contrast medium
mjection mto the aorta, which was occluded distally The cardiosascular re-
sponse, hypotonia and bradycardra, following an internal carotid mjection has
been used as an mdex of ncurotoxicity (TorRNFLL 1968) No investigation scems
to have been performed i which blood-bram barrier and cardiovascular reac-
tions have been studied simultancously in the same expeniment The purpose of
the present muestigation was to compare the cifects on the blood-bram barner
and on the general circulation of some of the new contrast media now 1 use for
cerebral angtography It was also considered necessary to compare a standardized
injection technique at a fixed flow rate with provious methods Selective mjection
nto the internal carotid artcry of the rabbit was preferred n order to make the
conchtions more distinct This meant that a possible anomalous onigin of the
acapital artery from the mternal carotid artery had to be taken into account
(Jeersson & Oun 1960)

Matenal and Methods Ninety-four rabbits, 2 kg i weight, were used The
ammals were anaesthetized with sodium pentobarbital (mebumalnatrizm 6 %)
given ntraycnously, artificial respiration was usually not used The left caroud
artery was cxposed and the external carotid artery higated The most proximal
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Table 2
Results using Urografin 60 6
Rabbt Con  Body Body lny  Appu Fubtimm  Blood pressure mm Dura D:gm
H, ton o
tme  cation g
. f' ;:mp o e Before Durtng of fall syury
'd“c ® iy sec m Before Fall  Ruse gn
pum
sol ml “G sec

sec

®a we 1S 382 625 688 300 60 10y o 40

¢ HE)
K32 100 12 372 650 6+4 230 210 7% 15 3 8 +
K 55 (0o {3 386 60 640 — — 95 5 25 - +++
N2t 50 25 384 330 324 33 33 Iy 3 4 3 g4y
K28 50 26 390 325 320 270 180 o 0 40 o ++
K29 50 32 392 31p 304 300 20 we 1o 30 3 neg
25 25 19 370 160 172 240 240 120 5 15 7 neg
526 25 15 386 185 196 270 270 100 o 17 0 neg
27 25 25 390 160 164 300 300 s 18 45 3 +4

part of the internal caroud artery was mnspected for an anomalously ansing
ocapital artery, which was ligated when present The common carotid artery
was ligated caudalle and then cannulated with a polythene catheter with an
mner diameter of 1 15 mm (PE 160, Clay Adams, New York, USA) A burr-
hole was made mn the parietal region of the skull on the left side The femoral
san and artery were cannulated with polythene catheters (PE 160}, the ven
being connected to a sahne contamer and the artery to an electromanometer
(Elema Schonander) for measurement of the blood pressure and pulse rate
The catheter m the carotid artery was connected to 2 10 ml synnge, which was
placed m an infuwon machine {Crevextz & Quin 1961) The flow rate of
the mjection that expelled the blood 1 the prat vessels dunng the whole njection

time was deterrned n pilo expenments to be about 0 16 ml/s and this speed
of injection was applied th h he sub:

the q msestig: The time during
which the pial blood vessels were ninsed of blood will be seferred to as the

application time  In contrast 10 prestous authors, such as Brouan & QLssoy
(1936Y and Jrrrsson {1962, the appheation e m Yne present work means the
whole ume dunng which the blood m the pal sessels was expelled, regardless of
the length of the injecnon ‘The apphication was checked by inspection through
the burr hole m the shufi  Fhe duration of the mjection, the application time and
the Bhood pressure and pulse rate were recorded on a polygraph {Mingograph
24, Flema Schonander) After the mjection of the contrast medium, 1030 ml
of trypan blue 05 £¢ at room temperature were afused mto the femoral vein
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Table 3
Resulis using Urografin 76 °,,

Rabbit Con Body Body Imcet Apph Pulse/oin Blaod pressure mm Dura- Degree

trast wt temp time  calion Hg uon  of

me kg atmy o ume  Befre Durng ———————— or 1 1y

(llll“\ [ st m Before 1l Rise in

vol ml sec see
%3 00 28 — 610 612 219 a5 105 10 5 + +4 4+
K56 100 2% 390 035 660 240 20 115 5 10 3 4
K57* 100 20 380 — — — —_ = 444
K6 50 15 — 310 340 120 115 100 o 0 o t 4
K59 50 23 392 330 310 210 90 105 35 o 6 t
KGO 50 27 % 330 305 270 300 15 20 10 6 B
K7 25 23 160 130 275 180 130 o o> [} 144
K62 25 s 82 170 170 300 240 15 [ 00 0 +(4)
K63 25 22 392 176 170 220 MO 65 4] 80 a +4 4
K8 125 21 — 75 82 205 210 120 2 47 0 +
Kl 125 19 364 80 84 185 210 120 0 i0 0 7
Rz 125 23 390 8D 90 2 210 85 10 5 9 {+)

*The left accipita] artery arese fram the tnternal earatid artery

After an mfusion ftme of about 15 punutes, the ammal was hilled and the
cerebral vessels rmsed with 300 ml saline solution 09 % through a cathcter
mstrted cranially mto the aorta 1 he bram was fined i st with 200 ml formaln
10 S¢ 1ntroduced via the catheter i the aorta The degree of njury to the
brams was rated and the Intter were then exammed nucroscopreally as described
by Jrerason (1962) The contrast media used are hsted m Table 1, they were
at room tanperature (20—24 °G) when myected The rectal tamperature was
recorded wath a tharmometer mserted 9 em above the anus

The dose was vancd from 10 0 m) downwards i order to evaluate the tovcty
of diffcrent contrast media The dose was halved to 50, 25, 125 and 065 ml
until no or only very shight damage to the blood-bram barner occurred  Three
anmals were used at cach dose laved Some expermments were used as controls
to ensure that the teehnique used did not cause any lesion of the blood-brun
barner 1he anatomy of the mternal carotid artery on the myected side was
chuched by post mortam angiography with a banum suspension

Results

Urografin 60 G ( Lable 2) Nimnc ammals were used, cqually divided between
doscs of 100, 50 and 25 ml No ammal had 2 maximal leson With the lowest
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Table 4
Results using meghumune duotrionte 60

Rabbn Gom  Body Body Inect Apph Pulcjmn  Blood pressure ram Dura Degree
o

mp tme cation 13 tion ol

l.:“ r; :-:, m ume Before Dunag ——mer of fall anyury

dwe € osee Befose Fall. Ruse 3

sof ml sce see
Y OO e ——
Ri0L 100 19 380 635 635 300 2720 9% 0 3 0 s
Rils 100 22 38D 65 680 240 240 85 0 0 D 44
JI6Y 106 25 352 640 910 20 18 6§ 15 3 ncg
02 50 I8 390 330 320 300 300 & 10 40 4 S
K112 50 34 384 330 330 300 300 145 20 45 4 i+
R4 50 24 987 33p 336 240 18 % & 30 O &
K103 25 22 382 165 150 240 240 & 5 5 3 (+?)
108 25 20 380 160 155 270 240 I 0 I 0 (+)
K103 25 20 380 163 165 2@ 240 o 35 W09 (+)

*logecuon on the night nde Left coraman carotud artery higated

dose, no stang of the bram was obsenved 1 two  of the three anmals The
cffect of the mjection on the pulse rate was almost neghgible One ammal,
however, deseloped marked bradycardia with the 100 ml dose The fall
blood pressure was also smalt and bore no relation of the amount of contrast

medium njected The nse 1 blood pressure was evident but apparently did not
vary with the dose

Urografin 76 ¢ (Toble 3} Fifteen ammols were used, equally duided
between doses of 100, 50, 25 and 125> ml A small leston in the blood bram
barner was present in the fast group Two of three ammals m the 100 m! group
had a maximal Jesion of the bramn Rather marked bradycardia occurred with
the two Jughest doses, the 1o smallest doses, howeser, produced only shght
bradycardia The fall i blood pressure was more obuious m the groups gmen

100 and 50 ml than in the other two groups The nse i blood pressure did not
cem to depend on the dose

Weglumme datricoate 60 Gc (Table 4) Nme ammals were used, equally
dmded between doses of 100 50 and 25 ml Damage 1o the blood bran
barner was dight with the Jowest dose One animal had a maximal lesion which
oceurted with a dose of 5 m! The apphcation tme 10 one of the amimals that
rucenved an mjection of 100 ml of contrast medwm was one thurd longer than
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Table 5
Results using Sodm Isopaque 60 ©,

Rabbit Con  Body Body Imject Apph Pulsejomn Blood pressure mm Dura Degree

trast  wt temp time caton — ——  Hg tion  (f

me kg atimy i tme Before Dunng —————— oy npury

dium °C  scc m Before Fall  Ruise

vol ml sec sec
K43 100 15 380 670 672 300 120 95 10 60 3 ++++
K73 100 25 394 650 680 300 60 130 30 45 4 + 4+ +
K44 50 14 380 345 352 315 165 95 5 50 2 ++
K75 50 25 392 330 345 270 85 110 20 65 10 ++++
K77 50 21 388 325 325 240 150 100 o 60 0 +4+++
het 25 16 374 165 182 — — - = — - + 4+
K78 25 24 380 165 155 270 270 95 5 65 3 +
K79 25 14 382 170 170 300 90 95 5 60 2 ++
K49 125 16 378 75 98 205 170 95 15 30 7 ++(+)
K50 125 16 372 75 86 2715 240 115 5 40 4 F{+)
K80 125 14 382 80 105 270 240 60 5 30 2 (+)
K52 065 15 370 40 48 300 270 115 0 15 o (+?
K53 065 20 372 45 80 240 210 130 25 105 4 (+?
K54 065 17 370 45 70 300 270 125 15 25 3 +++

usual This was probably due to the fact that both common caroud arteries were
ligated As the expulsion of blood 1n the pial vessel was not obtaned on njec-
tion 1nto the left carotid artery an mjection was performed on the right ude The
pulse rate was not affected by the mjection of contrast medium The fall m blood
pressure was usually small or absent, any rise was moderate and not correlated
to the dose

Sodrum Isopaque 60 e (Table 5) Two amimals were mjected with 100 ml
and three ammals were each gnen 50, 25, 125 and 065 ml Damage to the
blood-brain barrter was shight on injection of 0 65 mi Four ammals had maximal
lesions with doses of 100 and 50 m! The fall 1n pulse rate was marked i the
two highest dose groups, the bradycardic response decreased with the dose The
fall 1n blood pressure was less severe and was not related to the dose, the rise
m blood pressure seemed to increase with the higher doses

Isopague Cerebral 60 % (Table 6) Nme ammals were mjected, cqually
divided between doses of 100, 50 and 25 ml No animal developed a maxymal
lesion Damage to the barrier was shght n the 25 ml group The effect on the
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Table 6
Results using Tsopague Cerebral €0 °,

Tobbw Gon  Body Body Inject Apph Pulsefmin  Blood pressure mm Dura Degee

—— H, tion  of
t wt temp ume caton g
— 1‘: at u‘; w  ume Before Dunng ——————""" of fall amjury
R Before Fall  Ruse 1
"
‘ol ml see

sec

K4 1000 20 382 640 636 270 270 107 13 20 6 +4++
w6t 100 37 3388 60 650 270 270 83 5 50 3 (+)
K65 100 2t 385 650 645 270 240 120 0 0 0 +
his* 50 31 374 320 304 250 220 110 13 5 9 +
K22 50 18 380 320 320 250 220 120 10 25 5 {+)
K23 50 32 230 320 3218 300 280 125 e 30 0 +{+}
k17¢ 25 17 390 155 148 29> 265 e 13 20 2 (+)
K19 25 22 390 165 162 260 23> 120 18 38 5 ™
K21 25 22 3922 160 160 27> 270 115 25 15 3 {+)

* An anomalous occipital artery was higated before the mjection

pulse rate was shght A defimte fall 1n blood pressure usually occurred but did
not seem to be refated to the amount of medium injected The nise i blood
peessure was alea definste although not related to the dose

Conray 300 {Tablc 73 Twelve rabbits were diided equally between doses
of 100,50, 25 and 125 ml Two ammals had 2 maxtmal lesion of the blood
bram barner with doses of 100 and 5 0, respectively At the 1 25 m] dose, two
of three ammals deseloped no lesion A rather scvere fall in pulse rate occurred
with the hugher doses The fall i blood pressure was small and occurred only in
come of the amumals belonging to the highest dose groups. The rse 1 blood
pressure was marked and especially so with the higher doses

AMeglumine Conray 60 S (Table 8) Two rabbus were gnen 100 ml mnto the
internal carotid arters, and three animals were each given 50, 25 and 1 25 ml
One ammal developed a maximal lesion of the blood bram barmer with the
lughet dose The smallest dose produced no effect upon the barmer The
bradycardic response was virtually abeent A fall m blood pressure was the rule

but apparenth was not dependent on the dose, the mse 1 blood pressure was
obvious and scemed to nerease with the dose

Results common 1o the differens seres The expulsion of the blood from the
p1al vessels was complete dunng the intracaroud mnjection 10 the expenments
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Table 7

Results using Conrgy 300

Rabbit Con- Body Body Iny  Apph- Pulsc/min  Rlood pressure mm Dura- Degree
trast  wt temp time  eation — =" Hg uon  of
me- kg atin) am time  Before Dunng of [l imjury
dium °C sce Before Fall Rise 4y
1ol ml sec sec
K33 100 14 378 630 636 — —- 80 0 20 o ++(+)
K66 00 21 390 645 645 240 75 55 5 75 6 ++{+}
K67 100 19 330 635 645 300 120 115 0 65 0 +++4
K34 50 14 373 325 336 300 90 115 10 35 2 +(+H)
K68 50 22 384 330 336 300 240 105 20 55 5 ++(+)
K71 50 23 380 325 330 270 75 95 0 50 0 ++++
K35 25 17 370 165 168 270 240 80 — 30 - ++
K41 25 24 382 170 160 — — —_ - — — +++
K42 25 16 380 170 164 240 210 105 D 30 0 +4
K36 125 14 370 75 80 270 240 105 0 45 a neg
K39 125 17 382 85 82 210 210 G0 o 10 0 neg
K40 125 17 370 90 8¢ 240 210 70 0 55 ] t+
Table 8
Results using Meglumne Conray 60 °,
Rabbit Con  Body Body Iny  Apph Pulsefmin  Blood pressure mm Durn Degree
trast  wt temp ume cion —  Hg tion  of
me- kg iy i ume Before Durng of fall myury
diam €  sec  nscc Before Fall  Risc 1
vol ml see
K8l 100 16 382 640 630 — — — 0 0 0 444
K100 100 28 398 0635 630 270 300 65 5 50 3 4++4
K82 50 18 390 330 320 270 240 95 15 35 5 +
K93 50 28 — 325 310 300 270 110 20 40 b + 1+
K97 50 24 390 330 310 270 270 100 5 30 2 t4
K83 25 29 382 — 165 270 270 55 0 05 0 (+?
K84 25 35 380 160 160 210 195 95 15 20 5 +
K85 25 35 390 175 190 240 240 — [ [ 0 +4(4)
K86 125 15 380 85 95 225 225 55 0 0 0 neg
K90 125 30 382 90 90 270 270 9 30 o o neg
K91 125 24 390 85 70 330 300 115 0 0 0 neg
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Table 9

als ~
Distebutson of nyury betieen diffeent aveas of aseular supply — The figures dennte mumber of amimal's
Nine brawns were negatie

Expenimental seties Towl  Lef Left mternal caroud  Left 1nternal carond
pumber  internal  arca damaged area megate oF
of anumals carotid slightly damaged
arca most

—_— —————e
damaged  Reght Vertebral Right \ ertebral
or same s Wnternal  area most internal - area most

hers  caroud  damaged carond  damaged
area most area most
damaged damaged
Urografin 60 %5 9 4 2
Urografin 76 %5 12 92 1 2
\Meglumine diatrizoate
60°, 9 6 1 1
Sodium Isopaque 60 % 14 7 1 1 5
1sopaque Cercbral 9 6 3
Conray 300 12 3 2 3 2
Afeglumine Conray 60°, 11 6 1 1
Total 76 4 4 3 5 12
—_—
26

presented above In 18 amimals, the expulsion of the blood was not complete,
¢ the blood returned dunng the injection, or the expulsion was intermittent or
patual In ten of these eghteen amimals the octipital artery arose anomalousty
from the internal carotid artery on the mjected side In one of the anunals an
ocaipital artery from the internal carotd artery was located before njection and
higated but m spite of this the expulsion of blood was incomplete In one animal
the internal carotid artery was higated by mistale In four ammals no explana-
uon was found for the incomplete expulsion of the blood from the pral vessels
These eighteen antmals are not included 1n.the tahles. Complrte exapilsian, fram,
the pral vessels o-curred m seven ammals with an anomalous ocapital artery
QOne of them 15 wcluded 10 the present series as st had a maximal Jesion of the
blood-brasn barnier The other six ammals are excluded

Both the mjecuon time and the application time were proportional to the
amount of comtrast mediym 1njected

The lesion of the barmer was usually most saere n the area of the snternal
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2.5 ml 1.25 ml 0.65 ml
Urografin 60% D
Urografin 76% %
Meglumine
daatrizoate 60%

Isopaque Na 60%

=EF BF B
= BFF BEFF B
=

mam
Isopaque
Cerebral 60%

-
Conray 300 l
Meglumine
Conray 60% ]

gt

= ++++ lesion of the blood-brain barrier

—

Sunvey of the degree of njury to the blood bram barner i the different experimental seites
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carotid artery nto which the mjection was made, 1¢ the left side (Table 9)
However, in mne ammals the contralateral carotid area was the most damaged
In five of these mne ammals the left wternal carotid area was affected only
<shehtly or not at all The area of the vertebral arters was the most damaged in
ceventeen ammals, 1 twehe of these the left internal carotid area was only
<lightly damaged

The lesion was usually umform or patchy blue m colour The bram appeared
red to the naked eye m the cases with stass Blue stainmng of the walls of the
sessels and diffuse stamng of the parenchyma were obsersed at mucroscopy
Statming of the nucleus of parenchymal cells was sometimes present Staming of
the endothelial cell pucler was virtually absent The vesscls were pached with red
blood corpuscles 1n the cases with stass

Compartson of the sertes The effect of the roentgen contrast media on the
blood brain barner 15 illustrated m the accompanyng figure Urografin 60 ¢,
Tsopagque Cerebral and meglunune diatnizoate 60 G¢ produced shight or no lesions
at the 25 ml dose These three contrast media appear to hase the Jowest toxicity
among those tested We conuder however that the data do not selectivels favour
any of these three contrast media above the others The figure also indicates
that Urografin 76 §¢, Conray 300 and Meglumine Conray reach the ‘non toxic®
level at a dosc of 122 ml Yeopaque 60 ¢ could still produce a shight lesion 1n a
dosc of about 065 ml and was thus the most toxic of the seven dilferent contrast
medsa tested

The cardiovascular reactions were most severe with roentgen contrast media
contaming sodwm  Bradvcardra appeared parucularly at high doses of these
contrast mechia The fall s blood pressure was not dependent on the dose, with
the exceprion of Urografin 76 ©c The mse 1n blood pressure was most marked
with high doses of Sodium Isopaque, Conray 300 and Conray Meglumume The

fice m blood pressure occurred more at random with njections of Urografin
76 ¢ and l<opaque Cerebral

Table 9 indicates that
contrast medsa that
blood brain bamer

Sodm Isopaque 60 G- and Conray 300 are those
most to a paradoxical location of a lesion of the

The matenal was grouped according 10 the degree of the mjurv to the blood
‘bramn ‘barnier The lour plus group contamed most of the cases of marked
bradycardia the negative group produced the smallest response  The other
cirdhovascular parameters presented no tendency o be related to the degree
of fesion only those contrast media that contaned meglumine were mvestiy i:cd
i the same way The heart rate fell wigh decreasing dose The blood présurc
Teactions Were not related to the deeree of leson of the harmer
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Discussion

The tcchmque wed o the present mveshigation was prefurred for several
reasons The rabbit has a better defined anatomy of the ecrebral vessls than the
anmmals used 1 sumlar cxperiments (Jeersson & Ouin 1960) By hgation of
the internal carotd artery, and by takmg an anomalous occipital artery mto
consideration, 1t 1s possible to ensure that the njected volume goes to the bram
Thus a more quantitatine csumate of the amount of contrast medim necessary
for provoking a lcsion of the blood-bram barrier 1s possible

Sclectnc njection mto the mternal carotid artery cannot be made m the dog,
the cat or the gmnca-pig for anatomucal reasons (see Askh-Urwvarn 1935)
Quantitatine administration s therefore impossible mn these animals but neverthe-
lesy they have been widely used Gonsertr & Anpre-Bavsaun (1967) used the
guinea-pig, the dog was employed by HarrRINGTON ct coll (1966 ), BasseTT et
coll (1953), Kopama ct coll (1963), SmoLsk & Nasit (1964) and Fiscuer &
EcnsTev (1961) Cravrr ot coll (1968) uscd cats m a study of the penetration
of salts of diatrizoate compounds mto the cercbral parenchyma Their reasons
for selccting cats was that the cerebral arculation of the cat was more like that
of man than that of the dog Injectuion has huitherto generally been made manu-
ally Stemwarc (1958) preforred this method as 1t was possible to adjust the
mjection rate to the degree of expulson of the blood from the pral vessels In the
present cxperiments an anpection rate was chosen that gave complete cxpulsion
from the vessels i pilot studies, when the above criteria of selective injection
were fulfilled By the use of an injection machine the mmjection rate could be
standardized, tl ¢ mjcction paramcters are thus better defined on this pomt as
well

Expulsion of the blood from the pal vessels was <ometimes not complete
spite of the standardization  1his was explamed in ten capeniments by an anoma-
lous occipital artery that was not discovered until the post-experimental roentgen
examimation of the nternal carotid artery It 15 a reasonable assumption that at
a given njecton rate an ‘extra vessel steals contrast medium from the vascular
ternitory for which the dose 1s mtended  Complete expulsion was however also
obtamned 1n experiments where 1n anomalous occipital artery was present This
might be explamed by the dose bemg sufficient for the actual vascular termtory
m spite of this anomaly Tt also happtned that the ¢xpulaon of the blood was
mcomplete m spite of a normal vascular anatomy No obvious ¢xplinition <o
far exists for this disturbing fact However, 1t may be assumed that the vascular
territory m these ammals was too large for the actual mjection rate The effect on
the blood-bram barrier of mcomplete expulsion was obtious 1 some expeniments
as no leston was produced, 1t mav be argued that the lesion obtained would
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have been more severe if the expulsion had been complete It 15 also possible 1n
the case of an anomalous ocapnal artery to argue that the whole dose had not
entered the target area so that the lesion was less marked than if the whole dose
had entered the cerebral vessels It 1s for ths reason that such experiments were
excluded Great vanation m the degree of damage with the same dose howesver
sull exited It 15 clear that tesearch worbers who study the mjury to the blood-
bramn barner by ntracarotid mjection without abserving the degree of expulston
from the vessels m the injected area work with an uncontrolled source of error

The total volume of contrast solution that has to be gien to produce barmer
damage 1s quite small with selectise injection into the internal carotid artery as
compared with the huge amount necessary to obtain corresponding damage to the
barner with mjection mto the common caroud artery With myection wto the
fatter the large volume of hypertonic solution severely disturbs the general arcula-
tion and therefore the jugular vens have to be cut Due to the small amount
used at selective mjection 1nto the mternal carotid artery, the rearculation of the
contrast medium can be disregarded

The application time was closely correlated to the injected volume and to the
smjection time in the present study In earlter studies ( Jerpsson 1962), the volume
mjected as well as the mjection time were found to be closely correlated 1o the
application ime In the choice betw een suitable mdicators to demonstrate damage
to the blood brain barrier we selected trypan blue, this has been widely vsed for
many years (Brovan & Orsson 1948, 1936, Jeresson 1962) RIHSA "' hu
man scrum albumun, was compared with *'CrCl; by Epstroy {1961) Stein-
wart & Rtatzo (1965) studied cold injunes and used Evans blue and fluo-
rescein as indicators Bakex (1956) stated that * P was a more sensitnve agent
than ital dyes However, he came to this conclusion by companng his own
cxperiments with * P with similar expenments performed with wital dyes as
reported 1n the hterature Moore (1923) studied the effect on the barrier
produced by the mjection of Diodrast mto the common carotd artery m the
rabtit He used exther <odiwm fluorescein or trypan blue as an indicator of
injury to the barner He faded howerer, to find any difference 1 senauvity
between the two test substances GonseTTE & ASDRE Baviaux (1967) stated
that radioactive 15otopes were more senative than oy pan blue 1n detecting small
lesions of the blood bran barner Wmrtereatner & DeSatsscre (1996) ex-
pressed the opinton that clinieal aigns, such as epileptic sei1zures,

Wwere more
nuthe than tvpan blue The appearance of a <eizure 15 usually nhibited by
deep anaesthesta The narcosss had to be rather decp in the present expenments
due to the disection m the neck

. Se far no conclusive report regarding any substance supenor to trvpan blue 1n
detecting an expenimental injuny to the blood bram barmer <cems to have
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been published Due to the above-mentioned reasons and as the trypan blue
method 1s casy to handle we have preferred thus tecchmque

Cardiovascular reactions to mjectron of roentgen contrast media mnto the
carotid artery have been stuchied by Linnoren & TornrLr (1958) They meas
ured the blood pressure and the pulse rate at injections of sodium acetrizoate
mto the carotid artery in cats Bradycardin and hypotension occurred They con-
sidered the first phase of the blood pressure fall to be sceondary to the bradycar
dia, which was effectuated via the vagal nerves, and the second phase of the
hypatension to be due to dimimshed vasoconstrictor discharge They judged both
phases to be related by the dircet action of the medium imjected on the vasomotor
centres in the brain The cardiovascular responses to the njection of contrast
medha mto the common carotid artery of the dog were studied by Tiscier &
Ecnstemnv (1961) and Fiscurr & Cornert (1965) They found that the sodium
salts of diatrnizoate, 1othalamate and metrizoate gave more reactions than the cor-
responding methylglucamine salts, among the sodiim salts, the diatnizoates
causcd the smallest rcactions Cornril & Tiscuer (1967), using the same
technique, reported that a minture of sodium and methylglucamine calcrum and
magnestum metrizoate altered the artenal blood pressure and heart rate more
than pure methylglucamine metnizoate A corresponding mvestigation with
sodtum 1othalamate produced simtlar results Chmeal studies during carotid
angtography (Grertz & Torafrr 1967, Grritz, Tetznios & Tornerr 1967,
TorneLL 1968, LunprryoLb & EncrorT 1967) have indicated that bradycardia
to some extent may be due to the sodium 1on of the contrast medium

Bradycardia was also especially marhed with high doses of sodium salts in the
present studhes 1n rabbits Hypotension, however, has no direct connection with
the sodum, except with Urografin 76 ¢ 1he hypertension which succeeds the
hypotension always occurs with the sodium s<zlts (Isopaque 60 9 and Conray
300) and Meglumine Conray The cardiovascular reactions that we observed
have thus been especrally associated with the presence of sodium 1ons The sodium
salts examuned also present the lughest nearotoicity as assessed by the blood bram
barrier techmque Since the bradycardin with njections of meglumune salts had
a negative correlation to the barrier lesion, and since the reactions of the blood
pressure varied 1rrespective of the lesion, the cardiovascular reactions are not a
measure of the ncurotoxicity as judged by lesions of the barrier It should be
noted, however, that the common carotid artery was ligated proamally n the
experiments On the other hand, the rabbit has 1 well-developed circle of Wills,
so that the blood will generally rinse away the contrast medium from the brain
vessels as soon as the mjection 15 completed In accordance with this the ap
plication time and the mjection ume arc of about the same duration No cbvious
correlation between the neurotoxicity and the cardiovascular reaction was found
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1n some other studies of the neurotoicity with mjection nto the vertebral artery
{Oum & Repuan 1967) No bran vessels were occluded 1 these previous ex-
amumations It would appear that the cardiovascular reactions are essentrally a
measure of the sodium percentage of the contrast metia and not necessanly 2
measure of the neurotoxicity The lesions of the barrier with a paradowcal
location occur at the highest frequency for roentgen comrast media contaiming
a Ingh percentage of sodwm salt These contrast media also produce the most
severe cardiovascular reactions
The present studies of the cffect of some modern roentgen contrast media on
the blood bramn barrier are on the whole 1n accordance with sumitar studies made
by other mvesugators Thus, <odwm salts have produced a more intense lesion
of the barmer with a certam dose as compared with a corresponding amount of
a meglumine salt n the same roentgen contrat medium (Kopaua et coll 1963,
Satvesen et coll 1967b, GonseTTE & ANDRE-BALisavx 1967) HarrinGTON
et coll {1966), however, evaluated the damage to the blood brain bamer m dogs
followmg injecttons 1nto the mternal carotid artery and found that only 43 ¢ of
the animals had lesions of the blood bran barnier after Hypaque 50 ¢ (sodium)
as compared to 75 §¢ alter meglumine diatnizoate These inyvesugators employed
the distribution of the lesion as a measure of the neurotoxicity instead of the
degree of lesion The dwerging results might have been due to the different
principles of evaluation of the degree of lesion of the barmer Concerning the
methylglucamine salts, we Jound Meglumme Conray 60 ¢t somewhat more toxic
than meglumuine diatnzoate 60 9 Urografin, which 1s a methylglucamine salt
with some addition of a sodium salt, also belongs to the group of low toxicty m
the studies, when used in 60 % solution When, however, 1ts concentration was
increased to 76 G, the toxicity increased considerably
GonseTTe & AMDRE Battsarx (1967) found the following contrast media 1o
be equally toxic  Urograhin 60 %, Meglumine Conray 60 ¢, Isopaque Cerebral
60 9 and Sodwm Isopaque 43 S (balanced with Ca and Mg) Sarvesen et
coll {1967b) reported, in accordance with our studies, that Meglumine Conray
was more towic than Isoparque Cerebral They stated, however, that Urografin
€0 was somewhat more touc than Jwopague Cerebral These nvestigators
were alco able to demonstrate that a sutable addition of calcium salt to methyl-
ghicanune metnzoate dummshed the tovieity as compared to the pure methyl-
oh salt A correspond calum salt addiron to methylglucamine
dintnzoate 15 not possible due to the low sotubility of the calcium dratnizeate
In spite of the standardized mjection technique used, and although each ammal
was thoroughly exanuned for the presence of an anomalous ocaipital artery,
there was <ull a large vanation in the degree of lesion of the blood brain bame;
ata cettan amount of contrast medsum The range of body temperature was
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too small to explain these differences (Jrersson 1962) The discrepancy 1 the
degree of lesion of the barrier in ammals that recened the samt dose might be
duc to a difference m the s ulnerabidity of the blood-hrain barrier of the mdividual
animals It 15 thercfore necessary to test cach dose on at least three ammals

SUMMARY

The toxicaty of certaun modern roenteen contrast medin was studied with selective myee
tion 1nto the mnternal carotid artery of rabbits and evaluated by damage to the blood bram
barner and eardiovascular riactions: The hitter (imitinl hypotension and bradyeardin) were
severe for contrast medin contuming pure sodium salts but were not necessanly a measure
of the neurotoxieity s estimated by studies of the barrier

ZUSAMMILNIASSUNG

Die Toveitat verschiedener moderner hontrastmuttel wurde ber selehtnver Injektion der
Carotss mterna m Kamnchen durch Beurterlung der Beschdiqune der Bluthirnschranke
und der cardiovashuliren Storungen amilysiert Hocheradige cardiovashul e Storungen
(Hypotonie und Bradykardie) wurden mit den Kontrastmutteln die reme Natnumsalze ent
halten beobachtet ohne jedoch notwendigerweise als ein Mass der Neurotoxieitat mit
Thinacht auf dee Bluthirnschranke betrachtet 7u werden

RILSUMTS

I es auteurs ont ctudie 11 tovicite de certuns moyens de contraste radiologique modernes
par Linjection selectine de §artere carotide interne de lpms et ) ont evaluce par les dom
muages de la barriere hematoencephahique ot pir les reactions rdio-vascularres Ces reac
tions (hypertension imitile et bradveardie) ont ete graves wec les moyens de contraste
contenant des sels de sodium purs mms ne mdsrent pas necessurement I nearotoxicte
estimée daores les ctudes de 11 barriere hemnteendéphalique
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ARTERIOGRAPHIC APPEARANCES OF
PHAEOCHROMOCYTOMAS

by

L O Laner and M ROSENCRANTZ

Recent progress 1n the mvestigation of arterial hypertension has resulted
biochemical and pharmacologic tests, making 1t possible to select cases harbouring
a hormonally active tumour, such as the phacochromocytoma Although par-
oxysmal hypertension 15 a characterstic feature of phaeochromocytomas, cases
with maimly d hyp are not (Fig 1) Thed
based on chinical and Taboratory tests, 1s generally accurate Cases exist, however,
1n which the lab y data, probably asa q ¢ of mtermttent secretton
of pressure agents, do not support the clinical findings

‘The main tash of the radiologst 1s therefore to localize the tumour and 1n some
cases also 1o establish the diagnosis As aortography has become almost a routine
procedure 1n the evaluation of artenial hypertension, and hormenal analyses are
not always made, the phacochromocytoma may be an unexperted radiwlogie
finding hunowledge of the radiographic appearances of these tumours and of the

hazards of the examnations 1s therefore of ymyportance
Phacoch

anse from chromaffin tissue, mamly of the adrenal
medulla 2nd the paraganghia. About 90 per cent of all phaeochromocytomas
oceur 1n the adrenals and their proumity, the location next common 1s para-

Submitied for publication 23 Januaty 1969
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Fig 2 Extra adrenal phacochromocytoma fed by branches
of the renal and anfertor phrenic arteries (=) rusming at
the penphery of the tumour which was situated medial to
the night adrenal gland behind the vena cava The inferior
phrenic artery (<) flled via anastomosis from the i
fenior suprarenal artery The tumour could not be seen at
exploration of the adrenal region the exploration was then
extended to the retrocaval space

Ronrer & Hotstr 1966, Rosst et coll 1966, 1968, Fry et coll 1967, Rann et
coll 1967)

In our hospital, angiographies have been performed 1 all cases operated upon
since 1950 Retroperttoneal pncumography has on the other hand only been
carned out i about a third of the cases We have now reviewed 2l the angio-
griphic examinations with a view to find out with what accuracy the phaco-
chromocytomas can be demonstrated and o they possess charactenstic vascularnity

"”alrvml This comprises 26 cases, 13 females and 13 males, with 27 growths
thig 1), the mean age beng 42 years {23 to 62 years) The symptoms m three
women appeared during the last month of pregnancy and i two of these removal
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NUMBER
OF CASES

. 3

1950 1955 1960 1965 1968

1ig 1 Phicochromocytomas exammned and operated on in
the period 1950—1968 cases with paroxysmal signs (un
filled columns) and cses with munly sustaned hypertension
(hatched columns)

aortically along the sympathetie chain Rare sites, such as the urmary bladder
(Stvax 1961), the neck and even the shull, have been reported

The tumour occasionally appcars m survey films as a soft tissuc mass, or the
dragnosis may be suggested by the deformation or displacement of a hidney Egg-
shell calafications have been reported to be almost specific (GRAINGFR et coll
1967) In the overwhelmmg number of cases, however, the growth 1s demonstrat-
cd only by contrast mcdum techniques, such as angiography or retroperitoncal
pneumography

The phacochromocytomas arc ‘Ingh-explosn e neoplasms with a great tendency
to release adrenahn or noradrenalin even by shght manmipulations such as pal-
pation of the abdomen or roentgen exammations QOpmmons vary regarding the
most appropriate way to localize these growths Some authors, because of the
nishs of hypertensive crises, have suggested that specialized radiologic «xamnn-
tions should not be carred out, especially since 1n a number of cases (10 to
20 %) there are muluple phacochromocytomas wiich, even if onc of thum has
been localized, require extensive exploration (Sjoerpsua et coll 1966) Most
authors arc however of the opmion that the planning of surgical procedures 1s
simphfied if the tumour 1s demonstrated 1 one way or other Retroperitoneal
pneumography has been the method most commonly used A number of papers
illustrating the uscfulness of angiography m the demonstration of phacochromo-
cytomas have been published m recent years (Errvin 1959, Borysrn ct coll 1966,
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Fig 4 a) Rughtade
capsular vetns (=)

phacochromacytoma with faint accumulaton of contrast mediun and
b) Leftside phacochromocytoma (—) in the late artemal phase of
2ortography The tumour vessels are arrangrd like seregular meshes of 2 ne?

d by the trans h and i the remainng cases the per-
cutaneous retrograde transfemoral techmique was used

Polythene catheters and a fauly small amount of a 30 % contrast medium
were emplayed prior to 1939 (two cases 1 all) After 1939, the aortographtes
were pedformed with Odman Ledin catheters or up-occluded teflon catheters

with side holes At least 50 ml of Urografin 60 $¢ were admmstered with a
Gudlund Elema mjector Equp for stereo-

this ime, and 1n all cases, except those
nique, an AOT film changer was used
The blood pressure was ¢ 1

graphy was also utilized at
d with the lumbar tech

secorded throughout the

and vern cannulas were meerted for immediate Tegitine njections mn case of
wmmunent hypettensne cnses ‘The endoennologist sn charge of the case was
alwavs present duning the procedure After 1964, all cases examined for phaeo-
chromocytoma wese prepared with phenoxy benzamine hydrochlonde {diben-
zyline) which, hihe reguting, 15 an alpha adrenergic blocking agent but has a more
protracted effect than regine Compl of any wmp T WeTe not ene
countered nesther before nor after the mntroduction of dibenzyhne




38 L. O LANMER AND M ROSENCRANTZ

Lt}

Fig 3 Aortographv (a) and selectn e injection of a considerably widened inferior phremic artery
(b} i a case with large phieochromocytoma (1500 g) The feeding artenes {—>) coursed
at the periphery of the tumour and sent branches towards ats centre There were vessels (+-)
probably mainly vems that filled 1n the arterial phase

of the tumour was combmed with Caesarean section In the third woman, with
bilateral neoplasms, chmeal and radiologic examinations and surgery werc per-
formed shortly after spontancous delivery

All the tumours were situated 1n or contiguous to the adrenals, fifteen on the
right and twelve on the left side One of the masses was entirely extra-adrenal,
medial to the right gland and retrocaval (Fig 2) Two of the others were
separated from the adrenal glands but connected to them by thin fibrous strands
Considerable variations 1 size and weight of the tumours were recorded, the
weight ranging from 11 to 1 500 grams No correlation could be established be-
tween the size of the tumour and the hormonal activity

Microscopy disclosed typical features of bemgn phacochromocytomas Different
degrees of degeneratie changes with necrosts and cysts were the rule

Angrographic techmque As the study extends over a period as long as 18 years,
the quality of the angiograms differed 1n the early and the late cases Contrast
media, as well as the techmque of their mjection, film changers and roentgen
tubes have improved considerably during this ime Two of the early cases were
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to the upper renal pole (=) could be
demonstrated

provocative histamine tes a blood sample from the left renal vein indicated a
marked wcreace 1n no~adrenalin

The matenal includes two cases with false posiive diagnoses In both, a left-
<de growth, 1n addinon 1o the correctly diagnosed tumour on the nght side, was
cons dered probable In one of the cases, retropentoneal pneumography revealed
amass close to the left upper renal pole, probably explained by marked irregular-
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[ [ —— ,ﬁy

Fig 5 1) Highly vasculinzed nght side phacochromocytomr  homogenous accumulition of
contrast medium in the venous phise b) The complex artenal supply of the adrenals 1s
Mlustrated by  left side phacochromocytomt supplied by brnches from the first part of the
night lerior phrenic artery (=) which 1rose from the left side of the norfa There were
branches 1lso to the normal night adrenal glind (~—)

Results

Erght of the twenty-seven tumours werc not dragnosed preoperatnely by ango-
graphy Two of these had shight but sigmficant angographic changes that were
overloohed In the remammng sin cases, angiograpine Jocahzation was not possible
cven on retrospectine viewmg In three of these cases, belonging to the early part
of the matenal, the angiographic exannnations were mcomplete The tumour
these cases and i an addiional case was demonstrated by retropenitoneal
pneumography Thus two anglographically neganve cases remam One was of a
pregnant woman m whom exploration combmed with Cacsarcan section Was
made without further diagnostic procedures The tumour was small and situated
totally within the adrenal gland, visible only after dnssion of the gland The
tumour w1s small also n the sccond case, its diameter bang about 2 cm, at lay
m the angle between the aorta and the left renal artery and arosc from an ectopic
adrenal gland Retroperitoneal pneumography suggested a normal adrenal glnd
and no mass was scen Sclectne adrenal phlchography was attempted but
without success Blood specimens were tahen during the exammaton  After a
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Fig 6 Left side phacochromocytoma situat
ed almost totatly m front of the upper renal
pole At aortography the tumour was dif
ficalt to 1denufy 1n the arterial phase {a)
Lerause of supessmpontion of semal yessels,
i the venous phase {(b) the tumour was
delmeated by capsular yeins (=») At retro.
pentoneal pneumography (lateral toma.
gram) (c) the relation of the tumour (—)
to the upper renal pole () conld be
demonstrated

provocative histamme tes a bleod sample from the left renal vein indicated a
marked 1ncrease 1n noradrenalm

The matenal mcludes two cases with false posiive diagnoses In both, a left-
< de growth, m addion 1o the correctly diagnosed tamour an she mat 1
-1
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Fig 5 a) Highly vasculinzed night side phacochromocytoma, homogenous 1ccumulation of
contrast medium in the venous phase b) The complex arter:al supply of the adrenals 1s
Mustrated by a Jeft sside phaeochromocytoma supphed by brinches from the first part of the
nght inferior phrenic artery (—) which arose from the left side of the aorty Ihere were
branches also to the normal mght adrenal glnd (+—)

Results

Laght of the twenty-seven tumours were not diagnosed preoperatively by angio-
graphy Two of these had slight but sigmficant angtographic changes that were
overlooked In the remaming six cases, angiographic locahzation was not possible
even on retrospectin ¢ viewmng In three of these cascs, belonging to the early part
of the materal, the angiograpluc examumations were mcomplete The tumour m
these cases and m an additional case was demonstrated by retropentoneal
pneumography Thus, two anglographically negative cases remam One was of a
pregnant woman i whom exploration combmed with Caesarean section was
made without further dingnostic procedures The tumour was small and situated
totally within the adrenal gland, vistble only after division of the gland The
tumour was small also 1n the sccond case, 1ts diameter bemg about 2 cm, 1t lay
1n the angle betwcen the aorta and the left renal artery and arose from an ectopic
adrenal glind Retroperitoneal pncumography suggested a normal adrenal gland
and no mass was seen Sclectne adrenal phlebography was attempted but
without success Blood specimens were tahen during the exammation After a
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Fy 8 Leftsde
b and c) Select € myec
small area n (b) In the venous phase {¢) 2 capsular ve & (=) 1 clearly seen

vhacochromocytoma + sbir only at sclectve 3ng ography a} AortoRraphy
ton of the renal artery There are tumour vessels {—) oAy wihn a

that no vascular pattern could be 1dentified These growths appeared i 2 late
phase as homogenous accumulations of contrast medum (kg 52) Inafew cases
the neoplasms were less vasculanzed having a conglomerate of munute tortuous
artertes within a small area only (Fig 8b) A few wide irregular vessels mamnly
resembling vems were observed 1n the artenal phase in several cases e<pecially m

those with farge tumours {Fig 3a) Less vasculanized areas were scen 1 all growths
nich i vessels probably due to the af

necrosis and €ysts.

d degeneratise changes with

Discusston

Rasst Youne & Pasur ([968) stated angrography 1s an effective method for
the local of phaench

They based ths statement on 99 cases,
twelve of their own ~— up to now the largest published number of cases exammed
angiograpcally — and the remamnder collected from the terature The same
conclusion may be drawn from the present matenal which compnses 27 neo-
Plasms most of which were demonstrated at angiography The anglographic
dhagnoss 15 10 many cases difficult especsally m small tumours the main cause
bemg the complex and varsable artenal supply of the adrenal glands (Merkrry
& Micurrs 1958) The supply 15 denved from many small arteres of ifferent
ongn uwally the 1enal attenies the aorta and the miener phremc artenes the
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Fig 7 Large left ssde phacochromocytoma in front of the kidney a) The tumour {~—) was
partly superimposed by renal vessels b) A small tortuous feeding artery (-} coming
d rectly from the norta enabled the diagnosis to be made (subtraction film)

1ty of the renal pole, with deep retractions which most likely were due to pyelo-
nephritic lesions In the second case, a faurly large branch from the left renal
artery suggested a hypertrophic suprarenal artery Definite tumour vessels were
not seen No gas study was performed

The angiographic appearances of the phaeochromocytomas were fauly charac
teristic, although not umform The feeding arteries 1n practically ll the cases
followed the periphery of the neoplasm (Figs 2 and 3) A charactenstic feature
of these arteries was that they maintamed almost the same calibre around the
tumour Wide vems, probably capsulir veins, enarchng the mass (Figs 4a 6b
and 8c), was a constant finding Four different types of vascular pattern within
the tumours may be recognized 1n the material

In some cases, branches from the peripheral arteries, resembling the spokes of
a wheel, comverged towards the centre of the tumour (Fig 3) These branches
1n other cases had a reticulated arrangement like wrregular meshes of a net
(Fig 4b) The artertes, especially in small tumours, were sometimes so abundant
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Fig 8 Left ude phacochromocytoma sisible only at sclectne angiography a) Aortography
b} and ¢} Selectne mjection of the renal artery There are tumour sesscls (-—) only within a
small area 1n (b) In the 1enous phase () a tapsular vem (4=} 1 tlealy seen,

that no vascular pattern could be identified These growths appeared m a late
phase as homogenous accumulations of contrast medium (Fig 5a) In a few cases
the neoplasms were less vasculanzed, having a conglomerate of minute tortuous

artenes within 2 small area only {Fig 8b) A few wide srregular vessels, manly

L s, pobaoly due to the atorementioned degeneratine changes with
necrosts and cysts

Discussion

Rosst Youne & Panke (1968) stated ‘anglography 1s an effecttve method for
the localization of pharochromocytomas They based this statement on 99 cases,
twelve of ther own -— up to now the largest published number of cases examined
angiographically — and the remamder callected from the terature The same
conclusion may be drawn from the present matenal which compnses 27 n
Plasms most of which were demonstrated at hy The ang

i‘:znosxs 510 many cases difficult, espeaially in sr:all n;mours, the main c‘ausc
#0g the complex and vanable arteral supply of the adrenal glands (MErLIN

i Micueis 1958) The supply 15 denved from many small artenes of different
g, sually the renal artenies, the aorta and the infenor phremc arterses, the

0=
"
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- - Tig 10 Adrenal carctnomr with Cushing s syndrome
There are feeding arteries at the periphery of the
tumour and 1rregular vessels in the medial part of

1n phaeochromocytomas the otherwise poorly vasculanized growth

other possible supplementary sources being the lumbar, the uretenc and the
gonadal artertes The mferior phreme artery may anse from the aorta, from the
coehac artery or one of its brinches or from the renal or lumbar artenes
(Tig 5b) To ensure demonstration of all the suprarenal artenes the deposition
of the contrast medum must be made in the aorta, above the origin of the coclie
artery Superimposition of a great number of coehac and mesenteric branches
mahes identification of the very nirrow suprarenal artenies diffrcult

The tumours on the nght side are most often situated above the upper renal
pole, usually deforming 1t and displacing the kidney 1n a typical way The
growths may, however, extend caudally m front of and medial to the hidney,
between 1t and the vena cva On the left side the tumours are usually located
partly or entirely 1n front of the upper renal pole (Fig 6) The ncoplasm m
one of the cases lay as low ns the hulum of the kidney (Fig 7) Superimposition
1n these cases of not only cochac and mesenteric but also of renal branches makes
the angiographic diagnosis even more difficult Some of the problems caused by
superimposition of arterial branches may be overcome by angiography mn df
ferent projections The blocking treatment with dibenzyline has encouraged us
to perform repeated injections mto the aorta as well as selectne angiographies
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Fg 11 Sclectve angography of the
ron 1 .

rram

plasm

Wath high quality films obtained in different projections most phaeochromo-
cytomas can usually be demons rated at aortography In onc of the cases n
which aortography «s well as <clectine angtography were performed (Fig 8),
the tumour could be demonstrated only in the selective examimation Obsious
changes 1n several other cases appeared only after selective mjection even though
they could be detected 1n retrospect 1n the aortograms. We thercfore feel that
the exarmination should proceed with selectne angiography whether or not a
Fos ble lesion 1s found The suprarenal arteries cannot be catheterized unless
pathologically widened By <elecuse suprarenal arteriography 1s meant contrast
injecuion mmto one of the large artenes from which the suprarenal artenes anse
the renal the wfenor phrenic and the coehac artertes The suprarenal artertes
that are most easily examned are those ansing from the renal artenes Catheters
with side holes are employed to ensure filling of the infenor suprarenal artenes
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which often spring from the very first portion of the renal artery (Figs 2 and 8b)
The inferior phrenic artery with the superior suprarcnal branches, mostly ansing
directly from the aorta, can often be catheterized (I'igs 3b and 5b) If a tumour
1s demonstrated at rortography, and the adrenal region of the opposite side can-
not be evaluated with certamnty, selcctive examiation should be made on that
side stnee the phacochromocytomas may be bilateral Lven 1f no tumour can be
observed, mn spitc of careful examinations, a small avascular mass or one outside
the suprarenals may still be present

Retropentoneal pneumography was performed in those cases m which no
ncoplasm could be demonstrated at angiography One small tumour, not vistble
at angrography, could thus be demonstrated The accuracy of the two methods
cannot be compared since retropentoncal pncumography was not performed mn
all cases Retropentoneal pneumography docs not reveal the nature and ongn
of a new growth and normal structures may be mistahen for pathologic masses
It 1s not always possible to direct the gas to the suprarcnal areas, probably be-
cause of retroperitoneal adhesions secondary to hacmorrhages around Inghly
vascularzed tumours An advantage of anglography 1s the possthility of dem-
onstrating neoplasms m regions outside the adrenal glands (Fig 2)

Tumours within or close to the mght adrenal gland sometimes make 1mpres-
stons 1t the mfenor vena cava and may be demonstrated by inferior vena cavo-
graphy (Luap et coll 1960) Blood samples for determination of catecholammes
should be obtained at different levels during the procedure, preferably before and
after provocattve histamine tests

The angographic appearances of phacochromocytomas were discussed by
Bonysen et coll (1966) and Rosst et coll (1966, 1968) Rossi has stated that
bemgn phaecochromocytomas lIead to typical anglographic appearances, with
hypertrophy of the suprarenal artenes and a finely reticulated network of smail
arterics in the early arterial phase An homogencous accumulation of contrast
meditm, 1 which there may be zones of decreased vasculanity, appears in the
capillary phase This 1s 1t general agreement with the present findings We
would however like to stress that the vascularity vanes constderably 1n many
cases there 15 no accumulation of contrast medium within the tamour but the
course of the feeding arterses around the periphery of the tumour s typical and
wide capsular vens are rarely absent LAGERGREN (1967) cxamined six cases of
phacochromocytomas by microangiography He encountered hypery asculanity
only one case and was of the opinton that the vascular pattern n the other cascs
could not be distinguished Irom that of adenomns, neither by chimeal angiography
nor by mucroangiography

The anglographic appcarances of the phaeochromocytomas 1n the present
material were compared with those of other adrenal growths, eight adenomas and
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mme caranomas [t 18 true that all adrenal tumours have mamy charactenstics
m common such as supply artenes following the penphery, but the vasculanty
of bemgn phacochremocytomas was different from that of other adrenal neo-
plasms The vessels m the small adenomas were narfow and 1rregular with no
charactenstic pattern (Fig 9) Large adenomas as well as caranomas were (avuly
poor 1n vessels but with small areas of irregular tumour vessels (Fig 10) Wide
uregular vemns and venous lakes, wregularly scattered 1n the growths, was a
charactensstic findmg (Fig 11) The problem of the differential diagnoss 1s
however of mmor importance since the nature of adrenal neoplasms can be
determined by hormional analysis

Conclusions

It 15 usually possible to venfy the diagnosis and locate phacochromocytomas
with arteriography Small tumours, especially 1f poorly vascularized or situated
totally withmn the adrenal glands, may be impossible to demonstrate The arteno-
graphic diagnosis 1s often difficult and requires, besides expenence, a proper
techmque with high film quality, several projections and selective injections
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contiguous to the adrenal glands The vascularity which 1s fauly charactenstic, 1s compared
to that of other adrenal tumours

ZUSAMMFNFASSUNG

Die artenographuschen Befunde wurden 1 26 Fallen mut 27 Phaeochromocytomen
analysiert Alle Geschwulste + aren gutartig und entweder mnerhalb oder wemngstens nahe
den Nehenmieren lokahsierr Das Gefasshild das ziembich charaktenstisch 1st, wurde mut
dem anderer Nebenmesentumoren verglichen ’
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ton quiest assez caracténstique a celle d autres tumeurs susrenales
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which often spring from the very first portion of the renal artery (Figs 2 and 8b)

The mfertor phrenic artery with the supenior suprarenal branches, mostly ansing
directly from the aorta, can often be catheterized (Figs 3b and 5b) If a tumour
1s demonstrated at aortography, and the adrenal region of the opposite side can-
not be evaluated with certainty, selective exammation should be made on that
side since the phacochromocytomas may be bilateral Even 1f no tumour can be
observed, 1 spite of careful examinations, a small avascular mass or one outside
the suprarenals may still be present

Retropenitoneal pneumography was performed 1n those cases m which no
neoplasm could be demonstrated at angrography One small tumour, not visible
at angiography, could thus be demonstrated The accuracy of the two methods
cannot be compared since retropentoneal pneumographv was not performed 1n
all cases Retropentoneal pneumography does not reveal the nature and ongin
of a new growth and normal structures may be mistahen for pathologic masses
It 15 not always possible to direct the gas to the suprarenal areas, probably be-
cause of retropentoneal adhesions secondary to haemorrhages around highly
vasculanized tumours An advantage of angiography 1s the possbility of dem-
onstrating neoplasms 1n regions outside the adrenal glands (Fig 2)

Tumours withm or close to the night adrenal gland sometimes mahe impres-
sions 1 the inferior vena cava and may be demonstrated by mfernor vena cavo-
graphy (Lunb et coll 1960) Blood samples for determination of catecholamunes
should be obtained at different levels during the procedure, preferably before and
after provocative histamine tests

The angtographic appearances of phacochromocytomas were discussed by
Boyysen et coll (1966) and Rossi et coll (1966, 1968) Rosst has stated that
benmign phaeochromocytomas lead to typical anglographic appearances, with
hypertrophy of the suprarenal arteries and a finely reticulated networh of small
arterzes m the carly artenal phase An homogeneous accumulation of contrast
medium, 1n which there may be zones of decreased vasculanty, appears in the
capillary phase This 1s 1n general agreement with the present findings We
would however like to stress that the vasculanty sanes considerably 1n many
cases there 15 no accumulation of contrast medium within the tumour but the
course of the feeding arteries around the periphery of the tumour 1s typical and
wide capsular vemns are rarely absent LAGERGREN (1967) exammed six cases of
phaeochromocytomas by microangtography He encountered hypery asculanty m
only one case and was of the opinton that the vascular pattern in the other cases
could not be distinguished from that of adenomas, nesther by clinical angiography
nor by microangtography

The angiographtc appearances of the phacochromocytomas i the present
material were compared with those of other adrenal growths, eight adenomas and
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e carcinomas It ts true that all adrenal tumours have many characterstics
n common, such as supply artenes following the penphery, but the vasculanty
of berugn phacoct ytomas was diffy from that of other adrenal neo-
plasms The vessels in the small adenomas were narrow and rregular with no
thasatienstie pastern {Fig 9) Large adenomas as well as carcinomas were fa:rly
poor 1n yessels but with small areas of wregular tumour vesscls (Fig 10} Wide
wregular vens and venous lakes, srregularly scattered i the growths, was a
charactenstic finding (Fig 11) The problem of the differential diagnoss s
however of mnor 1mportance since the nature of adrenal neoplasms can be
determmned by hormonal analysis

Conclusions

1t 15 usually possible to venfy the diagnosis and locate phacochromocytomas
with anenography Small wumours, especially if poorly vasculanzed or sinated
totally within the adrenal glands, may be impossible to demonstrate The arteno-
graphic diagnosss 1s often difficult and requires, besides experience, a proper
technique with hgh film quality, several projectons and selective mjections.
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MICROANGIOGRAPHY OF THE RENAL VESSELS
IN RABBIT

Companson of different methods
by

‘Herrktr WENpELIV and Jovart Livpores

The aim 1n renal microangtography 1s to obtain complete contrast filling of
certamn vessels The results are nfluenced by various nter related factors, which
have been widely discussed 1n the lterature {Barctay 1951, Briuwan 1933,
Hsrzoc 1957, and Rusrv 1964) Most authors agree that the infusion pressure
should be close to the physiologic blood pressure hmuts that correspond to the
vessel to be infused The injection time may vary from 2 few minutes to several
hours (LjuncQvist 1963)

The usual contrast media have recently been replaced by suspensions of BaSOy
m various concentrations Thus 1s a particulate medium and technical aspects 1n
the preparanion of the suspension must therefore be taken 1nto account {(Kor-

MANG 1967) A similar type of particulate contrast medium of high density has
recently been duced, 1t has the ad
w~ B

of bemg brightlv enln rad and

wn v U vy metal salts Lhe particle size 1s said to be Izss
than 1" micron, {The precise nature of Chromopague has not been disclosed §
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dilutions
Yig 1 The relatine \1scos ty values of Micropaque dilutions (a) and of Chromapague
l‘\zg) at dufferent |:mpemux‘£s and percentages (the viscostty of distilled water taken as 1)

nulated with a polythene tube at laparotomy and the renal vern cut The ammals
were hepanmzed (dose 5000 I U ) before anesthenzation

Specially prepared 200 m) bottles were used {Ljncgrvist 1963) Because the
contrast medium 13 particulate, the bottle was placed on a magnettc stirrer
provided with a thermoregulator The 100 mg Hg nfusion pressure was kept
constant with a hiquid air flask and lled with a Hg
time was one hour, after which the flow ceased

The contrast medium suspensions were diluted with physiologic salme to the
required percentages In some cases when the temperature was 37° C the contrast
media contamed 3 9 gelatine The data of the expenments are given 1n a Table
The relatne viscosty of the contrast media was measured with an Ostwald
viscometer (Butr 1964)

The infusion was made at two different body temperatures - 20° C and
+37° C The respecve temperatures of the contrast media wese kept the same
The sfusion at + 37° C was made while the animal was under anesthesta, and
until the animal died duning the procedure The infusion at -} 20° C was applied
to fresh post mortem matenal Furthermore, 4 Lidneys were deep-frozen to
—25°C and stored for several days, after which they were rewarmed to
+-20° C and 1nfused with Chromapaque 10 % at } 20° C Thus was done m
order to study the vascular filing of the deep-frozen stored organs

At Jeast 2 hndticys were asad m each expenment  After nfusion the renaT
vesselg waral wasad 11 Ty

of the ¢ - . "
formal

, the infusion

ways aulel complete fixation the kidneys were cut
frontally in serses of 2 mm thick shees and radtographed for prehimmary onenta.
tion on Kodahth Contact Ph h al Film A Machlett AEG-50
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Table

Results obtaned tn the dyferent expersmental condtions

Contrast medium Tilling degrees of the renal vasculature of rabbit
Suspension  Concen Tem Relit Arcuate Inter  Afferent Arteriole Direct  Efferent
tration  peratur€ viscos  artery  lobular arteriole inglom arteriole arteriole
1ty artery crulus
% c 0100 050n 030p o010n 010 Tpo07—5p
M 10 20 13 Fobd At b b+ b+ 4+
M 10 37 12 T+ ot bt 4+ bbb At
M with
gelatine 3 2, 10 37 37 +44 A+t +t++ +H+ b R
M 40 20 43 ++4+ +++ O 0 0 0
M 40 37 36 +++ A+ 0
M with
gelatne 3 0 40 37 85 +++ et 4 H4+ A+ +
c 10 20 23 +++ +++ F++ A+ A+
[¢] 10 37 20 44+ FF+ F+ b+ e bt
G with
gelaune 3 2 10 37 41 R SR T S ST S S o Sk
c 40 20 15 +++ +++ k+ 4+ 0 0
c 40 37 20 +++ b+ A+ 0
C with
gelaune 3 °, 40 37 15 +4 + +++ + 0 0
M — Mucropaque C — Chromey + 4 4 nd J + + moderate + sparse

but detectable and 0 no filkng of vessels

The purpose of the present investigation has been to compare a BaSOx
suspension (Micropaque, Damancy & Co Ltd) and Chromopaque under certain
physical condions The infusion pressure and time were hept constant The var-
1ables studied were the viscomty, temperature and concentration of the contrast
media The rabbit hidney was chosen as a test organ because 1ts vasculature has
been well studied and the different degrees of ats vascolar filling can therefore
readily be distinguished (Rusin 1964, Lyuncgvist & LAGERGREN 1962)

Matenal and Methods The matenal consisted of 27 adult rabbuts of both
sexes weighing between 2 7 and 3 4 kg The ammals were anesthetized and killed
with pentobarbitone sodium (Nembutal, Abbot) The renal artery was can-
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Fig 3 Two microradiograms d
) Chromopaque 10% at + 31°C
Chromopaque 40 7%
the glomerult The microradiograms are reproduced from the onginal ones x 100

emonstrating the differcnt degrees of renal vascular filling
Complete filling 35 far as the clferemt astenoles

at + 37°C Complete filling of afferent arterioles and partual filling of

tube with 15 mm focus and equipped with 2 15 mm thick beryllium window
was employed, this was run at 30 KV The <lices were placed on a 05 mm
plastic film which was 1n contact with the photographic matenial The film focus
distance was 1 meter

After the prelummnary exanunaton, one shice was chosen for embedding 1n
paralfim beeswax (4/1), and 150-micra sechons were cut for contact macro-
radiography The same tube and KV were used, but the focus-film distance was
decreased 1o 0 5 meter and the photographic materal changed to Kodak Spectro-
scopic Plate 649 E or to Kodak Maxmum Resolution Plate

The dufferent parts of the renal artenal and capillary pattern were dentifred
mn the micrograms and thexr mummum diameter was measured mucroscopically
(see Table) The degree of contrast filing was also senfied from an ordinary

histologic secuon made from the ongmal microradiographed section, 5 to 7
mcra paraffin sections were taken and staned by conventional methods,
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Tig 2 Different degrees of filing of the renal artemnl vasculature of the rabbut
Upper left Chromopaque 10 7 at 37° G Complete filling of artenal capillary
vasculature  Upper night Micropaque 10 9% at + 20° C Complete filling of the
glomerular capillanies, moderate filling of the smaller capillaries Lower left Micro-
pique 40% 7t + 37°C Complete filling only as far as the afferent arterioles
Lower right Micropaque 40 % at + 20°C Complete filing only as far as the
mterlobular arteries
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rating the different degrees of renal vascular filhing
a) Chromopague 10 7% at + Complete filling as far as the ciferemt artercles b)
Chromopaque 40 ¢c 3t + 37° C Complete filhing of afferent artenofes and partal fillng of
the glomerul; The microradiograms are reproduced from the ongmnal ones X 10

Fig 3 Two microradiograms z:i,emonst

tube wath 15 mm focus and equipped with a 15 mm thick beryllium window
was employed, ths was run at 30 kV The shices were placed on a 05 mm
plastic film which was m contact with the photographic materntal The film-focus
dsstance was 1 meter

After the prelminary exanunaton, one slice was chosen for embedding n
paraffin-beeswax (47/1), and 150 micra sections were cut for contact mucro-
rathography The same tube and KV were used, but the focus-ilm distance was
decreased 1o 0 5 meter and the photographic matenal thanged to Kodak Spectro-
scopsc Plate 649-F or to Kodak Maximum Resolution Plate,

The different parts of the renal artenal and capiilary pattern were 1dentified
m the micrograms and thewr minimum diameter was measured nucroscopseally
(sec Table} The degree of contrast filling was also venfied from an ardinary
histologic section made from the onginal microradiographed section, 5 to 7
micra paraffin sections were taken and staned by consentional methods,
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Fig 2 Dufferent degrees of filling of the renal arterial vasculature of the ribbit
Upper left Chromopaque 109 at 37° G Complete filling of arternl capillary
vasculature Upper right Micropaque 10 % at + 20° C Complete filing of the
glomerular capillanes, moderate filling of the smaller capillanies Lotcer left Micro
paque 40 % at + 37°C Complete filling only as far as the afferent arterioles
Lower right Micropaque 40 % at + 20°C Complete filling only as far as the
mterlobular arteries
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Table are presented m Fig 3 Chromopaque has also other charactenstics 1t
can be more easly detected 1n the histologic specimen with all the usual stamming
methods (Fig 4) and 1t Jeads to better radiogriphic contrast

The degree of vascular filling vaned 1n hidneys which were decp-frozen, stored
and rewarmed to - 20° C, and then wfused with Chromopaque 10 ¢ There
was complete filling of the afferent artenes but moderate or sparse filhng of the
smaller vessels No filling of the efferent arterioles could be detected

Discussion

The best wav to fill the vessels to demonstrate the capillary level 1s to heep the
temperature of the lidney and the contrast medium within physiologic limsts
This can be achieved when the ammal 1s anesthetized and dies during the -
fuston Furthermore, the rclative viscosity of the contrast medium should be
about the same as that of the blood of the Ining animal One would think that
under such conditions some kind of trauma or shock would alter the vascular
pattern of the kidney (Barcray 1951) but no such phenomenon was observed,
and all the vesscls as far as the efferent artenoles were 1n fact filled with the
contrast medium

The 1nvestigation indicates that the demonstration of vessels of a certamn
diameter may be achieved by choosung a suntable viscosity (Harrison & Hory
1960) of the contrast medm to be infused (see Table) The addition of
gelatne has the advantage of making the medium thicken 1n the vessels so that
1t does not leak out during the fixation of the organ (Rusix 1964) Gelatne can
howeser not be used at temperatures lower than - 37° G because of s coag-
ulation tendency, at this temperature however and 1 low concentrations of the
contrast mediem, the addition of gelatine seems to produce good filling of the
capilanes

No filling of the venous side was seen i this study This may be due to the
fact that the solvent diffuses out of the capillanies and causes the contrast medum
t0 be more concentrated, filling of the venous side cannot then occur For the
opposite reason 1t 13 possible to obtam good contrast with a lower concentration
m the smaller vessels

Companison of the two contrast media discloses that Chromopaque has the
advantage of producing a better radiogra
can be scen more easily than Microp:
mycroangiography are often perfor
present results indicate however th.

good as when the matenal 1s fresh

phic contrast and hustalogic sections
aque  Contrast mfusion for purposes of
rmed on deep-frozen stored matenial The
at the filing of the capillanes 1s then not so
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Fig 4 Hstologic detuls from two renal capillanies 1n the rabbit completely filled with con
trast media Van Gieson stain Reproduced from the oniginal x 100 a) Chromopaque 10 €e
at + 37°C The filhng at the capillary level 1s clearly visible even in the histologie section
b) Micropaque 10 €o 1t + 37° C Poor contrast filling

Results

The results are presented m the Table The relative viscostty values at different
temperatures and concentrations of the two contrast medit are given mn Fig 1
The relative viscosity of the blood was 4 8 at 20° C and 38 at 37° C

As the Table mdicates, complete filling at the capillary level could be obtained
svienn tiie viscosiey of thie contrast medrom wits the same or fess el the viscosity
of the blood When the viscosity was mcreased, the smaller vessels were not filled
However, better filling was obtamed at + 37° C as compared to +- 20° C,
although at these temperatures the viscosity values are quite close to each other
(exception Chromopaque 40 ¢¢) The addition of 3 % gelatine does not impair
the filling of vessels if the relative viscosity of the contrast medium rematns under
10 Examples of different grades of filing are grven in Tig 2 In none of the
speamens could anv filling of the venous side be scen

The mucroradiograms 1ndicated that the best filling to the capillary level
was obtamed at 4 37° C both with Micropaque 10 % and Chromopaque 10 %
suspensions with or without gelaune 3 % Examples of the criterra used for the
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ATYPICAL ROENTGEN APPEARANCES OF THE LUNG
IN HYALINE MEMBRANE DISEASE OF THE NEWBORN

by

Utr Rupiie, Freperick R MarcoLiy and Benet RoserTson

Diffuse pul ¥ reticul 1ty has recened consderable
emphasis in roentgenologic descripions of hvaline membrane disease of the
neonatal lung The atypical roentgen features of this disease hatve been only
briefly mentioned (Scuurtze 1958, CrRARING & SivERMAN 1957, Aviry 1968,
PeTERSON & PenpLETON 1955, and SMGLETON 1967) Lattle attention appears to
have been guen to the uney enly distnbuted or asymmetnc pulmonary mfiltrates
seen n chest roentgenograms, especially during the first few hours of hfe

We have reviewed the chest Toentgenograms of 66 newborns 1n whom a
clinseal or pathologic diagnosis of hyaline membrane disease was made dunng
the period 19591967 and demonst Tes 1n twelve,

trated atyprcal roentgen featus
Ppost mortem examination was perfos nts who died
e for the four

rmed 1n eight of these infy
within 144 hours post partum (No histologic data were avalabl
survisors )

Fifty five additional nfants with classical diffuse Symmetnc pulmonary re-
uculogranulanty (Fig 1) were chosen to represent the typical roentgenographic
of hyaline brane disease The histelogie specimens z?:ulabl:

Subnutted for publication 7 January 1969



56 HEJKRI WENDELIN AND ILMARI LINDGRFN

Acknowledgements

This muestigntion was supported by the P O Rlingendah! Toundation for Radiologic
Rescarch and by the Signd Juschus Foundation

SUMMARY

Two contrast media Micropaque and Chromopaque used m mucroangiography  erc
studied . order to determine the effect of the temperature and concentration on the
filling of the renil vasculature sn the dult rabbit Complete capillany contrast filling was
obtamed only when the concentration of the medium was 10 €4 and the mfusion v 1s made
at + 37° C when the anesthetized ammal died duning the procedure Chromopaque ap
peared to be more satisfactory generally than Micrapque

ZUSAMMENIASSUNG

Zwer Kontrastmuttel  \ficropaque und Chromopaque die fur Mikrowngioeraphie an
ey endet werden warden gepruft um den Tinfluss son Teniperatur und Ronzentration wuf
die Darstellung der Nierengefasse der erwachsenen Kaminchen zu studieren homplette ka
pillarfullung wurde nur ber emer 10 €Ziger Ronzentration des Kontrastrmttels erreicht wenn
die Infusion bet emer Temperatur von 37° C stattfand und das annsthesterte Tier wihrend
des I'xpenimentes starb Chromopaque schemt mm aligemeinen befricdigender als Micropaque
7u sein

RLSUME

Deux moyens de contraste \Micropaque ct Chromopaque utilises en mucroangioerphie
ont (té étudies pour détermuner 1 effet de la tempérture et de leur concentration sur linjec
tion des vassseaus renux du lapin adulte On nobtient une mjection capillure complete
que quind |1 concentrition de ces moyens de contraste est de 10 % quand linjection est
fate 1 37° C et quand lanmmal ancsthésie meurt au cours de linjection D une figon ge
nerale le Chromopaque parut plus satisfaisant que le Micropaque
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Fig 2 Masne atelectases of reticulogranular type in nght lower
4 atel .

lobe and delicate m th of the
lungs m 1day oid mfant who was a sunnor of the respiratory
distress syndrome

cases The reticulogranulanty was nevertheless duffuse in the roentgenograms
Erenly distnbuted atelectases throughout the lungs were revealed histologically
1 alt the cases

Intra aheolar edema, interstitral and 10tra alveolar hemorrhage and inflam
mation were <een in one or more lobes m twenty one of the twenty-three cases.
The imtensity of these changes was assessed according to the cniterra given by
Roserrson (1963) Severe hemorrhage (grade II) was encountered only
among subjects Ining 3 to 5 days, while grades 0, I, and II occurred from the
age of 1 to 2 days, and exceptionally at 5 to 6 days Inflammation was observed
m s1% cases only, four of which had grade 1, one grade 1 and one grade 111

No lesion could be dhfferentiated 1 the roentgenograms which presented
evidence of typical diffuse bilateral atelectases of a reticulogranular type, except
m one mstance of grade 11T inflammation The latter, which mtially had the

classical roentgen appearances of hyaline membrane disease, presented a distorted
pattern patible with d

¥ on a second roentgen examna
ton It was also noteworthy that one of the

ases with associated grade M1
hemorrhage 1mvolving alk lobes had a charactenstic diffuse reticulogranular pat-

tern 1n the lung 1n scnal films, these ncluded post mortem roentgenograms It
appears that histologically massive pulmonary hemorrhage may be less Tikely to

alter the charactenstic reticulogranular pattern of hyaline membrane disease than
mflammation of comparable seventy
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Tig 1 Typical roentgen features with regularly dis
seminited atelectases of reticulogrinular type 1n 2 pre
mature infant with hyaline membrane disease Hyahine
membranes and diffuse atelectises were present post
mortem 1t all lobes of the lungs

in thirty-three of these served as controls for a comparison of the roentgenologte
and histologic findings with the atypical cases under review

Methods Post-mortem histologic examination of the lungs was carnied out
n the eight fatal cases with ‘atypical roentgenologic features, as well as m the
thirty-three fatal cases of the control series Specimens from all lobes were ex-
anuned 1n six of the eight atypical cases and n twenty-three of the thirty three
controls Only 4 scctions from different lobes were available m two atypical
cases, and from 1 to 4 sections were studied 1n ten control cases

Large frontal sections of the whole lungs were esamined n a few instances
This greatly facilttated the spatial correlation of the roentgcnologic and his-
tologic findings (see Ing 5)

Results

Control series All the thirty-three cases of roentgenographically classical dif-
fuse bilateral pulmonary reticulogranulanty were proved to have hyahne mem-
brane disease on hstologic examunation of the lungs Hyaline membrancs were
untformly distributed throughout the lungs m eighteen of the twenty-three cases
m whom specimens from all lobes were avatlable A discrepancy between the
roentgenologic and histologic findings was noted in five cases Hyaline membranes
were absent 1n one lobe, 1¢ respectnvely the right upper, the left upper and the
left lower lobe 1 three of these, and 1n the right middle lobe m the two remuning
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Fig 2 Massne atelectases of reticulogranular type 1 njgh( lower
lobe and delicate d atel i the

of the

c
langs i l-day-old mfant who was a sunnor of the respiratory

d stress $yndrome

cases The reticulogranulanty was nevertheless diffuse 1n the roentgenograms
Exenly distnibuted atelectases throughout the lungs were revealed histologrcally
1 all the cases

Intra alveolar edema, interstitial and intra alveolar hemorrhage and mflam
Mmanon were seen In one or more lobes 1 twenty one of the twenty three cases
The 1ntensity of these changes was assessed according to the critena gnen by
RosirTsov (1963) Severe hemorrhage {grade III) was encountered only
among subjects lning 3 to 5 days, while grades 0, I, and IT occurred from the
ageof 1102 days and exceptionally at 5 to 6 days Inflammation was observed
I six cases only, four of which had grade 1, one grade 11 and one grade I11

Do lesion could be differentiated 1in the roentgenograms which presented
endence of typical diffuse bilateral atelectases of a Tetculogranular ty pe, except

™ one ntance of grade 111 inflammation The latter which mmtally had the
dassical Toentgen appearances

of hyaline membrane discase, presented a distorted
pattesn compatible with compl p on a second roentgen examina
;:on It was also noteworthy that ane of the c

ases with associated grade ITI

emorrhage v olving all lobes had a charactenstic diffuse reticulogranular pat

tern 10 the lung i seryaf i1
ms, these included post mortem roentgenograms It
2pprans that hisolo, ’ o

alter the tharaumggma“y massive pulmonary hemorrhage may be less likely to

tic reticulogranular pattern of hyaline membrane disease than
flammaten of comparable seventy
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Fig 1 Typical roentgen features with regularly dis
serminated atelectases of reticulogranular type n 1 pre
mature infint with hyaline membrane discase  Hyaline
membranes and diffuse atelectases were present post
mortem 1n 2l lobes of the lungs

n thirty-three of these served as controls for a companson of the roentgenologic
and lustologic findings with the atypical cases under review

Methods Post-mortem lnstologic examunation of the lungs was carried out
m the eight fatal cases with ‘atypical’ roentgenologic featurcs, as well as in the
thurty-three fatal cases of the control series Specimens from all lobes were ex-
amined 1n six of the eight atypical cascs and 1n twenty-three of the thirty-three
controls Only 4 sections from different lobes were available m two atvpical
cases, and from 1 to 4 sections were studied 1n ten control cases

Large frontal sections of the whole lungs were exammed m a few mstances
Tlus greatly facilitated the spatial correlation of the roentgenologie nl his
tologic findings (see g 5)

Results

Control seres All the thurty-three cases of roentgenographucally classical dif-
fuse bilateral pulmonary reticulogranularnty were proved to have hyalme mem-
brane discase on histologic exanumnation of the lungs Hyaline membranes were
uniformly distributed throughout the lungs in eighteen of the tw enty-three cases
m whom specimens from all lobes were avalable A discrepancy between the
roentgenologc and histologic findings was noted i five cases Hyaline membranes
were absent 1 one lobe, 1¢ respectively the right upper, the left upper and the
left lower lobe m three of these, and 1n the nght middle lobe n the two remaming
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Fg 4 Retculogranular ty most accentuated
n the cemral portons of the Jungs and

beng more promunent 1 the lower lobes in three additional cases Diffuse dis-
trhution of hyaline membranes was present 1 the remaming two cases of this
group

Irregularly distnibuted areas of intra alveolar and interstiial hemorrhage were
noted sometimes as ociated with intra alveolar edema mn five of these eight cases
Edema alone v as found 1 one cluld Pneumoma was recorded mn four and was
the dommant microscopic finding 1n two of them The time of appearance of the
pneumonia could not be assessed Signs of aspiration were mapprectable

Pulmonary reticulogranulanty was common to all the twelve atyprcal cases
although 1t was asymmetric and irregularly distibuted The changes predommat
ed untlaterallv in several cases and i the three survnors disproportionately 1n
volved one lobe (Fig 2)

The dstnbution of atelectases was roentgenographically more diffuse but
spared the upper lobes (Fig 3) or the nght middle lobe this correlated with the
Iustologic sections that demonstrated these lobes to be free of membranes,
Another charactenstic was the predomantly central distnbution of reticulo-
granulanty leaving the penipheral parts of the lungs unimvolved on one or both
ades (Fig 4)

The degree of mtra alveolar or mterstitial hemorrhage obseried at autopsy
n five instances ranged from grade 0 to grade 11 1n four cases and was grade IIT
in the remaimng case Since les ons of comparable degree of sevent: g;:xled
alter the roentgenographic charactenstics of generalized hyahne :'UCmb to
discase 1n the control series 1t was concluded that hemorrhage d d e
significantly to the production of an asymmetr 2g¢ 1 not contribute

c retuculogranular pattern



60 ULF RUDHE, }REDFRICR R MARGOLIN AND BENGT ROBERTSON

Tig 3 Typical reticulogranular pottern of diffuse atclectases m lower
and middie lobes normal findings 1n the upper lobes n 1 day old in
fant pmgrcssnc :lm\cal deterioration 1nd death 1t 3 days Histologic

1 lower and nght middle lobe none 1n
upper lobes compllcalmg moderate to marked intrn alveolar hemorrhage
and nflammation 1 upper and middle lobes (not visible 1 the 1day
roentgenogram})

Ay peeal disease Among the eight cases with roentgenologically atypical disease,
one or two lobes were free of hyaline membranes on histologic examnation 1n
three nstances Membranes were present 1 all lobes, but unequally distnbuted,
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Fig 6 Scattered small nfiltrates m both lungs with lzed
1n 1day-old infant Hustologic examination hyal ne membranes of sarying thickness 1 all lobes,
ateas of

Vanations i the typical appearances of the disease 1 one or more roent-
genograms obtawned 1n the course of the syndrome were noted 1 twelve cases
This retrospectine study did not permut of a sufficiently close correlation of the
histologic findings with the maximal asymmetry of the roentgenologic changes
Nevertheless, the evidence suggests that these atypical roentgen findings 1n the
neonatal lung sometimes reflect the existence of a non generahzed form of the
drsease, 1n which membranes are absent m one or more lobes Atypcal roentgen
appearances may also result from the assoctation of inflammaton with the hyaline
membrane lesion By contrast, edema and hemorthage, even when severe, do
not seem to modify the classic roentgenologic features of the disease

Brystap et coll (1951) reported a sencs of 94 necropsies 1n infants with hyaline
membranes who died between 1 hour and 5 days of age and 1n whom an as-
soclated pneumonra occurred 1n 29 8 €% and pulmonary hemorrhage 1n 45 %
Lanonne (1957), 1n a statistical study of 125 consecutive neonatal necropsies,
found a definite association between pulmonary hemorrhage and pncumomaj
He stated, however, that hyafine membranes were not sigmificantly associated
with either of these lesions According to Porrer (1952), 1nflammation was
usually noted in the lungs of infants with hyaline membrane disease who died
after 48 hours RopertsoN (1963), 1n a Istologic study of the relationstup be-
tween puimonary hyaline membranes and co-exisng pulmonary lesions 1 the
ummediate neonatal perod, reported that the madence of complicating pnen
momua and hemorrhage mereased with postnatal age Sigmificant co-cxisune
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Fig 5 Dissenunated atelectases of reticulogranular type and areas of consolidation in the lower
lobes, parucularly the posterobasal segments which project through the diaphragm 1n 1day
old mfant who died at 2 diys Histologic examunation hyaline membrines present i all lobes
accentuated m the lower lobes Intra aleolir hemorrhage at apex of left upper lobe and
pneumonic consolidition of parts of lower lobes TI'he frontal sections through the lungs show
dissemsnated atelectases and areas of hemorrhage and pneumoma

Post-mortem cvidence of pneumonia, assessed as grade III, was noted 1n
four mstances, and was of Iobar distmbution m two cases (Tig 5) Multiple
abscesses were scattered throughout the lungs of an additional newborn with
sepsis and diabetic ¢mbryopathy (I'g 6)

An mtrally asymunetric and uneven distribution of reticulogranulanty prog-
ressed to a morc typically diffuse and symmetric appearance n three cnses
(F1ig 7) An asymmetric parenchymal process persisted or progressed as a result
of sepsis and lung abscesses i one of these

Discussion

Collapsed alveoli, acrated termmal bronchioles, alveolar ducts, and hyaline
membranes are typical microscopic findings 1n the lungs of nfants dymng of
the respiratory distress syndrome Rosrncren {1967) has demonstrated n ammal
experiments that 1t 15 this histologic pattern that produces the reticulogranularity
which radiographically 1s so charactenstic of this disease Since 1t 15 apparent that
reticulogranulanty relates to atelectases rather than to the membranes themselves
this fact may explamn shy the diffuse atelectases and non-generalized membranes
that were observed mn five cases mn the control series still had reticulogranularity

throughout the lungs
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Fig 8 Almost aurless lungs with loss of structural detatls at 6
hours Histologic examimnation $ gns of massie 1ntra uterne aspira

tion wuth areas of hyaline membranes in process of formation,
multiple small interstitzal hemorrhages

with the aspiration syndrome wese exammed at necropsy
stance were hyaline membranes found Smereton (1967) has referred to the
relatively frequent occurrence of hyaline membranes 1n

the lungs of mfants who
die of the asprration syndrome Avery (1968), however, regarded this com-
Womtm af £ 3

but 1n only one in-

P - susannilleds We dspiration syndrome 35 more
postmature ifant However, aspiration atelectases, when present, may mask the
reticulogranulanty charactenstic of {'-almc membrane disease This 15 partic-
ularly evident with masave aspu—am&\ when the thorax

prevalent 1n the

may be non aerated,
sumulating the changes of severe byah  membrane disease ( Fig 8) As Rosen-
GREn (1967) stated, the reticulogranular pattem depends on at least partial
alveolar aeration Thus, rehable roentgenologic differentiation between these two
Pprocesses 1s ot possible 10 airless lungs
The umlateral or predominantly lobar distnbution of
disease has not been widely appreciated Morz (1967) rcport:g ‘:‘;;’:; '}’I’;’;::Z
membranes mvolving only one lung Tsolate
branes was noted at necropsy m five cases

d lobar distibution of hyaline mem-
with typical r
four of the cases with atypical roentgen fing

ocntgen changes and i

dings i the present study, roentgeno-

ST Acta Rad ologica Diognors Vol 10 (19%0)
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Fig 7 Atelectases of renc
ulogranular type mn Jower
lobes and nght mddle lobe
1n an infant one hour alter
birth (upper) Diffuse at
electases of the lungs at 24
hours (lower)

pulmonary lestons, such as pncumonia or hemorrhage, were demonstrated his-
tologically 1 onc or several lobes of the lungs n six of the roentgenologically
atypical, and m twenty-one of the control cases, 1n the present matenal
PeTERSON & PENDLETON (1955) analyzed 104 neonatal roentgenograms that
revealed a diffuse reticular pattern m the lungs and an additional 34 films with
a coarse, iregular texture of atelectasis The former represented hyaline mem-
brane disease and the latter the aspiration syndrome, only m one case were the
roentgen features of both discases combined The lungs m four of their cases
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of the twenty three control cases was insufficient to produce 2 perceptible roent-
phic al n the 1 lar pattern or 1t occurred preterminally

and was not recorded 1n the last film obtained
Signs of aspiration were not observed Concurrent pneumothorax and resolu-
tion of the hyaline membrane process are conditions which should be considered
when evaluating atypieal logranul m the 1 chest roentgenogram
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SUMMARY

The atypical roentgenologic appearances of the lungs of 12 neonates with the respiratory
distress syndrome are analyzed and m 8 of them compared with the results of hstologic

examnation The roentgen features appear 1o reflect the findings that hyaline membrane
disease may have a lobar b and may be d by f pul Y
fl Dy and I of the ! luation are
ZUSAMMENFASSUNG
Atypische he Lung: d ber 12 N b tut schweren At
werden b hen und die R befund

i acht von diesen hundem
v erden mut den histologischen Erschemnungen verglichen Die Rontgenbefunde indilscren
dass das hyaline Membran Syndrom mut ewer lobaren Verteilung verbunden und durch
Lungenentzundung Lompliziert werden kann. D ¢ Schwterigh

und dic B der
rontgenologischen Diagnose werden diskutiert

RESUME

Les auteurs décnent les aspects radiologiques atypiques des poumons de 12 nouveaus n

attemnts de syndrome de detresse respiratowe et les comparent dans 8 de ces cas ayec Ics

resultats de 1 examen h que Les signes rachologiques parawssent hee o

que la malad ¢ de Ia membrane hyaline peut avorr une distribution )
. 1l 1 Tis

P au fait
obaire et peut etre
les difficultés et les

par une
himites du diagnostic radiologique
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grams (I1g 3) mn atypical cases with lobes free of membranes were easiy rec-
ogmized

Nconatal pulmonary rcticulogranulanity either unevenly distbuted or ad-
mixed with coarsc atelectases should suggest the presence of combmed disease
and the possibility of a significant compheating disorder, flammatory conditions
should m particular be considered

Asymmctry and rregulanty of distribution of reticulogranular pulmonary 1n-
filtration must be interpreted cautiously  An apparent unilateral decrease m
rcticulogranularity may reflect the presence of a small pneumothorax on that
side PrrrrsoN & PrnpIFTON stated that a pnenmothorax usually accentuates
the reticulogranular pattern This 1s true when the volume of pleural air 1s rel-
atively large and the lung has collapsed to the maximum of its marhedly reduced
compliance With a small pncumothorax, the air collected antersorly m the supine
infant will spunously dimimsh the contrast of the lung structures Interstitial
pulmonary emphysema preceding the development of a pneumothorax may cause
sufficient bronchiolar and parenchymal compression to produce a reticulogran-
ular pattern This however 1s usually of a coarse type and not to be confused
with the delicate pattern observed 1 hyaline membrane disease

When the hyaline membrane process undergoes regression, an uneven pattern
of resolution may occur Roentgen examination of the lungs may reveal an
asymmetric and arregular distribution of reticulogranularity (Rupne & Bro-
BerRGER 1967) which should not be misinterpreted as complicaung or mtercurrent
discasc, senal examination should serve to exclude this possibility

Conclusions

Asymmetric, non-homogeneous reticulogranulanty charactenzed the chest
roentgenograms of eight neonates with histologically proven hyaline membrane
disease  These were roentgenograplucally considered atypical compared with
thurty-three cases displaymg charactensuc, homogeneous reticulogranulanty and
i which the lung tissue was also available for study

Pulmonary lobcs free of hyaline membranes were present m three of the exght
atypical and 1 five of the twenty-three typical cases In the former group, these
lobes were obviously free of discase roentgenographically In the latter group,
however, diffuse atelectases throughout the lobes unmvolied by membrane
formation produced roentgen features ndistinguishable from adjacent lobes con-
tamning hyaline membranes

Irregularly distributed reticulogranulanty in the remaing atyprcal cases prob-
ably reflected the presence of compheating nflammatory change, winle mter-
stiral and mntra-alveolar hemorrhage present in four of these and m twenty one
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RESIDUAL CONTRAST MEDIUM IN THE
INTESTINES AND SIDE EFFECTS DURING
CHOLECYSTOGRAPHY

A comparison between some contrast media in current use
and 2 new medium

by
Sven Erixssow and GEORG-FREDRIR SALTZMAN

Oral choled

h cystography must today be regarded as one of our most reliable
mathade fae - - .

L v wva uu paxdge liougn we bile ducts 1s unobstructed For two reasons,
however, we have continued the search for better preparatons Some of thc,
contrast substances have caused unpleasant side effects such as nausea, sometimes
with vomuting, diarthoea, and other reacuions, and a few do not become com-
pletely reabsorbed, a considerable residue stil beng demonstrable 1 the n-
testines 12 hours after admumistration The present paper desctibes an nves-
tigation to compare four of the contrast media most wadely used for cholecysto-
graphy, and a new preparanon that promises to be a valuable and techmcall

advantageous addition to our diagnostic a1ds The man aspects studted were thz
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separated by a 12 hour wnterval HeaLes & GRAINGER reported nausea i 15 %
of therr cases Bocatzkr (1959), Rener (1959), Mutier & Sterarr (1959),
Gorrge, (1960), and Stesnouse (1962) all found a low mcdence of com-
phications, a pomnt of mterest 15 that MULLER & Sizrar had gven 6 g 1n a single
dose CRecELIUs among 100 cases observed nausea n six and drarrhoea in one
case after a doscof 3 g

Present imuestigation A comparatnve study on a uniform senes of cases has
been performed A senes of 100 cholecystographies without ev 1dence of pathologie
changes, taken mn succession without sclection, was studied for each of four con-
trast media 1n current use, Telepaque, Bilijodon Natrium, Oshil, and Biloptm
The administration of the substance and the roentgenographic technique were
wdentical 1n every mstance, the amount of contrast medium ginen was 3 g With
few exceptions, all the patients were Iving sn Stockholm at the time of the ex-
ammation, and 1t 1s thus unlikely that differences 1n water affected the results

The ivesugation also ncluded a semes (100 cases) of cholecystographies
without evidence of pathologic changes, m which the patients had recesved a
new contrast medium, which at present goes under the working name of A 1579
This was also given 1n a dose of 3 g The radiopaque component of ths prepara
tron 15 the sodtum salt of 10panoic acid, n other words the same as 1 Biljjodon-
Natrium, the mode of preparation 1s however different

The resorption of an orally admumistered drug 1s often related to its solubility
in water The dissolving rate of a preparation mcreases if its spectfic surface 15
mcreased, 1€ 1f 1its particle size 15 reduced Small particles may be obtained by
mechamcal micronizing or by precipttation under certamn spectal conditions Both
these methods have been tned with 10panoic acid, which 1n atself 1s not easly
soluble Mechanical micromzing did not produce sufficiently small particles how-
ever and the particles obtamed by precipitation proved to have low stability,
they showed a tendency to rapid erystallization and to coalesce mto larger aggre
gates

Another way to encourage resorption is to prepare salts easily soluble mn water
When mixed with sour gastric juice the topanoic acid 15 preaprtated m the form
of fine particies winch, 1n theory, ought to be readily dispersable 1n gastric and
mtestnal juices Topanoic acd, however, after precipitation of for mstance its
sodum salt, aggreqaies wtn lange dlumgs, wihiek, baeder s Tesotpuen  These
clumps are noticeably coarser than those that occur after adminstration of the
acid as such Thus, neither of these two methods proved suitable

One way of preventing aggregation of the coutrast medium 1 the gastne
Juwice 15 to add a surface active constituent, which preferably should lack disturb-
ing pharmacologic effects The surface active agents previously used, such as
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presence of resdual contrast medium in the mtestines, and the occurrence of
side cffects

Among established contrast media, Telepaque (Winthrop), Bilyjodon-Nataum
(Leo), Osbil (Byh-Gulden), and Biloptin (Schering), officmally described as
1opanoic acid, the sodium salt of 10panoic acid, the sodium salt of 1obenzamic
acd, and the sodum salt of 1opodorc acid, respectively, were sclected for study

Several authors have reported a residuc 1n the intestines with the first two
preparations although the frequency figures differ widely Tor Telepaque, m-
cidences ranging from 50 to 100 9% of all exammations have been mentioned,
and an even greater divergence 1s reported for Bilyodon-Natrium, the figures
varying from under 10 €5 t0 90 55 AnprEn & THFANDER (1960) have attempt-
ed to explan thesc large vamations They have demonstrated that residual
materal 1s more often observed i the mtestines when the whole abdomen 15
mvestigated (90 9%) than when a conventional examination taking i the gall-
bladder region alone 15 performed (60 55) They stated that the vamations
some cases nught be explaned by varying degrees m the hardness of the dnnking
water, n other words that different drinking waters, when combmed with the
contrast medrum, mght to a varyng extent form salts that dissolvc slowly and
are not readily absorbed A study of the hiterature suggests that Bilijodon-Natrium
leaves a smaller residue than Telepaque, although no such difference was obsers -
ed by ANDREN & THEANDER

The frequency of readual matenal after the use of Biloptn 1s considered
low It has been stated n general that no disturbing precipitation of contrast
medium mto the mtestnes occurs if the dose 15 hept at 3 g (Crecetivs 1959,
Gokrne 1960, WiLsranD 1961, HeaLey & Gramncrr 1965) Not even with 6 g,
given 1n two doses of 3 g each, separated by an mterval of 12 hours, did WarTE-
sipE obtain any restdue MutLer & Sterarr (1959) however noted a consider-
able residue m the colon i films taken 5 hours after the admumstration of 6 g
m a smgle dose

Side reactions have been reported to be common with both Telepaque and
Biljodon-Natrium  According to PeTeriorr (1956) and others, a dose of 3 g
causes nausca or diarrhoea i roughly a third of all cases Hearey & GRAINGER
mentioned a much higher frequency for Telepaque, however The ncidence
scems to be proportional to the size of the dose, and approumately the same
for both preparations

The reports on side effects from Biloptin also vary Whereas WHITESIDE
(1960) and Murray (1962) noted nausea, m some cases with vomiting, diar-
rhoea and headache, 1n over half of their cases, SALTZMAN (1960) observed no
reactions at all among his first 45 cases WiresipE and Mugrray had however
given therr pauents a double dose (6 g) diided 1nto two doses of equal size,
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A 1579 were asked to reply to the simple question “Did you experience any
dicomfort after swallowmg the medicine®” No attempts were made to draw
any mnformation on subtle and quently uncertain

The madence of side effects from these three preparations, with 100 cases
tested 1 each group, was for Oshil and for Biloptm 6 % (five cases of nausea
and one case of diarrhoea 1n cach), and for A 1579 1t was 11 G5 (ten cases of
nausea and one case of diarrhoea)

None of these preparations produced any appreciable reactions. Compared
with the madence of side effects after Telepaque and Bihjodon-Natnum (30 1o
35 % formerly reported), that recorded for Biloptin, Osbil and A 1579 may be
sard to be low These three preparations thus scem to be 1 a class on thetr own
among those at present available for oral exammation of the biliary tract A 1579

number of cases of nausea, another study was carned out m a new senes of
100 cholecystographies in which the patients were given dragées made m a
machime Only three patients 1n this senes complamed of nausea although eight
patients had darthoea The side effects thus remained unchanged 1n the total
frequency but seemed to have altered 1n character

Residual contrast medium in the mtestines was observed 1 five pateents in
whom the machine-made dragées were used

Telepaque, Bilijodon-Natrium, Oshil and Biloptin are well-established contrast
media with well known cholecystographic properties As no reports on A 1579 are
as yet available there seems to be justification for grving a brief account of ex-
pertence 1 chinical trals with this preparation

The contrast density of A 1579 13 good, and fully equal to that obtained with
other contrast media The authors have mvesugated 46 cases m which path-
ologic changes appeared to be present No contrast filling of the gallbladder was
obtamned 1n fourtcen of the cases, half of which were operated upan Pathologmc
changes that could well have been the explanation of the absence of filhng of
the gallbladder were present m every instance The madence of resdual contrast

medum 1 the mntestine as well as of side effects was the same as i the normal
cases,

Conclusions

Considerable differences were observed between the contrast media investigated
m thus study From the aspects of the residue left m the intestines and the side
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Tween 80 and peanut oil, have had an appreciably contractne effect on the
gallbladder, howeser, and attempts to find a swtable agent were therefore
directed towards those without a fatty acid component likely to have this effect

The surface active agent that best fulfilled these requirements was a non-ionic
active polyol, this 1s a condensation product of propylene oxide and propylene
glycol Palyel 15 a substance that 1s sohd at room temperature and virtually
tasteless and odourless It 1s soluble mn water, stable to acids and alkals and 1s
not precipitated by metal 1ons, 1t 1s not metabolized 1n the body and has an acute
oral toxicity expressed as LDgo of 15 g/hg rat A preparation of equal parts of the
sodium salt of 10panotc acid and the aforementioned surface active agent forms
m artificial gastric juice (02 ¢ NaCland 15 ¢ 5 M HCl in 100 ml water, pH
12 to 15) an extremely finely dispersed suspension with particles smaller than
1¢ There 15 no sign of crystal formation after an hour

Results

Residual contrast meduum The inaidence of residual contrast medium dem-
onstrated i the mtestines after the admmstration of the different substances was
as follows, the total number of cases m each group bemg 100

Per cent cases
with residue

Telepaque 74
Bibjodon-Natnum 60
Osbil 22
Biloptin 5
A 1579 3

This companson reveals a fundamental difference between Telepaque and
Bilijodon-Natrium on the onc hand and Biloptin and A 1579 on the other A
small difference 15 apparent between Telepaque and Bihyodon-Natnium, the m-
cidence of residual contrast medium being slightly hugher for Telepaque although
on the other hand the residue was ctremely fine-gramed The residuc from
Bilijodon-Natrium 1s coarser, a fact that somctimes cuuses difficultues n the
interpretation of films of the gallbladder region Oshil occupies an mtermediate
position, the residue varies i appearance when this preparation s used but
seldom causes diagnostic problems

Side cffects These were recorded systematically only for Osbil, Biloptin and
A 1579 As regards Telepaque and Biljjodon-Natrium, their side reactions are so
well known and the reports i the Iiterature are so unammous that further sys-
tematic study scemed unnecessary All patients who recened Osbil, Brloptm or
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reactions, Biloptin, Osbil and A 1579 today appear to be the preparations of
choice for cholecystography.

Biloptin and Osbil on the one hand and A 1579 on the other represent dif-
ferent lines of development in the work for improved contrast media. Two pre-
parations, Biloptin and Osbil, which are definitely superior to those presiously
in usc, have emerged in the trals of new chemical compounds. It must be
panted out that the active substance in A 1579 1s identical with that in Brlijodon-
Natrium, i.c. the sodium salt of ropanoic acid, but a new mode of preparation
has led to improved results.

SUMMARY

Tour well-established contrast medin for oral cholecystography, Telepaque, Bilijodon-
Natrium, Oslal, and Biloptin, and a new preparation, A 1579, have been studied from the
aspects of residues an the ntestine and side reactions Biloptin, Osbil, and A 1579 appear
to be better than the others A companison between the side effects from hand-made and
machine-mnde dragées of the A 1579 preparation suggested thae there nught be some
connection between the coating and the nature of the side effects

ZUSAMMENTIASSUNG

1 Telep Bilijodon-Natrium,

Vier gewohnliche Kontrastmuttel fur Cholezy
Oshil und Biloptin, sowie cin neues Kontrastmittel, A 1575), \\urdcn m Hmucht auf den
Ruchkstand 1m Darm und die Nebenreaktionen uberpruft Brloptin, Osbil und A 1579 scheinen
1n dieser Himsicht besser als die andercn Kontrastnuttel zu sein Em Vergletch der Neben
wirhungen von bzw ber Hand und maschinel! verferuigten A 1579-Dragées deutete daruf
hin, dass ein Zusammenhang 7wischen den Nebenwsrhungen und der Art des Dragée
Uberzuges bestehe

RLSUML
Tas marwess oot doadid les wdodns, wresanany ot les 2lfrcts sacavdaices de guatre moyens
de contraste bien connus pour la choléey hie orale, Telepaque, Bilijodon-Natrum,

Oshil, et Bioptin, ¢t un mous cau produit, A 1579 Lc Biloptin, IOsbd et le A 1579 parawssent
supérieurs aux autres produits La comparaison entre les eifets secondares de dragées de
A 1579 faites A la mam et des dragées futes & la machine fait penser qurl peut y avorr
un certain rapport entre entobage des dragles et la nature des cffets sccondarres
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tional twant lens system (top) A magnification of the projected
R cvmed o e o i T P A magmlcaion of the proecied
to the nght

able conditions for small ebjects but were not sufficiently satisfactory for the
special examnations now considered Tests with avarlable standard equipments
fatled to produce satisfactory results and 1t was therefore Necessary to modify the
system

Direct magmfication techniques utizing roentgen tubes with s

ubnormal focal
size (0 3 mm) may be vossible but if high soeed recard nes a1 1
the highest
Another
nnage 4na 2

Ihis was done. It 15 Lommon ex-
penence that when a refatnvely small object 15 presented with a large screen inten.
sifier the result 1s unsausfactory, a fact that has led to the miroduction of elec-
tromc magmufication The nichness of mmage details available, especially m the
makes optical magnification possible It may he
Tposes a magmification of the output phosphor 1mage
to 70 mm film size and over may be achteved with good result

In the conventional ¢ 'PC system the projection of the output
screen 1s such that 1t utihzes the ful] surface of the film frame optimally Thus 15
a compromise between size of image and magnificaton For the 35 mm cine-
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CINEROLNTGEN LQUIPMENT FOR SMALL OBJECTS
by

Ove MATTsson

The daily routine of a roentgen department often mcludes motility studies of
small objects 1n the human body 1n which the study of detail 1s of importance
Most 1mage intensifiers have so large an nput screen that the conditions for
small objects are unfavourable The cquipment now described would appear to
constitute a solutson of the problem and has given excellent results 1 clmcal
studies

Extremuty surgery often demands motility studies of certain jomnts with cines
roentgenography Studies of function are necessary, in particular for assessing the
therapeutic aspects and the results of treatment of the Joints of wrists and hands

Many mtensifier tubes offer a possibihty of direct electrome magnification to
obtan an improved 1mage of small objects This refinement 1s ordinanly available
only 1in medimme-sized or large tubes, the magmified mmage corresponding to a
surface which 1s 5 inches (about 125 mm) 1 diameter compared with the normal
9 inches (about 230 mm) The gamn obtaned 15 however, due to electronic
factors, accompamed by reduced mntensification

Turthermore, an mput surface reduced to 5 inches m place of the ordmary 9
mches offers no more than the carly mtensifiers with an mput screen of 5 inches
The latter, which are now practically out of production, provided more favour-

Submutted for pubhcation 17 March 1969
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Fig 3 Two rad ographic frames from a motion study of the wrnst

1s imited by the aperture of the smaller of the lenses, the hight output compared
with that from a comventional twin lens system 1s reduced This means that the
exposure must be increased, which 1s no disadvantage The effect of quantum
mottle may be cntical when employing magmfication, however, 1if too small
amounts of radiation are used The actual exposure increase 15 moderate but
contributes to better detail idenufication
The apparatus has been used at speeds up to about 50 frames a second

The focussing and adjustment of the object 1s eanly made through the reflex
vienfinder system of the camera connected to the lens system, and the cine-
roentgenographic recording can be followed continuously An mecreased camera
speed should preferably be used, as the magmfication makes motion blurr prac-
tically unavoidable Pulsing may prove advantageous

A study of the wnst 1 two frames 15 presented 1n Fig 3 The apparatus has

also been used with success 1n studies of small changes 1n the oesophagus di
degl and for the of the vocal cords phegus Cumng
SUMMARY
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Fig 2 Apparatus for cmeroentgenogriphic
studies especnlly of small objects A 5 inch
mtensifier his been equipped with a mod
ified lens system to gine a more favourable
recording scale on the cinefilm frame

method 1s usually well swited for conventional image mtensifiers, the size of the
projected mmage bemng swtable for the frame and constituting a compronuse
between its scale and detarl size and the amount of detail lost outside the borders
of the frame The conditions cotrespond to what 1s illustrated n Fig 1 (top),
where the lens system 1s built up symmetncally As the objects considered fill up
only the centre of the image field, a modification 15 introduced which allows the
output phosphor image to be projected onto the film frame with the central part
magmnified, i other words with a *blowng-up’ of the central part of the image

The modification has been achieved in the following manner A comentional
35 mm Amflex camera for professional movie use was combined with an or-
dinary 5-inch Philips intensifier, and a special modifted lens system was n-
troduced between the output phosphor mmage and the film frame The com-~
bmation of two anastigmatic lenses, one of compiratnvely small and the other
of greater focal length may produce the desired effect (Fig 1) The lincar
magnificatton compared with a symmetrical twm lens system can then be ex-
pressed for arbitrary values of focal length as M —=f,/f»

In the equpment presently used (Fig 2}, anastgmatic lenses with focal lengths
of 35 and 50 mm, as well as 28 and 50 mm, werc employed Enlirgements of
about 40 9% and 80 %, respectnely, may be obtaned The method was developed
after experiments with both 16 mm and 35 mm systems and with vanious lenses

Tt should be pomted out that therc is often a certamn vignetting effect m
connection with most image intensifiers and the defimtion of the peripheral parts
of the image, excluded 1n this techmque, are often reduced 1 defimition as well
as underexposed By reduction of the primary radiation at the centre of the input
screen all unnecessary radiation may also he screened off, which 1s of advantage

for the 1mage contrast
Because of the magmfication and the fact that the diameter of the hght beam
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ANGIOGRAPHY IN INTRACRANIAL CAVERNOUS
HEMANGIOMAS

by

Hico Bocgey, CHRISTIAY SyALasDER and INGMAR WickroM

Only a few reports have appeared i the literature dealing with the radiologic
findings m cases of wntracramal cavernous hemangioma We have not been able
to find any report of @ proved case with angographuc changes typwal ar sug-
gestne of the condmon The angiographic fmdimgs 1 four proved and one pos-
sthle case of antracramal cavernous hemangioma are now presented Four of
the cases were tracerebral and one extracerebral

Case reports
Case 1 (Tig 1) A male who was 36 years old when fist exomuned 1 1953 He had then
ad {rontopanietal headache for 5 years and occasional attacks of biyrred vision No ab
normalty was found at angingraphy {only 3 films at about 2 second ntervals had been
obtuned) or at encephilography apart from moderate wideming of the anterior horas

In 1961 the panent was se admutted because of huis first grand mal sewzure Llectro
encrphalowraphy disclosed a focal ab n the night £

poral segion, which
had beea present 1 1938 but vot 1933 Frcephalography revealed 2 subfrontal mass on
the rvht ade (Fiz ta) At cavoud anguography (Fig 1h) of the same side, an ynusally
wide vem ran from the anterior part of the cngular gyrus above the corpus callosym around
From Roemrcans - -~

570904 dcta Rad olof ra Diagnont 3 of 10 (10) 1
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ZUSAMMENTASSUNG

Man kann das optische System emner Kombination von Bildverstarker und Crnek
derartig modifizieren, dass man durch Vergrosserung des Zentrums des Schirmbildes eme
bessere Beobachtung von kleinen Objekten erhalt Die Methode st von besonderem Wert
bes Funktionsstudien der Gelenhe

RESUME

Il est possible de modsiter e systéme optique d un ensemble intensificateur d image cne
camera pour agrandir la partie centrale de limage de ! ecran de sortie pour etudier dans des
conditions plus favorables de petits objets Cette méthode a un ntérét particulier dans
T'etude de la fonction et des conditions dynimiques des artsculations
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Howm Tu Proposcd ‘practice for cmefluorographic frammg Abstmc( from a paper read
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Fig 2 ) Case 2 Cavernous heman-
goma high up 1 the frontopanetal
area Wide and stretched vemns dran
nto  the supemor sagittal mnus
(arrows) b} and c) Case 4 Space
occupying Jesion wot confirmed, m the
antersor part of the frontal Iobe
Slightly tortuous vemns drain mto a
wide venous chagnel which emphies
to the antenor part of the superior
sagrttal sinus

cerebral artenies appearcd normal Microscopically the mass was found to be composed of

thin walled blood spaces, varying in size and closely packed m the central part but paniy

separated by gliatic brain tisue towards the penphery Thete was no capsule Thromboss

of varying age was present i some of the blood spaces but most of them were patent

Residues from carlier haemorrhages with phagocytes loaded with o
oh doth

n contaning pigment
were seen The tumour had no t

or glioma

Case 2 (Fig 2a) Male, aged 35, with a hustory of rapidly progressing weakness of the
left arm and leg ending in spastic hemiplegia He had alsp had verigo and severe headache
for some ume Rught sde central abnommabity was recorded at electroenceghalography
Right side carotid angingraphy rtevealed a space-occupying lesion high up 1n the fronto-
panietal region displacing the vessels 1t an arched manner Do tumour yessels were present

but the vens dramng thot area Hlled early and remamed filled a Mttle longer than other
vens

At operation, a hematoma was evacuated and at autopsy a few days later microscopy
tevealed structures of a casemous hemangioma 1n the margin of the cavity In addition,

there was another small caternious hemanmoma n the Left octipital lobe (lefr side angio
graphy hnd not been perlarmed)
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Itg 1 Case 1 a) Encephalography
The night anterror horn 1s elesated by
a  space-occupymng  lesion b} An-
glography, wenous phase  Smali ar-
regular vessels famntly contrast-filled 1n
the area of the space-occupytng lesion,
mamly draming into a wide vein
runmng along the upper border of the
corpus catiosum around the splenum
to the great vein of Galen ¢) Macro
scopic appearances of lesion

the splenmium, to empty mto the vem of Galen No abnormal vessels could be detected in
the routine serics of films (with 6 films at 1-sccond intervals) However, a repeat sertes with
more films durtng the venous phase revenled irregular faintly filled vessels m the area of the
subfrental mass emptying into the wide vein The vem appeared at about the same nme
as other cerebral vemns but remancd filled for a longer time A less wide vem from the
same area emptied mnto the sphenoparietal sinys There was no obuvious displacement of
vessels When reviewing the anglographies from 1953 the large vein could be scen but was
only famtly contrast-filled and appeared less wide The pauent refused operation
Encephalogriphy and angiography were repeated m 1964 with the syme findings as
1961
At the end of 1966 the patient died an a status epilepticus, at autopsy a mass ws found
tuedually 1n the night frontal Jobe The tumour was farrly well errcumsenbed, dark bronnlm
colour, and 25 cm n diameter The vasenlinzauen an the vicmity was pot mereased The
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Fig 4 Astrocytoma grade II s the antenor part of
lhg frontal lobe A number of vemns dramng the
tumour empty tato the internal cerebral vein

sinus was displaced downwards and mcompletely filled some wide veins were scen just
anterior to this Left external caroud revealed no
An extracercbral tumour not mfiltrating the smus was remosved at operaton The his

tologic diagnoms was that of eavernous hemangioma Since operatien the patient has been
frce of symptoms

Discusston

Pathologic features Cavernous angiomas of the bram and meninges are con-
sidered as extremely rare s ascular malformations or hamartomas (Poot & Potts
1965) They are not true neoplasms but may appear malignant 1n some respects,
eg they sometimes mncrease 1n stze The relationstup to capullary telangiectasis
has been a matter of dispute Some authors regard the cavernous angioma as a
stage of evolution from the tel. (Russerr 1931) and term both tel-
angiectases (Wistrs & Mason 1943) This s not accepted by others The lack
of conformuty 1n terminology no doubt makes 1t difficult to compare the different
data published, even more so smce sometmes no clear defimtion nor any
desenprion. of the hagdpge apprarances of 2 lroen e wikeded

Canernous angiomas hue certain morphologic characternstics distinguishing
them from other types of angiomatous malformations n the bram Microscopr-
cally they should be well delimuted, but usually not encapsulated, and composed
of closely packed vascular channels, often wide but with considerable vanation
1 size The blood <paces are thin-walled, with single endothelium, and should at




84 TUGO ROGREN, CHRISTIAN SVALANDER AND INGMAR WIGAROM

Fig 3 Case 5 Vens displaced 1n the region of the defect,
Just antenor to which hies a wide, irregular, densely filled
e

Case 3 Temale, aged 18, was admutted because of grand mal seizure, preceded by severe
frontal headache Electroencep hy recorded a nght-side f, poral focus The
vessels at angiogriphy were scen to be displaced around an are of about 3 em diameter
m the frontal pole No abnormal vessels were scen Vens i the are1 filled and emptied m
about the same tunic as other sems The leston was removed and was at microscopy found to
be a cavernous hemangiomn

Case 4 (g 2, b and ¢) Mnle, aged 45, was adrmtted because of nght-side grand mal
seizures and frontal hexdache e had hrd one sewrure 21 years prior to admusston but hid
otherwise been healthy Tlectroencephalography showed no defimte abnormality

At carotid angtogriphy on the left side a wide vein was seen mn the right frontal lobe, nght
side angiography was then performed Small tortuous sessels were scen m the anterior part
of the frontal lobe n the Inte arteranl and ey venous phise withm a rounded arey of
about 2 cin dimeter The vessels dramned into a wide vemn leading to the superior sagittal
sius This vem was filled about one sccond before the other vemns on the camventty and
remained <o for a longer time

Angrography was repeated 6 wechs Iater with the syme fmdings Bilateral angiography
repeated agatn 9 months Mter produced the same ppear wices

Encephalography has been performed on three occasions and each time the night ventnicle
fajled to £l with air The patient’s condition 1s now, two and a hall years alter the first exam-
wnatien, about the same Operatton has so far not been performed, partly because the
angiographic changes have suggested a hemangioma rather than a true neaplasm

Case 5 (Tig 3) Mule, aged 56, who during the previous 6 years had had attacks of
headache lasting from a few hours to a few days During the samie time he had noticed a
tender spat 1 the panctal region close to the qudlme, and mn the Jast year 2 tender fluctu
ating tumour had developed i the same area A polycyclic bony defect, with a dameter of 3
1o 4 cm, corresponding to the lump, was observed at shull examunation At left mtemal caro-
tid angiography the small arteries mn this arex were displiced from the vanlt and the sagittad
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graphy, but the diagnoss Was not confirmed The same 15 true about Case 2 of
the two cases of mtra-orbital caxemmous hemangiomas, reported by DiLescE et
coll {1965) Judging from the illustration this lesion appears more compatible
with an artentyenous malformaton than a cavernema In thew Case 1, which
was confirmed although the histologic findings were not menttoned, they de-
senbed the mass as becorung opaque although this 15 hardly evident from ther
illustrations

The non filling of cavernous hemangtomas has been ascnbed to the fact that
few vessels n geveral enter the formation (Souveoer & Liss 1928) Rosrvson
et coll (1966) stated that the cavernous hemangioma, m contrast to the artero-
venous malformation, usually tacks large afferent vascular channels and s -
ternal circulation 15 therefore frequently stuggsh

No feeding artenes could be demonstrated at angiography m the present cases
The irregular and famtly filled vems seen 1 Cases 1 and 4 may represent some
of the casernous vascular channels in the lesion but are probably only draimng
~ers The soall vess 1w Case 1 were pot obvious without & yapid semal techs
mque and a [arger amount of contrast medium The most stnking angiographic
feature consisted of Jarge drarung <eins 1n al) cases except maybe Case 3 In two
cases (Cases 2 and 4) they filled early and mn two cases (Cases 1 and 4) remained
{ifled for a longer tume than ather veins Dunng the artenal phase the cavernomas
appeared only as avascular masses

Tn dicagreernent with these findings Russere & RusinsTeny (1963) failed to
wlently enfarged draming veins from cavernous hemangiomas at avtopsy, bt
they may of course be overlooked of collapsed Brackwoon (1941) on the other
hand found enlarged drawing vetns from capillary telangiectases at antopsy
Anglagrapluc appearances of the kind demonstrated i the present cases are,
howerer, not pathognomanic, as esident from the case dlustrated 1 Fig 5 In
this case, the side vains deaimng the tumour area and emptying mto the nternal
cerebral vein were ssmilar to those demonstrated 1 the present cases of catvernous

hemangioma, they filled 2 Wtle Later than the other cerebral vems but remamed
filled for a longer tme The diag) g Y was grade 11
astrocytoma ;

Anglographic findings stmilar to those 1y cavernous hemangiomas have been
described 1n cases of Sturge Weber’s disease (GreEY & Arans 1948, \WarpEn
st 1967, but the cincal entity s this condition 1s usualty t‘yplcal and
charactenstic caleifications are usually present

Curris (1949) 1 an umenfied case desenbed 2 slow accumulation of contrast
medium sn the angioma followed by an equally dow s enous dramage

The reason why the angioma wself does por £} ut may be due 0 a small

calibre of the {eeding artenes and 2 slow arrculation, or extenuye thrombesss, or
s
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Fig 5 Angiogriphy of a civernous hemangioma i the thigh Artenal (1) and venous phase
(b) after artenal injection 1nd after direct njection into the angioma (¢} Only part of
the lesion 1s demonstrated after arterial injection

least i the central part not be separated by cellular substance Signs of throm-
bosis, hacmorrhages of different age, as well as organisation, sometimes with cal-
afication may occur {RusseLe & RusinsTEIN 1963) Tour of the present cases
had histologic charactenistics i conformuty with thus description Case 2 1s an
example of a small cavernous angroma, associated with mtracercbral hacmatoma
It 1s evident that the hemangioma causing a haematoma may easily be os crlooked
unless careful microscopic examination 1s performed

Angrographic appearances We have not been able to find any report 1n the
Interature of a proved casc of cavernous hemangioma 1 the bram demonstrated
at anglography Previously reported cases have been described at anglography or
encephalography only as expanding lesions (FurTabo et coll 1951 one casc,
ScuNEIDER & Liss 1958 three cases with anglography performed 1n one casc,
Jaws 1966 one casc of mtraventricular cavernous hemangioma with calaifications,
Tsuipma ct coll 1966 two cases, one of which was examuned with carotid angio-
graphy) In Kamriv & Bucnssavn’s (1965) two confirmed cases and 1 the
case published by Rosivson et coll (1966) nothing abnormal was recorded at
angiography CurTis (1949) on the other hand reported a casc of what he
thought to be an intracerebral cavernous hemangioma, contrast-filled at angio-
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graphy, but the diagnoss was not confirmed The same 1s true about Case 2 of
the two cases of mntra-orbital cavernous hemangiomas, reported by DiLEnGE et
coll {1965) Judgng from the Hustration this lesson appears mote compatible
with an arteros enous malformation than a cavernoma In therr Case 1, which
was conf & although the histol findings were not mentioned, they de-
scribed the mass as becoming opaque although this 15 hardly evident from therr
ilustrations

The non filling of cavernous hemangiomas has been ascnbed to the fact that
few vessels in general enter the formation (Scungmer & Liss 1958) Rosinson
et coll (1966) stated that the cavernous hemangioma, m contrast to the arterto-
venous malformation, usually lacks large afferent vascular channels and 1ts
ternal crrculation 1s therefore frequently sluggish

No feeding artertes could be demonstrated at angiography n the present cases.
The wrregolar and famtly filled vemns seen m Cases 1 and 4 may represent some
of the cavernous vascular channels in the leston but are probably only draining
sens The small vems in Case 1 were not obvious without a rapid serial tech
mique and a larger amount of contrast medium The most stnking angiographic
feature consisted of large drarmung veins 1n all cases except maybe Case 3 In two
cases {Cases 2 and 4) they filled eatly and 1n two cases {Cases 1 and 4) remained
{illed for a longer time than other veins Dunng the antenal phase the cavernomas
appeared only as avascular masses

In disagreement with these findings Russzin & Ruensten (1963) faided to
rdentify enlarged dramming vemns from cavernous hemangiomas at autopsy, but
they may of course be overlooked 1f collapsed Brackwoop {1941) on the other
hand found enlarged draming vems from capillary telangiectases at autopsy
Angographic appearances of the kind demonstrated m the present cases are,
however, not pathognomonic as evident from the case illustrated 1n Fig 5 In
this case, the wide vesns dratming the tumour area and emptying mto the mternal
cerebral vem were simlar to those demonstrated 1n the present cases of cavermous
hemangioma, they filled a httle later than the other cerebral vems but remamed

filled for a longer time The diagnosis suggested by microscopy was grade TE
astrocytoma

Angiographic findings ssmular to those m cavernous hemangiomas have been
described 1n cases of Sturge Weber s discase (Green & Arana 1948, Waeren-
SCHMIDT 1967), but the chinical enuty 1n this condition 1 usually typical and
charactenstic calerfications are usually present,

Curtis (1949) 1n an unsenfied case descnbed a slaw accumulation of contrast
medium 1n the angioma followed by an equally slow senous drainage

The reason why the angioma tself does not fill out may be due to a small

calibre of the feeding artenes and a slow arculation, or extensive thrombos:s, or
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a combmation of both Barrtiey & Wicksom (1959) mn thar exammaton of
soft tissue cavernous or venous hemangiomas sometimes observed wide vascular
channels or lahes that filled i the late phase and remamned outhned for a con
siderable time They could however not always be demonstrated after mtra
arterial mnjection but only after mtroduction of the medium drrectly 1nto the
lesion

In a case of cavernous hemangioma of the thigh examined in our department
only part of the lesion was filled after arteral injection, njection directly nto the
hemangioma produced however filling of wide vascular channels The non
filling 1 this case may accordingly not be attributed to thrombosts within the
angtoma Nor was extensive thrombosts seen 1n any of the cases of mtracramal
cavernomas The findings thus seem to support the view of Scnneiper & Liss
(1958) and Rosinson ct coll (1966) that cavernous hemangiomas lach large
afferent vessels

The series 1s small but there would appear to be justification n diagnosing a
cavernous hemangioma angrographieally if wide vens seem to dram a space-
occupymg lesion, apparently poor vascularization of the latter and prolonged
contrast-filling of the veins support the diagnoss

SUMMARY

Tour proved nd one unconfirmed case of mtracrinml cavernous hemnglomn examned
with caroud angiography are reported Wide drasmng vemns in some cases contrast flled
for a fairly long time were demonstrated in spite of the fact that no abnerml vessels could
be defined i the lesion stself The significance of the angiogriphie findings 1s discu sed

ZUSAMMENTASSUNG

Ls wird uber vier Falle von bestatigtem und emem Fall von unbestatigiem cavernosen
Haemangiom des Schadels berichtet Alle Falle waren muttels Carotisangiographie unter
sucht In allen Fallen zewgten sich weite und ziemhch andauernd gefullte Abflussvenen
obwohl kemne wbnorme Gefasse 1m Tumor gesehen wurden Die Bedeutung der angrographt
schen Befunde wird besprochen

RESUML

Presentation de quatre cas prowvés €t dun cas non confirme d hémangiome ¢ s crneux
Intracranien examines par angiographie carotidienne Il y avait de larges vemes de dranage
qui dans certans cas restalent opacifices pendant un assez lonﬂg temps bien que ie\amex:
nait pas montré de vatsscauy anormau dans la lesion elle méme Les auteuts examunen!

1 interét des signes angiographiques
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E IAI\GED/}'}\), ODFNSF AMTS OG BYS SYGENUS, ODENSE, DENMARA

FIBROMUSCULAR HYPLERPLASIA O THL
CAROTID ARTLRILS

by

Pour. I ANDERSEN

Since the rediscovery of fibromuscular hyperplasia of the renal arteries by
WrLie & Wertingrov 1960, morce intenstfied angrographic cfforts to demonstrate
corngible causcs of arterial hypertension have brought to hght an increasing
number of cases of extrarenal artenial dysplasia, a term proposed by Hunt ct coll
(1962), and HirL et coll (1965) Dunng the period 1964—1966, PALUBINSKAS
ct coll and Warir et coll (1966) have reported a number of cases with carotid
systems having angiograplsc appearances typical of fibromuscular hyperplasin of
the renal arteries The first fustologically senfied case of fibromuscular hyper-
plasia of the caroud arteries, however, was published by GONNETT & LANSCHE
(1965)

This was followed 1 1967 by a reporst of a case by EHRENFFLD et coll, a case
by RaINFg ct coll (1968) and three cases by Morris et coll (1968) These were
mainly of young middlc-aged women with signs of mtermttent, transient cercbral
1schemia and were often cured by resectron of the stenosed arca The cases re-
ported by other authors (¢ g WrLIE et coll 1966) also had a considerable femnle
preponderance while the occurrence 1n children scems to be extremely rare {AN-
DERSEN, to be published)

The author during the past two years has had the opportunity of observing four
cases of fibromuscular hyperplasia of the carotid arteries, one of which was mn a

Submitted for publicttion 23 May 1969
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Yig
the internal caroti
the carotid canal Saccwlar aneurysm with shight poststenouc dilatanon 2t the level of

1 Case ! Fibromuscular hyperplasia of Fig 2 Case 2 Typical ‘stung of beads con
d artey below and above figuraion of the external carotid artery, with

typical spasm following hemorrhage furst and second cervical vertebrae

male child and two 1n elderly women dying from rupture of cerebral saccular
aneurysms, thus corroborating the hypothests of WsLie et coll The cases were
k! My venfied and p d the typical PAC AT descnbed
w the Iterature (Hoxt et coll 1962, Harrisox et coll 1967, MacDarawp &
McViriax 1963, Surtov et coll 1963, Wywis et coll 1966) As both the female
patients died from subarachnoid hemorrhage, the present paper may serve the
purpose of calling attention to the possibibty of mntracramal aneurysms occurnng
1 2 lugh percentage of cases of fibromuscular hyperplasia An at present asymp-

tomati. case of hibromuscular hyperplasia 1n the external carond artery 1s also
treported

Case reports

Case 1 A Styearold woman was admitted after 3 weeks allpess to a small general
haspital on account of several epicodes of unconsciousness and convulsions preceded by
wntense headache for about 15 minutes She was said to hase had a smudar attack 4 years
previously and on admuttance was confused drowsy and shghtly hypertensne There were no
neurologic signs and 2 diagnosis of chimactenc psychosis was made The drowsmess increased
however central {acal paress and signs of a subarachnoid hemorrhage developed and the
patient was transferred 1o us

Caroud angiography by drect puncture disclosed a saccular aneurysm of the left anterior
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Tig 3 Case 3 Tusiform ancunysm of ncht internal carond artery dilatation nd configuration
Lyp;cal of fibromuscular hyperplasin b) I ateral anglogram Saccular ancurysm of antertor cere
il artery

cerebrab artery with typical sprm of the adjacent segments of the anterior and mddle
cerebral arteries (Tig 1 The external extrreramal part of the mternal carotid artery
presented the tring of beads appearance charactenstic of fibromuscular hyperplan Sin
hours Iater the condition of the pats nt deterorated rapedly with bramn stem comalsions md
{1l of blood pressure and she died before 1nything could be done

At wtopyy 2 saceular neurysm and subarachnord hemorrhaee were obsernved 1 the m
ferior region of the left frontal lobe 1n accord with the arteriographic findings The extra
crinnl part of the left mternal carotid artery and the lelt renal artery presented evidence
af shight carrugations of the satuma  Atheromato is of the 1ort1 was the only other nricro
scopic ibnormality Micrescopy with hematonylin eosin and elastn stuning preparations
of the distal part of the left internal caroud artery and the left renal artery revealed sub
mtmal nd medial fibrotic hyperplasin and fragmentation of the mternl Iunmin elasticy
conaistent wuth, the crten established by Hunt ot coll and Waue et coll

Case * A 69 year old mam was admitted becwuse of 1 history of cercbral crculitory
msufficiency  He displiyed shight transient  expressne aphisa on exinunation but 1
neurosomatic myestigation revealed no abnormality and no arteral hypertension Ophthal
moscopy and gaimma cncephalography were normal EEG indicated pertodic preponderince
of low frequent actratres m the left temporal region

Carotid "ngiography was performed by low puncture of the left common cirotid artery
No mtricranial abnormality was present in the left antenior and muddle cerebral arteries
wnd therr ramifications The extracranial part of the nternal carotid artery ncluding the
carotid bifurcation was not abnormal The external carotid artery however from the ongin
of the mun occipital artery and 3 cm distally was the site of 2 typical strng of beads
contour distinctly different from the standing waves which 1s reported by Wicksou &
BartLry (1957) often occur m the carotid arteries The patient on nccount of the slight
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Fig 4 Case 4 Left Lateral angiogram
Upper part of vertebral artery appears
extensnely corrugated Right Extensne
lesion of the internal and external carond
artenes

and transient symptoms dechined further examinauions, thus, no lustologic nor renal wngo-
graphic \enfication was obtained He was dischurged free of symtoms and has remamed s
for the past two years

Case 3 A 48 ycar old woman was admutted hecause of somuting
and somnolence after sudden headache She was chese and was Lnown
hypertension for at least 10 years, with frequent spells of headache fo
2 vears The cercbrospinal fluid was blood staned EEG presented m

At caroud angiography a saccular aneurysm measoring about 10 m
on the anterior commumcating artery, with a hematom:
ptient < condition detenorated rapidly into dee,
antenal hypertension and she died before surgy
graphic (indmgs were confumed at autol
ntimal fibrosss and a varyng calibre of
contained cholesterol crystals

mcreasng confuston
to have had artenal
T a period of about
arked changes

m X 5 mm was seen
2 1 the night frontal lobe The
P coma with reght hemuparesis and marked
cal intervention could be made The angio-
Pt Sections disclosed typrcal plaques of sub
the internal caroud artery, some of the plaques
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The admussion at the age of 8 years was caused by 1n mfluenza like state that had started
12 days carlier with fever, disorientation, and menmgeal reactions Possible hemorrhage from
a cerebral yasculr malformation was suspeeted  Bilateral systolic bruits were present over
the crrotud artenies but not over the femoral arteries I'TG was grossly abnarmal, with spike
paroxysms over both temporl regions

Bilteral carotid and vertebral angiography by direct puncture disclosed extensive lesions
of the fibromuscular hyperphsia type an all arcas Fncephalography mdicated moderate
cortical atrophy m the msular regrons Nephro angiography reverled typical fibromuscular
hyperplisia of both renal arteries A sumilar condition was noted in the hepatic, inferior
mesentenic and some of the lumbar artenies Biopsy of the superficnil temporal astery dis
closed typical fibromuscular hyperplasi

The pitient 1s now on anti epileptic medication nd without cerebral symptams s
cardine condition 1s controlled by digitalis nd he 1s free from hypertension

Discussion

Ihie increasing number of cases of external fibromuscular hy perplasia reported
during the past few years as well as the present cases mdicate that the condition
may affcet any artery It mamfests itsclf according to the physiologic cffects on
the arteral terntory by stenosing or disruptine changes m the vessel As the
stenotic process usually domuntes, the ischemic symptoms are hable to presl
I'he disruptive cffect on the artenial wall of the sphiting of the nternal clastic
membrane may however well be the explanation of the absence of hypertension 1n
at least onc third of all cases of renal fibromuscular hyperplasia (ANDERSEN
1966) Casc 1, which resembles the cases reported by WaLir et coll (1966), had
insignificant hy pertension prior to the actual discasc This 1s 1 accord with the
fact that the hidneys wcre macroscopically normal and the renal artenies without
stenotrc lesions While the walls of the renal arteries were sites of fibromuscular
hyperplasia the renal parenchyma was microscopically normal

No hypertenston was present 1 the remamng three cases Cases 2 and 3 were
not subjected to nepliro angiograplty on account of the total absence of renal and
hypertensive signs  Fhe arteriographic appearances were however typical and
constant and bore no resemblance to the ‘stationary waves’ reported, eg by
Betper & Horrman (1968), Ramner ct coll (1968), StEmnere (1966) or
Wickson & BarTiry (1957) The presence of an mntracramal aneurysm m Case
3 also strongly corroborated the radiologic diagnosts

Contrary to the cases reported by other authors, ¢ g Morris ct coll (1068),
the present Cases 1, 3 and 4 had typical angiographic fibromuscular hyperplisia
changes i the intracranial part of the mternal carotid arteries, Casc 4 1s espectally
remarhable on account of the extensive artenal lestons and the age of the pauent
This 1s the furst child reported with lustologically venfied carotid and vertcbral
Jesions The combmation of endocardial fibroclstoss and fibromuscular hyper-
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plassa 15 also interesting and suggests challenging hypotheses The fact that the
smultancous occurrence of fibromuscular hyperplasia and endocardal fibro~
elastosss had not previously been reported may perhaps be explamned by the
himuted 2 topsies, mterest being centered exclusiely on the cardiac disease, the
chnical signs of which n this age group (0 to 4 years) are impressne and tend to
overshadow sight renal hypertension Normal macroscopic appearances of the
renal and other abdominal arteries in spite of maiprent microscopc fibromuscular
hyperplasia changes (as m Case 1) also adds to the possibility of the conditon
being overlooked

No intracramal aneurysm could be demonstrated 1 Case 4 with vertebral
artery 1mvalvement, as Morrts et coll did i ther case of possible vertebral
fibromuscular hyperplasia It must however be admutted that the changes m all
the mtracranial vessels were so marked that one or more of the bulges may well
have represented 2 small aneurysm The future course of this case will be n-
teresting

The preponderance of female cases of fibromuscular hyperplasia (85 per cent},
as demonstrated e g by PaLuerskas & Newrtow (1965), and the combmation
of the condition with intracrantal aneurysm seem real and should be an indication
for renal nephro angrography mn all cases of subarachnoid hemorrhage, even 1f
maest occur 1n one 1olated region, the Amencan West coast A thorough angio-

graphuc analysis of each case of this syndrome must add valuable nformation
regarding ethiologic factors

SUMMARY

Four cases of fibromuscular hyperplasta of the carotd and sertebral artenies are reported

The sigmiicance of the increasing mamfestation of the condition m other regions 15 discussed
Two of the c
fiby

ases are of females with an mtracranial saccular aneurysm combined with
B 1

1s not 3 feature of the condition

ZUSAMMENFASSUNG

Ls wird uber vier Falle muit fibromushularer Hyperplanie der Carots und Vertcbral
antenen berichtet Dhe B der Aush dieser Erhrank auf andere Korper
TeRionen wird erortert Zwer Paucntmnen hatten ausser der Libromuslularen Hyperplasie

cerebrales sokkudares Aneurysma Hochdruck 1n diesen Fallen 15t nicht henorragend

RESUME

brl‘nm;ur presente quatre cas d hyperplasie fibromusculaire des arteres carotides ¢t verté

d: t‘s' | examine 1importance de | aggravation des manlestations de cette affection dans

- :‘ "c: regiony Déc;x de ces cas sont des femmes qui presentent un anémysme saceulare
nien assoaié 3 une hyperplase Nbromusculawre T hypertens

HOM N est pa

Tmportant de cette affection " " P coractére
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EMBOLIC COMPLICATIONS IN CEREBRAL
ANGIOGRAPHY WITH THE CATHETER TECHNIQUE

by

s Cronogvist, H O Lisinc and E Patacios

Complications in angtography depend manly upon the technique (ScHEINEERG
& Zusker 1963, ALLEN et coll 1965, Awunpsew et coll 1963) The present
contrast media probably play vnly a mmor rele {Maroouis et eoll 1958, Toeis
& ScuierEr 1959, Lana 1963)

The tect 1n cerebral phy consist of direct puncture and cath-
ctenzation Direct punctures of the carotid and the vertebral artenes have been
most commonly used to date Thesc methods possess however abvious drawbacks
The difficuity 1n keeping a necdle 1n position 1n vertebral angiography s well
Lnown (Crosgvist 1961) and the same applies to carotid angiography Sub
ntimal or even extravasal imccbons of contrast medium are common {Avren et
colt 1965) The deselof of an artenovenous fistula foll g needle punc-
ture has been reported {Oison ot coll 1963, Lester 1966) and intracramal
embolization has been descnbed (Riveau & Sens 1957, Deexer 1960, Eikev &
Goruse 1962, Zavz & Iannone 1966) This may be due to dislodging of small
clots formed suthun the needle of of tissue particles trapped m the lumen of the

Sul mitted for publication 21 March 1969

7~T0%0% 4 ta Rad slog ca D atno s b ol 10 (19 0)
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o g

Fig 1 Case 2 Small [ thing defect at
Qeveloped trams tory neutolog ¢ $ gas

the d 113 0n of one of the Sylan vessels (a} The panent
One week later enurely normal angiography ({b)

before the examumation proceeds The wire guide 15 thoroughly cleaned between
each procedure

Case reports

Case 1 Woman aged 53 with signs of subaracl noid haemorrhage starting 3 weeks before
adnussion Anggography with cathetenization of the night and lelt carotid 2rtenes was normal
The catheter was then once agam placed in the neht carotid artery for further films The
speech of the patient was wmpared 1n conncction with the mjection of contrast medum
Now a 2 mm long filling defcct not previously present was obsened in one of the Syluan
vessels the passage of tle contrast medm throurh the partally occluded vessel was

exceptionally slow The chimical signs were transitory and complete reeovery o curred within
minutes

Case 2 Man aved 46 with headache (Fig 1) Ophthalmoneurolope examunation on
adnussion revealed papillary stasis and phy da llar tumour
B lateral carotid angiography with cathetenzation from the femoral artery was performed
‘The nioht angsoeram was normal The left carotid artery was then catheterized and contrast
materisl was tjected Froe munutes kter the patent complamed that he could not move
the fingers of the night hand <ome munutes later his speech was impared The symptoms

gradually disappeared Angiography then disclosed an embolus at the bifurcation of one of
the Sylvian arteries

Case 3 Boy aged 10 years was brought to the hospital + yth lelt sided seszures and con
Iugated desration of the eyes to tt ¢ nght s de EEG showed a focns on the nght side Right
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needlc when penctrating the soft tissuc Mobilized thrombotic matenal from a
punctured atheromatous plaque 1s also thought to cause embohzation, and embol
formed by foreign substances, such as cotton fibres, have been described {Apavs
et coll 1965)

The catheter techmque was first mtroduced by Icumawa (1938) and Farifas
(1941) and was successfully applicd m vertebral angtography by RADNER m
1947 The devdopment of the SErpINGFR mstrumentarium 1 1953 further en-
couraged the use of this method Its salue m vertchbral angiography 1s by now
well established (Cronguist 1961) but 1t has also been mncreasingly applied
angiography of the carotid artery cither by mtroduction of the catheter from the
brachual, axillar or founoral arteries, or by direct cathetenization of the common
carotid artery {AMunDSEN et coll 1963) One pomt mn favour of this techmque 1s
that 1t 1s probably without most of the drawbacks encountered with direct needle
puncturc Furthermore, catheterization from the femoral artery causes only minor
discomfort to the patient It permits sclective catheterization of the external and
the mternal carotid arteries after demanstration of the cominon carotid artery
and enables the examination of more than one svessel in the same sitting

Complications duc to the techmque with the catheter are however known to
occur Single reports on cerebral embolization 1n addition to local complications
such as haematoma, local spasm, have been published Seven such cases are
reported 1n this paper to stress the existence of the sk The angiographic changes
and the clical symptomatology compatible with the occurrence of acute em-
bolization ansmg from an anglographic exanunation, together with preventive
measures, will be discussed

Technique \ertebral and, m sclected cases, carotid angiography are performed
with catheterzation via the femoral artery The proportion at our department of
direct to indirect approaches n the carotid exanunations 1s about 50 50 A red
Odman-Ledin catheter 15 generally used, either a thin walled catheter with an
outer drameter of § 8 mm and an maer drameter of 1 2 i, or a ek walled
with an outer diameter of 2 2 mm and inner diameter of 12 mm No side holes
are mtroduced 1he catheter 1s shaped m a more or less marked § form according
to the age of the patient and the vessel to be exammed Thus the S has a sharper
curse for the left than for the right caroud artery and for exummnng older pa-
tients During the exammation the catheter 15 mtermattently flushed with saline
during the peniod 1t takes to mampulate 1t 1n the correct position as well as when
1t 15 properly sited If more than one vessel 1s to be examined the catheter tip 15
brought down imto the lower part of the abdomimal aorta 1n between catheteniza-
tion of the individual vesscls The gwde wire 1s then passed through the catheter
to control free passage of blood through the Jumen and the catheter 15 flushed
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of the muddle cercbra] artery not previously present sas now secn ¥ enpheral ta the defect
the artenes were wider than normal and local slowing down of

the circutaion was noted
o nenrologic signs deseloped m conniection with the hc o

It which was
techmically easy and rapidly performed

Case 6 {Fig 4) Man aged 45 who fiad deseloped leftude paresss About one month
Tater angiography of the noht tntermal carotd artery was pesformed with 2 catheter s
the nght lemoral antery, and 2 small avascular expansne lewaa fa the panctal region was
demonstrated There were no signs of vascular erclusion An additional angiozraphic ex
amnation was performed at the same sesston with the catheter m the common caratid
artery and partial occlusion of a peripheral Artery in the pasteto-ocesputal region was demon
strated 1n the angiogram The passage of contrast medium through the vessels was excep-
uonally slow mn comparsson with that 1n the other arteries The s essel also appeared markedly
difated compared wich 1ts width at the first injection No neurologre signs devcloped

Case 7 (Fig 5) Woman aged 45 operated on 4 years presiowsly for an angioblastic
parasagutal memingeoma in the occipital regon, complatacd of pata m the left eas In spite
of no nrusolezgic signs further were d The were camed
out with a catheter via the femora) artery and commenced wath left carotid angiography
{mjections were made first into the external and then mto the mternal carotid artery with
filling of a normal left posterior cerebral artery At sub

feft vertebral phy a
? mm Jong filling defect was present 1n the previously normal pasterior cerchbral artery The
pauent developed no newrologic signs
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Tig 2 Case 4 Normal vertebral angiogriphy (a) Carotid angiography (b) performed m
mediately after showed a collatera] rirculation 1o the peripheral branches of the posterior
cerchrl artery  Lhis case represents an example of indirect signs of acute eml olization

sided carotid angiography via 1 catheter from the nieht femoral artery was performed under
general anesthiest: md two fikn sertes were tiken 1 lateral prajection In the hirst seres
muluple occlusions were noted with 7 contrast blush and early filing of local veins 1 the
region of the occluston The second <eries obtuned five nunutes later presented completely
normal conditions Neurologic eximination fter the prtient had recovered from the naes
thetc revealed no new chimesl signs

Case 4 (Niz 2) Woman aged 42 wuh acute herdache was awdnntted and the dames:s
of subrichnoid haemorthage was made Bulateryl enrotrd angiography and vertebral angio
graphy werc performed Right ewoud angiograply was normal Thn was followed by o
lelt side vertebral catheterization vin the femoral artery with entirely normal findings
These exammations were completed with left carotid angiography and retrograde fillng of
arteries corresponding to peripheral branchies of the posterior cerebral artery w1s now present
Ths artery had been normally filled mn the preceding vertebr1) eximmanon There were
thus mdrect signs that an occlusion had suddenly occurred in the antery  There were 1o

neurologic signs

Case 5 (Ig 3) Man aged 50 with papitlary stasis had been examined 1t another
hospital with angiogriphy of one vertebral antery and of both carotid arteries No gros
changes were reported but the samttal smus was not properly seen Thrombosis of the Itter
was considered probible hence 1 repeat left crrotid angiography was performed wath the
catheter stroduced vin the nght femoral artery A Joral filling def ot
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Fg 5 Case 7 Vestebral angography () d sclosed 2 (M ug defect n the postenor cerct rl
artery Ths artery a few memutes later was seen to £11 1 ormally at carot d ang ography (b)

between 3 and 6 per cent with about 80 per cent of Jesions trantient Fatahties
occurred m 07 per cent of cases The number of cases of embohzation was
unknown

Reports on complications with the catheter techmque are predomunantly based
upon exp es from abd ! and thoracte hy (MceGraw 1963
hoTThE 2t colt 1964 Lanc 1966 Suinenserc & HurwiTt 1966) These manly
deal with changes at the puncture site and within the sessels caused by the wire

guide or by the catheter itself 1¢ alocal haematoma and artenal spasm {Wick
eoM & BArTLEY 1927)

A large number of procedures 11402 in all were collected and recorded by
Laxc {1963) who reported a mortality rate of 006 per cent and a serious
complecation rate of © 7 per cent Thromboembolic complications were noted tn
mine of the cases corresponding to 0 07 per cent

Data on compl m cerebral graphy performed with the catheter
technique are scarce Some information 1s as alable 1 easlier work on veriebral
angrography by Rapner (1947) and by Hatge (1954) but to our Lnowledge
bitle has been wntten regarding the technique apphed todan

y Feeves (1960)
reported hus expenences with the catheter method 1 carot d anem aee ©
Ninl Ans -
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hg 4 C:se 6 Normal nternal carotid hy in (1) Sul common carotd
b) showed ocel of a peripheral branch in the postenior paretal region No

dilatation of occluded artery

Comments

All but onc of the seven patients had more than one vessel examined at the
same sitting The duration of the procedures vaned up to 80 minutes (Case 9
left internal and external carotid anglography and sertebral angographv) The
contrast medium was Urografin 60 ¢ In four cascs, no neurologic signs devel-
oped 1n relation to the examinations Transient signs occurred mn two cases, m
onc lasting only a few mnutes and 1n the other about half an hour

The e¢mbolus was 1n one case demonstrated by an arterial occlusion It was
directly seen 1n angrography as an intra-artenal filing defect in five cascs, in one
of which multiple defects ndicated muluple emboli In the latter case, local
accumulation of contrast medium was seen during the capillary phase and early
filhing veins were obsurved 1n the region of the embolized vessel Indirect signs
of embolization, cvident from the development of collateral circulation, were
recorded tn onc case (Case 5) In addition to these signs there was almost always
local slowing down of the passage of contrast medim m the partly occluded
vessel which 1n some 1nstances appeared marhedly dilated

Discussion
The mncidence of complications 1n cerebral angiography performed with direct
puncture 1s well documented Scrensrre & Zunker {1963) from data av atlable
in the hiterature determined that the frequency of cerebral complications varied
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marhed circulatons disturbances evident 1n the angiograms The signs may perast,
but judging from the present series they appear to be mamly transitory tn
character In some of the cases they actualh passed off so fast that only the
constant obsers ation of the patient dunng angiography tevealed their occurrence
Slow regression of symptoms was noted in only one case, although complete return
to normal was delayed untl a week after the mcident

The source of the embolus may be artenosdlerotie pliques from which athero-
matous matenal 1s dislodged by the catheter On the other hand, the source may
be the catheter itself Thus, clots hase been reported to form within the wde
holes close to the up of the catheter (Oun 1953, and because of thas the use of
such catheters i selectis e angtography should be avorded (Boyjsen & TrsTEN
1961)

Jacossson (1967) recently proved that a catheter mtroduced into vessels 1s
coated by a layer of platclets and that these may form thrombotic masses on the
surface of the catheter, and probably also within the lumen of the catheter
unless flushed away The thrombotic matenal may casily get detached dunng
the manipulatron of the catheter and constitute the mam source of embot noticed
dunng artenography There 1s evidence that the adhesveness of platelets .
creases when the catheter 1s a long onc and there are reasons to belteve that the
morc rrregular the wall of the catheter the greater 1s the tendency for clot for.
mation

The time duning which the catheter remarns within the vessel must ako be
of importance Consequently, only catheters with the smoothest surface should be
used, and the examination time must be short From a practical standpomnt this
entails that when performing cathetenization for angiography of more than one
cerebral vessel the catheter should be changed between each cxamunation A
constant nfusion of saline instead of intermuttent injections may be of value n
preventing the formation of sntralummal clots An additional precaution sug
g‘f:fd 'and used by Jacoesson 1n the wfusion of macrodex Brior tn ane aceant

f JE
wous L {URONELRG et coll 1966)

The catheter method m companson with direct needle puncture possesses
many adivantages 1 cerebral angiographic work The sk of embolization re
mans, however Since there are ofien no or only vague climcal indecations that 2
vascular accident has occurred, there 1s 2 nish that an artenal embolization ma
be easily overlooked The nsk of not makung the diagnosis, and thus also of geum)
:hf:}scczl:;‘pl;essmn of the safety of the catheter techmque, 15 further enhanced bf

act that angiograj
BN d,[fiui ‘E:‘[: ;}.:ings caused by an artenal embolus may be discreet
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thought to be duc to the toxiaty of the contrast medium In two additional
cases spasm occurred around the tip of the catheter without development of
neurologic signs

A series consisting of 853 carotid and 118 vertebral angiographies performed
with the catheter techmque was reported by Asuvpses et coll (1963) They
recorded scvere complications attributed to angtography m only three cases Inan
additional fifteen cases major aceidents occurred dunng the post-angiographic
period However, accordmg to the authors these could not be attributed to the
angiographic procedurc  No cmbolization occurred n ther series Zatz &
Iannonr (1966) described three cases with embolization complicating cerebral
angiography, m one of these a catheter with side holes was used In all three
cases neurologic symptoms developed 1n relation to the mjection of the contrast
medium

An embolus m1y be dirctly seen at anglography as a filing defect withm the
Tumen of an artery or as a complete occlusion of the vessel In connection with
cathetenization 1t will probably occur m small artennal branches The cxperimental
obsers ations of Lurssenior ct coll (1962) suggested that these branches usually
belong to the Sylvinn group The presence of an occlusion may also be cvident
as local slowing down of the passage of contrast medium or by the presence of
a collteral arculition These signs may be present without simultaneous reg
1stration of the site of occlusion The same applies to the local accumulation of
contrast medium dunng the capillary phase and the early filing of a local vem,
the known signs of an artenal lesion (CrongvIsT & Larocnr 1967)

According to our cxperience, dilatation of the artery peripheral to the site of
the embolus 1s a common and important angiographic finding Whenever widen-
1ng of a local vessel 1s scen, there will be reason for a carcful study of the films m
order to confirm or exclude partial occluston 1 the central part of that vessel
As Zatz ct coll (1965, 1966) pownted out “the finding of multiple small occlu-
sions n different vessels at the onset of a complication” 1s suggestine of artenl
embohization The diagnoss of an embolus 1s defirirte wlien the defect cresed by
the clot at anglography 1s seen to be nugratng withm the lumen of an artery
Turther proof 1s present when a normal angrogram mmediately precedes or
follows the examination demonstrating the lesion In the lnst-mentioned spontne
ous lysis, 1 ¢ rapid disippearance of an occluston or an artenal filling defect, has
taken place, a factor m favour of the diagnosis of an embolus The diagnosts will
be further strengthened by the appearance of new neurologic signs These may be
severe, with loss of important functions depending upon the size of the artery and
the region affected They mny also, however, be very shight and revealed only by
close observation of the patient dunng the procedure There were even i our
series two cases which presented no neurologic signs whatsoever despite the
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marked cieculatory dssturbances evident m the angrograms The «igns may perset
but judging from the present series they appear to be mainly transitory m
character In some of the cases they actually pssed off so fast that only the
constatd observayon of the patient durnng angezraphy revealed their occurrence
Slow regression of symptoms was noted in only one case, although complete return
to normal was delayed until a weck after the inadent

The source of the embolus may be artenosclerotic pliques from which athero-
matous matenal s dislodged by the catheter On the other hand, the source m1y
be the catheter nself Thus clots have been reported to form within the de
holes close to the tip of the catheter {OLrs 1953), and because of this the use of
such catheters 1 selective angography <hould be avosded (Boipsen & FErsteIs
1961)

Jacosssos (1967) recently proved that a catheter ntroduced mto vessels 1s
coated by a layer of platelets and that these may form thrombotic masses on the
surface of the catheter, and probably alo within the lumen of the catheter
unless flushed away The thrombotic matenial may eastly get detached dunng
the mantpulation of the catheter and constrtute the main source of embob noticed
dunng artertography There 15 evidence that the adhesneness of platelets in
creases when the catheter 1s 2 long ane and there are reasons to believe that the
more sregular the wall of the catheter the greater 1s the tendency for clot for
mation

The time during which the catheter remams within the vessel must alo be
of importance Consequently, only catheters with the smoothest surface should be
used and the exammation ime must be short From a pracucal standpoint this
entails that when performing cathetenzation for angrography of more than onc
cerebral vessel the catheter should be changed between cach examunation A

constant infusion of saline nstead of intermitttent 1jections may be of value 1n
preventing the formation of 1 1

% clots An add l precaution sug

fc]s(\]z ‘m\i vsed by Javoessos in the infusion of macrodex prior to aneiorraph
s

hast

vente

The catheter method compar: n/ with direct needle puncture possesses
many ad\amagts m cerebral angiographic work ‘The nsk of embolization re
:namsl, howerer Smce there ate often no or only vague chmcal mdrcauons that a
b:s::s lalr :S:l:en]t };as'r(;lccurrcd, there 15 2 nisk that an artenal embelization may
o ‘ym ra:o e o e ish of not making the diagnosts, and thus also of getung
e lh}; " a“on or : }c] sa[ﬁty of the catheter technique, 1s further enhanced by
and s d;[i;g;:%; !:01‘;: l'vaengcs caused by an artenal embolus may be discreet
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Becausc of this, constant and thorougl observation of the patient during and
after an angiographic study is important. Turthermore we want to stress the
diagnostic importance of the indircet signs of vascular occlusion, ie. slowing of
local circulation, collateral circulation or dilatation of a partially occluded s essel
as observed in some of our cases,

SUMMARY

Seven cases of embolization duning cerebral angiography are described Continuous 1n-
fusion of saline and, 1 cases 1n which more than one vessel 15 to be studied, a fresh catheter
for each procedure may lessen the rish The valie 1 the routine use of macrodes 1s diminish
ed by the lrge amount needed

ZUSAMMLNFASSUNG

Ls wird uber sihen Lalle von Gerlurnembolie wahrend cerebraler Angiographie berchtet
Andernde Infusion it Silelosungen und Kathetersechsel, falls mehrere Gefisse hatheten-
sert werden, mogen wohl das Ristho der Lmbolie vermindern Dic routtnemassige An
wendungen von Makrodex st prihtnsch erschwert, wal besonders grosse Mengen notig sind

RLSUMIL

Deseniption de sept cas ¢ embolic au cours d’angrograplie «Crébrale La perfusion contiue
dc vérum s1iC physiologique, et dans les cas ofy 1l faut éudier plusieurs vasseau, I'unlxsauun’
d'un cathéter different pour chique angiographee, pewsent diminuer le risque L nécessité
d'uttliser de grandes quantités de macrodex himite son intért dans la pratique courante
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ROLNTGLENOLOGIC ANGULATION MELASUREMENT
IN SUPRACONDYLAR FRACTURLS Or THL I'LMUR

by

O Lmnoantand A Movin

An unportant problem wn the treatment of fractures, especially of those of
the long bones, 15 the determimaton of any mcorrect angulation that may persit
after reduction The position of the fracture may usually be judged with the
comventional roentgen techmque, with projections m two planes at right angles
to cach ather, parallel to the length of the bone An evaluttion of the thurd
planc—a possible rotatory malposiion—is more difficult to obtain with the
ordinary techmque, and examiners vsually content themselses with an estumation
of indurect rocntgen signs m combination with the clhingcal assessment

If the fracture 1s stunted close to the jomt, 1its position 1s sometuncs difficult
to determmc with the ordinary exammation 1n the two ‘smple longitudinal
planes Supracoudylar fractures of the elbow and the femwur may be cted as
examples Becausc of the absence of readily definable longitudmal surfaces 1t
the articulr ends of the bongs, determintion of the posion of the peripheral
fragment 1s more or less impossible  Keats et coll (1966), i an exhiustine
survey, gave exact reference plancs and methods for angle esmation for most
of the large jomts of the body, but just the regions mentioned above were omtted
The postion of the femoral condyles m relation to the long avis of the femur
(genu vara, genu valga) 1s readily defined m the frontal plane, but no method
has been given for assessing a possible malposition 1 the sagittal plane

The present authors, when carrying out roentgenologic and chmcal studies of
Lnee jomt function (Linpant & Mo 1967), found that a structure m the

Submutted for publication ! Apnl 1969
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Tig 1 Lateral views of knee o nts wih reference 1nes trseed for angu

23 Arrow sndicates a depress on s the antenor surface of the Jateral femoral condyle b) hnee
Joint with 3 supracondylar fracture of the femur angle 3° (i the sound knce 38%) ¢) Same
a5 1n (b) tut with an angle of 36° (in the sound knee 39°}

femur close to the knee jount, not previously considered 1n these connections, may
be used as a basis for a relatisely exact evaluation of angular deformities 1n the
sagittal plane This structure 1s the plane formed by the upper demarcation
surface of the intercondylar fossa towards the femur and which, 1n the hteral
projection, 1s deprcted as a straight hine  Bruvensaar (1938) used this line only
for evaluating the posttion of the patella, and mentioned no values for angles
relation to the long axis of the femur Hurtes (1929) also observed thus plane,
and stated that 1n order to gan an ‘Emblick’ 1nto the intercondylar groose the
direction of the central ray should be approximately 50° from the normal, per-
pendicular ap projection

Brartstrov (1964) consdered that Buuaensaa s line was not of much value
mn the assessment of the patella alta as the angle between this line and the long
axis of the femur vanes considerably Vanauons ranging from 27 to 60° occurred
mn 200 hnee joints of men, he made no mention of the roentgenographic tech
muque, nor of the age distribution 1n the material As the hnees which we had
studied roentgenographucally for other teasons (Lrwbaus & ‘Movin 1967) did
not seem to show any appreciable vanations, and as the difference between the

nght and the left sides, 1n particular, was small, 1t was considered of interest to
mnestigate these conditions 1n a larger senes

Matenal and Methods A scries of 200 normal knee Joints (100 subjects with
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by

O Livbant and A Moviy

An unportant problum 1 the trcatment of fractures, cspeeinlly of those of
the long bones, 1s the determmation of any meorrect angulation that may peraist
after reduction The postion of the fracture may wsually be judged with the
comventional rountgen lcchmquc, with projections m two pl'mcs at nqht anqlcs
to cach other, parallel to the length of the bone An evaluation of the third
pline—a possible rotatory malposition—is more difficult to obtain with the
ordmary techmque, and examiners usually content themselves with an estunation
of mdirect rocntgen signs m combination with the chmcal assessment

If the fracture 1s stutted close to the jomt, its position 1s sometimes difficult
to determme with the ordimary exammation n the two ‘stmple longiudmal
planes Supracondylnr fractures of the elbow and the femur may be ated as
«amples Because of the absence of readily definable longitudmnal surfaces at
the articular ends of tfic borcs, determimation of the position of tie periphicral
fragment 1s more or less impossible Keats et coll (1966), m an exhaustine
survey, gave exact reference planes and methods for angle cstumation for most
of the large jownts of the body, but just the regions mentioned above were omutted
The position of the femoral condyles n reltion to the long axis of the femur
(genu vara, genu valga) 1s readily defined 1n the frontnl plane, but no method
has been given for assessing a possible malposttion 1n the sagittal plane

The present authors, when carrying out roentgenologic and climcal stuclies of
knec jomnt function (Linpant & Movin 1967), found that a structure in the
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Results

A companson between the nght and left sides 1n the same patient revealed
that the mean difference n the angle between the two ndes was 020 £ 02°,
witha mavmum of 4° The angle between the two lines for the total of 200 knees
was on an average 34 0° £0 5°, rangng from 26° to 44°

A depression, or groove often occurs 1n the antertor outhne, usually m the
lateral femoral condyle (Fig 1a) We have found that with full passive extension
of the knee, thus depression always matches the antenior part of the tial condyle
plane and that these two structures usually fit mte cach other This hollow, when
present serves as an indication of how far the knee can be extended, wnd 1t 15
probably a direct result of mechanical pressure when ends of the bones collide
1n the extended position

Discussion

In addition to the difficulty of replacing the fragments and of heeping them 1n
position 1t 13 often hard n the reduction of supracondylar fractutes of the femur
to judge whether any sagittal angulation between them has occurred As pan i
the knee exudate or blood 1n the joint and changes in the positton of the frag
ments dunng attempts to stretch the knee often make 1t impossible to obtam
formation about the position of the fragments by full extension of the joint, the
assessment usually has to be made wholly from the roentgenclogic lateral view
suth the knee 1 a more ot less flexed postion In this situation, the possibility
of being able to determine the angle between the intercondylar plane and the
long axis of the femur would seem to be of great value {Fig 1b)

The method not only helps to reveal any angulation thay may hase atisen but
also permuts an assessment with an accuracy of a few degrees after a comparsion
has been made with sound knee 1 there 1s a dep: as p 1 d
n the antenior outhine of the femoral condyle ats POsItion may assist u: the cvalua
tion of the yomt in full extension Over extension of the knee jomt 15 possible in
; ::; :\:g\\::; o;c:cs‘zs" él;;\m\m. & Moviv 1968) In such cases a corresponding

permussible — 1f for some reason an exact position
cannot be achieved — without any nish of an extension defect ansing after union,

which might cause the knee to
gue away under weightbeanng if staby
the quadriceps musele 18 lackng ® g2f ssbihzaton by

I this roentgenologic method 15 not used 1t aften harnan

[N

om of extens ) r @ v Iuay even be necessary Malposition m the direc
On 18 less common but it occurs occastonally and produces a greatly
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Tig 2 Reference lies traced
for angulition measurcrents
Knee joints with ancle of 62°
(a) {tn the sound knee 37°)
and with angle of 30° (b) (in
the sound knee 3%°)

a wide range as to age) were submutted to roentgen exummnation The age and
sex distribution 1 the materal 1s presented bedow

< 20 ycars 20—50 yews > 50 years Total

Men 14 16 17 47
Women 17 9 27 53
Total 31 25 44 100

The imestigation comprised patients without hnee complamnts who had pre-
sented themselves for disease i other regions The requircments st up for the
lateral views were that the demarcations of the lateral and medial condyles of
the femur, distally and posteriorly, should be parallel to a devration between the
parallelism of the two outlines not exceeding 2 mm  The focal film distance was
100 cm, and the film was placed close to the lateral side of the knee jomt

The planc for the floor of the mtercondylar fossa (the mtercondylar plne)
was traced on the roentgen films, and the anterior cortical demarcation of the
femoral shaft was used as the long axis of the femur This outhne 15 usually
absolutely straight withn a decimeter long arca above the femoral condyles,
whereas the postersor femoral outline 15 more or less curved and the nudline 13
sometimes difficult to define, especially mn the presence of fractures, wluch not
imfrequently mvolve the posterior surface of the femur The angle between the
anterior outlme of the femur and the mtercondylar plane was measured on the

film (Tig 1a)
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MOTILITY OF DIAPHRAGM IN CHILDREN WITH
BRONCHIAL FORLIGN BODILS

by

Geore TUEANDER

A foreign body m a2 major bronchus may produce radiotogic changes in the
acragon of the Jungs as well asin the position of the medrastinum and the dia-
phragm As pamnted out by Jacksov et coll (1920) and Mances {1922), the
lung may become fyperaerated or atelectatic perpherat to the foreign body,
with consequent depression or eletation, respectively, of the spalateral heme
draphragm, furthermore the mediastinum may deviate away from the side with
hyperaeration or towards the side sath atelectans. These changes are, however,
not always sufficient to aindicate the site of an smvasible forergn body because
atelectasts m one lung, or i part of a lung, 15 often accompanted by hyperaeration
of the other lung, or of other parts of the same lung, and vice versa

Conclusive evidence of the qie of a foreign body may often be obtaned by
demonstrating a change i postsion of the 1

dunn,
(Mances 1922, Keisen 1930, Lenk 1933, Westeryann 1938 % ok et
Like the ather ¢ mn —cn Y -
13 no
1t de

e LosuL Wil 4 doteign body dunng wspiration (or
smffing) and towards the apposite side during expiration (or coughsng)

Subsmutted for publication 11 Tebruary 1969
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‘over-extended’ knee yoint This also causes considerable discomfort, although to
a lesser degree

The possibtlity of using the 1tercondylar plane for angulation assesment
connection with fractures docs not scem to have recen ed much attention Nesther
has 1t been recogmzed that the nter-indivadual vanation between night and left
knees 1s very small We can find no explnition for the greater varations i
BraTrsTroV’s matenial except that possibly the roentgenograms werenotobtamed
with the object i s1ew to elucidate the problem discussed sn this paper Rotation
in the long axss of the bone, and rasing or lowering of the central ray m relation
to the joint space, arc unfortunatcly common occurrences at routine cxANNAINONS,
and they affect all angle values in the films

SUMMARY
‘The 1 le between 2 plane throuch the roof of the intercondylhr fossa and the long 1us
of the femur was measured 1n roentgen films taken with the central ray perpendicular to the
sagittal plane The mean salue for this angle was 340° * 05° with 1 range of from 26°
te 44° When the nght and left sides were compared in the mdiadual patients the men
difference i the 1ngle was found to be 02° £ 02°

ZUSAMMENIASSUNG
An Rontgenwfnahimen des hnies mit dem Zentralstrahl perpendihutar zur Saqittalebene
wurde der Winkel zwischen der T angsachse des Femurs und emer Lbene durch das Dach der
Tossa intercondylnns gemessen s ergab sich ein Matelwert von 34° +*05° mt cm:r
Streuung von 26° bis 44° Fin Vergleich beider Seiten zeigte Unterschiede von 02°£02

RLSUML
I es auteurs ont mesure | angle que font un plan passant par le toit de | echancrure inter
condylienne et laxe longitudinal du fmur, sur des films prs avec un rayon central perpent
diculyre au pln sagittal La valeur moyenne de cet angle est de 34 0° 205 ave un inter
valle de 26° 1 4#° Quand on compare les cdtes drait et gauche d un méme sujet T dif
ference moyenne de ces angles est de 02° 2 02°
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MOTITITY OF DIAPHRAGM I\ CHILDREN

Tuenty three chuldren with a cersfed foresgn body 1 a maor bronchus

Table 1

115

Case Sex Age Foregnbody  Sicofforagn Intersal  Comventional  Cane films
body film pawrs
1 i 1 u
12 4y Mealscrew RAB 1w - - - -
2 @ 1y Metattube RUB Sw 1 1 - -
3 ¢ 9m Aazecorn RUB 14 2 2 - ot
4 ¢ 2y Teceofapple RMB 1d | ! - -
5 g 2y Pieceofpeanut RME 1d 1 2 1 -
6 9 1H2yPicceofwond RMB 4w - 2 1 1
7 ¢ 2y TPeccofnut RMLB <1d 1 1 — i
8 4 1y Poccofcarrot RULE <1d 2 1 - —
9 9 4y legofclock RLLB <id - - - —
10 3 Sy Spralspomg  RIIB <id i 1 - —
11§ 10y Pieceofapple  RLLB ~1d 1 2 - -
12 @  4m  Metal wiee FAY!] <id — - -— —
13 ¢ 3y Pnm LMB <id - - — —
0§ ®m Tak LME “1d - — - —
15 ¢ 11/2yTack jAY <id 1 1 - —
16 3 Si2yPeccofcammt  LAMB <id 2 1 - -
17 & 2y TPeceolpeanut LAB <1d —_ 3 1 -
18 & 112y Piece of nut L\B Tw 1 1 ) —
19 @ 1y Headofthstle LULB <id 4 1 1 -
2 ¢ 2y Pm LBandlung > 1 - - —
tissue
21 ¢ 12y Pm LILB <14d - - - —
22 & 2y Peceofcarrot  LLLB <id - - — —
23 9 112y Pieceof peanut  LLLB 5d 1 2 —

Comentional flm pates and cine films befare (1} and aftee {11} semoval of b RMB—nght
bronchus RMLB—night middle lobe bronchus RLLB—right lower lobe bronchus LMB—lefs

mamn

mam bronchus LULB—leRt upper lobe bronchus I B—hngula bronchus, LLLB—left lower lobe

bronchus

main bronchus m seven, the left upper lobe bronchus in one, and the left lower
Iobe bronchus i three cases In one case a metal needle had perforated the
bronchial wall and was partly lodged 1n 2 hingular branch of the left upper lobe
bronchus but marnly in the lung tisue The types and sites of the foreign bodies
are Listed m Table 1, which also gues the snterval between asprration and radi.

ologic exammation and the number of varous kinds of res,
studhes performed before and after semoval of the foreign b

piratory roentgen
ody
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The cffeet of a foragn body on the motity of the diaphragm secms to have
recersed far Jess attentron It 1s hnown, however, that the respiratory movements
of the dinphragm may be restnicted on the side where a bronchinl foraign body 15
present ‘Thas phenonienon has been recorded in manty cases where foreign bodies
I beat asprrated and was produced expenmentally by Hasstinger & Hirzes
BERGFR (1926) m a fluoroscopre study of the medrastinum and the diiphragm
m volunteers with an olive-shaped metal bod) m onc or more of the major
bronchi Mances (1922), who accounted for 56 cases of foreign bodies in the
arways, deseribed the fluoroscopic findings 1n such cases and stated that “the
affccted diaphragm may be lower at expiration than at mspiration  HASSLINGER
& HirzsdBERGER, however, m the above-mentioned expeniments found that
netther forced respiration nor the Muller manoeurre provohed any paradovical
moyvement of the diaphragm On the other hand, cases of foreign bodies i the
bronch: with paradoxical moyvements of the spsilateral henudinphragm have been
reported also by Zawanowskt and by Leszczy\sat (1958)

A complex disturbance of diaphragm movements recently observed by the
present author 1n a cluld with a bronchial foreign body prompted a seirch for
abnormalities m the positton and motihity of the draphragm 1n previous cases of
this condition The paper now presented 15 concerned with a report on the
chaphragmatc abnormalities recorded and with their relationship, 1f 1ny, t0
other effects of the foreign bodies

Afatental and Methods The chest films obtaned m 27 children with sertfied
foraign bodies 1n the bronelit were reviewed for abnermalities 1n the teration of
the lungs and 1n the positton of the mediastinum and the diphragm In one of
the cases, however, the imtial exammation disclosed pneumomediastimum and
bilateral pneumothorax, and in three others there was evidence of foreign bodtes
on both sides These four cases appeared unsuitable for the purpose of the in
vestrgatron and were therefore excluded

Of the remaining 23 cases (eleven boys and twelve girls, aged from 9 months
to 10 years) each had a single foreign body which was metal i ten and 1eg
etable 1n thirteen cases (sec Table 1) In the latter cases, the foragn bedy was
not discermble and could only rarely be located by means of the air present 1m
the broncht, 1ts site was however usually evident from other radiologic obser-
s ations as well as from the findings at subscquent bronchoscopy In Cascs 6 and
7, n which the foreign body was spontaneously removed by coughing and 11
which bronchoscopy was not performed, the localization had to be based upon
the radiclogic findings alone

The locations noted were the nght mam bronchus m six cases, the night
middle lobe bronchus m two, the nght loner lobe bronchus m threc, the left
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Fhe e 3t which the foreign body had been aspirated was uncertamn jn onc
case and unknown 1 another In most cases, radiologe exammation had been
performed within ane day of aspiration but 1n some cases the interyal was Jonger
and, 1 two cases, as uch as 4 and 5 weeks

In all the cases studied, at least one conventional ap film of the chest had
been obtasned In four of the ten cases with a metal foreign body and 1 all
except three (Cases 6, 17 and 22) of the others such films had been obtamed
n espiraton as well s 1 wspiration. In fifteen cases, sunilar payss of films had
been obtamned at least once after removal of the foreaign body All exarpmations
also acluded a lateral view of the chest Cineradiography had been performed
durmg forced respiration 1 six cases (in the abose-mentioned Cases § and 17
and two others before, 1 one case after, and 1 one both before and after removal
of ¢he forergn body) A total of 53 conventional 2 p film paurs or aine films were
avatlable from the twenty three cases reviewed (Table 1) These were studied
for tespwatory changes of the lungs, mediastinum and daphragm In some cases
a descnption of the fmdings made at fluoroscopy or roentgen TV ¢could be
extracted from the record sheets

Resulis

Abnormalities other than the foreign body itsell were observed 1n seventeen
of the twenty three cases studied They included changes in the aeration of
vanous parts of the lungs displacement and respiratory movement of the medsas-
tinum, and abroymalties 1n the position and respiratory movements of the dia-
phragm The mam findings m each of these seventeen cases are specified 1n

Table 2 Further data are symmanzed under the vespective subheadings below
and exemplified 1n case reports that follow

deration of the lungs appeated normmal m e of the ten cases with a metal
foreign body (all except Case 15) and m one with a vegetable forergn body
(Case 4) In the other thirteen cases abnommal aeration was evident at least m

the lung — or 1n the part of a lung — that corresponded to the bronchus har-
bouring the foreign body (see Table 2) Tius Iung, or part of the lung, had

evidence of atelectasis 1n four vases, hyperaeration exght, and a combmation
of both m ane case (Case 3) It usually underwent Lttle or ng TESPUALOTY VAT
1auon i aeration In one patient (Case 19) however, who had been studied
repeatedly hefore removal of the foreign body, 1t uunally presented signs of
relative atel after nsy but shight h after o
whereas 3 days ater 1 was defintely atelectatic \all phases of rey, 1rau‘un '
Abnormal acration was frequently alsio evident 1 locations olhpcr than that
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Table 2

Mam abnormalities in sevenleen oul of tuenty-three ehildren w itk bronchal foreign bodies

Case Site of foreign body Change in acrition  Inspiratory mosvement of
Mediasttnum Duaphragm
2 RAB 0 0 T
!
3 RMB \(H) “— !
4 RAMB 0 — |
45 RMB " — 1
6 RMB H o ”
7 RMI B A — |
8 RMIB A — |
10 RITD 0 0 I
1 RIIB H — !
15 B H — i
16 LA\B H > !
17 1\B H . “‘
!
8 I\B H -
{
19 1UIB M, - %
\ 0 |
20 1B and lung ussue 0 0 i
22 I H Nat examined

|
23 LLIB A — l
A — atelectasis, H — hyperaeration of lung tissue supplied by bronchus with foreign body Broken
arrow sndicates restricted excursion *A i twe lobes and H in one lobe **Exanunations at 3 dvy

1nteryals, progression of A
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Fig 1 Case 2 Metal tube i right mam bronchus n mspiration (a) and expiration (b} In
vested movement of the nght hemdiaphragm

hemmdiaphragm during one and the same phase of respiration Thest complex
disturbances, which are described i more detail 1n the reports on Cases 6 and
17, were demonstrated 1n cine films but were not detectable i conventional pairs
of roentgenograms and may thus have been present also m cases not studied by
the former method

All disturbances obsenved 1n the motility of the diaphragm were found to
occur on the side with a foreign body, and no definte abnormality of the op-
postte hemidiaphragm was seen in any case The anomalous movements appeared
largely mdependent of the actual posiion of the foreign bodies m the bronch
and p d no obvious rel p to the aeration of the lungs, but the
complex disturbances mn motlity scen 1n two of the cases examined with cine
films occurred 1 both cases on a side with hyperaeration, and n each the
foresgn body was lodged 1n 2 man bronchus Restnicted or myerted movements,
on the other hand, were present m cases with apparently normal aeration as

well as m some of those with atelectasis or hyperacration 1n the 1psilateral lung
(see Table 2)

Repeat examinations of Case 19 before removal of the foreign bady mdicated
that the movements of the diaphragm were normal on the first occasion but were
merted 3 days later This change 1o motdity camaded with progresson of the
atelectasis peripheral to the foreign body, which was lodged 1n the left upper lobe
bronchus, and with disapp < of respiratory movements of the mediastinum
Al examinations performed after removal of the foreign bodies mdicated that

abnormalities previously observed in acration and m the position and motility of
the med and diaph had d

ppeared, except that, m some cases,
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supphed by the bronchus with a foreign body  Atclectass of an entire lung was
regularly accompanieed by hyperaeration on the other side, whereas yperacrtion
of onc Jung was not alwavs assoctited with any visible atelectasis on the other
side Aqefectasts or Iy peracranion of part of 2 lune was sometimes associated with
obvious hyperacration or atelectasss, respectinely, in other parts of the same lung
and, occasionally, in the other lung During respiration the acratton was usually
sech to sary m the lung tssue not supplied by the bronchus that hid a foreign
body

The medastimum appeared normal 1n position 1 nine of the ten cases I which
netther atelectasis nor nvperacration was obscrved However, respiratory studies
had been performed 1n only three of these ten eases, and n one of them {Cree 4)
mspiration was accompamed by a shift of the medistinum towards the side
with the foreign body

Of the thirteen cascs with demonstrable atelectasis or hy peraeration, or with
a combintion of both, respirators studies had been performed m all except
Case 22 and had consistently revcaled stuft of the mediwstinum during respiraton
In some cases the medinstinum was cisplaced laterally throughout the respiratony
cycle and then towards a sde with atelectasis, m others 1t resumed its normal
position or was cven shifted towards the opposite side i inspration or exprration
The direction of the stuft was mdependent of the distribution of atelectys and
[y peracration but, as cxpected, durmg the mspiratory phase the shift was always
directed towards the side with a foragn body (sec Table 2) In one case {Cast
19} cxammed repeatedly, a respiratory shift of the mediastinum was obsersed
on the first occasion but not on a following one, despite the progression of the
atelectsis caused by the foreign body

The diaphragm on the sume side as the foreign body was elesated or depressed
m all casts with atelectasss or hyperacration, respectively, of the entire ipsilteral
fung and 1 some with only lumted changes m aeration The respiratory moses
ments of the diaphragm could be cvaluated tn sixteen cases they appeared
normal m five ind anomnlous m eleven cases [ he abnormalitics included
restricted excursons (9 cases), mverted movements (6 cases), and complex
disturbances of motility (2 cases)

7The criteria used m the chsification of the movements of the draphragm were
as follows Resprratory excursions were classed as restricted af they were up-
questionably smaller than normal, obyiously smaller than at re examination after
removal of the forugn body, or confined to only part of the diaphragm The
movement was regarded as myerted if the draphragm was at a higher level m
spiration than m expration The term complex disturbance w1s used o
denote the combmed occutrence of upward and downward movements of a
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Fg 2 Casc 5 Pece of peanut m f sht man bronchus (a) and (b) § day after 1ts removal
1c) and () 1° days after ns removal (e) 2nd {f) m ispiration {lelt) and expiration {nght)
Hyperaerat on of the nght Jung and med ast nal sh £t are seen 1n (a) and (b) and inverted
movement of nght hemiduaphragm 1 (2) (b) (e) and (1)
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minor residual atelectasis persisted for a few d1ys Case 5 was cxamned twice
after bronchoscopic removal of a foreign body that had caused spsilateral hyper
acration with displacement of the medistinum and nverted excursion of the
diaphragm  The findings were normal the day after operation but 11 dys later
imverted respiratory moscments of the dinphragm had recurred

Case reports

Case 2 A gul, aged 1 year, who had had repeated bouts of coughing for 5 weeks Aspiratton
of a prece of 1 toy was considered likely Radiologic cxammation revealed a thin metal
tube with an inner diuneter of 3 mm in the night mam bronchus one end of the tube 135
flanged and had an outer drameter of 7 mm Ap chest films obtuned n mspiration and
exprration disclosed no abnormality in the 1eration of the lungs and no obvious disphie
ment of the medistinum but revealed mverted respiritory excursion of the night hem
dinphragm (Fig 1)

The following day the foreign body was remosed by bronchoscopy through an mesion 1
the tracher Radrologic re exanunation one d1y Jater md | emphysem

d sly; 'll d P
but otherwise nothing 2bnormal The further postoperitine cmus;e was uneventful

Comments The films taken 1n mspiration and expiration had m this case also been
obtuned in different phases of the cardie cycle tnd recorded marked differences m the
width of the mediastium and stzc of the heart It 15 therefore uncertun whether a shght
snspiratory shaft of the mediastinum towards the nght stde occurred or not The respiratory
movements of the diaphragm were smill on both sides, 1s compared with these of the
ribs, but they were obsviously inverted on the nght side

Case 5 A gurl aged 2 years who was thought to hwe aspirated peanuts and had had
attacks of coughing, was admitted for exanunation the followmg day Physical examination
revealed reduction of the breath sounds on the night side Roentgenography of the chest
demonstrited no foreign body but revealed hyperieration of the left Jlung This was most
abuvious 1n exprration The medrastinum was shightly displiced to the right in inspiration and
to the left in expirition The respiritory excursions of the diphragm were less on the night
than on the left side and the level of the nght hemidiaphragm m mspiration w1s Tugher than
1 exprration (Fig 2, 2 and b) G d phy during resp confirmed these findings
and mdicated that the medial part of the night hermdiiphragm moved upwards during part
of the mspiratory phase A diagnosts of foresgn body in the night mam bronchus was made
and at bronchoscopy the following d1y a piece of 1 peanut was removed from this bronchus

Chest films obtaned the diy alter bronchoscopy recorded normal neration of both lungs
constant and normal positton of the mediastiium and normal position of the diaphragm
both 1n mspiration nd expiration (g 2 ¢ nd d) Radiologic examumation 11 days later
however uncxpectedly sevealed anomalous motility of the draphragm  Chest films in dif
ferent phases of respiratton disclosed that one t traphragm moved upwards 1s the other
moved downwards {F1ig 2 e and f) and fluoroscopy during forced respiration demonstrated
that the 1y erted movements occurred on the night side Desprte this recurrence of abnormal
motihty of the diaphragm the pattent appeared healthy and no further radiologic ex
amnatson was performed

Comments The 1mplitude of the resp y excur of both hermd, as well
as that of the ribs was greater before than after remoy al of the forerign body TI~ width of
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Iig 4 Case 6 Sequence of cine films (20 framesfsecond) Complex

disturbance of moulity of night hemudaphtagm dunng forced tnspira
tion

stope of the diaphragm decreased and the sutface again became arcuate Duning this final
perod of no movement of the

was visible

A diagnoste of foreign body in the night maw bronchus was made The following day
4 pea sized piece of wood was coughed up Chest filins one day later dis loved no abnorm-
ality {Fig 3b) and exammation by roentgen TV an
any abnormal nt of the med of diaph

d eme films po longer demonstrated
i, 1
agamn 4 weeks later, also with normal findings

3 was

Case 17 A boy, aged 2 years, who had had an attack of coughing while cating peanuts,

was admatted for radiologic examination the same day Mo foraign body was seen but 1he
ap chrer [Im ca o Ted b .

1o the .
reseale .

. 4 e Lyslauen A
sides, though Ingher on the right than on the Ieft
wde Normal dowsward movement of the nght hemidiaphragm on inspiration was recorded
The left hemudraphragm mutzally also moved downwards, though less markedly than the nght,
but during a bref later peniod of s d d excursion was

¥y
rapid elevatton of its medial part. Duning a final and still brefer penod of mspiration this

eleration was followed by a marked downward movement which brought the hemidia-
phragm down to tts towermost level

leve! o1 tne diaphragm was hich on both

A diagnosis of foreren body m the left main bronchus was made, and at bronchoscops
the same day a piece of a peanut was remowed from 1t Radiologic re exammation, weludiag
hest films an inspiration and expiration, 1, 3 and 15 days later indicated nothing abnormal

Case 19 A gr) aged 1 year, admtted with probable aspiration of a foreign body, had
been coughung for more than an hour with several bouts of marked dysproea Physcal ex
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a b

Tig 3 Case 6 Lxpectoration of icce of wood, hefore (a) and 1 day after (b) Hyperieration
of tight lung with expansion of night hemthorax, displicement of medistinim to the left and
depression and flattening of the night hemidiphragm an (1)

the chest and the slope of the nbs were cqual m the filmy taken n insperition and ex
piratton at the fmat exarmation, n spite of a marked respiratory (hange an position of
the diiphragm The asarlable comentional films alonte were thus sufficient to reveal the
nertcd movements of the diaphragm but not to demonstrate whe ther they accurred on
the night or left side No explmition can e offered for the recurrence of abnornial motiity
of the drapliragm m ths exceptional case

Case 6 A gurl, aged 18 months, who liad had recurrent bouts of coughing for 4 weeks
the il attack hwing lasted for an hour Physical exanunition of the chest resealed
reduced breath sounds, prolonged ¢ spiration and sibilant rales over the base of the nght lung
Chest films 1 mspiration disclosed no forcign body but demonstiated hyperaeration of the
nght fung, with marked expanston of the night side of the chest, slight displacenient of the
mediastinum to the left, and flattening and depression of the nght hemidiaphragm (Fig 3a)
No conventional film 1n full expiration was obtained but the patsent was exammned by roent-
gen TV and cine fitm during forced respiration (crymg) Inspiratory shifting of the med
astmnum towards the nght side and a complex disturbance i the motility of the rght hemt-
diaphragm weie recorded The motility of the left side of the diphragm appeared norm

The abrormal moultty of the nght hemedirphragm 1s illustarted m Dig 4, wlich presents
«n mspiratery sequence of cine film frames taken at a rate of 20 frames/second At the begun-
mng of mspiration the medial part of the henidiaphragm mosed raptdly upwards for a brief
period, after which the lateral part began to move downwards The former movement
preceded the nghtward shift of the medinstmum, which commenced sumultancously with
the downward movement of the lateral part of the diaphragm As a result of these com-
bined excurstons the laterad slope of the entire henndiaphragm mcreased and ats presviously
arcuate appearance became shightly barcuate The medial part of the hemidiapheagm then
remamed steady while the lateral part continued ats downward movement and the medi-
astinum moved shghtly further to the nght However, at the end of mspiratton the entire
hemudiaphragm moved upwards, the lateral part more than the medial part so that the
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amimation revealed nothing abnormal, and no forern body was sisble m the chest fitms
but the radiologic examunation which inttuded 2 cine film study of the chest dunng forced
respiration sugyested abnormal acrauion of the lefe upper lobe There was no change n
aeration 1 this lobe durtng tespation which therefore apprared rlaunvely atelectatic sn
fult s and shohtly hvp 2 10 vy Duning asp the med
partcutasly the upper part moved conuderably towards the left side The eft hemndia
phragm petforenrd somewhat <maller Tespuratory excursions than the night but was situated
at a lower level both 1n mspiration and expiration (Tig 5, 2 and b) A diagnous of forein
ody w the left upper lobe bronchus was made

The symiptoms tapdly subsided but on radwlogie Te which was perf d
twice the same day, the abnarmal signs persisted  Bronchoscopy was carmied out the follow
g day but revealed nothing abnormal Two days later radiologic examination, melnding
fluotoscopy duninyg forced respiratton, was agamn performed The Jet upper lobe was then
defiutely atelectatic throughont the respiratory ¢ycle The mediatinum was diplaced 10
the left but no longer moved duning respiration The respiratory excurvons of the ti
phragm were not so great as previously but had clearly become mvented on the left side
As before, the feft heruduphragm was at a lower level than the nghe i full expiration
but both were at the same Jeve i nspiration {Fig 5, ¢ and &)

The following day bronchescopy was repeated and this time a head of a thistle wa¢ re
mosed from the left upper lobe bronchus Radiologic re examinanon of the chest a [ew hours
fater disclosed nothing abnormal Both herudiaphragms were at almast the same level and
their respiratory excursions were equal (Fig 5 ¢ and f}

Discussion
The resp y movements of the diapt have been radiologically 1n-
vestigated by many authors, and several kinds of anomalous molity are on
record, including restricted and 1nverted movements and vanous ty pes of complex
disturbances Danse (1933), for ple, 1n hus hy phic studes of
the diaphragm, observed paradoxtcal and pseudoparadoxical movements as well
s 3 phase and 4 phase excursions, and even other vareties of respiratory move-
ments Since the present i estigation was mamly based on a review of roentgen
ograms, disinction could not be made between all of these types of abnormalitees.
The mverted moyements discovered merely by comparison of chest films obtatned
tnnspieation and exprration mas, for example, have been sumple paradowcal or
pseudoparadovical excursions, or they may have been part of some rmore com-
plicated disturbance i motility

The various kinds of abnormal motility descnibed by Dian were observed 1
severd] diseases including bronchostenosss caused by bronchul carcinoma in
which 2 bef paradowcal phase of respiratory movement of the diaphragm a

prared not only on the same side as the tumour but sometimes on the ugm e
side as well Bronchostenosis caused by 2 foresgn bady does not scem to han PPES“C
Ameng the conditions imvestigated by Danse Yo been




124 GLORG THEANDER

Fig 5 Cnse 19 Head of thustle in left upper lobe bronchus 4 diys before (a) and (b) 1 day
before (c) and (d) and 1 few hours after yemoval {e) and () in inspiration (left) and
expiration (right) Mediastnal shift in (a) and (b) atelectasis of left upper lobe in (c) and
(d) left hemud aphragm lower than night 1n (a), (b) and {(d) 1ts excursion 1s less than that
of the night i (2) and (b) and imerted i {c) and (d)
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aeration was seen 1 only one (Case 15) of the ten cases in which the foreign
body was metallic, and that respiratory studies, performed 1n four (Cases 2, 10,
15 and 20) of these ten cases, revealed imverted movements of the diaphragm
regularly but 1n only one a Tespatory shift of the medwstinum Tt shauld be
observed that m Case 20, m which mverted mosement of the diaphragm but
neither abnormal aeration nor any shft of the medistinum were demonstrated,
the foreign body was a metal needle lodged mamly m the lung tissue and onl
0 2 munor extent 1 a bronchus

The independence observed between the effects of bronchial forergn bodies on
the diaphragm and the effects on the aeration of the lungs and the mediastinum
suggests that the abnormal motility of the draphragm associated with foreign
bodies 1n the broncln may not be directly related to the bronchostenosis stself
Tmerted movements of the diaphiragm are hnown to occur also 1n vanous patho-
logie cond other than bronchostenosis, such as after injury to the phremc
nerve The passive resp y pletely paral hermds
phragm are mverted and tend to be accompanied by shifting of the mediastinum
This shift dilfers from that 1n bronchostenosis 1n that 1t 1s directed towards the
normal side dunng nspiration, but 1t 15 usually only shght and may easily be
prevented or modified by co-existing disease (STewarT & Guiseuiy 1939) Con
comutant bronchostenosis and paralysis of the phrenic nerve on the same side
would thus have antagomsing effects on the mediastinum, the net result of which
rught produce no respiratary shift of the mediasunum at all or a shift that
would be less marked than m ether of these cond T
similas in direction to that produced by bronchostenosis alone

It 15 an nteresting possibrlity that a foreign body 1n a major bronchus may
be accompanted by reflex mhibition of the innervation of the ipsilateral hemi-
diaphragm This would modify the effect of the associated bronchostenosis on
the medastinum, 1t would thereby serve as a protective mechamsm reducing
the rek of severe arculatory disturbance inherent n any marhed respiratory
shifng of the mediastinum It would also help to explain the occurrence of

inverted movement of the diaphragm 1n cases of bronchial foreien hadee without
any vt -7

of a

1 bl
but p y

view it
15 motc

prratory
studies vLavee 1o ar ot the toreign body recorded no shfy of the mediasunum
belonged to those wath mverted movements of the thaphragm It should also be
recalled that i Case 19 progression of atelectasts
was accompanmied, not by any merease,

penpheral to the foreign body
shifing of the mediastinum,

but by the disappearance of respiratory
and that this was associated with a change from
normal 1o mverted excursions of the diaphragm These observations would be
plausibly explamed by the protective mechanism suggested above and seem to
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Varous deviations from the usual pattern of motility of the diiphragm have
also been recorded mn apparently healthy subjects The amplhtude of the ex
cursions during forced respiration s far from constant and may normally differ
from onc side to the othar Berernorr (1958) described a presumably healthy
male tn whom the movements of the diaphragm on voluntary coughing were
occasionally imverted The inversion sometimes affected the nght and sometimes
the left hermdiaphragm  According to ALeaanber {1966), unilateral paradovical
movements of the diaphragm may be provohed by smifing i 6 o of normal
subjects, and then morc often on the nght than on the left side

Such occasional normal desviations of motility mught have been erroncously
classificd as abnormal 1n the present myvestigation, but this scems unhhely ance
it all cases re~cxamined after removal of the foreign body any previously dem
onstrated abnormabty m motility proved to have disappeared The s anable
locahzation of the anomalous movements to the ipsilateral hemidiaphragm pro-
vides further evidence that these were truly abnormal and due to the presence
of a forugn body in the airways

The varous types of abnormal motility of the diaphragm recorded m bron
chostenosts have usually been attributed to a disturbed relationship between the
changes in mtrapleural and intraabdommal pressures during respiration This
relationstup would scem hikely to become disturbed parteularly in bronchostenosis
severe enough to produce atelectasis or hyperacration of the entire wpsilteral
lung Mances (1922), who scems to have been the first to have reported 1
verted movements of the diaphragm in cases of bronchial foreign badies, akso
held the oprmion that such movements occurred ‘i severe cases In the present
mvestigation, howcver, the motility of the diaphragm was largely ndependent
of the acration of the lungs While mvanably spsilateral to the foragn body,
wnerted movements of the diaphragm were i two cases scen on a side with
hyperacration and, 1n one casc on a side with atelectasis, howeser, they also
occurred n three cases without any visible abnormahty of aeration On the other
hand, they were not scen n all of the cases with marked atelectasis or hyper
acration

HassuincEr & HITZENBERGER (1926), m their aforementioned experiments
with volunteers, occluded varous bronchi with olive-shaped metal badies that
were either solid or perforated by longitudmal canals of dufferent sizes They
observed no cffect of the occlusion on the lungs, mediastinum or dinphragm
unless the foreign body had reduced the lumen of a major bronchus by two-thirds
or more, and the carliest cffect discovered was a resprratory shuft of the medt
astinum It 15 difficult to assess the degree of obstruction caused by the foreign
bodies m the present cases because 1t may have been aggravated by stdgnnum;
of secretions and swelling of the mucosa, but 1t 15 notessorthy that abnorm?
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ZUSAMMENFASSUNG

Es wurde bex emer Analyse von Rontzenaufnabmen und Cinefilmen 1n 23 Fillen von
Bronchiatfremdkorpern ber Randern beobachtet, dass sverschiedene Bewegungsabnormitaten
der glexchseitigen Zwerchfellkuppe 1 11 son den 16 Fallen auftraten, m denen dic Atmungs
bewequngen genau ht wurden Dic d he B <olcher Bewcgungs
abnormitaten honnte durch wenere Beobachtungen m diecen elf Fillen erleuchtet werden

RESUME

T —d . . g "

a ete faite Les constatations faites dans ces onze cas montre linterét diagnostique de ces
MOuy ements respiTatoires anormaux
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lend further support to the assumption that foreign bodics 1n the bronehi may
exert part of their effect on respiratory dynamics by causing reflex mnhubition of
the mnersaton of the diaphragm

The abnormal movements of the diaphragm recorded 1n cases of bronchial
foreign bodies may be diagnostically important, particularly n two respects As
pomted out by Damy (1933}, mverted excurstons of one hemidinphragm may
cause uncertainty as to whether a chest film obtamed has been taken 1n mspt
ration or expiration and may therefore make 1t difficult to ascertain which side
moves anomalously In lus opimon the slope of the nbs and the width of the
chest 1 such cases are relable mdicators permitting radiologic distinction be-
tween the different phases of respiration Thus view 1s supported by some obser
vations made 1 the present senes, as exemphfied m Case 2 (Fig 1) In Case 5,
however, the slope of the nibs and the width of the chest were on one occasion
cqual mn the films taken 1 both mspiration and expiration (Iig 2, ¢ and f)
These films, though revealing mverted movement of the diaphragm, were thus
msufficient to demonstrate whether the nght or the left hemidiaphragm moved
abnormally, and continuous observation of the respiratory movements proved
necessary to make sure that the mverted cxcursions occurred on the night side
but not on the left

Abnormal movcments of the diaphragm may on the other hand help to reveal
the existence or the site of a foreign body 1n the mrways The present senes in
cluded threc cases (Cases 2, 10 and 20) i which this sign was demonstrated
m the abscnee of any visible abnormality in the aeration of the lungs and without
any shuft of the mediastinum  The foreign bodies themselves were readily seen in
these cases but if they had not been metallic the abnormal excursions of the dia
phragm would, at least at the time of the exammation, hne been the only
rachologic cluc to the correet diagnosis
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SUMMARY

A review of comentional and cme films of the chest 1 23 cascs of foreign bodes in the
bronchi in children revealed various types of abnormal movements of the ipsilateral hemt
diaphragm 1n 11 of 16 cases 1n which respiratory studies had been performed Obseryations

made n these cleven cases llustrated the diagnostic significance of such abnormnl respratory

noy ements
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Fg 1 Caswe 1 Contnuous gas filling in the
intestinal fract there 1 a lobulated soft
ussue mas¢ n the nght ilac fossa en
chroaching wpon the gas-filted colon buwt
Ieasing a channel free for the gas to com
murucate with the caecal pole

ditions (kjeLean 1953, Kyervew ot coll 1957, Bewe & Steyv 1962) Thickening
of the Peyers patches has been observed 1n a proportion of cases of mesentenc
ademtis commng to operation (Arrp 1945) The thickened Peyers patches ean
fead to mtussusception, which 1 due course will cause intestnal blood loss. On
the other hand, sloughing of diseased Peyer s patches can lead to 1ntestinal blood
toss without mtnssuscepion { Hajou 1939)

In the author s expenence the diagnosis of entarged mesentersc Iymph nodes,
to the exclusion of mtussusception, ¢an often be made by conventional roentgen
examunatoon of the abdomen In a nutmber of cases 1t could also be made as a
1 hle al ¢ to the d of acute appendicits, though not 1o the
exclusion of the latter, since radiographically silent, pre perforatnve appendicitis
and mesenteric adenius may co-exist

For ¢he past 16 years nearly all mfants and children who presented with
abdomunal pasn at ous Paediatne Untt had, on admission, three antero-postenor
films taken of the ahdomen (1) supme, (2 erect and (3} left fateral recumbent
"The total skin dose in the central axis of the beam varied betsveen 0 15 and 0 27
R according to the age of the patients During this time, 47 cases of mtussuscep-
tion and 72 cases of mesentenc adenttis were studied by the author 1n the latter
group a defimte diagnoss of mesentenic adenstis could be made 1n 30 cases
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Acute non-speaific mesenteric adenttis 5s a common disease w children Tt

frequent source of crror i the dignosts of the acute abdomen AIRD, writing from
the Surgical Umt of the Royal Edinburgh Hospual for Sich Children m 1945,
reported that 1n a single year he found, on laparatomy, 37 cascs suffermg from
non-specific mesenteric adenitis, compared with 83 suffering from acute appen
dieatis The difficulty of distinguishing between mesenteric adenmtis and acut®
appendictis has been emphasized by many authors Stnce objectine proof of
mesenteric ademtis short of laparatomy could not be obtamned, surgcons tended
to operate rather than to rely upon unsupported chimeal evidence (Jones 1969)
The fact that acute mesenteric ademtis can closely simulate tntussusception has
recenved less attention Yet pallor, colicky abdominal pun, a plp 1ble mass m the
nght ihac fossa and admixture of blood to the stools arc common to both
Turthermore, both mtussusception and mesenternic adenitis tend to occur 1 small
epidemics and the one is often etiologically related to the other (Ross & PoTTER
1961, GArDNER ct coll 1962) The causatie role of adenovirus 1, 2, 3,5and 6,
and very occasionally L G H O 7 and 9 appears well venficd both con

Part of this paper was read at the Reumon Internationale de Radiologie Pedintrique 11t

Paris May 1963 Submutted for publication 15 April 1969
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intestinal gas m the comentional position of the caccum This 15 the visual
equnalent of Dance’s sign, 1 ¢ the fechng of emptiness 1n the nght thac fosa on
rectal exammation

3 The mass of the intussusception, which may be seen as an ovoud soft tssue
mass It may bulge mto the colonic gas 0 as to produce a cup-shaped termination
of the latter It causes a gap between the gas of the small intesune and the gas
1n the large bowel, re a discontinunty of gas filling In the left lateral recumbent
posttion the colome gas farls to se nto the caccum and ascending colan

When the intussusceptum 1s loose, signs of obstruction are absent One has
10 rely chuefly upon the uigns referable to the mass of the intussusception, hited
under (3)

When shock 15 scaere, gas 1s scant or completely absent The radiologst 1s faced
with the ominous picture of a ‘grey abdomen’

Mesenteric ademtis The diagnosis of mesentenic ademus 1s based upon positise
findings, 1¢ the visibility of enlarged lymph nodes, and negatine ones, 1e the
abence of signs of intussusception

The positine signs arc as follows In the supme and left Iateral recumbent
posttions the mass of enlarged Iymph nodes can appear as 2 lobulated soft
eissue mass, particularlv agamst a background of common meteonsm (Fig 1)
Exen smaller lymph nodes can produce pressure defects upon the medial wall
of the caecum and ascending colon, parucularly 1n left lateral recumbency
(Fig 2) These defects are extnnae, often muluple, and mmvohe the proximal
tiurd of the colon, whereas the filling defect caused by the head of the intussuscep-
tum 13 mtnansic, single, and usually found o the middle third of the colon An
smportant feature was noted in left lateral recumbency  the enlarged lymph nodes
could be seen through the gas content of the caeccum and ascending colon 1n the
<hape of rounded masses, on the same principle as the hidneys can be seen through
the gas-inflated stomach (Fig 3) Usually both effects are present, 1e the Iymph
nodes partly mdent the gas of the colon and are partly overlapped by the same
(Fig 4) Tlus double charactenstic helps to distinguish them from scybala which
produce mtraluminal filling defects

The negatrve signs are as follows When the pattent 15 placed nto the left
lateral recumbent position, the colonic gas rises into the caecum, 1€ there 15 no
intussusceptum to interfere with the postural shufr of colome g‘&’ Jir mfants and’
small children where meteonsm s the rule, 1t 1s usually obvious that there
disconunuity of gas filling between the small and larpe mtectine N1 wne
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Tig 2 Case 2 1) Supne fitm showing a fur wmount of gas mn the transs erse colon b) In left
lateral recumbent positron the g1 maied into the crecum and 1scending colon  \ultple
extnnsic pressure defects are sren on the medinl contour of the howel cused by rounded
masses of soft (issue

through direct demonstration of the enlrged Iymph nodes In the remanmg 42
€ases, a tentatve diagnows was made on the basis that the findings m comven-
tronal roentgenograms of the abdomen were contrary to the accepted signs of
mlussu:aphon Hence it seans appropriate m this context to gre a qucf TCVIEW
of these signs

Irx!u:.mxtv[;lmn The signe depend upon the degree of patency of the central
canal and upon the seventy of the assocrated shoch Most of these have been
desenibed 1 the hterature (SciaTzi 1939, HeLrswrer 1048, Frivany-Dam
1951, Mipbrrmiss 1955, and others) The author s contribution 15 confined to
observations in the left lateral recumbent position

The mntussusception can be very ught, moderately tght or loose When very
ught, 1t produces signs of complete, low, smallantestnal obstruction W hen
maderately tight, the roentgenologie signs fall mto three groups

1 Those representing partial obstruction, 1¢ onc or two flud levels usully

siturted in the nght thac fossa
2 Shorteming of the colon The most consistent <1gn 15 the presence of smal}
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Fig 4 Case 4 Film obtamed i left lateral
recumbency The colonic gas shifted mto the
pravimal colon  the gas column 1n the caccura

Fig 5 Case 5 Film obtamed i left lateral
recumbency The colon ¢ gas shifted mto the
proumal colon there are several enlarged
and ascending colon partly overlaps and 15 lymph nodes which partly mdent the colonic
parily indented by rounded masses of soft gasand are partly seen through it

tssue

Gase ? Boy a ed 6 months with huistory and chinical signs on admusion conistent with
imtussusception The radiologic examination led to the diagnosis of mesenteric adenitis

(I'yg 2) and no treatment was gnen The child was discharged home free of svmptoms 3
das later

Case 3 Boy aged 4 yews was 1dmuted with a 3 day hi tory of abdomunal pam furst
centred round the umbilicus but Jater located in the right sltac fo <a The pam was comng
and gomg and colicky n character The boy did not vomit the bowels were rather loose
He looked pale there were a few submandibular lymph nodes and o1 deep palpation a
tender mass could be felt deep in the nght tiac fossa

Sursev Nlms of the abdomen are shown m Fig

A large Ivmph node was seen 1n left
lateral recumbency The cluld was discharged home the following day Oceult blood which

\ a5 present on admsston persisted lor 14 days and full recovery took one month

Case + Boy aged 4 years who t days before admission began to have abdomunal pam
which became worce during the Jast 24 hours The pain lasted a few se onds he screamed
out with pain and doubled up Churcal examination revealed a soft abdomen and a palpable
descending colon but no masses were felt The boy was kept under obsenatian for 24

hours he was stll having central abdormunal colicky pamn voumted once and had facces m
rectum Intussusception was thought probable
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Fig 3 Gase 3 1) Supine film showsng no charctenstic fexture b) In left luerl recumbency
the gas shifted from the trinsverse into the ascending colon 1 large mesentenic hymph node
1s now clearly scen through the gs

trmsic Allmg defects the dingnosts 1s mesentenic ademus, when the g1s docs
not rise to the caccum or when there 1s a single and mtrinsic filling defect the
dignosis 15 intussusception

The followng case reports are presented to exemplfy our findings

Illustrative cases

Case 1 Girl aged t months Screvmune attacks followed by <l htly blood stuned con
stipated stools started 2 days before admission she onee vonuted dark br wni b matenal
The screwning contmued Al the =ught before adnusson On exanunition there vas 2
doubtful mass i the mght ihac £>51 (Several members of the by had had 1 sore
throat during the previous month )

Roentgen eximmuen {Iig 1) ravealed continuos gas fillmg the intestin
A lobulated soft tissuc mass was seen 1 the mght 1hac foser 1t en roached upon the g
fulled colon but left 1 lnteral channel free for the grs to communicate with the caeeal pole

Despite the defimte rdiologic evidence of mesenteric ademtis the dmcrms decided 10
have 1 lipratomy performed Thus reverled large mesenteric lymph nodes of the non
specifie varicty Blood was visible m the lumen of the small mtestine but no pres ure mark
of past mtussusception was obsenned Some of the Peyers patches were thickened and 1t
was assumed that onc must have sloughed away nd crused the blecding

] tract
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Fig 4 Case 4 Fiim obtaned in left lateral Fig § Case 5 Film obtamed s lefe lateral
recumbency The colomc gas shiffed mto the recumbency The colome gas shifted into the
prowimal color, the gas column 1n the caccum proimal colon, there are several enlarged
and sscending colon partly overlaps and 15 lymph nodes, which partly mdent the colonic

partly mdented by rounded masses of soft gas and are pactly secn through it
tssue

Case 2 Boy, aged 6 months, with hustorv and clin ral < ome o 3

'
mtussusception The radiologic exami - . '
{Fig 2) and no treatment was gien ~

davs later

Case 3 Boy, aged 4 years was admuted with a 3 day hutory of abdomunal pun, first
centred round the umbilicus but tater located 1n the night iliac fosa The pam was coming
and gong and colicky m character The boy did not vomt, the bowels were rather loose
He looked pale there were a few ubmandibular lymph nodes and o1 deep palpation a
tender mass could be felt deep 1n the nght thac fossa

Survey fitms of the abdomen are shown n Fig 3 A large lvmph node was seen 1 left
lateral recumbency The chld was discharged home the following day Oceult blood which
“was present on admussion persisted for 14 days and full recovery took one month

Case 4 Boy, aged 4 years, who # days before adm <t an bew  »

aut woy was kept under observation for 2¢
nours he was sull having centra] abdommnal colicky pam, vomsted once and had facces m
wectum Intussuseeption was thought probable
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Fgy 4 Cae $ Tilm obtaned mn left lateral Fig 5 Csse 5 Fidm ohtaned 1n left lateral

lonic gas shifted 1nto the
recumbency The colon ¢ gas shifted into the Tecumbency The co

prox mal cofon the gas column 1n the caecum proumal  colon there are ?ualh znla]rog:d
and ascend ng colon partly overlaps and 15 lymph nodes which partly ndent the colonic

parily indented by rounded masses of soft gasand are partly scen through 1t
tssue

Case 2 Boy aged 6 months with hu tory and climeal signs on admussion consistent with
mussusception The radiologie exammation led 10 the diagnosis of mesentenc ademtis

(Fig 2) and no treatment was given The child was discharged home free of symptoms 3
davs tater

Casz 3 Boy aged 4 years was admutted with a 3 day hntory of abdonunal pain first
centred round the umbilicus but later located in the nght iliac fosea The pain was commng
a0 gommg and colichy 1 charactes The boy did not yomss, the bowels were rather loose
He looked pale there were a few submandibular lymph podes and on deep palpation a
tender mass could be felt deep 1n the nght 1hac fossa

Survev films of the abdomen are shown in Fig 3 A Yarge lymph node was seen mn left
lateral recombency The child was discharged home the foflowing day Occult blood which
was present on admission persisted for 14 days and full recovery took one month

Case 4 Boy aged 4 years who  dmys before admission began to have abdommal pan
+ huch became wor ¢ duning the last 24 hours The paim lasted a few se onds he screamed
out with am and doubled up Chnical examination revealed  soft abdomen and a patpable
descending colon but no masses were felt The boy was kept under observation for 24
hours he was sull having central abdomunal colicky patn vomited once and had fzeces
Tectum Imtussusception was thought probable
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F1lms taken m supine and crect positions were unremarkable The roentgenogram obtaned
i left laterl recumbeney 15 presented i Tig ¢+ The colome gas had <hifted mto the
proximal colon, the ciecal pole was filled with gas, which rendered intussusception unlikely
The 15 an the caceum and ascending colon partly overlapped and was partly dented by
rounded soft tssue mnsses No treatment was given, apart from nuld Iiatwes The boys
condition 1mproved nd he was discharged home after 48 hours

Case 5 Boy, aged | year and 9 months, who had been well until the morming of adnus
won During the day he hid repeated Attacks of abdonmnal pam whiel doubled him up and
which were followed by vonuting e had no divrthnca but refused to ext The boy was
erying and was pprehiensive duning the exannation, he had 1 soft 1hdomen and 1 doubthal
mass of glinds e the nght 1hae foser and Ins temperature wis raiced The roentgen film
in supine position ws of no mterest In left lateral recumbency the colomc gas shifted mto
the proumal colon Several cnlarged lymph podes were obsenved which were parth en
crorched upon nd partly overlpped by the gis m the caccum and the ascending colon
(g 5)

Discussions

The author’s first obsernvation was made m 1933 (sce Case 1) In the sub-
sequent years there was an average of 4 to 5 cases per year Lach patient was
referred under the cliical suspreion of sntussusception and the diagnosis of
mesenteric adenitis was made primanly on the bass of survey films of the
abdomen The diagnosis i each case was then discussed with the chmonns and
if any doubt remained a diagnostic barium enema was performed The need for
the latter became smaller as the chimeians gamed confidence m the radiograptic
diagnoss but 1t 1s stall of the order of one m s It 15 greater m those cases
which the radiographic diagnosts 1s based merely on the negatine signs of mesen~
teric ademtss, 1¢ those evcluding mtussusception, than - those which gne
posttive proof of enlarged lymph nodes

No case of intussusception was nussed but there was one child, aged 11 month
m whom a diagnosic error mught have occurred  An ileo ileal intussusception
had progressed to the hepatic flexure without myvaginating the caecum The
mtussusceptum formed a fmger-thiek filling defect m 2 wide caecum and ascends
ing colon which were fully distended by gas Another cluld, aged ont and a
half years, was diagnosed as mesenteric adenttis and treated expectantly A month
later he was re-admitted with the typical picture of mtussusception At the
subsequent operation both conditions were found to co-evist

Al cases had an common that there was either a pyrenal upper respiraton)
illness 5 days to 2 wechs before onsct of abdomnal pain or that other members
of the famuly had fevensh colds, pharyngits or malaise dunng the prcccdull';
pertod Stool examinations by culture were done as a routne bat 1 none of t lf
cases were pathogenic bactenia found The cases occur when adenovirus mt

15,
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fections are common Virus studies were made 1n the hospital population at the
relevant time, 1n some of the cases diagnosed as mesenteric adenius and 1n some
of the contacts, they showed ncreased incidence of adenovirus types 1, 2 and 5

SUMMARY

The radiographic appearances of acule non speaific mesentenc adenitss ate presented and
the differential d agnosis with particular reference to 1ntussusception 1s disrursed

ZUSAMMENFASSUNG

Die rontgenologische Lrscheinungen ber akuter mcht spenfischer \ensenteral Driiscnent
zundung werden beschrieben und die Differentialdiagnosis besonders mit Hinsicht auf Intus-
susception wird dishutiert

RESUME
Description des aspects radh de ladentte que aizué non <pecifique
et discussion du d. 1, en Tiet avec L t le de len
fant
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HISTOLOGIC STAINING OF CONTRAST-FILLED
BLOOD VESSELS IN MICROANGIOGRAPHED TISSUES

by

MartTI Kormano

Microangiography 1s valuable mn research and has been recently used to an
increasing extent It 15 usually performed by filhng the microvascular system of
trssues with a fine-grained barum sulphate suspension

Histologic preparations from ussues that have been microangographed enable
routinc histologic studies of the materal to be made Microradiography and his-
tology together afford valuable snformaton on the relationship between micro-
scopic structures and the appearances of the capillary bed m the microangiogram
Unfortunately, 1dentification of all capillanies 1s not achieved by the standard
microangiographic methods now available (Lunpskoc, BRANEMARK & Linp-
stroM 1968) Although microradiograms well deprct the filled s essels, even three-
dimensionally (Beriman 1953), only a rough estimate of the number and loca-
won of unfilled vessels 1s obtamed A histologic study 1s often helpful although
careful examnation of the distribution of filled capillaries 1s laborious because of
the low contrast of barium sulphate grains n small capillary cross-sections Cer-
tain routine histologic stamning methods were therefore tried for 1dentification of
small filled blood vessels in microangiographed tissues of the testss and epididymus
Histochemical methods used for indicating acid mucopolysaccandes were also

studied
Submutted for publication 27 March 1969
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Fig 2 Haematoxylin €os n stamn ng ok section ¢
microangiographied 20 day-old rat tesus
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Fig 4 The s2me testis as m hiz 3 but the
section was stained with 05 €2 Alcian blue ap
pH 26 for 10 m nutes Filled blood 1essels in
tensely staned and some stam alo in the
testt tssue X 80
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1 b

Tig 5 A 10 g testis section stuned with 01 €e Alerin blue at pH 26 for 10 munutes a) Tle
filled blod sessels are selectnely stuned X 80 b) Detul of (1) The stuming of contrxt
medium i the ciplianes s nten e as compared with the bickgiound x 120

Matenal and Methods Male Spraguc-Dawley rits were mjected with banum
sulphate 10 §¢ (Micropaque, Damancy & Co Ltd) The mjcction and tisuc
processing were performed according to the standard procedure described m
detail elsewhcre (Kormano 1967, 1968), using 4 % buffered formaldehyde for
fixation  After paraffin embedding, 10 p lustologic scctions were cut from the
testes and eprdidynudes and stamed by the following methods haematoxylin
cosin, periodic acid-Scluff-hacmatoxylin, Weigert-van Gieson, Cresyl violet,
Bodian’s silver impregnation, toludine bluc, Astrablw and Alen blue The
relative differential staming mtensity of the tissue and barum sulphate gruns w13
studied microscopically

Results

The banum sulphate granuks remamned unstamed 1 the haematoxylm conn
scctions (Fig 1) Identificrtion of blood vessels down to arterolir sz was €1
but capillary filling was often difficult to confirm The location of the contrst
medum had to be dentified with a high-power objective and by taking ad
vantage of the brrefringent propertics of Micropaque granules (Fig 2) A low-
power objective falled to reveal clearly the number and distribution of frlled

capillartes 1 a tissuc scction On the other hand, an ot immerston objective
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Fig 6 PAS haematoxylin stamung of section  Fig 7 Alctan blue 01 €% staming at pH 26
of mucroangiographed rat epididymis Only the  for 10 mnutes of section of same organ a3

largest blood vessels are easly identfuable  fie 6 The smallest filled capillanies are denti-
X 210 Gable x 210

ndicated that the microscopic structure of the capdlary walls was well presened
and easmly 1dentifiable

The periodic acid Schiff method stamed the barum sulphate granules weakly
purple (Fig 3) The staming intensity was however low and generally less than
that of the surrounding tissue Idennfication of the pattern of filled capillanies
was therefore less easy than m HE-staned sections. Blood vessel walls were
sharply defined and the weak staiming of the contrast mediim did not interfere
with the high-power observatton

Weigert van Greson stamn, espectally suitable for connective tissue components
withm vascular walls, failed to stamn the barum sulphate No staining or amy
other advantage was obtamned by using Cresyl violet, Toluidine blue or Bodian’s
siher impregnation Astrablan starming for 10 to 30 minutes with 0 L or 05 <2 at
PHO 2 to 100 enabled a differentiation to be made between the barnum sulphate
grans and the nssue However, the strong blue starmng of mast cell granules
(BLoow & KeLLy 1960) and, on the other hand, vanable intensity of the stamng
of the contrast medium was found to limt the value of this stain as a method of
detectng filled capillanes

In prelmupary expenments, 0,5 € Alcan blue {Alaan blue 8GX, Allied
Chemmcal, Lot No 0365218, C 1 No 74240, stamed the Micropaque granules
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within blood vessch blue {Fig 4) Lthelil edls of the epididymus and the con-
tents of the ¢prdidymal duct were alo Teavily stained as compared with ofher
celie Because Alean blue staming was the most promsing of the techmaues
tested, 1ts propertics were camined more cosdy at dilferent pH values jrom 26
to 100 and dye concentrations of 01 and 05 ¢ of the stammg bath 1he usue
was itensedy and diffusdy stamed with 05 % Alen blue The sdanve staning
wtensty of the barwm sulphate grams also mercased 1 the alhaline range but
diffuse stamng diturhed the differentintion hetsseen the content of the blood
vessels and the tssue At PH 26, litle diffusion of the stam occutrred but stamng
of tisue stll aceurred The stam had some affinty to the walls of the blood ves
scls, and this e conneetion wath the relatne unsharpness of the ganeral colour
level renderad greater magnifications impracticable Alaan blue stamg at aod
pH provad however a practicable means of deteeting all the filied bloo § vesch,
wdependent of sz By reducmg the dye concentration 1o 0167 at pH 26,
scheetine stamng of a barm sulphatefilled vascular bed was obtuned (Tig 5)
A time of 10 punutes was found to be sulficient, Jonger tumes causimnyg grawey
coloung of the background

Hus proccdure was found to result m sdective stammg of barmum sulphat
e uns an testss tsuc (Trg 51) aud avery good diffeecntiation of fifled ¢pubidymat
blood vescds sas achicsed mospate of stunmg of the epdidvmal duet gthedinm
(Figs 6 and 7)

Discussion

[he weak contrast of the bainum sulphate grains i histologic sections 15 not
a disadvantage for it docs not disturh the general study of ctliular structures
s may be to the good sf ¢xtravasation 1 apt to occur, as1s oftun the ¢rse m
micromgiography of pathologic issues (Rumn 1966) However, of the number of
filied capliarcs, or the gencral capillary density of the micromgiogrphed speet
men are to he studicd, detcction of the smll undil ited branches may be diffiewlt
An attempt was made to overcome this disadvantage by adding Indinn sk to the
barum sulphate suspension (Karerinen & Marzarnes 1967)  Hus addition
led however 10 4 poor micros opic demonstration of the tmucrmost 11yers of the
blood vesscls, and 1t may m ease of fcakhage complutdy destray the hustologic
prettre The entry of Indiwn mk particles mto a gnen capllry also does not
necessanily men that the Tter s filled by the contrast medimm, s i jter
tine A diffcrent particle size and oy lugher speafic gravity Thie method of speaific
seammg of binum-lled blood vessls would therefore scem ta be wdenl for this

fand of work 1 o
Aleran blug, 1 casome or ‘hasee , orthochromatic copper phathalocyanme dye,
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groups (Sncer 1952, Scorr,
. ) in the barum sulphate particles
. . medium eastly distingushable
\\'/:cwm & Suapro (1957) have demonstrated that an obvious Joss of poly~
sacchande specficity of Alcian blue occurs at as Jow a pH as 28 In spite of the
stamning of the barum sulphate even at igher pH ranges, the in¢rease back-
ground staiung 1n the present application of the method also proved disturinng
The result seems to some extent to depend on the type of fixation Staining with
Aleian blue fails to meet the needs of a careful histologic examnation of the tissuc
stself It1s however a ssmple and practicable methed to use with routne staimng
procedures when mnformation on the extent and localisation of ¢ipillary filling
15 required 1n microangiographed tissue embedded mn parafhn
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SUMMARY

The staming charactenstics of mtrasaseular barum sulphate gruns were studied s bue
e e Alsaa hl sy ac fa nd to stain the bapum
+  ectnely and intensely

ZUSAMMENFASSUNG

Es worden Versuche angestellt um die Farbeb haft von B, f:
- e PN

angiographischen Schuutten hen orstechen

RISUML

Les caractenstiques de coloraton des grams de sulfate de barpum mtravasculages ont cte
etudiees sur des coupes histolagiques de tissus mug: Le Bleu alcian colore
selectn ement Jes granules de sulfate de baryum dans les tsus f1vés en formaline et inclus en

paraffine et a sez intensement pour facthter Lidentification des structures microyaseulagres
Injectées
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ANGIOGRAPHIC DEMONSTRATION OF RUPTURE
OF THE SPLEEN

by

Bo Lunpstroy

Chinical diagnosis of rupture of the spleen may often entail constderable dif-
ficulties As a number of publications during the last decade hase indicated the
value of angiography to support this chagnoss there would appear to be good
reason for reportmg two cases m which the angiographic findings deviated
somewhat from those previously published

The first case of splenic rupture diagnosed an;
1957 by NorerL who injected contrast mediu
catheter mserted via the femoral artery Opya;
use selective angrography of the coeliac arte;
spleen Ouin & Exnvan were early m publishing three cases angiographically
diagnosed, all with operative venfication Accounts of a few cases have been given
by Boyjsen & OLrv PoLLARD et coll, Neppsag et coll, Bauwt et coll and
Rosen In these earlier publications, avascular areas n the spleen caused by the
rupture ntself or an assocrated haematoma, were guen as the most importa;
angiographic findings Bauss et coll also obsery ed rapid errculation portant

A larger number of cases examined anglographucally of splenic rupture have

glographically was published 1n
m into the 2orta by means of a
N seems to have been the first to
Ty for diagnosing rupture of the

Submutted for publication 7 May 1969
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a b

Tig 1 Normal splemic Angiogriphy of the arternil phase (1), and the venons phase (b)

been reported during the last two years (Aannus & Encs, Love ¢t coll , Bern
& Winorry) These support the view that the detection of avascular arcas sur-
rounded by displaced vessels represents an important diagnostic finding, cven
if 1t 1s not constant The most typical angiographically demonstrable change
would scem to be an accumulation of contrast medium m small extrasasattons
with blurred defrmtion Bren & Wiores mtimated that this ‘mottled effect’
mught be duc to aggregation of contrast medium in the sinusoids of the spleen
This was noted by Aakunus & Encr and by Lovr ct coll as well as by Bera &
Wiaorey m 37 of thur combined total of 42 cases In these three publications,
rapul airculation (1¢ the vems soon become filled with contrast medium) was
said to be common and angiographically demonstrable m a good hall of the
cases (24 out of 42 cascs) ToNTave et coll published 6 cases with operative
verification The angiographte findings were, however, not analysed in detail 1n
therr paper

Tt has long been hnown that cystic cavities may appear m the spleen alter
rupture but no filing of such cysts m the course of angiography scems to have
been described No case has been published of a false positive or a false negatne
diagnosss of splenic rupture at angiography with the typical findmgs mentioned

above
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Fig 2 Rupture of the spleen (Case 1) i the artersal phase (a) and early venous phase (b)
Numerous smal] cxtrayasations 1 the supply area of the upper arteral branch the splepic
vems are filled sooner from the upper than from the lower part of the spleen, na angio-
graphic changes 1n the lower pole

Case reports

Case I A 19 year old woman previously healthy fatnted some hours after moderate
trauma to the left lower part of the thorax but was without symptoms after 24 hours Pamn
partly of an nternuttent nature first appeared in the riht lower abdomen The patient wae
adomutted four davs after the accident Her general condition was good there was tender
ness to palpation partly i the nght lower abdomen and partly under the left nb arch
Haemoglobin 99 g % white blood corpuscles 5 300/mm* and blood pressure 140/83 Sur
tey lims of the abdomen disclosed a moderate amount of free fluid but otherwsse no
changes Since the possibility of rupture of the spleen could not be excluded sclectne
angiography of the cocliac artery was performed

Anowgraphy  Fie 2) showed the splenic artery to Le duided into two mam branches
The supphy area of the lower branch was normal (¢f Tig 1) The arteries in the supply
area of the other branch were somewhat stretched The parenchyma of this part of the
spleen was irregularly contrast filled and a large number of small uregular cavities were
contrast filled The Glling of the veins occurred sowewbat earlier frcm the upper part than
from the lower part of the spleen The rad olome diagnosis was rupture of the spleen
Laparotoms, revealed more than half a lutre of blood in the abdommnal casity There w
Tonoitudinal rupture of the spteen from the hidum towards its upper pole }h;mlo,;:
of the spleen d h
eaminacion of the it connection with the rupture but
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T'ig 3 Rupture of the spleen (Case 2), in the artenal phasc (a) and the venous phase (b)
Several cavtties i the upper part of the spleen are filled and empued at different rates with
carly venous filling from one of them (—), an avascular area 1s present m the ventral part
of the spleen, no angiographic changes in the lower pole

Caste 2 A 23-year-old man, previously healthy, was admtted following 1 traffic accident
with bone fractures and concusston On the patient’s arrnval, when he was fully conscious,
no abdoemunal symptoms were noted After several days the patient began to complun of
atypieal pun n the left side of the abdomen, this was partly termittent m nature and w1s
aggravated by coughing, urination and defecation The symptoms gradually increased, and
three weehs after the mpury incrensed tenderness to palpation under the left nib arch was
noted Some dnys later selective angrography of the cocliac artery was carried out to elmu-
nate splemic rupture of the spleen

Angrography (Dig 3), which was performed 26 days after the trauma, showed no changes
1 the lower third of the spleen (¢f Fig 1)}, m other parts of the <pleen the lrger artenal
branches were normal 1n appearance The contours of the parenchyma were uregulir and
noticeably less dense m the upper part of the spleen than m the lower pole Several larce,
well-defined cavities m the upper and central parts of the spleen filled at different rates, and
emptied at different times A vemn leading from one of these cavities filled 1 the early artersal
phase A large avascular area lay in the central regton The radiologic diagnosis w1s splenic
rupture

Laparatomy disclosed half a litre of stale blood in the abdonunat caaty The spleen
was enlarged with a longitudimal rupture laterally One large and several smaller subcap-
sular haematomas were present Splencctomy was performed The histolozie exarmnation
indicated partly healed rupture of the spleen « and several haematomas and parenchyml
necroses No other changes were observed
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Discussion

The some 70 cases of angographucally diagnosed cases of rupture of the spleen
so far published have provided certam valuable diagnostic entena As far as can
be judged, the most constaat pathognomomue findig 15 the demonstration of
sumerous small wregular extravasations This sign has been observed - prac-
tcally all cases where angography has been carmed out less than 4 days after the
trauma, but has been absent in the few cases with older ruptures Other impor-
tant angographteally demonstrable signs of rupture are rapid arculation and
the presence of avascular areas

Rapid crrculation was observed m some part of the spleen in the two present
cases Different parts of the spleen had completely different graphie appear-
ances but 1 each case the caudal part of the spleen was angiographically normal

Small trregular extravasatons of contrast medium of the type previously de-
scnbed were observed 1n the eramal part of the spleen in Case 1 Lose et coll
have published a similar case The spleen 1s dinided mto two antenal supply areas
between which there are no anastomoses a larger upper antenor part and a
smaller fower postenor part It would seem reasonable to assume that only the
upper antenor part of the spleen was mvolved 11 the rupture 10 Case 1, and was
the reason for the different angographic appearances m the two parts of the
organ Lasge well-defimed canaties 1 the upper part of the spleen were filled an
Case 2 and from some of these the contrast medium passed quickly into the veins
as 10 arteriowenous aneurystms No simular case has previously been published h
15 ikely that only the cramal part of the spleen was imvolied 1n the rupture n
the present case

Addendum in proofs

Another case, similar to Gase 2, has been observed since the preparation of the
manuscript Angrography of the coeltac astery was performed 1 a 43 year-old
man with mufuple njunes a few hours after trauma Some yrregular cavittes m
the upper part of the spleen were contrast filled, from these cavittes the splemc
sem filled 1 the early artenal phase The appearance was similar to traumatc
arterio-venous fistulas elsewhere 1n the body, there was no motthng A large
splenmic rupture i the upper part of the spleen was seen at operaty

on
SUMMARY

the fram

the from

wttil uosibed as typical of ruptare
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ZUSAMMENTASSUNG

I's wird ubcr zwer Ealle von angiographischer Diagnose von \lreuptur berichtet Neben
den behannten Zewchen der Mulzruptur zeigten beide [ 1lle Vananten der bisher woht be
kranten angrographischen Befunde

RISUMI,

Présentation de deus < v de rupture de I rate dingnostiquee par wgtogeiphie Ces deax
c1s presentuent des sighes angiographiques asses drfferents de ceux qut ont ete decnits
comme typrques de I ripture de 11 rate
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EFFECT ON ERYTHROCYTES OF LARGE DOSES
OF CONTRAST MEDIUM IN CLINICAL
ANGIOCARDIOGRAPHY

by

Lars Bjora

Ludence has gathered through the years that a large part of the side cffects
of modern contrast media 1s directly corrclated to the hyperosmolanty of these
products As the red blood cells are exposed to the highest concentration of the
contrast mediim on rapid mtracardiac or aortic njection, these are obviously
the cefls that may be expected to mcur damage, particularly on repeat ex
aminations It has been mdicated that such damage occurs, by 1 vitro studies
(BernsTEIN et coll 1964, MclxTosi et coll 1967) and i amimal experiments
{BrrasTEN et coll ) The aim of the present study has been to determine whether
changes in the red blood cells may be demonstrated with standard laboratory
methods, 1n patients 1n whom large quantites of highly concentrated contrast
media had been njected at angiocardiography

Matenal and Methods The matenal conusted of 10 routne cardiac patents
st men and four women, aged between 41 and 56 years, subjected to angio-
<ardiography as part of a pre operatne evalnation for cardiac disease Two were
suffering from angma pectons and the others had valvular heart disease

Subnutted for publication 19 June 1962
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Unusually large quanttics of contrast medrunt were nceded m all the patrents
to armyc at a complete diagnosis The dose varsed between 30 and 3 7 ml per kg
body weight, diided between four or five different njections dunng 20 to 30
munttes All the mjections were made mfo the left side of the heart or mnto the
aorta The speed of wjection was approxsmately 30 ml per second and the con
trast medium used was Isopaque 350 (sodum metnzoate balanced with cileum
and maguesium fons, 1odme content 350 mg/ml, Nyegard & Co A/S, Oslo)

Blood samples for the laboratory studies were drawn from catheters m the
rght atrium or pulmonary artery Samples were obtamed mmmeditely before
the first mjection of contrast medum and within 60 seconds after the Jast m
jection In addition, blood samples were obtamed 24 hours after the angiocardio-
graphic examnation for determination of the haptoglobin The following deter-
munations were made 1 the blood samples obtuned before and after anguocardio-
graphy (1) hematocnt, (2) plasma osmolanty, (3) diameter of erythrogytes,
(4) morphologic charactenstics of erythrocytes, (5) osmotic resistance of red
blood cells, (6) mechanical resistance of red blood cells, (7) potasstum content
of red blood cells, and (8) haptoglobm content of <erum

Results

A decrease m the hematacnt salue after the angiocardiographies occurred 1
all patients, the aserage decrease bemng 16 ©c of the value obtamed before angio
cardiography, with a range of 10 to 27 ¢¢ A shght but agmficant mcrease m
plasma osmolanty was also recorded after angiocardiography No change could
be observed 1n the diameter of the red blood cells, or m the mechanical or
asmotic reststance of the blood cells after angacardiography when compared with
the values before angiocardrography

The number of cells with crenation was shghtly mereased after angtocardio-
graphy m two patients No other morphologe changes were present Also the
potassium content of the blood cells was unchanged No sigmificant change
the haptoglobmn v alues before angiocardiography and 24 hours after angocardio-
graphy were obsenved

Discusston

With the exception of the slight mcrease m crention of the red blood cells
observed 1n two patients, the methods used 1n the study falled to disclose any

acute or permanent dimage to the red blood cells, even after mjecuion of rel
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atisely large quantiues of contrast medium for angocardiography  This 1s lconl-
trary to the findings of MclwTos et coll In the n vitro expenments, 10 which
blood was exposed to a constant concentration of contrast mediunt, BERNSTEIN et
coll observed a decrease 10 the red blood cell diameter, and morphologic changes
1n the red blood cells, both by anmmal expeniments and 1n VItro tests ith Biligradm
m ‘cimcal doses, 1 vitro tests with Hypaque produced howerer no or only
mmumal changes

An increase 1n the serum potassitm, concomitant with a rapid decrease n
hematocnit, was reported by McIxTostt et coll after aortic injectson of Isopaque
#0 In the present imestigation, no evidence of Joss of potasim from the
enythrocytes was found It therefore <eems Iikely that af loss of potassium from
the erythrocytes, sufficient to explun the ncrease i scrum recorded by
McIxrosu et coll, occurs, 1t must be a reveraible process or the potassium must
be released from other cells

A considerable decrease in hematocrt occurred 1n all the patients, without any
corresponding decrease n the red cell diameter, and with miumal changes m
the morphologic appearances of the red blood cells in only two of the ten patients
Thus means that shrinhing of the erythrocytes 1s probably responsible onhv for a
mnor part of the change 1n hematocnt observed at the same time Migration of
flsd from other cells or from extrmvascular spaces 1s probably largely responsible
for the decrease n hematocnt

The concept that cardiography with the techmque now presented fails to gie
e (o permanent damage to the red blood cells 1s 1n agreement with the clinical
obseration that hardly ever signs of hemolysts occur after angiocardiography
Thss 15 also confirmed by the spectropt studies of plasma m which no
evidence of hemolyss was found (hrosTer et coll 1966) On the other hand,
hemolysis was recently reported 1 three patients followmng anglography (Conen
¢t coll 1969) Cholegrafin 1n vitro gave an increase both 1n haptoglobin and

frec hemoglobmn, whereas Hypaque produced no defimste changes (BernsTEIN
et coll )

The results of the study would appear to mdicate that the red blood cells are
resistant to damage by highly concentrated contrast media even when 1njected
repestedly n large quanumies However, the methods used possess sources of
error and may be too msensttive to reveal minor changes The possibility must
also be considered that damaged erythrocytes may have been removed from the
blood or pooted, and consequently may not have reached the samphng site
Acute changes occurning during the first seconds after mjection, when the con
centration of contrast medium 1n the blood 18 high, may have been overlooked

m the study If such acute changes occur, they must be transient and fail to
produce any appreciable permanent damage
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SUMMARY

Ihe dnmeter, morphology, osnotic rewstance mechanicl reststance md potassium con
tent of the red blood cells as well s the haptoglabin content of the <erum were studied 1n
ten pateats bofore and after angiocirdiography with luge doses of contrist medimm N
differences were recorded with the exception of 1 shiht merea o the number of crenate]
rod cedfs m two pruents

ZUSAMMLNIASSUNG

An sdin Patienten dic crhebhehe Dosen von hontrastmtte] w shrend angigrapht chen
Untersuchungen erhinlten hatten, wurden die Irythrocyten bezugheh ihres Darchmessers
ihres Morphologie threr osmotischen und miechmischen Resisteriz sowae thres Ralum
gehaltes vor und nach der Injektion uberpruft I's seigten sich hemerler bedeutsame Unter
schiede nur dic Ansabl von Zellen st gezihinten Randern war n gwer Fllen leicht
vermehrt

RLSUML

I wmtcur o aodic de dometre 1o morphologie 1 rést tince osmatique J1 reststance
mecimque ot 1y teneur en potassum des crythroeytes s que b teneur du sérum en
fptoglobine cher 10 sujets asant et pres ngocirdiographie fute avee de fortes doses de
moyen de contruste {lna pas note de dilfesence st ce nese une legere elusation du nombre
dey erythrocytes crenddes ches doux sujets

RLI LRLNCLS

BirwtiinE Evans R L and Sarrzman G T Physico-chemical propertics of blood follow
ing evposure to methylglucimne rodip umide, and other contrast medit Acta adic)
Dingnosis 2 (1961 401

Conrn1 S Rokko ] P oand Woniass W H - Hemolysis and hemoglobnuria followiny,
angography Radiology 92 (1969), 329

krostrr P L Bristow | D, Jacons W R ¢t coll Hemodynamice effects of angrocardio
graphy Invest Radiol 1 (1966) 298

McIntost H D HurstV W Thowesov JR H ket coll The hemody namic clfects of the
nyection of contrast medium (Isopaque) Angiology 18 (1967) 306



155

Book reviews

CeREBRAL AnGIooRAPHY By H Krayenbuhl and M Yagargil 401 pages and 524 sllustra
twns Butterwarths, London 1968 Price 18 £ 10 Sb

The second edition of this well known textbook on cerebral angiography has been transiat
ed mto the English language with the text revised and newly gained expenences incorporated
As m the original German edition the illustrations are excellent and their number 1s over
whelming

A chapter deals with the authors technique for angtography Contrary to the practice
of the reviewer the authors recommend puncture of the common carotid artery as a normal
procedure and selectye puncture for special purposes they favour direct puncture of the
vertebral artery

A comprehensne and extensive sunvey of the anitomy of the cerebral vessels and thewr
normal vartations 13 most valuable and occupies nearly a quarter of the book Some of the
work deals with the angiographic signs in space-occupying lesions which have been divided
into non spectfic displacement syndromes and specific I

syndromes are tabulated and discussed from pathol and pomts, varous
forms of and 1 of expanding lestons bemg daff d The topo-
graphic diagnosis of supra and mfi { tumours are dered 1 a special chapter,
copiously 1flustrated with roentgen films as well as drawings

The authors that the p. J! diagnosis of tumours 1s best made

by senal angiography in which the vasculanity of the mass as well as the disturbed crrcuta
ton withia the tumour can be studied The differences n appearance between ghomas
memngiomas and metastatic tumours are well documentated and angiographic signs separat
ing different forms of ghomas, as well as detailed investigation of meningiomas are de
scribed Disturbances in the arculation as evident from cerebral angiography, not only
i connection with different hinds of tumour but also as a part of disease of the cerebral
vessels are discussed Modem concepts of angiographic investigations of 1schemac lesions are
however guen less attention than the classical aspects of angiography, 1e tumours mal
formations  tratmatic mcidences A chapter deals wath the physiology and pathology of the
cerebral crculation and also ncludes remarks on collateral circulations 1 different
conditions

The book mcludrs an extensive bibliography the vast mumber of references bemg arranged
in refation to cach chapter but eollected at the end of the book. There 1s also an authors’
idex as well as a reliable subject wndex both of which should prove uwseful The beol
represents 2 good reference source and should be valusble for looking up anatomueal
vanations and anomahies and as well as for gathering nformation on expanding Jestons and
their locations within the brain =

Bengt Liliequist
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ZONOGRAPIN ~NARROW-ANGLT TovocRaPny By D Westra 82 pages, 38 figures and 58

references  Excerpta Medica Toundation, Amsterdam 1966 Price. 18 DFL

The term ‘focal plane’ 15 uthzed for the tomographucally produced image plane m the
ntroductory chapter dealing with the fundamentals of tomography This 15 unfortunate
because the object and uts projected “space mmage’ 1s always three<imensional and the re~
cording film can be arranged 1n any desired plane and onentation The term ‘focal planc®
refers exclusiely to optical systems i which at infiniy, for instance, a focal planc eusts.
The evistence of the ‘space image’ discussed by MarsTRANDER has been 1gnored

It1s clumed that narrow-angle tomography may gne ‘more nformation than ordinan
tomography* The mformation to be obtained from tomography 1s distnibuted in the numerous
cuts, wlich must always be studied together Threc-dimensional topographic mformation
will then be obtained Jt1s wrong to beliey e that a smgle tomogram constitutes an examination

A narrow-angle tomogram 1s a compromuse and may cover in a defectn e way what ordinary
tomograms may provide As the tomographic angle is varied continuoush, films may be
obtamed down to those with no angle at all and a summanly fixed projection, the ordmary
radiogram  Alteration of the tomographic motion pattern regarding shape and stze produces
sarymg phic effects \ red of the angle prumanly means reduced tomographic
cffect so that the layers are in the form of a summauon A true tomogrim representing one
Iayer cannot “e compired with one ‘composed’ of several layers

The author overlooks the ‘spice image® and its number of |
fundamental description of tomography The I of the tangent and the image formation
15 discussed with references to Ziepsrs ors PranTes and Tonows The expression focal depth’
15 introduced here and for reasons already mentioned ought to be avoided

fing 1n the pr ation of pomnts of difference 1s obvious Different object

borders cannot be demonstrated either by phy or phy T hy 15
more selectine method and zonography mcludes morc detail, not different detail Zonography
1s a supertmposing of cross scctions The omnions about maximum acceptable unsharpness,
discussed 1n the thirties, have not the same value today, modern apparatus 1s capable of
producing well defined scctions at | mm interspacing and a so-cafled layer thickness of the
order of a tenth of a mulimeter These factors are of real importance as small objects are
often of interest The demonstration of sharpness and contrast of 1mage borders would be
clarified by a drawing The expenments seem to have been made with unsuitable exposure
conditions—the contrast being too fow—and with a blackeming mdicaung that the density
curve would be nonlinear, a fact that might influence the conclusions In hypocycloid motion
the borders always have a charactenisuc tendency to form double or triple contours This
docs rot appear from the lustrative material and rases the question as to what factor has
tudden it The experimental presentation 1s somewhat confused The expression ‘mtegration
density cunve' 15 introduced to represent the ‘shadow’ of an object ‘Ihis1s another example
of the unauthorized use of scientific expressions’ Density curves (H and D curves) must be
exclusnely retamed for d y mn pk hy and rad )

The defimtion of the tomographic 1mage border ncluding certam physiologic aspects
and viewmg d are d and exy with the latter for tomograms up 1o
5 meters arc mentioned The discussion based on Eprtorst’s work 1gnores the role played by
photographic factors The author arrives at the conclusion that a free zone around the object

1s important and calculates its depth Some applications are presented, e g to the thorax,
tracheol Inal system, galibladder and kidneys Stercoscopy with zonography is men-

tioned Ore Maltsson

bilittes n the
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DIAGNOSTIC RADIOGLOGIC INSTRUMENTATION—MODLLATION TRANSFER FUneTiov  Edited by
Robert D Moscley Jrand John H Rust 425 pages, 180 figures 23 tables and 155 references
Charles C Thomas, Springfield Illinois 1965 Price 17 50 dollars

Great need ewsts for sproification of methods for measurement of image quality A collo-
quum on Diagnostu 1 was held at the Unneruty of Chicago,
the proceedings of which form the content of this volume

BoUwERs in for contrast transfer, mentions
photographic problems He seems to accept the modulation transfer function principle al-
though the ph h d 1 INCELSTAM 1n the subsequent discussion
touched upon non 1 in the for reasons which might produce
difficulties m applymg this Iinear theory O’LouHury stressed the difficulties m applying
modular transfer function to film screen combinations and mentioned that Rossuax has
modified the problem and made a power spectrum, mathematically similar but dose depend
ent and producing other complications

Ty d wvisual logy and 1 roentgen diagnosis
Moreav discussed problems d with quantum fl and visual
Scroner apphed the Shannons information theory to roentgen images, 1ts value in radiology
1s limited The extreme care that must be taken to avoid using it impraperly 1 exemplified,
st 1s only applicable to purely optical systems

- -~ o

from the exposure
& FA P

well with the image quality of mtensihers and treated all parts of the cham, vignetung and
ternal scatter are presented \osetey Housr and Witerass have made a study of various
camera tubes In the Rosssay that true modular transfer
function must be independent of noise and Fowter stressed that the Presentations are, b

cause of nose not modulation transfer curves Guyor recorded a study of factors llm’( e
resolution and contrast i mntensificrs MARIOFF and ScnoTT made an evaluation of the peeer’

PUCNSINRpN)

nUMMALpu ey v @ Cueunmore vatuable to ¢

ompare Ma
mtensificrs was discussed by Feopesn and Zizuver compared s aopn Py gmification an
pracuce TV chains 1n chcal

“Thus collection of papers are of considerable |
the discussions which 10 some extent may form 3
the mecung

alue, their value 1 further 1ncreased by
substitute for readers who did not attend

Oce Mattsson
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ms':nnv AND DFVELOTMENT OF RADIOIOCY IN DINviaRK 18951950 By P Flemming Moller
530 pages 1nd some twenty photos and figures Nyt Nordisk Forlag Arnold Busch Cop-
enhagen 1968 Price 78 50 DAr

The physicrans who first recogmzed the value of the new rocntgen techmque and agtempt
od to brng st ao nse 1 medieal practice encountered rosistance and 1 sceptical titude
from felloss physicins The author consincingly mamtuns that the odd and controyersial
chareter, | Mygae, must be regarded as the proncer of Danish radiology After this account
the uthor in the following chapters may be sud to hase borrowed his method of descrbing
the Tustonie desclopment from tomozraphy, €xch Jayer beng confuied to a deserption of
the events of one yerr Thus the ridiologic magenal published 1 Danish medical journal
sear by year, and consisting of ongnal articles reports on lectures read before Damsh
associations and notes on arucles from foreign journals thus form the maun source of the
matenal Trom the year 1921 matennl from Acta Radofogica norally enough s ako
mentioned The reports are carefully worked aut 1nd information 1s given regardmg the
e ot which the onginal article appears  the relevant jourmal By this method the
withor presents the historical materal m the form of 2 structure m time n which the
events of each mdinidunl year add up to mrhe 4 whole Bref 1solated reviens of past events
re guen only oceastonally The foundition and development of the umsersity trumng
chuies for radiodingnesis and radiotherspy nd the creition and extension of teachng
Appomtments are however dealt with in order

This sork presents n eshaustve suney of the rdiolome development that has taken
plce 1n Denmark A special complementary seetion contuning con ecutne accotnts of the
deselopments an the varous fields of diagnosts (heart and lungs alimentary tract urmary
tract, nervaus system and so an) as well 1s of those i the field of ridiotherapy i generat
would have added much to the mnterest It shoyld however be added that the reader has
the possihility of of tuning such information for fumsell by vehzing the sndes i which the
medical dingnoses and anthors cited are included

The book bears the mark of scrupulous ttention to detnl and m consequence has great
documentary yvalue as a retrospectine Account of the historical developments 1 medieal

riiolom
Tolke Ruutsson

HONTCENDIACNOSTIK DFR ILIOSARRALGLLENKF UND IRER NAMEN UMGERUNG Von % Dikl
in 258 Emnzeld Georg Thieme Verlag  Stuttgart

mann 141 Abbild

1967 Price 54 DM

Dufferent lesions of the sacroibiae Joints play 4 domimant role 1n fow back pam although
anly too often early diagnoss 1s overlooked beeayse of inferior 1outine roentgen exammn ot
of the lumbar spine Such an examnation should Alw1ys snclude adequate examnation of
the sacrothac jomts 1erespective of the chinical request so that the examiner may tecogmse
the normal vanauons and the early signs of patholome processes

1t 15 therefore a pleasure to review this excellent book dealing with the sacroihiac joints
The 1natomy and roentgenology of these jomis are presented with excellent lgm\mu:ms
A chapter dealing with malformations 1s Tollowed by the masmn chapter on 0 nn;manory‘
Yesions of the yowts natueally dommated by spondylitis ankylopoetiea This condition
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called pelospondyliis ossificans 1n Sweden which appears to be 2 more adequate term i
the light of knowledge of the nature of the diusease

The reviewer cannot agree with the author on  die 2! Einord k h
Thosaksalbefunde , newher with the statement that osutis condensans may occur 1n man
These comments do not hewever teflect upon the essential value of this important chapter
from the view pomnt of roentgen diagnasis thanks to detailed descriptions of both early and
late lesions superbly illustrated with roentgen flms and drawings The chapter on degenera-
tive changes 15 most instructive and the Jast chapter on expansive lesions 1 the iosacral
region 13 noteworthy for the manner in which the dugnostic difficultes are depicted

The wide expenence of the author 15 reflected in the text and the lustrations are of ex-
cellent quality and well chosen The book can be warmly recommended

Senida
DAS RONTGENFERNSEHEN = = 3 € w com s = 2 — 4 o . R
buna By Prof Dr Allre .
164 pages 92 figures ©
Price 3% DAL
T 4 authors are radsologists at the Unnersty of Frankfurt am \famn

the thurd bene employed at the Siemens Scientsfic Laboratory Ths

of the presentation of this important subject
Comventional fluoroscopy 13 discussed n relation to

construction of the wmage mtensifier 15 described and

will indicate the value

Physiologic aspects and dosage The
#ts properties are discussed also the
M asusta £ L4 v oy
stereoscopic fluoroscopy with roent
recording are all mcluded

The use of television for vamous purposes 1o a roe
nigen departm,
to present current 10 farge aud are Pariment with amangements
T e A s P Various nract eal «at

© P LAl subtraction by electronic medns as well as

gen television, smage storage systems and video tape

, .
v Vg oF pe
televivion 1 conneetion with pediatry  orp hmgo“ _n‘""";ﬂ;-cal purposes Roentgen
13 brefly mentioned %Y gynaecolagy and roentgen therapy
The extensive It of references (elose &
to 300 § 1,
(0 ane to most ridologsts } wnereases the value of a book that has rouch

Oce Mattsoon
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DYNAMIC FACTORS IN ROENTGEN DIaGNosis By Elliott C Lasser With a chapter by John H
Feist and a foreword by Leo Rugler 356 pages, 134 figures Walliams & Wilkens Company,
Baltimore 1967 Price 12 75 dolars

Roentgen diagnosis in the carly days was founded upon anatomy and pathology and de-
pended upon the laws of physics and geometry that produced the roentgenogram It was
something static with little regard pard to dynamuc factors Conditrons have changed, not at
least by the fuction of new dures as well as by a different way of analysing
the information available from the films obtamned

Ths book initrally carried the title ‘Physiologie Factors underlying Roentgen Anatomic
Dragnosis’ This has been reph 1 to ind that rad ph 1ons present
cither active or completed processes A wider understanding of the close relation between
the roentgen and various physwologic factors may be obtamed from the appreciation of meta
bolic derations, physiologic ch y, effect of drugs and mnervation and endocrine
effects as well as secondary changes ansing from anomalities and abnormalities 1n secretion
Knowledge of an embry ologic background leads to a better understanding of gross anomalies
Agaimn the findings m a c1se of heart failure must be considered wath due regard to the dynamic
conditions

The work 1s concentrated on certamn organs The central nervous system and the urimary
tract are drscussed 1n separate chapters The effects of contrast media recene special attention
and therr development and chemustry are descibed The gastro mtestinal tract 15 afforded
considerable space, with references extending to some one hundred and twenty The basec
physical and physiologic principles of the heart are dered with special refe to car
diac fulure The evolution of congemital abnormahties 1s expluned, pulmonary dynamcs
and hymographic methods are consiered, and the biologic basis of bone roentgenology
and bene bolism 15 d 1 1n a ssimplified manner Diseases of bone arc dealt with
and attention paid to the mneral content of bone and 1ts measurement An extensive and
well 1llustrated differential diagnosis approach to bone changes forms an mportant part of
the book

This work offers a vatuable concentrated contribution to radiologic diagnostics of today
where new aspects compared with conventional static principles are the foreground
Tt should prove particularly uscful, say to radiologic trainces and to those engaged 1 teach
ng

Q:e Maltsson
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ANGIOGRAPHIC DIAGNOSIS OF TUMORS ARISING
FROM THE PANCREATIC ISLETS

by

Eeix Boysen and Lars Samueissos

The first preof angtographic d of a pancreatic msubin producing
temeor was reported by Orsson (1963) Since then, several reports on the value
of <elective angrography m the diagnoss of tumors of the sslets of Langerhans
have appeared

The hormone-producing neoplasms of the pancreas are usually richly vascula
nzed and accamulate contrast medium to a higher degree than the surrounding
<tructures Nevertheless they are frequently so small that they may escape detec
tion even m high quality cehac and superjor mesenteric angiograms A small
growth embedded m the parenchyma may also escape detection at operation It
15 therefore of 1mportance to establish whether a firm preoperative dragnoss of an
wlet cell tumor can be achieved with selectne angographv

Previous itestigations Tumors of the wlets of Langerhans usually praduce
hormones and four disunct syndromes may develop (1) hypermsulinism caused
by beta cell tumor, (2) the Zolmger Lilison syndrome caused by an overproduc
uon of gastnn from a non beta cell tumor, {. 3} a severe form of diarthoea with
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hypohalennn probably duc to an unknown hormont from a non beta cdl tumor,
and (4) hyperglucagontsm with diabetes caused by an alpha-cell tumor

Bath alpha- and beta el neoplasms may be present without concurrent hor-
monal production

There arc reports in the hterature of 35 paticnts with msalin producing tumors
cvaluated with seleetis e angrography of the cchiac or supcror mesentenc artenes
(Otsson 1963, 1965, Baun ot coll 1965, Buonocore et coll 1965, Roscr 1965,
Roscn & Brer 1965, Wenz 1965, Bookstrin & OBERMaN 1966, Mansey 1966,
McConnrit ot coll 1966, OLnvirr ct coll 1966, Scurinin & Tara 1966, Vuo-
RINEN & WrGFIILs 1966, Hrrnavnrz & Hrrenow 1967, Nrsesar & Poirarp
1967, Van Voorruurses 1967, Lenarbuzzi et coll 1968) Two patents had two
tumors ¢ach and one patient had three tumors Fourteen tumors were located in
the head, four 1n the body, and fifteen n the tadl of the pncreas In fnve patents,
each with one tumor, the site was not reported I one patient, who had had a
previous pancrentectomy, hypennsulimism resulted from hner metastases demon-
strated by angiography Of the 33 operated tumors, 22 were recogmzed at angio-
graphy Of the 11 undetected growths, 2 were located m the head of the pan-
crens, 21n the pancreatic body and 7 were present in the ¢l of the pancreas One
tumor was 2 mm m dameter while the ramamng ten vaned n size between 10
and 30 mm

The twenty-two growths with postie angrographic findmgs were between 10
and 50 mm i siz¢ BooksTrIN & OurRMAN were unible to tdenufy fine out of
seven msulin-producing tumors and were of the opion that only 20 ¢ of thest
could be demonstrated by high quality selecctive angiography Meanry & Buono-
core (1965) and Mapsen (1968) noted on the other hand that cven small
histologically poorly vasculartzed betx cell tumors could be demonstrated by
anglography

Cxcluding the matcrnl of Boowstein & Opfrvay, thirty-two msulmn
producing tumors have been reported, twenty-five of which (80 %) were dum-
onstrated at angiography It must be cmphasized that five of the seven growths
of BooksTFIN & ORERMAN were situated m the tail of the pancreas, an unusual
angiographic location for beta-cddl tumors In a large scries insulm producing
tumors occurred most frequently i the tail of the pancreas (Bremany et coll
1955)
Tour malignant msulin-producing tumors, all with metstases were ¢y aluated
by anglography (Orsson 1965, Roscit & Brer 1965, Hrrnanprz & HrrrnoN
1967, MapskN 19G8) Two of the patients had richly vasculinsed metastises
wlule small Iiver metastases were undtected m the other two patients

Non beta islet cell tumors produting the Zolinger—Elson syndrome hmne
been 1dentified by angiography m seven patents (Boipsex 1965, Fonramv et coll
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Fig 1 Benugn wnsuloma of the tal of the pancreas i a 57 year-ld woman “\o growth way

Fevealed at comb ned <6l ac and supertor mesentenie angiography At stlective spleme anma-
graphy however a 1% wm tumor could be seen close to the tail of the pancreas (arrows)
There 15 2ccurmulation of contrast medsum 1n the growth but no Tumor sessels can be seen

1965, Lupis et coll 1966, Creverr & Parx 1967, Hernanoez & Herzsos
1967, Tromas e coll 1968, Zporarske & Amerrg 1968) In one of these, m
whom pancreatic resection had been performed previously, local recurrence as
well as metastases were observed Fue of the ulcerogenic wmors were malignant,
with merastases of the same type of vasculanzation as the mabgnant nsubmn-
producing tumors, 1€ small nchly vasculanzed, nodular tumors The pnimary
growths whether malignant or bengn, were all nchly vaseulanzed

One patient with a non beta cell malignant tumor and without the ulcer
dhathesis had profuse diarrheea (Gouro et coll 1966) The Zollinger—Ellison
syndrome may start with diarrhoea before the ulcerasions appear Here agamn the
rich vasculanzation present 1n the other non beta cell tutmors was obsers ed

Hjperglucagonism secondary to an alpha cell carcinoma has been obsened 1
one pattent, who had for hepaytc metastases (McGAvRAY et coll
1966) In thus patient the primary as well as the secondary tumors were ghly
vascular and therefore well demonstrated at angrograph

Non functiomng istet cell carcmomas do oceur {Hess 1846) Only three
patients with a malignant anactive msuloma appear to have heen stid »d anmn

S P WL L BIUN LY, The Tnetastases were also similar

Previous findings at anglography of sslet celf tumors have indrcated that the
malignant tumors are generally larger, hate more abundant turnor + essels and are
therefore better demonstrated than the benign beta or non beta «ell tumors
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hypohalemin probably due to am unknown hormone from 2 non bety ecll tmeor,
and (4] hypersfueagomsm with dubetes eased by an alpht el tumor

Both 2lphr and beta edl neoplasms m1y he present without concurrent hor
monl praduction

There e reports i the hterature of 35 pauents with nsulin producing tumors
aluted with sdeetive anglography of the ccline or SUPCIIOT MO (AeNC eres
(Orsson 1963, 1965, Bauwt ¢t coll 1965, buosocorry 1 coll 1965 Roscn 1963
Rosen & Brer 1965, Wrnz 1965, Boonstrin & Onriryan 1966, Mapses 1966
McConnrre ct coll 1966, OLnar ¢t coll 1966, Scuriniy & Tata 1966 Vuo
rinen & Wrertins 1966, Hernanoez & Hrtrnow 1967, Nrprsar & Potiarn
{867 Vas Voortnuises 1967, T inanbuzziet coll 1968) Iwo pavents had two
tumors cich and one pattent had three tumors Tourteen tumors were located m
the head, four m the body, nd fifteen i the tul of the pancreas In fine patients
cach with onc tumor, the @ite was not reported Tn one patient who liad had 2
previous pancreatectomy, hypermsulimsm resulted from Inver metastases detnon
strated by angrography Of the 3% operated tumors, 22 were recogmized at Angio
aeapliy Of the 11 undetected growths, 2 were focated m the head of the pn
crens, 2 m the panereane botdy md 7 were present an the 1ol of the panerias One
tumor w1s 2 mm m drmeter while the remammng ten vaped m e beeween 10
and 30 mm

The twenty tho growths with poutne angographic findings were between 10
and 50 mm i size BoonsTEIn & Omrrvan were unable to 1danuly five out ¢
scven insuby producing tumors nd were of the opimion thit only 20 € of the
could be demonstrted by Jugh qualiyy sdeetn e ngosraphy Mranes & Buono
core (1965} and Mapsrs (1968) noted on the other hand that aien <l
Iustologieally poorly vascularnizad betr cdl tumors conld be demonstrated by
Anglography

Excluding the materl of BooksTFin & OprrMas  thurty two msulin
producing tumors hne been reported twenty fne of which (80 €¢) were dum
onstrated 2t anmogeaphy Tt must be emphazed that fine of the scven growdhe
of BoorsTFIn & OprPRMAN were stuated m the tul of the pancreas: m unusund
angogsphic tocation for bt el tumors Tn 1 lege seres msaln producny,
tumors occurred most frequently mothe tul of the panereas Brripaln ot ool
1955)
Lour mahignant msulin preducing tumors all with metstases were & aluated
by wgogriply (Otssoy 1965 Roscu & Brer 1965 Hrrvanprz & Hitrnon
1967, Mapsen 1968) Two of the patnts had nchly vasculanzed metastses
whle small iver matastases were undetected m the other two patients

Now bt wlet el tumors producing the Zolnger—LEll on syndrome have
been wdentified by mgography mseven pattents (Boysey 1963, Fonranms et coll
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Fe_ 3 Malienant insulomas of the duodenum and of the uncina e process of the pancreas iy
259 year old woman who had been daferc for 17 years Paium meal examinaton and
Sub equent cel ac ang oararhy d clowd a nctly vascula 1 od wmor of the duoden i At
Superior mesentenc angiography 1owever the same tumor ss vell as 2 second tumor n the
Uncnate pancreat e pro ess wete demonsirated D splaced arteries tumor vessels and dense
ccumulat on of contra.t med wm 1n both tumors {arrows) [Fese were no metastaes

cehac and superior mesenterc artencs while three patients had injections only into
the celiac artery

In the total of eightecn patients 1n whom selectse angrography was performed,
eight insulin productng tumors were observed 1n seven patents Twuelve of the
pattents were operated upon and one addittontal neoplasm was discovered 1 a
patient 1 whom the angrographsc examination was considered normal In the
srx pastents who were not operated upon the angiograms were negative and the
svmptoms were either 100 vague or could be ascnbed to other catses

Revaluation of the angiographic sertes 1n the eight patients with insultn pro-
ducing tumors gave the following results The tumor not diagnosed priot to
operation »as a 30 mm carcinoma located 1n the tanl of the pancreas The angio-
grams, with combined ingection mnto the cehac and supenor mesentertc arteries
were of moderately good quality and after subtraction m retrospect shight sascular
abrormahties were observed These were not however sufficrent to establish a
defirite diagnoss The tumor could probably have heen dragnneed 3 mjection of
contrast medium had been made mto the <pleme or hepatic artenes but this
method was not mn practice at that time

The remaming eight tumors were found prior to operatton but on two oc
casions injection into the splenic and hepatic artenes was necessary to establish the
diagnoss In both these patients there was a defimite chinscal diagnoss of an
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Fig 2 Bensgn mwaloma of the head of the pan T -
creas i 1 58 yerr old woman 1) No imsulomn &% .
could be demonstrated at combined cehiac and
superior mesenteric angiography by and €) A R

richly sascularized nsuloma 50 mm n diameter
was demonstrated at common hepatic ngio-

graphy

Material and Results

Hypennsulinism Eighteen patients had symptoms referable to an msulin pro-
ducing tumor Selcctive anglography was performed 1 all In fourteen of the
paucents the contrast medium was mjected simultaneously mto the cehac and
superior mesenteric arterics, and mn two patients njection mto the splemc and
hepatic artencs was also performed One patient had separate injections 1nto the
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T e

reas 11 a 31 year-old man who 30 years previously had undergone gastne
fz‘fcﬂsm:n;r\;‘v&??ur 2 years hzz:l been diabetic and had attacks of fanning Comt ined tehzz;
and superior mesentenic angiography disclosed a 32 by 20 mm tumor in the plnr!rca}:lc tay]
(arraw) o toral accumulation of contrast medium but tortuous sessels Resection of the pan
creatic 1a] revealed no tumor The abnormal findings were related to the presence of cot
lateral from the Jeft loic artery lollowing Ligaton of the nght gastro-
eriploc at the earher gastric resection

One pauent had a bemgn 20 mm neoplasm of the uncmate process, again
exclusively supplied by the supenor mesentenic artery (Fig 4) The tumor had
the same angrographic charactenstics as those prestously mentioned At operation
1t was neither scen nor palpated, but followng 1ncision of the pancreas i the
area angiographically demonstrated to be abnormal, the growth became visible
and was removed

With one exception tumor vessels were observed in all patients with a pre-
operative diagnos:s of insuloma  Therr extent vaned but was generally greater in
growths more than 20 mm tn drameter Displacement of smalt pancreatic artenes
was observed tn six of the neoplasms Accumulation of contrast medium always
occurred, except m the leston not d: d prior to op Venous d: g
was observed 1n seven tumors The largest growth 1n this series measured 50 mm

1n diameter and was bemgn The threc malignant tumors vaned from 20 to 30
mm in diameter

Four tumors were located in the tanl of the pancreas and four m the head of
the pancreas, which included two 1n the uncmate process and one tumor n the
duodenum

Resection of the pancreanc tail was performed i three pauents who had local
hypervasculanzation an ths area at angography but 1 whom no neoplasm was
<en at microscopy  Gastric resection had been performed previously 1n one of
these panents, and at angiography a local netwark of tortuaus arterics gave the
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Fig 4 Bemgn nsuloma of the uncinate process of the pancreas in a
58-year-old woman with typical signs of hypentnsulinusm for 4 years
Combnned cehiac and superior mesentertc angiography revealed a 25
by 20 mm tumor, nichly vasculanized and contaming a dense accumu
lation of contrast medium The tumor at eperation was found to lay m
the abnormal area demonstrated at angiography

sulin-producing tumor, and this was the indication for the further angrograpluc
procedures In one patent, the 15 by 10 mm tumeor was demonstrated 1n the tail
of the pancreas only after splenic artery jection No tumor vessels could be seen
but an mtense and long-lasung accumulation of contrast medium was present.
Lyven n retrospect the growth could not be identified m hgh-quality combined
cehiac and supenor mesentenc angiography (Fig 1)

The <econd patient also had a combined mjection nto the celiac and supenor
mesenteric arteries but the arteries of the head of the pancreas were not demon-
strated because of an anomalous origin of the common hepatic artery directly
from the aorta After selectine mjection of contrast mediim mto thus arters, the
complete blood supply of a 50 mm tumor was demonstrated (Fig 2).

Two malignant insulin-producing tumors were present m one patent One
was located in the duodenum and was demonstrated by a barium meal and celiac
angiography, the second was present 1n the uncinate process and was first dem-

nstrated by superior mesenterie angiography (Fig 3) Both growths were
malgnant and their respectise drameters were 20 and 25 mm, they were lughly
vasculanzed and the accumulated contrast medium remamed for a long time
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graphy At operation, an 8 mm bemgn snsuloma was e‘(ll’pa(;d from l\‘lc :?\(j‘u(;’
the pancreas Reviewing the angrographic series with the su u‘nchm}\] el rq S,
 local accumulation of contrast medium was present mn the body of the pancrea:
No tumor vessels could be sdentified (F1g 7).

Nor functioning tumors of the pancreatic tslets Three patients were rcfcrr;d
for angiography because of general malaise 1 one patient and jaundice 1n the
remaming two There were no signs of endocnine actwaty but at operation
malignant insulomas were revealed 1n all three patents The growths were located
1o the head of the pancreas and were hughly vascular With the exception of more
tumer vessels, the angiographic app regarding ac 1 of contrast
medium and yvenous dramage were similar to those m tumors with endocnne
actiity All had metastases and the<e had the same charactenstics as those pos-
sessing endocrine actnty (Frg 8)

Discussion

Despite the fact that several senes of patients with hypennsulimsm have now
been reported, with tumors demonstrable by sclective angiography, the question
of accuracy s still unanswered The expenences of Booxsrenn & Oszraman
suggest that phy <hould be inadeq tod producing
twumors The present angiographuc senes, in which eight of nme msulin producing
tumors were demonstrated prior to operation, permits a more optinustic view of
the diagnosuc value of angrography i this discase This 1s also 1n agreement with
other commumcations, though it must be admutted that positne findings are
maore lhely to be reported than {alse negatses

An explanation for the difference m the results attaned 1n the present senes
compared with those of BooksTEN must be sought The location of the lesion
seerms to be an smportant factor Small tumors of the pancreaut tal may more
castly escape detection All the undemonstrated growths of Booustzn, larger
than 10 mm m drameter, were present 1n the tail of the pancreas With the same
angiographic techmque the present authors were unable to demonstrate two out
of four neoplasms Specal ijcctions m one of these Patients produced the correct
preoperatne diagnosis Thus, if combimed cehac and SUPEnOr mesentenc angio-
<raphy fails to demonstrate an wnsuloma 1 a patent with typical symptoms and
laboratory findings of hypennsul  the di

procedure should be com-
plemented with mjection into the splemic artery There was reaso!

n to believe that
the only growth that went undsagnosed 1n the senes could have been demonstrated
by the method The 1mproved quality ohtated after injectior

n into the splemc
artery better demonstrates <mall pancreatic lesions (Pare Jr et coll 1963, Boy
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Fig 6 “Normn! pancreas in a 24 year old man who for 10 years had attacks ascnibed to hyper
isulinism - Combined celine and supersor nteric T d msuloma of the
tail of the pancreas At operation, however the pancreatic tail was resected but proved to be
norm In retrospect the hypenaseulanzation was due to the posittioming of the up of the
catheter 1n the cehac artery from which a large amount of contrist medmm was directed mto
the dorsal prncreatic artery

impression of malignancy, m retrospect 1t scemed to be caused by a collateral
cireulation arrsing as a consequence of the rescction (Fig 5) There was no local
accumulation of contrast medum m the area where abnormal vessels were ob-
served The other two patients had a diffuse but marhed accumulation of medium
m the tal of the pancreas Thus resulted from madsertent positioning of a
catheter tip 1n the dorsal pancreatic artery, diverting a large amount of medium
to the body and tail of the pancrcas and suggesting hypers asculanzauon (Fig 6)

Non-beta-cell tumors with the Zollinger—Lllison syndrome Three pauents
were studied, onc of whom has been reported previously (Boijsen 1965, At <e-
lective hepatic angiography there was a local recurrence of a2 highly vascular non-
beta-cell tumor, the onginal tumor having been resected Small nodular, richly
vascularized metastases were present One patient refused operation and the
diagnosts of a 20 mm growth mn the duodenal wall was thus not substantiated
The leston was moderately vasculanized and contamed only a shight accumulation
of contrast medium

The third patient had severe epigastric pamn and ulceration of the second part
of the duodenum The upper gastromtestinal examunation suggested ulcerating
carcinoma of the head of the pancreas but no tumor was observed at angio-
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according to Bremmanc. et coll (1933), oceur 1n 19 10 12 %e of panients One
pauient of the present series had two growths, one demonstrated by celiac angio~
graphy while the other became apparent only after superior mesentenc angio~
graphy

1t was nat possible by angiographic means to differentiate between the vanous
types of funcuoning growths The same type of tumor s essels was observed 1 all
except two small neoplasms, one smsulm producg, and one ulcerogenic, 1n
neither of which tumor vessels were obsenved The non funcnomng sslet eell
growths had more abundant tumor vessels and were larger than the funcuoning
neoplasms

The long lasting accumulation of contrast medium in the tumors reported by
Otseon (1963) 16 a common occurrence but not always demonstrated  Films of
high quality should reveal a local, well circumscribed accumulation of contrast
medsum This 1s smportant to recognize n order to asord a false postive diag-
nexss, as pecutred With one of the patients 1 whom collateral vessels were thought
t0 represent tumor vessels Displacement of small pancreatic artenes i small
growths 1s another finding that should increase the safety of diagnosis

Pancreauc veins are not normally filled following mjection mto the splemec
artery (Lusperouist 1963) Pancreatic veins draining the beta cell tumors, even
when small in size, were demonstrated 1 seven out of nine patents of our serfes.
Accumulation of contrast medium and demonstration of pancreatic vemns were
alsn obsened 1n endocrne tumars of non beta cell ongwm and 1 macuve neo-
plasms

Ulcerogenic growths were malignant in 60 % of the patients, bemgn 1n 30 5o
and w 10 °¢ diffuse hyperplasia of the pancreas was present According 10
Zsoratshe & Aueerc these tumors have never been ohserved by banum meal

examinations before surgery or autopsy, but the gastromtestinal study 15 never-
theless <o ch that 1t 55 the 1

genologist s Tl

to predict the
diagnosis The growths are usually not farge enough to be observed durtng explo-

ration for gastric resection, and even careful exammnation of the pancreas may
fal 10 reveal a tumor 2 em m drameter {FONTAINE et coll 1965) Zoincer &
NMoore (1968) recommended that a careful exammation of the pancreas be
performed when there are characteristic signs of an ulcerogenic tumor, and 1f no
tumor 1 found that sesection of the body and tad of the pancreas ‘5hould be
made Preog 3 phy should therefare be carmied out m hese panents
to depice the total vascular anatomy of the pancreas and a possible tumor Due
1o 1he smalt «wize of the tumots 1n the early stages of the disease, celiac and
Supenor mesentenc angrographes should be regatded as screenme pr;cedurts and
should therefore, if negatn e, be complemented by myection into lls’le splemic arte:

The subyraction techmque may be helplul, as was the case 1n one ofpour paucn?s
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Fig 7 Bemign ulcerogente tumor of the bedy of the pan
creas i 1 69 year old man Combined cehac and superior
mesenteric angrography was performed with negatne re
sults Operation revealed an 8 mm large insuloma 1 the
body of the pincieas In rctrospeet identification w1s pos
sible nfter subtriction of the angiographic studies (arrow)

sFN 1966), but as 1t 1s a somewhat more comphicated procedure 1t should be used
only 1n selected cascs

So far isulin producing pancreatic tumors with a drameter of fess than 10 mm
has ¢ not been demonstrated by angiography Injection into the splenic artery will
roveal the smaller tumors althougl 1t 15 doubtful whether a mass less than 5 mm
m diameter could cver be demonstrated by this method Vascular metastases m
the Iiner from the panereas were however revealed by the method even when they
were less than 5 mm i size (g 8)

One important factor 1 pancreatic angiogriphy 1s the demonstration of the
entire pancreatic arteril supply The combined mjection of contrast medium mto
the ccliac and supertor mesenteric artenies 1s usually satisfactory i depicting the
pancreatic blood supply but failed to do <0 m one of the prescnt patients because
of an abcrrant night hepatic artery that arose directly from the aorta A thorough
knowledge of the normal and usual vanauons of the pancreatic vascular anatomy
1s necessary 1n order to understand small changes in the course and distribution of
the vessels Luven if a tumor 1s detected by echac angrography alone, the whole
pancreatic supply should still be demonstrated, 1e by supenior mesentenc :mgllo
graphy as well This 1s nccessary beeause multiple tumors may be present w hich,
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Fig 9 C

elia- stenosts and accessory spieen in an 18-vear-0'd man The barum examnanion
sucgested a mass n the head of the pancreas but such exanunauions fater as welf as anpio-
graphy confirmed that the wide -

disclosed stenos s of the cel ac ar

contrast medium med al to the lo *

was 1 beeping with the mats bet 4« ts o1y speen

one of our false positive cases 1n which the large amount of contrast medium was
amed for the celac artery but was inadvertently injected imto the dorsal pan-
creatic artery and accumulated 1n the body and tail of the pancreas Falure to

recognize the position of the catheter may result 1n a false positive interpretation
Fram o U 1t

o o alwtnose of an msuloma Cystadenomas of the pan-
creas are also nchly vasculanized and may simulate an endocnne tumor although
the cyst formation will often appear n the capillary phase

A small accessory spleent may be closely related to the pancreatic tail {Fig 9)
Even if no tumor vessels could be detected, the contrast medium remamed m the
<pleen for a long ume The accessory spleen seems to have 2 more clearly de-
marcated border i the capillary phase Since tumor vessels may be abeent m
small endoctine growths, the sharper outline of the accessory spleen scems to be
the only disinguishing feature  Pharmacoangiography may, howeser, be a
method of differentiating between these two conditions

Hepauc metastases were present i five pauents (one beta cell carcmoma, one
ukcerogenic carcinoma, and three carcnomas without endocrine activity}, all but
one hasing the appearance of highly 1ascularized nodular lestons of sarying sizes
The same type of metastases hasc been reported previously 1n tumors of endo-
<nne pancreatic ongin {Boryses 1963, 1966, Roscr & Bret 1965, Lupis et coll
1966, McGavras ct coll 1966, Hernasoez & Hereson 1967} The angio-
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Fig 8 Mahgnt msuloma n a 30 vear old
woman with jwndice 1) and b) Celie an
giography disclosed a richly 1a culanzed 40
mm tumor 1n tte head of the pancrers small
metastases were present in the Iner Tle tumor
was resected but the hepatic metasta es could
not be found ¢} Iwo month liter repeat
celhac angiograph  revealed a lacal 30 mm e
currence of the tumor (arrows) and smali he
patc metastases  (Partial snjecoon into  the
right inferior phrenic artery )

Talse posttive anglograms of nsuloma have been reported (Roscnt & BrrT,
NeresaR & Porrarp) It appears that msinterpretation may arise from an n
Jection of contrast medium directly mto the pncreatic arteries This occurred n
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graphic appearances seem to be characteristic and to be observed easier with
angiography than with scintigraphy of the liver. In two of the present patients
scin}igraphy was normal despite multiple metastases having been present at
angiography. Mctastases of insulin-producing carcinomas may, however, when
sm:’\ﬂ, pass unobserved (RapsiN 1968), as also noted in a patient of the present
series,

SUMMARY

Contrast mediim was injected nfo the splenic or hepatic arteries yn fourtorn patients with
rarious types of endnerine tumors of the pancreas Abnormal appearances were obsersed m
all but vne patient The differential dingnosis 1s discussed The method would appear to be
a safe and rehable one for diagnosing neoplasms ongnating from the islet cells of the
pancreas

ZUSAMMENTASSUNG

Angrographie der A splenica oder der A hepatica wurde 1n vierzehn Patienten mut ver-
schiedenca endokrinen Tumoren des Pankreas corgenotitmen Abnorme Belunde wurden m
allen mat Ausnihme von emnem Patienten beobachitet Iie Differenzialdiagnose wird be
sprochen Die Methode erscheint sicher und zuverlasshch fur die Diagnose von Inselzellen

tumoren

RLSUML

Les auteurs ont mjecté un moven de contraste dans l'artére spletugue ou dans les arteres
héprtiques de quaterze malades attewnts de differents types de tumeurs endocniniennes du
pancreas Ils ont trouve des 1mages anormales chez tous ces malades sauf un Iis erachens le
diagnostic differenticl Cette methode semble sans danger et fiddle pour le diagnostic des
neaplastes provenant des cellules wsulaires du panceeas
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The patt of cluster headache 18 not pletely und d Aost
authors have suggested that the pam 1s due to local dilatation of branches of the
external carotid artery {HorTon 1956, 1961, Friepsan & Mikroroutos 1958,
Wourr 1963) wath release of a pamn threshold lowenng substance imto the pent
vascular tissues It 1s well recognized, however, that some patients may exhibit
signs of a partial Horners syndrome, either permanently or only transiently
dunng the attachs This seems to indrcate that 1 these patients the lesion re-
sponsible for the actual pan 15 Jocahzed 1n the internal carond artery as well

1t 1s a matter of mterest that the headache 1n repeated attacks oceurs strictly
unilateral on the same stde of the head Only lly does the pain al
from side to side Ths clearly contrasts with migramnous headaches and suggests
a different pathophysiologic basis for the attacks Hitherto no defimite explana
tront has been offered for this peculiar type of headache The present study was
undertaken on the hypothetical basis that anatomical varations 1n the size of the
carotid artery, e g arteniectasms, m relation to the bony structures of the shull,
particularly ns foramna, meht be of sigrmficance 1n duster headache Al carotid
angrographies performed 1 patients with this condinon were therefore carefully
examuned and particular attention pard to the caliber of the ternal carond
artery and 1ts branches at different levels The measurements were compared
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The p of cluster headache 15 not completely understood Most
authors have suggested that the pain 1s due to local dilatatton of branches of the
external carotid artery (Hortos 196, 1961, Frieouan & Mixroroutos 1958,
Woter 1963} with release of a pain threshold loweng substance mnto the pen-
vascular tissues 1t 16 well recognized, however, that some pahents mmay extnint
signs of 2 parual Horner s syndrome, enber permanently or only tranaentfy
dusiag the attacks This seems to indicate that 1n these patients the lesion -
sponsible for the actual pain 15 Jocalized 1z the mternal carond attery as well

Tt 15 a madter of interest that the beadache 1n repeated attacks orcurs stractly
unilateral on the same side of the head Only occasionally does the pan alternate
from sude 1o side This clearly contrasts with migramous headaches and suggests
a different pathophysiologic basis for the attacks Hitherto no definte explana-
ton has been offered for this pecubar type of headache The present study was
undertaken on the hypothetical basis that anatomical sanations 1n the size of the

carotid artery, e g artenectasss, i relation to the bony structuses of the skull,
mart Tt headache All caroud
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of the mternal carond
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Fig 1 Diameters of the mternal carotd and middle cercbral arteries determmed 1 ap (a)
and lateral (b) roentgenograms nt carotrd angiogriphy

with controls having normnl findings at angrography In addition, one patent
was studied during an attach Tt appears that such v esugations have not pre
viously been carned out

Material and Methods The matenial consisted of 18 patients (13 men and
5 women) aged 25 to 62 years (mean 40 3 years) mvcsugated during the penod
1947—1969 Thirteen patients were personally mterviewed by one of the authors,
the histories m the remamder being obtamed from the case records The clinical
diagnosis of cluster headache was made mamly according to the cnteria grven
by Scuiirer (1960), Horron (1961) and the AD 110G COMMITTEE on ‘Classt
ficatton of Headache (1962) Two patents had the ‘upper and sixteen the
‘lower’ syndrome of cluster headache (Exsom & Rucerperc 1968)

Carotid angiography This was performed by percutancous puncture of the
mternal or common carotid artery Sodium- and methyldiatrizoate (Urografm)
was used as contrast medium 1 about two-thirds of the patients with cluster
headache as well as i the controls In the remamnder, 10dopyracet (Umbradil)
was mostly used In nine patients, carotid angiography was performed on the

1n eight on the left, and 1 one patient bilaterally Seven patients werc

right side,
r superficial

mvestigated as a routme procedure prior to resection of the greate:
petrosal nerve (GARDNER et coll 1947), while the remamnder of the patients
underwent anglography for diagnostic purposes carly in the course of disease
One patient was studied during an attach of headache, which presumably was
chcted by the mjection of the contrast medium
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Table 1
Preduton eqiatums for mean 1olues of d ometers n m Himeters of wmtrmal casoted artrry wsthin the
carolsd canal (Ey and £} as snfluensed by sex and external Ypaructal duameter (38 expressed an contie
meters) — These eqaatons are determ ned from & ‘normal material of 60 maler and 62 females

Measurement ALl Female

FiAp projecyion 1093302608 W 2370402698 W
E, Half awial preyret on 3610402698 W 283740278 W
E\p prosecsion 51014008740 4783400874 W
E, Half avial projecuon 5518400374 W 5205400874 %

The mfluence <F sex on measurement Fy 15 3 gificant at the 01 %, leved and the influence of
projection s s gmf cant at the | 2, fevel The anfluence of skull width 1s sgnificant at the 5 4, level
With regard to F, the corresponding s amficance levels are 5% 19, and not 3 gnif cant

Angtographic measurements Measusements of the internal carotid and muddle
cerebral artenes were performed (Fig 1) ‘Normal values for the extradural
part of the internal carotud artery (Cs), for the imrmadural pant {C) and for
the muddle cerebral artery (M) were obtained according to Gaprizisen &
Grerrz (1970} The normal matersal of these authors conusted of 156 stnctly
sclecced angographies from 72 males and 84 females aged 13 to 69 years (mean
33 years) Most of the patients had a chnical diagposis of eplepsy (Far further
?claﬂs, see Gaprretsen & Gretrz ) The standard error of measurement related
0 2 single deternunation was estimated to be less than 015 mm for these
m?surcmcms Because anatomical vanations of the nternal caroud artery m
:;aum\lhlo the bony structure of the shull mght posstbly be of sigmficance n
( ’;a];:;c )o)genesns of cluster headache, two additional measurements were obtayned
N “,‘o;;: at the nudpoimnt of the honzontal part of the carotid canal (Ex)
ere e ncn :rtmcm close 10 #is external apenture (E;) These measurements
— e in 122 of the 156 patients whose angiographies had been used

rol<in the abos e mentioned study (Gasrigtsen & Gretrz) The exclyded

3% angiogra)
plues had filling msufficient for ac
curate measurements
tse of 2 non seqal angiographic techmque duc to the

e Results
eneral
et 0’;6;{1[ angrographic findings Your of the cighteen patients had generalized
e ol cesebral arteries They were all males, addition, two females had
angognh :ctauc changes In the remaming patients, the findings at carotid
Phy were essenually within normat hmus Two patients with ectasia
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a b

Fig 2 Appearinces of the carond siphon before wnd durmg an attack of cluster headiche
before the onset of pun (a) 1 few munutes after the begmming of the ntack (b) and
shortly before its termmation (¢} The thick contours m the explinitory shetches indicate
constricted areas

had addional angiographic studies one was (xamuned with vertebral angio
graphy and the other with aortocervical angiography These exammations aho
revealed cctatic cerebral vessels One female patent without artenectasis when
first examined was found by aortocenical angiography, performed 19 yvears
later at the age of 52, to have developed generahized cctasy She had not had
any period of headaches for the previous 17 years

2 Angiography during an attack of cluster headache One patient was ex-
amuned before and during an attach

Thus patient was a 42-year-old man, who was rdmtted to hospital with recur-
rent attacks of severe headiche, occurning mostly during the night and Isang
for 20 to 30 nunutes at a tme The pain was alw1ys locabhized to the left ¢ye
and referred to the tecth of the upper jaw  Associated signs during the attachs
were conjunctival mnjection, lacrimation, rhinorrhoen, sweatmg and a homolateryd
partial Horner’s syndrome {muosis and ptoss)
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Table 2

Vean raluts 2 § D for zar eus d ameters of the ¢erebral arleries expresied v mllimatets

Cluster beadache  Normal cases Normal eases D fference between
observe nalues  adposted valies  aaluetin el ster
it hea fache and adjus-

ted nopmal values

4 487060 4571046 ~007
m 1N (n=15¢}

A 4181050 3823043 416 +0 02
(n 17) (n=130)

Cs 660077 580+076 633 +~D27
(n=18) m 156)

E 7304112 7194102 776 D4
(n 17 (n=122)

E 6742082 €48+073 €7 w003
{n=17 (n-122)

[ 15654144 1419 131 1526 4039

M+Q n 1N

Carotid angrography was performed by puncture of the lelt mnternal carotid
anery Rapid serral angiography was used with two films a second during the
artertal phase The appearances of the carotid astery dunng the firt senes of
fitms before the onset of headache are demonstrated in Fig 2a Fifteen minutes
after the mjecuion of the contrast medium (Urografin 60 ¢¢) the patient de-
sveloped severe headache, which was rdentical to s spontancous attacks A
second mjection of contrast medium was then made, and films were taken in the
same projection  Locahized narrowing of the extradaral part of the internal
carotid artery {Fig 2b) was obeenned distal to its et from the carotid canal
{corresponding to the area n which measurement C, was taken} The oph
thalmic artery was marhedly dilated About 15 to 20 muautes later, the pauent
expenienced shght pain 1n the left eve but not an the upper jan A thied Injection
was then made and another film was obtaited (Fig 2c) It was obsenved that

the narsowing had <pread in a proximal direction a5 far as the upper pant of the
carotid canal

3 Angtographic measurements The results of the measurements of the + anous
hameters of the cerebral artenes are gnenn Table 2 The observed mean values

1 patients with cluster headache were all greater than 1n the ‘normal matepal
The observed normal values were adjusted for those vanables that had tarned
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Fig 2 Appearances of the carotd siphon before ind during n attack of cluster headache
before the onset of pan (a) a few mnutes after the begmmng of the atrack (b) and
shortly before its termination (¢} The thick contours 1n the explinatory sketches indicate

constricted areas

had additional angrographic studies onc was exanmined with vertebral ango
graphy and the other with aortocer ical angiography These examinations also
revealed ectatic cerebral vessels One female patient without artenectasis when
first examined was found by aortocervical angiography, performed 19 vears
later at the age of 52, to have developed generabized ectasta She had not had
any period of headaches for the previous 17 years

2 Angography dunng an attack of cluster headache One patint was ex

amned before and dunng an attach
This patient was a 42-ycar-old man, who was admitted to hospital with recur

rent attachs of scvere headache, occurring mostly during the mght and lasung
for 20 to 30 minutes at a tme The pan was always localized to the left cye
and referred to the teeth of the upper jaw Associated signs during the attacks
were conjunctival injection, lacrimation, rinnorrhoca, swerting and 1 homolateral
partial Horner’s syndrome (miosis and ptosis)
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‘The literature Tecords a few solated instances af cluster headache 1 which
the anatomy of the cerebral arteries was unusual Thus, Hortos (1941) de-
scrtbed a 31 year old male who was operated upon because of wtractable pamn
The middle memngeal artery, explored through a subtemporal crimotomy,
was Tound to be large and tortuous and o hae a parucularly large pastenior
branch Sarer (1962) reported the case of a 26 year-old man with <esvere
Quster headache, who underwent hgation of the common carotud artery At
operation, the carotid ifurcation was found to be normal but the internal
carotd artery was almost a direct contmuation of the common carotid artery
and was increased 1n «ze The external carotid artery, on the other hand, was
much smaller than usual Following the of the headache diappeared
but the exact length of the obsersation peniod was not gnen in SArFR s paper
In six patients on the other hand, carotid angiographs was stated ¢o be normal

Miesan & Herwitz)

Our results showed that some pattents with cluster headache have general
1zed ectasia of cerebral vessels The mean values of all measurements of anenal
size 1 ere greater than in the normal matenial (Gagrifises & Grerrz) but this
tendency disappeared alter adjustments for the fact that most patents with
cluster headache were males and (independent of <cx) had fawly wide <kulls
The latter ohservation 15 of particular mterest as 1t has been suggested that
patents with cluster headache have unusually broad shulls (Granast 1969)
This matter wall be further i estigated 1n a future work

Tt 15 well recognized that the tone of cerebral artenes are chiefly regulated by
the artenal ,CO  and blood pressure (cf Incvar & Lassen 1965) Vaso-
T;T{\fu;nm:l has been observed at cerebral angiography dunng hypocapnia
p"xlf:: mg““; 1967) Admuttedly, no determmations of A,CO_ or blood
om0 Pm‘::?c c‘ hm our patients However, there seems to be no obvious
have been present b;‘! acny :/Sltmaﬂc fferences a2 regards these parameten
headacte Tt would nolw n the normal matenal and the patients with cluster

appear either that the results were biased by differences

i
;n hlc vascular actnity of the different contrast media as these were used n
argely the same proportions 1n bath matenals

sc:}h; ;a;m“ll\ng :I the extradural parasellar part of the mternal carotd artery
ng the height of the headache attacl
e been gae g e o k n one of our patients could

pastic contraction or oedema of the wal

The fact that u appeared only a few munutes after the anset of lslw‘:\r 'z};:n:cfncal

spc;;k shghtly m favour of spastic contraction i ’

mdu(z:;‘:m;i 12(\«:!1 recogmized that a certamn latency penod precedes the

rerd oo cadache {Horron 1961, Exsos 1968) and dunng thus
ema may develop The narrow mng seen within the bony canal cannat
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out to be of mnportance n cach cxploration Measurcments M, G and G,
were adjusted to correspond to patients with cpilepsy, examuned with rapid
senial angiography and having normal findings at encephalography Normal
values for Eo are mean values for all patients measured and therefore mclude
those with mugraine and other types of headache as well as those with epilepsy
The normal values were further adjusted with respect to the following an
ables sex and shull width for C, M and Cs, sex, shull width and projection
for £, and E; This amounts to calculating the artenal sizes that would be
met m a normal matenial having a composition comparable to the present
matenal with cluster headache In consequence, chfferences between values
expected by this adjustment and average artenal sizes observed m the cluster
headache scries cannot reasonably b ascribed to these vanables After the
adjustment, differences exceedmg 0 15 mm were observed only for two m
dnvidual measurements (Cs and E») but these differences were not significant

(P> 005)

Discussion

There 15 reason to assume chinically that cluster headache attachs arc preceded
by or associated with a change of the autononuc nersous control of the tone
of certain cramal artenies Presumably, a limited area of the vascular tree 15 11
volved The attacks are charactenized by signs and symptoms mdicating 2
mcrease of parasympathetic activity (GARDNER ct colt 1947) In tlus connectiont
the presence of signs of a partial Homner’s syndrome 15 of interest In contradistinc
tion to a complete Horner’s syndrome, there 1s no anhidross over the face during
cluster headache attachs On the contrary, 1psilateral hyperhidrosis of the fore-
head 1s not uncommon and ndicates sumulation of sympathetic nernc fibres
travelling along the external carotid artery to supply the sweat glands Obscrva
tions made by Kunnie & Anperson (1960) and Nieman & HurwiTZ (1961)
suggest that these minor cye signs arc caused by oculosympathetic parests rather
than parasympathetic sumulation This partial Horner’s syndrome might be due
to repeated dilatation and oedema of the internal carotid artery resulting 1
damage to the sympathetic nerves that surround the vesscl

A detatled analysis of the size of relevant segments of the nternal caroud
artery m relation to corresponding measurements 11 a control group was there
fore considered to be of mterest It was felt that mensurements at different
levels 1n the carotid canal as well as of the intracramal extradural portion of
the artery would be of particular sigmificance  Normally, these portions of the
carotid have an external elastic lamina, which apparently 1s not present n 1S
wtradural pertion or m any of the other cerebral vessels (RaTINOY 1964)

Jocal
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ZUSAMMENFASSUNG

Karotisangiographie wutde an 18 Patienten mit Horton'schem Kopfschmerzsyndrom auswe-
fuhrt, von denen sier emne ausgepragte Erwesterung und zwer miehiche Erwesterung der Are
terten hatten Wahrend der akuten Attacke konnte eme lokahsierte Verengung des extradu-
ralen Abschnittes der A carous interna deutlich festgestelle werden, 1m Endstadium der At-
(acke erstreckte sich die Verengung bis zum oberen Abschnire des Karotskanals Diese Ver-

d wurden wahrschanlich durch Kq & der A d und vom Odem
hervorgerufen

RESUME

Les auteurs etudient chez 18 malades les résultats de 'angiographie carotidienne dans le
cluster headache’ Quatre de ces malades avatent une ectaste acténiclle nette et deux avaient
une ectasie douteuse Au cours d une ense 1} y avart un retrécassement locahisd net de la partie
extra durale de la caronude inteme, au stade final de la ense Je rétréassement s'était étendu

Jusqu 3 Ja partie supénieure du canal carotidien 11 est possible que ces modifieanions sorent
dues 2 )2 constriction et A Tocdeme de la paroi artépelle
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be due to spastic contraction only, as this would bring about a vacuum between
the vessel wall and the cortex of the bone Vacuum phenomena are known
i connection with extension of jownts and degenerated discs and are clearly
scen at roentgen examination Hence, the onhv possible explanation for the m
crease of soft tissues within or outside the wall of the vesel 15 an mcrease m
flud, 1¢ ocdema The changes observed 1n this portion of the artery seem to
develop more slowly than n the parascllar part, which 1s not completely sur
rounded by bone The narrowing of the mternal carotid artery remamed or
even ncreased after the period of maximal pamn and may possibly be the mittatng
factor that relieved the headache In this connection, radiologic observations
made m ophthalmoplegic nugrame are of mterest Warsn & O Donern
(1960), 1 two cases of ophthalmoplegic mugraine, demonstrated narrowing
of the mternal carotid artery 1n the cavernous snus This was mterpreted as
evidence of an oedematous swollen vessel, these changes being precipitated by
the mugramnous attack BroaersTarr (1964) performed caroted angtographics
n ten cases of ophthalmoplegic migraine and observed 1n one of them, 48
hours after the onset of symptoms, a distinct constriction of the vessel m and
below the region of the cavernous sinus After complete recovery angtogrphy
was repeated and found to be normal Simlar changes, although to a Jesser
degree, were recorded 1n four other cases This scems ta wdicate that oedem?
or constriction of the artertal wall, might bave contributed to the penpheral
nerve palsics n these cascs

Several carotid arteriographies have however been performed n pavents
during ophthlmoplegic migramous attacks without any demonstrable abnorm
alties (Friebyan et coll 1962, Pearce 1968)
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SUMMARY

The findings at carottd angiography were analyzed 1n 18 patients with cluster headache
of whom four patients had defimte and two questionable atienectasis Locahized nn{
rowmng of the extrydural part of the internal carotid artery was obsenved dun;\z’nn a(:;;d
i the {inal stage of which the narrowing had spread to the upper part of l]u- ‘;;‘
canal These changes are possibly due to constriction and oedem of the artertal wal
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ZUSAMMENFASSUNG

karousangiographic wurde an 1B Patienten mit Horton schem Hoplschmermsindrom ause
fuhrt, von denen vier ewe avsgepragte Emerterung und zwes mocliche Erwenterung der Are
teren hatten Wibrend der 2kuten Attacke koonte aine lokalserte Verengung des extradu
ralen Abschruttes der A carotis interna deutlich festgestellt werden, 1m Endstadium der At
tacke erstreckie sich dit Versngung bis zum obecen Abschautt des Karouskanals. [hese Ver
anderungen wurden wahrschemlich durch Rontraktion der Artenienwand und som Odem
herorgerufen

RESUME

Les auteurs etudient chez 18 malades les sesultaty de | angrographie carotidienne dany le
cluster headacke’ Quatre de ces malades avaent une cctasie arténelle netie et deus avaient
une ectasie douteuse Au cours d une enise 1l y avait un retrecassement localise net de fa partic
extra durale de la carotde inteme au stade final d¢ 1a crise le rétreesssement s ert étendu
Jusqu A 1a partie supericure du canal caroudien. 11 est possible que ces modifications soient
dues a la constriction et a Toedeme de la paros artenelle
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SIALOGRAPHY OF THE SUBLINGUAL GLAND
A modificd techmique cnabling subtraction
by

B LitrgusT and U WELASDER

Sralography 15 a roentgenalogic method matnly applied in the examination of
the parotid and submandsbutar glands Roentten exammation of the subhngual
hand has not bren used 10 the sane exient, probably because of the unfavourable
anatomuc relations of the gland with its many short excretory ducts often operung
separately along the sublingual fold Garust (1964) mamtamed that st 1s seldom
posstble to achieve contrast Nilling of the duct system of the sublingual gland, and
that on the rare occastons when this s obtained the result 1s usually unsatsfactory
Tie had however succeeded where Bartholin s duct or the ducts of Rivinus from
the larger or <maller pornon of the sublingual gland opentd inte the excretory
duct of the submandibular gland Thus was alo pownted out by Hetzar m 1942
and recently by Scuirz (1969), who ako succeeded with selectse catheterisa
tion n 12 panents

The sublingual gland 1s a salnary organ, measunng 3 cm 1n length and 1 em
m width and depth, situated anterorly on the floor of the mouth 1n immediate
relation to the mylohyord muscle and the mner surface of the mandible, 1t pro-
duces a long ndge, the sublingual fold on the floor of the mouth The postenior

Submntted for publication 3 July 1969
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a b

Fig 1 1) 1he duct system of 2 sublingul glind flled via Whartons duct h) \n excretory
duct of 1 sulilingual gland filled by «electine catheterisation

part of the gland 1s sometimics 1in contact with the antertor surface of the sub
mandibular gland

The exeretory ducts of the sublingual gland may vary considerably 1n number,
as many as 48 ducts, cach onc opeming scparately on the sublingual fold, have
been recorded Usually, however, there 15 one large common duct, the duct of
Bartholin, runnung from the larger part of the gland, and one or several lesser
passages, the ducts of Rivinus, lcading from a smaller part of the gland Bartho-
lin’s duct 15 a long passage termmaung ather m Wharton's duct mmmediately
behnd ts onfiee, or in a separate opcung immediatcly beside the ortficc. The
smaller excretory ducts may also open mnte the submandibular duct, and when
tlus occurs thar openngs lic in its proxunal segment

These anatonuc relations mahe 1t difficult to work out a rocntgenologic method
for exammation of the sublingual gland Where the gland has many separatc
excretory ducts, an cxamnation can be carried out only when one or other of
these can be catheterized When onc or sevcral prssiges open into the subman-
dibular duct the situation 1s different On the fow occasions i which the sub-
Imgual gland has filled mudentally n connection with sialography of the sub-
mandibular gland the same type of pathologic changes have been obsersed 1n
this gland as i the other salnary glands Improvement m the techmique of
«ialography m such a way that the sublingual gland could also be v estigated
when the anatomic relations permit would obviously be of value

Polythene catheters, mtroduced mto Wharton s duct are used nowadays for
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Fg  a) A sublngual gland {lled select seh v a Whartons dict b} The duct sysiem of 2

submand | ular gland { lled after the catt etes ¥ atbeen pa ed finter 3 1o the exaretery duct
of the gland

sialography of the submndibufar gland The duet s naszowest at sts onfice and
for the test of ats Jength 1ts calibre 15 usually greater Without prehnunary cathete

nisation with metal cannulae a large catheter cannot be nserted unless 1s up 1s
extended W hen the sublingual gland ss to be included 1n the sizlographic examt

pation the catheter should not be passed for any distance into Wharton s duct but
should rather be placed <o that the increasing calibre of the ¢atheter occludes the
ontice 11 the extended tip 1s short the contrast medsum ¢an be 1njected 1nto
Wharion s duct immediately behond the onfice, ts 15 the only way by which the
excretory ducts openng tnto Whartan s duct from the sublingual gland can be
filled

The sublingual gland 1s farly small and 1ts position s such that it overlies the
dible 1n lateral

This 15 another reason why the gland 1s
difficult to idennly at sialographie examnations The precent authors have dem

onstrated 1n another connection {LiLte(uist & Wetanper 1969) that a smple
modification of the sialographic proceduse enables the subtraction techmgue 1o
be applied m sialography of the parotd gland Narrow passages even f deprated
m enclosing bone structures may thus be 1dentified The subtraction technique
1 therefore of great valtte sn the study of the sablingual gland A film changer
permrtung the exposure of scveral roentgenograms without any movement of the
pauent dunng the examination has proved valuable m this connection
The authors hase used this mehod m bilateral sialography of the submandib

ular and sublingual glands w 10 pavents The duct system of the sublingual
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a b

Fig | ) Hled tsveer of as il clud filled via W ctcis ¢ et 1) in eneretony
dict of a sallmgaal gland flled Iy ele tve ¢! etermat on

part of the gland 1s comcumes m contict with the antenor surface of the sub
mancibulr glind

The excrttory ducts of the sublinguil glind may vary considerably m number
1s many s 48 ducts cach onc openmg, seprrately on the sublingual fold have
been recorded Usually howaver there 1s one large common duct, the duct of
Bartholin runming from the lneger part of the glind and one or several lesser
prssages the ducts of Rinmuns leading from a smaller part of the glwnd Bartho
Ins duct 15 2 long pissage termmating ether m Wharton's duct immedrateh
bedund ats ontfice, or 10 a separate oponng immedratdy beside the onfice The
smaller excretory ducts may also open nto the submandibular duct and when
this occurs their openmgs e 1n 1ts provmal segment

These anatomic rdations mahe it difficult to work out 2 roentgenologic method
for examinuon of the sublingual glind Where the gland has many separate
excretory ducts 1n exummauon cn be carnted out only when one or other of
these ean be cathetenzed When one or scveral passages open mto the subman
dibular duct the situation 15 diffcrent On the fow oceasions m which the sub
Iingual glhnd has filled meidentally in connection with salography of the wub
mandibular glind the same type of pathologic changes have been ob erved
this glhind s m the other salivary glands Improvement wn the techmque of
swalography m such a way that the subhngual gland could 1so be iy estigated
when the anatomic relations permit would obvioush be of v1lue

Polythent catheters mtroduced mto Wharton s duct are used nowadays for
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amounts are required for the examination of the duct system of the wublingual
gland Great care should be exercised duning the njection so 1s to avord the sk
of oserfilling (Fig +)

Bactholin’s duct 1s a eelatinely long passage wluch, for part of its course, runs
alongade Wharton s duct {Fig 5) It 15 someuntes of large calibre, espeerally
when 1t senes as the man excretory duct for the larger patt of the <ublingual
gland Parenchymal filing was obtamed 1n all patents and this was of assitance
11 the assessment of the size and shape of the gland Changes of the same type as
those seen 1n sialectasia of the parotid and submandibular glands were evident in
one of the pauents (Fig 3a}

The examnations of the sublingual gland <o far performed are sull too few
for definite conclusions to be reached regarding the value of the method, the
frequency of pathologic changes, and their relauon to changes 1o other salivary
glands Similarly, no conclusion can yet be drawn as to low often the duct system
of the sublmgual gland can be demonstrated with this method

SUMMARY

"The sublingual gland and sts ducts have been successtully demonstrated o a small number
of patients by means of a simple modif of the sial

dure The factors
concerned 1 o tmng Diling of the gland are discussed
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a b

kir 3 ) Selectne faling of Bartholns duct \reas of “talectrata in the subhingual glind b)
The ducts of Rivimus and the excretors duct of the subm indibular glind filled at a later stage
of the exammation

gland could be filled through the submandibular duct (Fig Ia) m 5 of the
pauents, m onc the duct svstem of the ublingual gland alone was outhned
through sclective cathetersiton of 1ts exeretory duct (Tig 1b) In onc of the ®
pauents an antertor and a postenor part of the subhingnal gland was ilted
through two different cxeretory ducts Thus, m 5 out 20 exammations, the duct
systum of the sublingual gland was outhned through Wharton’s duct and m 2
pents scleetive cathetensition could be performed  Turthermore, 2 of the
pauents sclectne filling of the sublingual gland alone was achieved durmg the
first stage of the exammauon (g 2a) Afterwards, when the catheter was m-
troduced a litle further and more contrase medium injected, the duet system of
the submandibular gland was also demonstrated (Fig 2b) In one of thewe
pruents first Bartholn s duct and then Rivnus ducts were demonstrated {Fig
3, a and b)

Thus if the ¢xtended part of the catheter up 1 placed mmediately insde the
onifice m the furst stage of the cxammation, the duct system of the sublingual
gland may usully be demonstrated Tu the sccond stage, the catheter 1s pushed
further mto Wharton’s duct i order to demonstratc the duct system of the sub-
mandtbular gland, if this has not alrcady been aclueved dunng the first stage
Selectwv e filling of the sublingual g1nd may alo be obtamed by passing the cathe
ter tip nto passages that open besde the mun excrctory dact of the subman

dibular gland
The authors employ Urografin 60 €6 as contrast medum, only very small
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TRANSCAVAL INJECTION OF THL PORTAL VLIN
A prelimunary report on a new techmique
by

AL Havertine, C. O Oventors and S Daneeres

Progress in the field of surgery duning recent years has rendesed possible opera-
tinve treatment of kesens of the hier, such as prunary tumaurs, solitacy metastses
and echinococeus cysts Pre-aperatne localizauon of the intrapatenchymatous
lesion and of the hepatic vessels by angiography has thus increased i sigmificance
Methods for demonstrating the portal vemns are descnbed 1 the bterature, s ¢
coehacography (Opwan 1958), splenoportophlebograply (ABratict & Castet
1931, Arngr & FernsTroM 1963, BrresTRAND & Fryvan 1937, Boutais et coll
1922, Lrcer et colt 1851) and njection of the portal vem, via mescntenc veins
(Apeatict & Cavrr 1931, Moore & Bripeasatcit 1930) or the umbilical sons
{Botrua et coll 1991, Resster & Zrvsron 1966) Selective examination of the
hepatte vems with contrast medwm may alo be performed (Noruaces 1963)
As these examimations proside insufficient demonstration of the vessels and may
be techmeally difficult to perform, the authors hase attempted 1o devise a smple
yet effectne procedure for better exploratan of the hepatic senous system
Havereine & Ovenrors (1968) carmed out randumbar puncture of the portal
ven in pigs and 1n a few cases m man, the cathetenzation of the vessel 1 pEs

Submatted for publication 25 July 1969
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ZUSAMMENTASSUNG

Die Sublingualdruse und shre Gange konnten in einer Memnen Serte von Patienten muttels
ciner emnfachen Modifrzierung der Sialographie-Techmih gut darzestellt werden Die Fakio-
ren, die zur Fullung dieser Druse fuhren, werden dishutiert

RESUML

La glande sublinguale et ses canaux ont été bien mis en evidence chez un petit nombre de
sujets par une simple modificatton de l1a technique sialographique Les autcurs examuent
les facteurs de 1 opacification de cette glande
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of Nembutal {Abbott) via a plastic cannult msctted 10 an ear van (Hasrr-
1\G 1966) A red teflon catheter sith only one hole at the tp was ntroduced
\ia the night femoral vem mto the nfenor vena casa In the first lno, pigs a
mesentenic vein was exposed and cathetenized with 2 polythene catheter PL 160
Contrast medium was then mycted into the portal ven via thus catheter at th=
same time as contrast medium was myected mto the vena cava

“Fhe ammals were placed 1 the supine pestion for punctuse of the portal vein
The transseptal puncture mnstrument was ntroduced mto the teflon catheter
previoushy placed m the vena eava The tip of the iastrument was pushed 2 ta
3 mm outside the extremty of the catheter i the infenor vena cava and directed
ventrally at the tevel of the lowest nb Under fluorocopic control, the instrument
was directed through the antenor wall of the mfenor sena cava and guided
ventrally abowt 4 om further, and about as many centimetres cramally The
catheter was passed over the distal part of the mstrument agamn, the instrument
was withdrawn and the catheter left in place The catheter was then slowly
pulled down durng continuous aspiration unti! blood was scen to flow The
location of the catheter t1p was cheched by the mjection of 2 small quanuty of
Urografin 76 <¢ One to 8 punctures were made duning the vanous expenments
hefore the catheter could be placed 10 a suttable posiion, and 1 two of the
expeniments the location of the catheter was adjusted with the aid of a gumde
wire temporanly intraduced 1wto the catheter and the portal vain (Sgroivcir
PE 160) On one pig tso puncture attempts were made with the ammal in the
lateral position The portal vein was punctured at the third and final attempt
with the arimal 1 the supine position

The angiographic examinations were made with the anwnals m lateral and
supine posions with a vertical beam direction The films were exposed n an
AOT Elema film changer for cut film with 2 exposures per secand for 7 seconds
The contrast medsum {Urografin 60 ¢¢, 15 ml per hg bady weight), was in
Jected for each angiography The mjection rate was 12 mlfsec w the Girst 5
expenments and 14 5 ml/sec in the remamder All pigs were good condstion
3‘:? the :xanmtnts Pig Mo 2 was sacnificed on the day after the exoenment
aMiami 1o .
an )
ca

ments

vena
= v pvwovat was anspected and four pieces each about 1 X 2 X 3
em m size, were taken from different parts of the biver for microscopy

Results
1t was mvanably possible to
puncture and cathetenze the portal ven, alth
several attempts were usually necessary Thus, b e

while one puncture resulted m an
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b

Fig 1 1) Smultancous myection of contrast medium tnto the ferier venr cava and the portal
vem alter trinscwal portal catheternizanon Ihe vena cw 1 (arron ) 1s lmost directly do sl ta
the portal vemn 1) Simulticous ¢ atrast mjcction mto e vena ena and portal vem Note the
provamity of the vessels i the <mittal pline

was made by the Serpinerr techmque (1933) The flms obtined demonstrae
the pcripheral branches of the portal vem <o that the diagnosis of lestons as small
as 05 cm 1t diameter 1s probably possible

Translumbar puncture has certain technical disadvantages A fairly Inrge part
of the portal van hies anterior to the spinc and may be difficult to puncture Both
the anterior and posterior walls of the nferior vent cava must be punctured It
was noted n translumbnr portography (HaveLine & Ovrarors) that the wnferor
vena cava 1s situated almost directly dorsal to the portal vemn in front of the third
nib, as counted from below (the number of ribs m the pig 1s vanable ), and about
2 cmn a cramal dircetion (Fig 1) The drawbacks of the trainslumbar approach
would be avorded 1f the portal vemn could be catheterized from the infertor vent
cava A techmque has been developed whereby cathetertzation can be performed
transcarally with an mstrument constructed for transseptal puncture of the left
atrium {BEVEGARD ct coll 1961)

Matenal and Methods The experiments werce performed n 11 pigs weighing
between 35 and 50 kg The animals werc anaesthetized by mtravenous injections
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wferior vema cna and the portal ven and m carrvng out the punrlim;: -::1‘(1
cathetenizations If the puncture was unsticeessful at the firt attempt, "
made about 1 cmt cephalad m subseguent attempts, and at the mm;' nmvf
nstrument was diected shghtly to the nght The puncture stes m the mI erior
vena cava could be canly determmed by reference to the spine and nbs on
fluoroscopy
he supwe postton, part of the contrast

C:n angiography of pig No 6 the sup px. [t o
the catheter for
pushed over a
gmde wire PE 205

Postmoriem exanmmations n this small senies indicated that there are probably
no major mishs myvohed with procedure of punctunng and cathetenzing the
portal vein No changes were observed i the Inver at micsoscopy after repeated
mjections of Urografin 60 ¢ m association with the cxammations It w1s thus

po.sible to examine the portal vems of the animals with several projections and
repeated mjections ol contrast mediam
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SUMMARY

A new techmque for drect puncture of the portal ve v Vit the infenor vena canva, with vhe
ard of an nstrument designed for transseptal cardiac puncture 1s deseribed  Satisfactory
demonstration of the portal ven and uts branches was of tamed at subsequent angiography

o significant injunics attrbutable to the procedure could be establistied on macrascopic ot
microscopic examination of the hver i the expermental antmals

ZUSAMMFNFASSUNG

Eme neue Technik fur die duekte Punktion der Portahene via de Vena casa mferior,

mit Hilfe von einem I fur prale H, wird beschricben Angio-

graphie m ttels dieser Methode ermoglicht gute Darsteltung der Portalvene und shres Ante

fak und mikroskapische U g der Leber 1n Versuchstieren zeigte [ eme
bedewtende Verlerzongen dit der Methode zozuschreben simd

RLSUMTI
Descniption d une nowselle techmque de poncuon directe de 1a veme porte par la vene
cave mfeneure au moyen dun mstrument congu pour Ya yoncuon cardhaque transseptate
Langiographuc faite par cette ponction donne

des ymages sausfasants de Ja veine porte et
de ses branches Lexamen matrowopique ou microscopique du foie des ammaux d e

Perience na pas montre de les ons smportantes smputables A cette techmque
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2 b

Tiz 2 Phlebogram 2 5 sec {a} wnd 5 scc (b)) alter commencement of myection

immedeately suttable position of the catlieter i one pig, two to five agtempts at
puncture were necessary mn 8 pigs and uight attempts 1n 2 pigs Demonstration of
the portal vemns was obtamed m all the examinations (sce Fig 2 a and b) An
extravascular injection of the contrast medmm occurred m pig No 6 examimed n
the supmne position

No change of any hind could be cstablished on mucroscopy of the Ivers
Postmortem 1nspcction of the puncture zonc between the infertor vena cava and
the portal vemn usually revealed nothing abnormal Small red spots m the muma
werc observed on the anterior wall of the inferior vena cava and both the anteror
and posterior walls of the portal van m pig No 2, these were probibly caused
by small inttmal blcedings following the punctures

Discussion

With the exception of pigs Nos 1 and 2, the transcayal punctures of the porml
vemn were performed without previous localization of the portal vein by mescnter-
1c plilebography In pig No 1, the fust 2 punctures were made with the animal
m the lateral posstion The third and fourth punctures, which sere both success
ful, were made with the anmmal yn the supine position 1t appeared eaner t©
guide the nstrument with the amimals i the supine position and consequently
subsequent punctures were made n tlis manncr Tluoroscopy 1 two planes
naturally would have been of value, but the prerequusites for this cid not cxst
during the expeniments Wiath the ard of the xperience gamned from previous cx
pertments, there was no diffsculty to establish the anatomic rlationships of the
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RETINAL AND CERLBRAL FAT EMBOLI FOLLOWING
LYMPHOGRAPHY WITH OILY CONTRAST MEDIA

by

K F Rasutwry

The complications of lymphography with ails contrast medwa are usually mild
and transitory, e g general matare, nusea, headache, clevated temperature, and
m some nstances allergic cutancous reactions (Doras 1966). At the first Fer-
nanonal Symposium on Lymphology, July 1966, in Zunch (Procress 1v Lyu-
PHOLOGY) sertous sequelae were reposted in 198 out of 16 501 lymphograplues
118 wsth a fatal outcome) These consited of pulmonary nfarcts (96 cases)

(27 cases), pul y oedema (10 cases), cerehiral alfections (8
cases), and other «enous conditions (e g anura, hyper- or lypotensne cnss,
acute cardiac farture, and venous and arterral thrombous) (57 cases)

The cerebral complications mamifest themselies m sanous neurologie signs,
such as changes i consciousness, confusion, excitement folfowed by stupor and

possibly coma — depending upon the <eventy and Jocahzation of the cerchral
anovaerma (Estson 1961)

One case of cerebral comphcations and retmal fat emboh has occurred n
some 730 lymphographies of the present mvatenal

Case report

Woman aged 35 with stace JV Hodghns d\seaw, ‘bho had hepatomeealy, a 4 \
mase night pleural effusion 4nd bitaterat p el Shant enlagemen

only shight enl of
Submyteed for publication 30 July 1969
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RETINAL AND CEREBRAL FAT EMBOLI TOLLOWING
LYMPHOGRAPHY WITH OILY CONTRAST MEDIA

by

K E Rassusen

The complications of lymphography with atly contrast media ase usually mild
and tranatony, ¢ g general malatse, nausea, headache, elevated temperature, and
0 some mstances allergic cutancous reactions Doras 1966 At the first loter-
natonal Symposiam on 1 ymphology, July 1966, in Zunch {Procress v Lyw-
PROLOGY) serous scquelac were reported 1 198 out of 16 501 lymphographies
118 with 2 fatal outcome) These conusted of pulmonary infarcts (96 cases)
Ppaeumoma (27 cases), pulmonary ocdema (10 cases), cereheal affections (8
cascs), and other serious condiions {eg anura, hvper- or hypoten<ise cnsis,
acute cardsac fature, and venous and artenal thrombess) {37 cases)

The cercbral comphcations mamifest themsehes 1n sanous neurologic ugns,
such as changes m consciousness, confusion, excitement followed by stupor and
possbly coma — depending upon the <cventy and localization of the cerebral
anoxaemia (Evsos 1961)

One case of cerebral complications and setmnl far emboh bas occursed m
some 750 ymphographies of the present material

Case report

Woman aged 35 with stage 1V Hodgkn s discase who had ficpatomegaly 4 medsastnal
mass, neht pleural effusion and bitateral pul fal
——————— v ’

only shght enl. of

Submtted for publication 30 July 1959
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Retunal photo (Fetachirome \) of the nght and left cyes respectively T ffusions of tle o
contrast medium nd 2 few small haemorrd 1ges fallowing Iymphograpt y

the lymph nodes could be seen The patient howesver felt well and hid no neurologic signs
1 ymphography of the retropentoncal lymph nodes was performed 08 ml patent blue siolet
(wtthout 1y added Jocal apaesthetic) being inyected mnto the first mtermettearpal spces
of both feet By half an hour the lymphatic vessels on the dors of the feet beeame distinet
and under local maesthesin (hdocune with adrenaltn) 1 lymphatic on cach side was e
Jected with 8 ml o1y contrast medium (Liprodal ultrafluide) durmg 2 hours There were
no symptoms e direct connections with the Iymphograply but che patient gradaally be
came drowsy and 1bout 5 hours fter the lymphorraphy appeared to be unable to sec
Ophthalmologic exanmunation the same afternoon resenled doubtful perception of ight
but normal pupilliry reactions Ophthalmoescopy indicated bilateral mld retmal oedema
seseral small shiny whitish yellow spots which were 1sst med to represent contrast mediunt
n the end Arteties while 1 1 few sites 1 or around the vessels small grey 1l defined
effusions and 4 few small round haemorrhages were eudent (see figures) The disks were
normal The patient could answer only simple questions exhibited riglt lefe confusion and
acalcuhia Mild diffuse weakness of the upper limbs and a trace of reflex preponderance
with a positive Babinsht sian of the nght leg were present Duning the nexe chree days the
condiion was pracucally unchanged the patiene remamed drowsy Although w ophthl
mologic examinnton mdicated that the ischaemic retinal cedema was regressing During
the subsequent weck she slowly picked up and on the tentl day after the Jymphography
the vision w1s 1gun picucaily normal although ophd Almoscopy sull reve led draplets of
the contrist medium m the vessels and 1ll defined greyish effusions Ophithalmologic exam
nation three weeks later Vision i both eyes 067 Perimetry 6/2 000 white + red
normal The droplets of contrast medium had now disappeared but there were still greyishe
effusions Entirely norm} appearances did sot retumn until six weeks later at which time
the neurologic conditions were also completely normal The patient v s disc harged without

symptoms
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Discussion

Tn the cases reported mn the hiteriture a time relation betwcon the lymphography
and the onsct of the compl ns has costed though the latter have not
alsays appearcd m jmmedate conncction with the exammnation being delvyed
for hours up 10 a few days It may be asumed thercfore that the scquele re
not always duc to embolization or allergy to the contrast medium, but that 1
some 1nstances the reaction 15 of 1 chemteal mture and cawsed by {atry aads
split off from the mediam Tlus latter asumption would explam the cercbral
comphications, although fat emboli might alko reach the brun by way of
Batson s venous plexuses or through = nght left shunt an the heart {Rofirr
et coll 1964, Procress 1y I ysrnosocy 1966)

The merdence of complications appears to be related to the amount of contrast
medium 1njected According to Dotan (1966), complicanions occurred in 13 €¢
of cases in which 18 ml were given, m 24 ¢ of those m which 18 10 20 mi
were used, and yn 48 o when more than 20 ml contrast medium had been
admmstered Thie most common comphications were fever, nausea, vomsuag,
and pain at the site of myection

The fat embols syndrome 15 relatively common following Irictures

Errrz & Hocas (1948) found the retinal eapillanes to be filled with fat and

there were fatty mfiltrations of the surrounding stroma In patients who had
dhed of cerebral fat embol

The diameter of a fat embolus may range from 6 to 40 # with the majonty
from 12 10 15 # accordingly, they never occur n lrge vessel (Rask 1968)
The small petechial haemorthages that are generally present are duc to obstruc-
tiom and consequent disruption of the capillaries (Newvas 1948)

The blindness 1n the present case must be asumed 1o have been of a curucal
nature (havwotit et coll 1955), with due regard to the rctamed pupillary
reactions the fact that the ophthalmoscopic findings could not explam the
vistal mparrment and that the patient had delinte cerebral symptoms

The Lipiodol ultraflude contrast medsum may 1n this case concenably have
pased to the bramn not only through Batsons plexuses and the pulmonary
arculation but also through a bypass m the pulmonary tumour tissue

SUMMARY

A case of fat embol 1 the reuna and br.
an following lymphography 15 seported
camplicat ors of fymphugrapl y and the pl enomenan of retina) T3t coon sre E:u;ed“ ‘
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ZUSAMMENFASSUNG

Nach Lymphographue ereignete sich in cinem Tall emne Fettembolie des Gehines und der
Retinn Die Komplikation der ymphographie und das Trschemen emer Iettembohe d ©
Retinn werden kntisch besprochen

RLSUMY

Presentation d un ¢as d embolies grussenses dans 11 retne et dans le cerveau apres une
fymphographic T auteur examune les comphicitions de v lmphographie et le phenomene
des embalies grussenses retimennes
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FIBROMUSCULAR HYPLRPLASIA IN CHILDREN
by

Pour T ANDERSEN

Since the publication by LeapserTer & Biralasp (1938) of the first casc of
fibromuscular hyperplasia of the renal arters of a pelvic hidney m a 5 year old
hypertenstve boy, reports on this disease m children have been exceedingly rare
The disease was disregarded for more than 20 years until the report by Waue &
Wetneron (1960) agan suggested a causal relation betsieen renal hyper-
tension and fib lar hyperpl The extenstne use of neph phy
n the Jast decade has revealed a number of cases, mamnly n young and mddle-
2ged Cahforman women, and at the same time disclosed the ocourrence of the
disease 1n extrarenal vascular areas (WyLie, Bivatey & Pavusraskas 1966) The
frequency m children 1s sull magmficant WEeLeroy (1963) had one patient
under 10 years of age, while Harrison et coll (1967) had two children of 6
and 9 years of age among 66 histologreally venlted cases of fibromuscular dys-
Plagia \acDosatp & MeMitan (1963) Surtox et coll (1963) and hatr-
Max\ et coll (1964) had no children 1n their case matenals

There appears therefore to be Justification for reporting cases with renal and
extrarenal lesions, particularly as there seem to be no reports in the Lterature of
fibremuscular hyperplasia (or dysplasia as proposed by HiuL & Axtonius
1965) of the sertebral artenes, Ithe ane of the present cases Ths chuld {Casc 2)
appears to be the first to be reported with fibromuscalar byperplasia of the ca-

Subnutted for publicat on 15 Apnl 1969
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ZUSAMMENTFASSUNG

Nach Lymphozriphie ereignete sich 1 emem Fall cine Fettembolie des Gelurnes und der
Retima Die Romphkaton der Tymphographie und das Frschemnen emner Fettembol € der
Retina werden knitisch besprochen

RLSUML

Presentation d un cas d embolies grusseuses dans 11 retne et dans le cervcau apres une
Iymphographic 1 auteur exanuae les complications de 1 lymphographic et le phenomene
des embolies graisscuses retintennes
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pALE]
} IFROMUSCLLAR 1Y PERPLASIA I\ CHILDREN

Fix 2 Cae 2 a) Caroud angiogram ap
view Marked str ng of beads appearances of
all sble extra and ntracramal svesscls
b) carotid angiogram lateral view ¢) Verte
bral ang ogram_Sumilar changes especaally 1n
the extracranal part of the vertehral artery

r entoen exymination of the chest was demonstrated an enlarged glebular heart with 2
cardiothracs ratio of 09

Nephrotntiographs by the transfemoral route disclosed a stenous 8 to @ mm lone with
Dost tenou difatation of the right renal artery (Fig, Ta) The diameter of the stenosss was
less than 3 mmThe }epatic artery and dhe small segmental asterses of Loth kidacys alo
vined w Al bre with sterotic and d hited segments 1 conformuty with the fibromuscular
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f‘(‘lzﬂl 1::w: ll )1)] \ormq:lmhy Marked nnowmng wnhfpustskcnahc dilitation At onigin of night
eny b unt indentations in prepelvic part of left renal artery with marked changes
tn upper and muddle thard of hidney ! i 11 s

rotid arterics, although mmolvanent of these arteries has occastonally been ob-
cenved m adults, mamly muddle-aged women (Coserr & Lasscnr 1963, Bar-
RFP 1966, WiLir ct coll 1966, Enrenierp et coll 1967, and Raner ct coll
1968), ofttn combined with intracramal ancurysms and subarachnoid hem-
orrhage (Wyirr et coll 1966) The possible relation between fibromusculr
hyperplasia or dysplasia and intracranal aneurysms 1s unsolyed

Case reports

Case 1 A 3yeur old qurl with irtenal hypestension who for 2 years hind had mternuttent
short penods of fever and severil ames had been aduutted to 1 peditne ward Hyper
trophic denords and large tonsils were removed 3t the age of 2 veirs following a penod
of fangue Shyht trnsient protemurenr was recorded the scdimentation rate was shehth
mcreased but the AST  id ASH uters wd blood chenustry were norma!l No changes were
cen 1t wrogriphy The artunal blood pressure was 100 mm Hyg

Nine months Inter the (huld was re 1dmtted 1n an estremely bid condition with eardiac
msufficiency  plenrsy aind pueumonit The systolie blood pressure was 210—180 and the
diostolic 160—120 The child was trested with antibictics and digitalis with good result
Urography, urine antd blood chenn try nd the eatechaleamme excretion were normai but
wotope exumnaton of the remal function mdicated decreased funcuion of the nght htdney
Ophthilmoscopy reverled 2 hypertonic fundus grade II with premmlignant vessels  at
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versal vascular disease This view 15 supported by the present two cascs, » fuch had
multfocal lestons m a great number of parenchymatous 1s well as parictal vessels
Afulufo al short stenoses with multiple mural aneurysms, producing the typcal
beaded appearances m the angiograms, were the most frequent findings, especially
1n the cerebral vessels and in the distal parts of the renal arterics w ith ther
segmental and <ubxegmental branches Tubular and longer stenoses prevatled
the more central parts of the anenies. The differences i tvpe and localizaton of
the most marhed lestons explain the different symptom complexes in the present
cases, as well as, for instance, 1n those reported by THRENFELD et coll, STONEY ot
coll, and RAIER ct coll The leston which has the greatet mfluence on the
physiologic function of an organ will be the one producng symptams and this
eems mamly to be the longer tubular <tenoses Thes may ako explam the
observations of RAuFMAsy et coll and the fact that some 30 to 40 per cent of
all cases of fibromus-ular hyperplasia are non hypertenaise (Aspersts 1966)
The Tactor, or factors, that itiate the disease of the tunica media, whether
mlectious, towc, stress, hormonal or metabolic, remain however unknown, and
so far no explanation for the predomiant occurrence m young female adalts has
been guen Although Harrers et coll (1965} reported renal arteriographuc
signs of libramuscular hyperplasia m three hypertenase sisters, there 18 no estab-
tished familial r hereditary tendency ror any known association with condstions
such as Marfan's disease or Erdheim’s cystic medsonecrosis Harrison et coll
{1967) suggested that the vasa yasorum mght play a sigmficant sole 1n the path-
ogenests, and that vamations m the morphologic features mght be explamed
according 1o the level or extent of the vasa sasorum mvolsement No apparent
evologic explanation has however been found, yet, considering the mulupheity
and unnersal distnbution of the lesions, inflammatory or collagen discase may
be the more probable explanation
Thelong term behaiour of the disease stsclf, and not only the symptoms aroused
by &, 13 almost as unknown even tn patients treated successfully by reconstructne
vascular surgery or nephrectomy for 2 localized lesion Very rarely, subsequent
arteriographic or functional studies have been performed, and the questions as
to whether carly lestons will progress once hypertension has been reliey ed, and

whether new lesions will develop, remamn as unanswered as the question of the
etiologic ongin

SUMMARY
Two cases of fibromuscular hyperplasia wath cxtens
e mulople Lesions m young chuld,
are reported Tn one of these the fist to be publihed the fbromeentar b oot
cluded mvohement of both the carotid and the ves o e

Ttebral artenal systems 1
n add:io
les ons of the renal mesenteric, hepatic and lumbar arteres ’ Hen o
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hyperplisia lesions described in adults (Warte & WrLLneton 1960 Parusmsnas & Wae
1961, MacDovarp & McMiLtan 1963, Surtow et coll 1963, and Patinisaas et coll 1966)
(g 1b)

Operation revealed that the night renal artery was severely stenosed corresponding with
the arteriographic findings \ ascular reconstructne surgery was attempted but found 1m
pracucable, and nephrectomy was perlormed 1 the hope that this mught cure the hyper
tension Microscopic examunauon of the hidney revenled vas ular lesions s desenbed by
WrLLinaTon (1963) and Harwisov et coli (1967) Postoperaticely, the systolic blood pres
sure fell to normal values There was no cardine msufficiency, the heart was not enlarged
and the general condition was furly s1usfactory

Case 2 An 8 year old boy who from the age of 2 years had been admutted several tumes
to pedintric nd cardiologie wards on nccount of 1 cirdine murmur and an enlrged heart
Indocardial fibro elastosis (or myocardial disease of unknown etiolome onigin), manly
locahzed to the lelt ventricle, was revealed by crdine catheterzzation and cineangiocardios
graphy  As the boy was without mayor symptoms no treatment was attempted When he
was 4 yers old he was thought 10 have psychomotor epilepsy EFC nas abnormal and he
w1s put on ant: epilepsy medieation, to whick he responded well During the last 6 months
prior to the actual rdumssion the boy scemed to deteriorate mentally and had difficults 1
heeptng up 1n sports and games with children of lus on age

Two wechs prior to admussion to our hosprtal an influenza hie condition again prov oked
symptoms simular to those at the age of 4 years together with meningeal reactions The
boy was wdmitted with a diagnosis of intracranial vascular malformations with hemorrhage
No neurosomatic abnormality was found at an mitia] exanunation but the boy s extremities
were slender and he had club fingers dome shaped nails some pertpheral cyanosis and
hypertenston (systolic blood pressure 210-—180 mm Iig)

Bilateral earond and vertebral 1ngrograplies were performed and extensne lesions were
demonstrated m Al cercbral wnd cerebellar sessels Innumerable smll ancurysmal bulaines
of the walls of the artenies created the typieal string of beads sign 1 the carotd and
vertebral artenies and therr ramufications Considerible sartions m the lummal dameter
were seen 1n the major as well as the finer vessels and the diameter of the basal ganghionic
and insular rimifications of the muddle cerebral artery was srregularly ncreased often
creating an impresston of angiomatous vessels Vhether an angioma per se was present
or the appearinces were due to collterals wnd dysplistic, dilated artenes and artersoles
could nat be deternuned with certamty The branches of the external carotd artenes also
presented typrcal fibromuscular hyperplastic lesions a biopsy specrmen was taken from the
superficial temporal artery which at operation felt knotty Mucroscopy disclosed the charac
teristic appearances of fibromuscular hyperplasia (Fig 2)

Subsequent neplio angrogriphy revedled charactersstic changes of Iibromuscular h)PQIf
plasia wa both the renal and mesentenc trtenies and even 1n the lumbar arteries {n;crcslmg)
enough, the arteriographic lesions secemed more marhed 1n vessels of minor calibre o

The patient was 1gun put on nti epileptic medicttion and 1s now well wethout maj
symptoms

Discussion

The tncreasing frequency of publications of extrarenal fibromuscular hyper-

plasa (PALuBInSRAS & Rirtey 1964, Warie et coll 1966, LurenreLp ct coll
1967, Ramer et coll 1968) indicates that fibromuscular hyperplasia 15 a unt
,
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Methods of temporary alteration of the blaod flow by balloon occlusion of large
blood vessels are used 1n angiography n order to improve the demonstration
of vessels (CARLENs et coll 1951, NorpENsTROM 1934, Caxnon et coll 1936,
DorTEr et coll 1959, NorpEnsTrOM 1962, STrRAURE & DoTTER 1963, NORIAGEN
1963, HavirinG 1966, NorpensTroM 1966, Takaro 1966) Most of these
mveshgations were made dunng expenmental research work m ammals, but a
teport of 2 farly large number of aortographies with batloon occlusion of the
human aorta was published by NorpERsTROM (1966}

Balloon catheters may be mserted mto the blood vessels, either by isolation of
a femoral blood sessel or percutaneously according to the techmiques described
by Norpenstrom (1962) and Stratse & Dorrer (1963) The method
requinng 1solation of 2 blood vessel has hmstavons 1n man due to the surgical
procedure This apples pacticularly when the catheter has to be inserted nto an
artery

When a balloon catheter 15 introduced 1nto a blood vessel by the percutaneous
methods descnibed, the latex balloon often produces a jagged dilatation of the
puncture hole Thus causes leakage of blood between the catheter and the vessel

Submuteed for publication 6 June 1969
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ZUSAMMLNTIASSUNG

Es wird uber zwer Talle von weit verbreiteten muluplen Lastonen ber Iibromskularer
Hyperplasie m jungeren handern berichtet In emem dheser Falle honnte zum ersten Nl
uber das Auftreten m den Carotis und Vertebralartenicn Systeme 1m Zusaiz zum Auftreten
m den Nieren, Mesenterinl, Teber und Lumbal Arterien berichtet werden

RISUMI

I're entation de deux eas d by perplisic fibromusculure 1 ec Jesions multiples étendues chez
de jeunes enftnts Dans un de cos eas le premuer publyc, Ihyperplacie fibromusculaire tou
chot les deux systemes arténiels carotidien et vertébril en plus des Iésions des arteres rénale
me engenques, hépatiques et lombaires
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a b c d

Fig 2 Catheter types & and C respectinely Balloon
unexpanded (2} and (¢} and expanded (b) and (d}

wall of the teflon tube to permit expansion of the balloon by mjection of physio-
Iogic saline v1a the tube {Fig 1, A and B) Atus distal end, the teflon tube 1s
blocked with a small screw The dustal end of the latex balloon protrudes about
1 cm beyond the tip of the teflon tube This construction of the t1p of the balioon
catheter makes 1t easier to cathetenize tortuous blood vesscls An ordinary Luer-
Lock one way tap roay be attached to the proximal end of a catheter type A
Bevicirp et coll (1961) descnbed an adapter that mahes 1t possible to utilize
two catheters ssmultaneously, one made the other, dunng pressure recordings in
the sascular system Thus adapter may be used for a ballaon catheter type A, 1f
steel wire 1s placed 1n the lumen of the catheter in order to strengthen it dunng
balloon occlusion of the aorta In this way, the balloon can be expanded without
being pushed down by the blood stream through the vessel {Haverune 1966)
Aballoon catheter of type B 1s made in the following way The balloon holdmg
part of the teflon tube 15 cut proximal to the balloon and connected to a screw
(ig 1, B-g) This screw has wo different diameters and 15 equipped with a
tapped central hole To the proximal part of the screw are attached two plastc
tubes, one mside the other, as iustrated i Fig 1, B The nner tube, of polythene,

B
c
S M%[E:

P 3 Special device for double fumen baftoon catheters of types B and C
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Fig 1 Distal parts of balloon catheters types A B and
C a = up of latex balloon b = distal fixation of balloon
1o catheter ¢ =screw d = Iatex balloon ¢ = balloon
holding radiopaque tube f = prouimal fixation of balloon
to catheter g = metal screw with tapped channel, h =
outer plasuc tube, 1 = nner plastic tube, k — siber nng

wall and 1t 1s therefore nccessary to compress the vessel above the site of the
puncture throughout the examunation It would appear that an msertion
techmque that elminated this disadvantage would facilitate the use of temporary
balloon occlusion of blood vessels in angiography

Catheters The balloon catheters described m tlus report were manufactured
to mcet the following requirements (1) the site of the balloon, when the catheter
15 placed inside the vessel, should be judged during fluoroscopy with the balloon
free from contrast medium, (2) the balloon catheter should be inscrted mto the
blood vessel with the least possible traumn and (3) no compression of the blood
vessel above the site of meertion should be necessary duning the exanunation as
long as the catheter 15 made the vessel

Three types of balloon catheters were made A for simple ocelusion (Fig 1, A),
B for occlusion and mjection of contrast medium or pressure recording proxim1!
to the balloon (Tig 1, B), and G for occlusion and mjection of contrast medium
or pressure recording distal to the balloon (Fig 1, C)

The balloon catheters of types A and B arc of sumilar design The latex balloon
1s mounted on a radiopaque teflon tube, n order to dimimsh the dameter of the
balloon 1t 15 stretched over the tube (Fig 2a) The balloon 1s attached at both
ends to the tube with glue (Kontakt Lim, Casco, Stockholm) and the fusions are
strengthened by a fine nylon thread wrapped around the fixation sites, this thread
15 held fast with a small amount of glue Two small holes are bored through the
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Fig 5 The d ffecent ctamee =~ ==

) wasvon cateter stpped through insertion
tuve ¢} Rubber plug pressed into Y ratber mb'mg o the lauer clamped with focceps to unite 1t
to the catheter

receptor The proximal end of a catheter of type C s fitted with a device similar
to that used for catheters of type B (Fig 3, C}

Balloon catheter isertion techmgue All three types of the balloon catheters
described are inserted mto the vascular system in the same way A femoral artery
or ven 1s punctured and the SELDINGER techmque followed as far as the insertion
of the catheter (Fig 5a) Insiead of the catheter, 2 speaal msernon device 5
shipped over the gmde wire This device consists of two teflon tubes, one mside the
other The mnner tube, calied the drlatation tube, has a thickh walt and an acute
tip, the outer diameter 1s shghtly larger than that of the balloon catheter The
outer tube, called the msertion tube, has a thin but suff wall A short piece of
rubber tubmng 15 attached to the proximal end of the meertion tube (Fig 6). The
dilatation and the msertion tubes are introduced into the blood vessel together by
slipping them over the gmde wire (Fig 5b) and the dilatation tube and the
guide wire are then withdrawn (Fig 5¢) To avord undue bleeding when this 1s
done, the rubber tubing 1s pressed by the fingers {Lvocren 1953) The balloon
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Tig 4 Special device for double lumen balloon catheters
Unassembled  (upper) and assembled (lower) (without
catheters)

1s screwed wito the tapped central hole of the short metal screw which 1s used to
connect the balloon holding the teflon tube to the proximal part of the catheter
The outer tube with four or more side-holes bored distally s attached to the
screw At its proxumal end thus type of catheter 1s adapted to a special device
(Fig 3), made of four metal parts screwed together as illustrated m Fig 4
This device makes 1t possible to control both lumuna of the balloon catheter
simultancously and contrast medium can be 1njected into the vessel proximal to
the balloon occlusion through the space between the two tubes It 1s alo possible
to use this lumen to transmut the vascular pressure proxuimal to the balloon occhu-
sion to a pressure receptor The lumen of the mner tube 1s used to expand the
latex balioon

A catheter type C 1s made of two plastic tubes, one mside the other, the immner
tube protruding beyond the up of the outer one (Fig 1, C) The dustal part of
the latex halloon 15 attached both to the distal part of the outer tube and to the
nner tube, the lumen between the mner and the outer tubes 1s thus occluded at
the tp of the catheter The proximal part of the latex balloon 1s attached to the
outer tube, through the wall of which two small holes are bored A commun
cation between the latex balloon and the space between the two tubes 1 thus
formed and the balloon can be expanded by injection of physiologic silme mte
the outer tube Contrast medium can be myected imto the blood vessel distal tothe
balloon occlusion through the mner tube, or the vascular pressure distal to the
balloon occlusion can be transmitted through this catheter lumen to 2 pressure
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Fie 7 Esample of use of balloon catheter type B Hepatic vein
phiebogram Temporany balloon occlusion of wfenor vena €ava
I nieht atnum Injection of 100 ml Urografin 60 ¢ (145

- a at the level of
sec with patient
or part of Iner

imto the vascular system The pereutaneous methods desenibed earhier have made
1t possible to introduce balloon catheters into the human aorta without wsolation
of a femoral smtery However, when the catheter 13 mtroduced mto the yvessel, the
latex balloon may be stretched downwards on the catheter, forming a cuff of
unconttolled diameter, when this s pushed through the wall of the blood vessel 1t
tends to make the puncture hole jagged Bleeding around the catheter may occur
dunng the examination and must be controlled by compression of the vessel
above the site of the puncture The new method descnbed makes 1t possible to
avord these dsadhvantages By utlizing dilatation and msertion tubes, atraumatic
widemng of the puncture hole in the blood vessel wall 1s ensured by the acute up
and a smooth surface Balloon catheters with two lumuna reduce the number of
punictures necessany  The technrque desenbed may also be utilized to wnsert other
catheters without an end hole

Balfoon catheter type € can be utlized for selective veclusion of an artery,
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Fiz 6 Dilatation and msertion tubes assembled (upper) and
unassembled (lower)

catheter is then mserted (1ig 5d) The rubber tubing 1s clamped with forceps in
ordcr to tighten 1t on to the catheter, or a rubber plug may be used for the same
purpose (Fig 5¢) The catheter 15 casily rotated, pushed up or pulied down when
the forceps are released Duning the exarmination the msertion tube may be
attached and fixcd to the shin m the groin with plaster

Example of the usc of balloon catheters An example of the use of a catheter
type Basallustrated in Trg 7, which shows a hepauc phlebogram obtamed by
mjection of contrast medim below a balloon on occlusion of the mfenor vena
cava The latex balloon was expanded mside the nght atriem with 30 ml Uro-
grafin 30 S, the catheter then bung pulled down agamst the inferior vena c1va
Onc or two seconds later 100 m! Urografin 60 ©o were mjected via the space
betwcen the two tubes at a rate of 14 5 mlfsec The injection of contrast medmm
mto the nferior vena cava was purformed at the level of the hepatic vems No
other techmical procedures were utthzed Two exposures per second for ten
seconds were obtained, the patient was fully conscrous and i supmne position
throughout the exammation Ihe balloon was empticd quichly after the last
exposure

b and Concl

The catheters described are made 1n such a way that it 1s possible to judge the
site of the balloon mounted at the tp of the catheter duning fluoroscopy without
filling 1t with contrast medium

Catheterization following 1solation of blood vessels 15 still utilized 1 angto-
graphy, although satisfactory percutancous catheter msertion methods hayve been
described (LinDGRen 1953, SeLomcer 19533, Gipunp 1956), 1n radiology of
today percutaneous msertion of catheters should be the onc of choice (Grerrz &
LinpGREN 1961) This 15 also the case when balloon catheters are to be mserted
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— Balloon catheters for percutancous msertion mto the vascularsystem Acta radiol 57 (1962),
411

— Percutaneous balloon occlusion of the aorta Acta radiol Diagnosis 4 (1966), 365

Noracen A Selectne angiography of the hepatc vems Acta radiol (1963) Suppl No 221

Setonncer S 1 Catheter replacement of the needle in percutaneous aortography  Acta
raduol 39 (1953), 368

Stratse k. and Dorrer Gt Single Jumen balloon catheter for percutancous insertion
Amer § Roentgenol 90 (1963), 630

Takaro T E 1 renal phl phy A with renal ar h

Surgery 60 {1966), 619 '
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such as the renal artery (HAvVERLING 1969) This suggests future use of balloon
catheters for controlled sclectiv e artenal occlusion, 1 ¢ durmg ischacmic treatment
of malignant tumours

The bolloon catheters described are *home-made® but 1t 1s hoped that they wilt
become av ailable commercially

SUMMARY

New types of balloon catheters and a percutancous sertion technique for the occlusion of
vessels 1 angrography are described Selectine ocelusion of an artery for the rschaenuc treat
ment of malignant tumours 1s mentioned as an outcome of the method

ZUSAMMENTASSUNG

Neue Typen von aufblubaren Kathetern und eme perhutane Eafuhrungstechnih zue
Ohkkluston von Gefassen wahrend Angiographte werden beschnieben Dre Methode ermogheht
selektne OkRlusion emer Arterie fur die 1schamische Behandlung maligner Tumoren

RESUME

L'auteur deerit un nowsean type de sonde a ballonnet et une nouelle technique dintro-
duction percutanee pour locclusion des vaisseaux au cours de | angrographie L occlusion
selective d une artere pour le traitement rschemique des tumeurs mal est signalee comme
une application de cette méthode
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! angography one
Fig 1 Left selectne renal anviography one  Fig 2 Left selectne renal

weck after kdpey punicture Small aneunsm  week after kidnes puncture Aneurysm i fowey
in apper pole weh rapd conteast flliog of  pole and good contrast filling of the renal vemn.
avem

rabbits, the wesghts of the ammals vaned from 20 to 30 kg and the ages from
10 to 12 months Percutancous puncture of one of the hidneys was made under
intravenous p ¢ (Mebumal ACO, Sweden) The needle had
an outer drameter of 04 mm, which for the rabbit’s hdney 15 comparable with
the diameter of the needle used 1 human renal biopsies Only one puncture was
usually made although two or three regions of the kidney were sometimes selec-
ted Selective cathetenzation of the renal astery from the femoral artery (Apavs
et coll 1965) was made with a radiopaque polythene catheter (OPP 60, Portex,
England), outer dsameter 1 15 mm, mner diameter 0 75 mm  The cathetenzation
was aided by magnificanon fluoroscopy {Lxgrvap & Our 19704, the contrast
medwm vsed beng metnzoate sodm (Isopaque 350, Nyco, Norway), which
Was mjected at a suitable and constant rate with an infusion machine (CLEMENTZ
& Oun 1963) The angiograms were made on mdustnal film, Structunx D3
{Agia Gevaert) at a focus-blm distance of 40 ¢m, mAs 20, KV 90 and 0 04 sec
The film, beneath which 1s a thun sheet of lead, was placed w close contact with
the ammal Angographues were usually performed one or two weeks after the
puntinre, fofowed i some antmals by 2 second angiography four weeks after

the punctare
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ARTERIOVENOUS TISTULALE SLCONDARY TO
RENAL BIOPSY

An experimental study 1n the rabbit
by

L Exerunp

Arteriovenous fistulae of the hidney may occur secondary to ncedle bropsy
(Bonsen & Konvrr 1962, Ferastrov & Linpsrow 1962, BLaxk et coll 1963,
Benverr & Wiener 1965, Riey 1965, Niwssov & Ross 1967) Even open
renal biopsy may produce a renal aneurysm with fistula (Faust 1968) The
frequency 1s supposed to be low, which 1s surpnsing since the vascular nichness of
the kidney, with the consequent possibility of mnjury to an artery and a vein 1m
close relationship, ought to favour fistula formation Bennerr & WIENIR,
however, reported 9 artertovenous fistulae and 2 arterral ancurysms following
58 renal biopsies An attempt to evaluate how often an arteriovenous fistula
develops secondnry to needle biopsy of the kidney thus appeared justificd

Matenial and Methods The hidney on one side was punctured and selective
renal angiography was performed at different periods after the puncture 36

This study was supported by a grant (No B69 23X 603 03) from the Swedish Medical
Research Counail Submutted for publication 17 July 1969
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Fg 5 Left selectse renal angwgraphy one Fig & Same case as n fo 5 Four weeks
week after kydney puncture Fistufa formayon after punctere Closere of fistula
betueen m ddle and upper pole

connection. with repeat hidney pancture produced general ntrarenal artery
Pasm and extravasation of contrast matertal

Four cases with proved fistulae had a second angiography four weeks after the
Pincture In two of these rabbits the arteriovenous fistula had closed campletels,
@ anie 1t had dimimished consyderably, and 1n the fourth case 1t was of roughly
the same size as at one week after puncture {Figs 5 and 6}

All the anumals were 1 good cond during the exp No cases of

mactoscopic haematuna were observed although these were not especially
<ought

Discussion

Reports 1 the hterature of renal artenos enous fistulae followang renal biopsy
are few The first was reported 1 1962 The largest matenal was presensed by
Brvaerr & Timaes and consisted of 9 antrarenal artenovenous {fistulae and 2
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Fig 3 Left selectne renal angiography Fiz ¢ Right selectnve renal angiography one week
one weeh after hidney puncture Arterio  after hidney puncture  Arteriovenous fistula in
venous Dstula with good contrast filing of meddle part of the kidney with contrast filling of the
the renal vein Ihis rablnt was pregnint  renal vem as well as the infertor vena cmva Insul
fictent filling of glomeruht distal to the shunt

Results

Tistulae sccondary to the puncture developed in 16 (44 S¢) of the 36 cases, the
size of the shunt varying The fistula sometimes orgmated from a small mtrarenal
artery ancurysm (F1g 1) while 1n others 1t had a width of up to 2 3 mm, good
contrast filling of the renal vein as well as the inferior caval vein was obtamed m
the latter mstance (T1gs 2, 3, 4) The fistulac always appeared 1n the medulin of
the hidney and never i the cortex Infarction peripherally to the shunt never
occurred but msufficient filling of glomeruli was often evident Insufficient filling
of the arteries of other parts of the hidney was noted due to the shuntmng i cases
with large fistulae

Spasm of the renal artery occurred at angiography in 3 cases of arteriovenous
shunt The lumen of the renal artery varied between 15 and 20 mm mn the
arteriovenous shunt cases as compared with a vanation of from I 6 to 1 8 mm i
the remaming matenal The normal lumen of the renal artery in the rabbitis 17
to 18 mm (Ipusory 1956), there 1s thus a shght widening of the renal artery
1n most of the cases of arteriovenous fistulac

In a case not mcluded 1 the matenal renal angtography, performed i direct
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1

Fig § Lefe selectne renal anqography one Fig 6 Same eace as i fig 5 Four weeks
week after kadney punctire Fastula formation after puncture  Closure of Tistula
between mddle and upper pale

connectn with repeat hidney puncture, produced general wtrarenal artery
“pasm and extravasation of contrast materzal

Four cases wih proned fistulae had 2 second. angtography four wechs after the
puncture I two of these rabbuts the artenos enous fistula had closed completely,
1t one 1t had dymnished cousuderably, and 1a the fourth case st was of roughly
the same size as at one v eek after puncture (Figs 5 and 61

All the anmals were 1m good condition during the expenment No cases of
m““hmm}"c haematuniz were observed although these were not especially
Sought

Discussion
Reports m the [y

se few The §

teratute of renal artetionenous fistulae following renal hopsy
Bexverr &

St was reparted n 1962 The largest matenal was presented by
VIESER and of 9 1 arten fistolae and 2
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renal ancurysms out of 58 renal biopsies The reason so few cases hne been
reported 1s that anglographic examinations are rare 1n telation to the performance
of renal biopsy and that cases 1n which biopsy has been performed are seldom
followcd up with renal angiography Angiography 1s sometimes performed m an
unsatisfactory manner — there 1s reason to believe that a small fistula may be
overlooked if only acrtography and not a truly selectn ¢ exammation 1s performed
Another rcason may be a tendency of the fistulie to spontancous healing
BesnFTT & Wiener described the disappearance of the fistula m 3 cases The
fistulnin the prescnt matenal healed in 2 out of 4 cases, cheched by angiography
four wechs after puncture (Further myestigation 1s i progess to cvaluate the
frequency of spontancous healing of fistulae )

BLARE «t coll presented 2 cases in which renal angiography was performed
because of a bruit over the hidney with the fistula In 60 other cases n which no
bruits were heard, angiography was not performed, and these cases were consid
ered free from fistula formation Some of the fistuale m thisexpermmental matersal
arc certainly too small or too large to give an audible brust, and there 1s reason 1o
believe that this sign 1s not sufficient for establishing the diagnosis

The number of arteriosenous fistule 1 this experimental work 15 strit ngh
large It might be that this may have been duc to the lumen of the needle wed
the outer diameter of which was 04 mm  The needle for human percutancons
renal biopsies has an outer diameter usually rangmg from 15 to 20 mm The
rabbit’s hidney has a length of from 3 0 to 35 cm and the human hidney a length
of from 110 to 118 cm (Horruann) The diameter of the needles are thus
comparable in relation to the length of the hidiey Turthermore, the dameter of
the renal artery wn the rabbit 1s 1 7 to 1 8 mm, as compared with 46 to 97 mm
m man {Lpsman 1957)

Arteriovenous fistulae appear m blunt trauma 1s well as after perforating
trauma, Murn & Ouin (1968) reported 4 arterioy enous fistulae m 16 such cases

There seems to be a predispoung factor n the development of human rentd
arteriovenous Distulae followmng renal brospsy, namcly hypertensive discase The
hypertension may act through its haemodynanuc effccts or by the nephros Tesosts
which 1t causes, mn this experimental material no bypertension was provohed
Other factors that may by of importance are age and sex { hormonal ml]ucncf\
The ammals m this expenment were young and the sex ratio was almost 50 50
One female rabbit n which a fairly large fistula developed was found to be
pregnant

Tinally 1t should be stated that congemtal arterios enous fistulac may occur
the hidney although apparently rarely (Love et coll 1965)

The wvestigation pomts to the fact that arteriovenous fistulae following Tenat
biopsy are more common than usually beheved and that for their proper recogm
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tion renal angiography thould follow renal biopsy more often Biopsy should
however precede angiography n cases sn which both renal biopsy and angio-
graphy are planned 1 the examimation

As mentioned above, mmvestigation 15 1 progress to evaluate the frequency of
spontaneous fistela heahng Investigations concermung fistula formation in ammals
with expenimental hypertension are also planned

SUMMARY

An expenmental study 1 the rabbit of the development of renal artenovenous histulae
following hidney puncture 1s presented Selectne venal angiography was perlormed in 36
fabbts n which kidney puncture had been performed previously Artenovenous fiswlac
were demonstrated in 16 cases {44 per eent)

ZUSAMMENFASSUNG

Ao hanwehen wucde die Enwockluag, on attetios engsen Fisteln nach Punktur der Me
ren experimentell sindiert An 36 Raninchen wurde selehine remale Anmographie nach
vorhenger Punktur der Macte vorgenommen In 16 Fallen {44 Prozent} konnten areno
senase Fisteln festgestet werden

RESUME

P dune ewude le sur le lapm Lap: de fistules
arteno veineuses apres ponction remile I auteur a Jait une angiographie rénale sélectne
sur 3G lapins qur avatent subi auparavant une ponction rémale 11 a mis en evrd nee des
fistules arténo-y tineuses rénates dans 16 cas {44 pour cent)
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ROENTGENOLOGIC DIAGNOSIS OF POLYCYSTIC
KIDNEY AND MEDULLARY SPONGE KIDNEY

by

B 1 Ivevark, C Laceroren and N Livovarn

Gruser (1927) compared the general appearances of polycysuc hidneys to a
sponge although today the term medullary sponge kidney 15 used for a speaific
cysuc renal condition with charactenstic and h pF cs
(Exstrost et coll 1959, Cacent 1960) Difficulties in the roentgen differential
diagnosis seem to occur only 10 cases of polyeystc renal disease of fess common

appearance The purpose of this paper 1s to discuss the hustologic and roentgen
features of these two conditions

The study was based on the roentgen and histologic examnation of 9 cases of
polycystic hidney and 120 cases of medullary sponge hidney The microscopy
studies were based upon biopstes and resecuons as well as upon autopsy cases The

age ranges at the time of exammation were 1 to 50 years for polycystic kidney and
17 to 50 years for medullary sponge Lidney

Results

Polyeystuc kadney, described by PorTer as type 3 {Osaroanowon & PorTer
19643, 1 connidered to be due to muluple abnormahnes of development and

This insestigation was supported by grants from Syenska Inforssknngsbologs namnd for
medicinsk forskning Submutted for publication 27 May 1969

15703004 Acta Red ofoica Diagno w ¥ of 10 (1570}

225



B I IVEMARK, C IAGERGRFN AND N TINDVAIL

T S,
G
9%

2

Fig 1 Polycystic krdney (Porrer type 3) 2) Compression of calyceal recess 1y large
medulliry cysts b) Cortical part with one glomeruiar ¢yst {nght) -nd one tubdar
cyst Increased mterstshial Gbrous tiesue and some normal proxmmal tubufes present
Haematovshin gosin - x 75
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cystic changes may invoh e any past of the nephron (Figs 1 t]o 6) '!1;:;;1;5;:; ;
usually but not always bilateral Such idneys are generally larger e

but increase 1 size with advanang age from progresstve growth of the cysts. ‘;
degree of enfargement depends upon the age of the patient, the number of "“““

tubules molved, and the amount of flud 1n the cysts, the cysts are ordinanly
present throughout she renal parenchyma The nucroscopy appetrances \alry u:
relation to the degree of y Dormal gl i, normal e

tubules and collectmg tubtles are mrced with eysuc dilatation of glomerul: and
all pants of the collectng ducts and nephrons This rrregular intermixture s
charactensuc of the condition There 15 also inerease in the amount of snterstitral
connectite tissue Prmuzs ¢ ducts, ductules or cartilage charactenstic of polyeystic
renal dysplasta are not scen (Ertcssov & Iveuark 1958)

Cases of polycystic ladney 1ype 3 run a vanable chical course, depending upon
the extent of renal 1volvement Progressive renal failure, artenial hypertension
and diffuse renal pain have ¢ i ind for phy One of the
present cases was discovered dunmg routine exarmnation for rauma A few cases,

PP ly with early oas of polyeystie disease (1n childhood and early
adolescence) have facal features resembling those of Potrer's syndrome (hyper
teleonsm low set ears and hypognathia) In none of the present cases was a
famaly fustory of renal disease recorded

Roentgenography in adulis usually discloses enlarged hidneys The urographic
appearances early m the disease are normal but contrast densty decreases with
progressive renal msuffictenicy The calyces, the necks of the calyces and the pehis
may be deformed by cysts, the calyces are often clubshaped and lack papillary
wmpreswons Some of the pyrammds contam cavives that prmandy fill with
contrast medum during urography These cavities are usually few and irregular,
occasionally resemble dilated collecting tubules and may contan calcul; Free
conicretions are someumes present In addwon Jarger cysts accur similar to those
found sn the common adult polycystic hidney The combination of all these
forms of cysts factlitates the diagnoss The wreters and bladder present no

changes Neph phy will demenstrate cysts of sarymg size throughout
the parenchyma as m the adult polycystic kidney

Medullary sponge kidnesy (Exsrrom e cof 1959} This appears to be a
congenual mallormavon (Figs 7 8) The kidney may be normal s sue, enlarged

¢r atrophic largely dependent en the entent and stage of the accompanying
pyelonephnitis The most stiking pathol

ogt feature 15 the presence of multiple
small cystic cavities confined to the pyrarmuds and consisting of both cysts and
diated collecting tubules (Fig 7) some of the Cysts may cammunicate with the
tubules or with one another These wedullary cysts may contam caleuls, usually
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2

Fag 2 Bilateral polycss 1o h dneys (Porrea type 3) a) Urography at the age of O years Both
kidneys contamm numerous 1rregular contrast filled cavities some of them located 1n the
cortex Shght deformation of some calyces b) Another case Both kidneys contam wwregular
contrast filled cysts 1n the pvramids and larger cysts n the cortex Haematuma was tfe

presenting symptom



229
POLYCYATIC RIDNEX D MEDULLARY SPONGE RIDNES

e e o -

Y \; ,.

- —— O
»

. a4 .,
o st e Rt .
3 v
Severst
{ pohoysue hidneys (Porrer type 3] Renal cohe for severaf yrars a)
B B s Wadney, B Vrography Tymcal trregytar confeast filed smeduliary
cavmes m the Jower pole Deforsmation of talyces and necks of calyces caused by large cysts

of muxed calaum phosphate Cortical eysts are not & part of the condinon, but
the cortex may be narrow and fibrotic o g ta concomtant pyelonephritis The
loops of Heule are not hyperplasue and do not have basement mewbrane thick-
ening — unlihe 10 the nephronophthisc hdsses Large cysts compresang calcyceal
fecesses do not oceur n the medullary sponge hidney

Medullary sponge hidney often produces renal cole and gross hacmatuns and
sometimes pyelonephritts

The radwlogic appearances are highly characternuc with the presence of
ravities of 1arying sue and extent su the pyraeeds, the cavities are filled primanly
with contrast medwim dunng wrography and are reqularhy <haped, whether oval
of rounded  The cysts vary i number from a few ta many and often contai
catculs, their number Wkewsse varpng from a few (o several hundred 1f the
changes are present throughout the entire medulla, the hdney may be enlarged.
No ¢hanges are evident m the films 10 mild cases The nephroangiographc
appearances are gormal
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Fig 4 Undater~! polycystic hidney {Potrrter ype 3) Haematunt after
trauma of left hidney region a) Urography  Folarged kidney with o
regufar contrast filled medullary casities (1rrows) Deformation of cilyces
and necks of calyees by large cysts 1) I ite nephroangiographic phase
Mutupfe fifling defects in the corten indicating cysts

Conclusion

The hustologle appearances of polyeysic Awdnevs i the present materal
correspond to the description by OsATiANONDE & POTTER (1964) as ‘type 3 due
to multtple abnormahties of development’, these authors siated (p 512} that the
type 3 polycystic hidney 1s the vancty gencrally designated as pobycysise hadaey
of the adult

Howtver, the present histologic, roenigenologic and climcal findings m the
palycystic Aidneys fail to support this view Common so-called adult {famhnl)
polycystic renal disease presents differcnt hustologic and radsologic appearantes,
without structural evidence of malformanon of the renal parenchyma, withowt
contrast-filled cavities at urography but wath the presence of parenchymal raloyls



234
POLACHETIC KIDNEL AMD MEDLLLARY SPONGE RIDNEY

Fig 5 Bulateral polyeystic kidnevs (Portrz Fig B B lateral pobicssue kidneys tforTer
woe 3y Unnary track wnfechion Usegraphy fipe 3} Reaal wsuffiiency and hipectension

Enfarged Jidney vith small wregular con  Preloaraphs badney nommal in size The con
trast filled medullary cavities i some pra

trast filled meduljary cavites predomunate
muds farronsy Cahyees deformed by larzer
euts

cations both radiologcally and hwtologreally {Ivzeage & Lipsrov 1958)
Furthermore, there was no famulv bistory 12 the preseat cases nor 1 those of
Qratnanoson & Porrer This is s <harp contrast to the common adult polyeys-
tic hdney The wniters therefare consider the Potter type $ polycystic hidney as a
mixture of the common advlt fagulial polycystc hidney and an apparently non

famuliat separate entty The discrepancy between the Potter clasaficanon and
$e o P o p¥yeyter Madneys has atso been stresscd oy
Egrr & Ownri (1968} The present mne saves of poljeysuc kdneys tally well
with those of the truc non famibial Potter fype 3 Lidney and the senes contatns
1o common adult polyeyic kidney caves

The authors have consideredt four renal lesions with medullary cysts (Table)
They are separate entes 2lthough hey mas resemble each other However,
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Fig 4 Unidater [ palycystic kidney (Porrer ype 3) Haematuria after
wanmt of left kuduev reeion a) Urosraphy Enlarged hidpes wath o7
regular contrast Qilled medullary civittes (arrows) Delormation of cahees
and neeks of calyces by large cysts b} Late nephroangiographic phase
Muluple filling defects i the cortex pdicating ovsts

Conclusion

The lustologic appearances of polyeystic Aidneys n the present matennt
correspond to the description by QsATiaNonDH & POTTFR (1964) as ‘type 3 duc
to muluple abnormaltties of development’, these authors stated (p 512) that the
type 3 polycystic hdney 1s the variety generally designated as polycysue hdnty
of the adult

However, the present lustologic, roentgenologic and chmeal findmgs  the
polycysue hadneys fail to support this view Common so-called adult { fanmilial)
polycyste renat disease presents difforent fustologic and radiologic apperantes,
without structural evidence of malformation of the renal parenchymn, without
contrast-filfed cattties at urography but with the presence of parenchymat calaft
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Fig 7 Medullary sponge kidney Ectatic and cystic coflecting and papittary ducts
2o caleuls present sn this part of the kidnev Haematoxshin eosin

“ .
‘
g
| |
i
;
t !
a

iz 8 Unilateral medullary sponge kedne:

Y a) Grou;
cateuls » the entarged upper pole 1) Urography -r,ﬁ.c“a'l T:’:S:f .;ms’u
enlarged papillae of the upper pole, calcult lie 1n some of the cavities ©
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Taple

Differentral dragnosis of four renal medullary ostic lestons

Porrer, ype 3 ‘Common adult Medullary sponge Nephronaphthu s
polycystic hidney kidney

Age Infants, adulis Adults Adults Children adoles
cents
Cavities Tew, irrcgular Not present Numerous ind  Not present
(urography) regular
Neph N defects N defects  Normal Atrophy,
graphy na defects
Histology Smalland large  Large cortical cysts Cystic and cetauc Medullary and
cysts of cortex sometimes with collecing and  juxtacorucal cysts
and medulla blood and caleifica  papllary ducts  tortuous loops of
incresed con tions, no increase in no corttenl cysts  Henle with base
necuve tissue, connectie tissue calcult 1 some  ment membrane
sometimey calculi cyts thickening atrophy
Clinical \anable, renal  No Potter face, Renal colic gross Polydipsia polyura
features Pamn progressive renal colic, haema  hrematura final azotaerm no
renal fallure turia, 1 pyelonephrs haema
oceasionally aneurysms, pro tursa or hyperten
‘Potter factes” gressive renal faillure, sion
hypertension

these conditions are mercly examples of a medullary cystic change that may occur
1 other states, e g trisomy 13—15 (Gustavssow et coll 1962) and nephrono-
phthusis which 15 even called ‘medullary cystic disease’ ( BRoRERGER et coll 1960
IvEMARK et coll 1960, STrAUSS & SOMMERS 1967)

Medullary sponge kidney 1s easy to differentrate radiologically from tuber-
culosis, renal papillary necrosis and various forms of nephrocalcmosis (Cacemnt
1960, Lrstron et coll 1967) It may, however, be difficult to distinguish
between medullary sponge hidney and polycystic hidney type 3, but certain radio~
logic details differ For example, the shape and number of the cavities are of
umportance They are numerous and rcgular 1n outlne n the medullary sponge
kidney, while they are usually few and irregular in polycystic kidney m which the
small medullary cysts are accompanied by cortical cysts The calyces and the
papiliae 1 medullary sponge kidney are normal or enlarged The calyces of the
polycystic kidney are often club shaped and lach normal papillary impressions
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EnFr ct coll described vanous polycystic renal changes in mfants and cluldren
and therr radiologic sllustrations revealed scveral cases with the same appearances
as 1 the present cases of polycystic hidney However, they did not group these
together but separated the mfantile from the adolescent cases It 1s also of some
mterest that as carly as 1960 Remwry & Neunauser described cases of renal
tubular ectasta 1n cystic disease, some of which had the same roentgen appearan
ces as the present polyeystic hidney cases

The ncphroangiographic differences between medullary sponge hdney and
polyeystic hidney type 3 are stll more obvious The former prescnts normal
appearances While 1 polycystic hidney type 3 there are numerous defects of
varying size i the cortex as m the common adult polycystic hidney, caused by the
cortical cysts Desprte the sumdarity m nephroingiograplic appearances mn these
two latter lesions, urograpluc differences are apparent The common adult
polycystic hidney contains no contrast-filled cavities outside the calyces and the
calefications are parcnchymal, wlnle 1n polyeystic hidney type 3 concretions ase
present within the cavities

It has recently been suggested on the basis of the fimdings m one case (Nemox
& TorspErG 1968) that polycystic change may occur mn both the cortex and
medulla when radiologic evidence of medullary sponge hidney 1s associated with
enlarged hidneys This was not confirmed n the enlarged hidneys of the present
series of 120 cases of medullary sponge hidney

The group of medullary cystic renal chinges also ncludes nephronophthusis:
The location and type of cysts mn this condition mahe 1t theoretically possible to
demonstrate them at urograply, this could, however, not be confirmed 1 our
studzes

SUMMARY

The radiologic and } 1 differential d n two renal

dullary cystic condt
teves — poljeystic kadwey (Posser fpe 3) and ry sponge hiduev — are descrnibed

ZUSAMMENFASSUNG

Die radiologische und hustologische Dufferentinldingnose m zwer medullaren Z)stcnt:l
Lrankungen polvzystische Niere (Potter Typus 3) und medullare Schwammniere Wir

beschrieben

RESUML

Description du diagnostic differenttel radiologique
kystiques de In médullasre renile le remn polyhystique

et lustologique de deux affections
(Potter type 3) et le rem en éponge
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LseL ct coll deseribed various polycystic renal changes 1n nfants and children
and therr radiologic illustrations revealed scveral cases with the same appearances
as m the present cases of polycystic hidney However, they did not group these
together but separated the infantile from the adolescent cases 1t 15 also of some
mterest that as early as 1960 Reniy & NEeunauser described cases of renal
tubular ectasia m cystic disease, some of which had the same roentgen appearan
ces as the present polyeystic kidney cascs

The nephroangiographic diffcrences between medullary sponge kidney and
polycystic hadney type 3 are stll morc obvious The former presents normal
appearances wlile in polycystic hidney type 3 there are numerous defects of
varying size 1n the cortex as in the common adult polycystic kidney, caused by the
cortical cysts Despite the similanty 1n nephronngiographic appearances m these
two latter lesions, urographic differences are apparent The common adult
polycystic hidney contains no contrast-fifled cavities outside the calyces and the
calcifications are parenchymal, while m polycystic kidney type 3 concretions are
present within the cavities

It has recently been suggested on the basis of the findings 1n one case (NeyoY
& Torsperc 1968) that polycystic change may occur 1 both the cortex and
medulla when radiologic evidence of medullary sponge hidney 1s associated with
enlarged hidneys This was not confirmed i the enlarged hidneys of the present
senies of 120 cases of medullary sponge kidney

The group of medullary cvstic renal changes also mcludes nephronophthisis
The locatson and type of cysts m this condiion mahe 1t theoretrcally possible to
demonstrate them at urography, this could, howeser, not be confirmed i our
studies

SUMMARY

The radiologic and histologic differential diagnoses m two renal medullary cystic condi
tions — polycystie kidney (Potter type 3) and medullary sponge kidney — are descrtbed

ZUSAMMLNFASSUNG

he Duffe Id m zwel Zystener
Potter Typus 3) und medullare Schwammmere wird

Die radiologische und b
Lrankungen polyzysusche Niere (
beschrieben

RESUME

histolomque de deux affections
tion du diagnostic differentrel radiologique et
kyg‘:jjzlpdc Ia medullaire renale  le retn polykystique (Potter typc 3) et le rem en éponge
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Fig 1 Prnciples m determinng the height of the
layer The imase mtensif'er takes the position of
the cassette during fluoroscopy

Mentron should be made of the Pohl patent (1937) accordmg to which the
1omoscopic 1m~- k- re -

of rotating m

with a rotatin

the cathode beam changes the height of the layer correspondingly These and
similar systems are characterized by the fact that all but the image shadows in the
prot plane are blurred just as in a tomographuc film.

3 = Feg 2 Dens

- Taphed after cen

— on the monstor

epistropheus tomog
tertng and standsull
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IMMEDIATE CCNTERING AND TOMOGRAPHIC CUT
LOCALIZATION BY MEANS OI' ROCLNTGEN TLLLVISION

by

J Tristana-Danr and H B home

Posiiomng and ascertatuing the correct pnvot plane for tomographie scetioning
1s often a difficult as well as a ime-consuming pracedure Several methods that
reduce the number of tral exposures necessary for arrvang at the desired section
have been described in the past Lstimauon of the correct level by applyng
tomic hnowledge 1s common For cxample, a tomogram through the human lup
Jomt will usually be located approximately 8 cm above the table top with the
patient supine  Multisection tomography can also be used for estimation of tht
correct level, several cuts bemg taken through the region to be exammced How-
cver, the former method gives only a coarse approximation, and the latter produ
ces constderable unsharpness duc to the use of mtensifying screens of varymng
speeds
Tngonometric methods for ascertaming the deared layer have been tred
Lxposurcs mn two extreme tube positions arc taken, and the levdl sought 1s dens cd
from the distance the object has wandered on the screen The Stemens Univ ersal
Plamgraph utilizes this mcthod Various tomoscopic devices hwe been suggested
and described, but to our knowledge nont of these s been used i practice

Submutted for pubhication 15 July 1969
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heavy Fig 5 Single tomogram of gallstone centered
fu‘%,i. Tomosgtam of fractured Lt in & heavy and arrested on the wlees o aaons

rotation per 2 seconds) with an angle of cut of 30° The correct depth of
scctioning 15 then found by moving the fixed pivot plane up or down until the
movement of the examined object on the monitor ceases, when this occurs 1t must
correspond to the pnot plane, as explamed above Aft,
observer may perform the procedure with onl:
The image mtensifrer 1s then replaced by a c;
at the correct level

Expenence with the method has been promusing and it has proved satsfa
for many diagnostic purposes Its application 15 casies|
immovable objects such as bony structures are examiny
which 15 difficult to display m convenuonal films coul
In a tomogram, well centered and 1n the correct pla
may be obtamed 1n the exammation of the hy,
easy to find n natled hips (Fig 3} In gb,
example a lateral view of the spine,
and selection of the correct cut 1s however usually possible (Fig 4)

Problems may anise in the examination of structures that move with respiration
for 1t may be dufficult to decide whether the mosements are Physiologic or dye to
the tomographie projection These may be overcome if the Patient 1s cooperatie

er a Iittle expenence, the
y 5 to 10 seconds of fluoroscopy
assette, the object being centered and

ctory
t and most strking when
ed The dens epistropheus,
Id be clearly demonstrated
ne (Fig 2) Similar resylis
P> the desired cut 15 particularly
eS¢ patients certan Projections, for

may present some difficulty The centering
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Tiz 3 Tomogram of naled lup (pscudarthrosis)

A new method utihzing a specinlly designed rotational tomograph has been
tried by the authors The umt 1s distingusshed by the fact that any complicated
system of rotating murrors or the like has bten avorded The method mahes use of
television monitored fluoroscopy for direct visual location of the tomographtc
prot plane and 1n uts prescnt stage of development has yielded sitisfactory results

During adjustment of the depth of the desired prvot planc, an image mtensifier
mounted under the bucky drphragm s substituted for the cassette The image
wntensfier thus follows the rotation of the draphragm, synchronous with the move-
ment of the roentgen tube, exactly as the cassette would have done As a result
of thus arrangement of tube and mtcnsifcr, the object shadows that are not m the
pivot plane move on the television momitor at varying speeds The movement and
rate of travel of each image detail will be dependent upon the distance of the
object from the fulerum and only the image of an object detail located mn the
ptvot plane will remam stationary on the television screen The mmage detatls that
are ‘frozen’ at any gwen time are eastly discernible

In the exammation of 1 patient the structure 1s located on the monitor for the
examnation, as usual The tomograph 1s then set 11 motion (approxumately one
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L’ARTERIOGRAPHIE APRES CATHETERISMF
PERCUTANE PAR VOIF ARTERIELLL AXILLAIRE

par

T ¥ HiGier et B \avagrro

NEWTOX en 1963 et Roy en 1963 <ont les prenuers a pousorr farre etat d une
senie importante de cathetensmes allaires pour explorer le coeur gauche et le
systeme argentel Seduits par cette voie d abord nous Lavons unlisce frequemment.
Nous voudnons apporter notre contnbution au developpement de cette methode
Elle ne nous parait pas en effet avoir ete utihsee suffisamment pour les radso-
graphues v ascul. C bien ses Inconyentents et ses grands
avantages nous repeterons sur cette me de 1 Atlantique ce que dit Roy a Mon
tseal et nous apporterons hotfe expenence

“Nous envisagerons successivement  Ja techmque du catheterssme axillaee les
applications les resultats et la critique de la methode

Techniques, matertel, et mise en place de la sonde

Preparation du malade 11 ne nous parait pas bon que le pattent <oit stricte
ment & je@n nous preferons qu ! prenne une boisson quelle quelle soit pourvu
qu elle <ot abondante avant de se presenter a 1 hopueal

En cffet nous pensons avec DiguesniL que la deshydratation consceutive a
Soum s & la Rédacton le 9 an er 1969

16— 05 A 10 Rad ddox « Diagno s 3ol 10 () 0
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and able to hold his breath for the necessary period of time. A gallstone can
casily be centered and a cut taken through jts equator (Fig. 5). Most dufficult, if
not impossible, is the cxamination of structures such as the biliary ducts, which
are only faintly depicted on the screen; consentional methods with prelmunary
films for orientation are tlien probably better. The limiting factor 1n the use of the
method m the exammation of small objects is the contrast and resolution of the
picture. With improyements in televiston, observation of detail that 1s only poorly
demonstrated today may be greatly facilitated.

SUMMARY

A new method for selecting the depth of tomographic section by direct visu3l momtoring 1s
described The tube and the ymage intensifier move synchronoush durng fluoroscopy, and
the movement of the object 15 followed on the television <creen untl it remams stationary
The correct depth for the tomogram 1s thus obtamned

ZUSAMMLNFASSUNG

Eme neve Methode zur Besummung der Tiefenmah! fur Tomographseschmtte muttels Bild-
verstarherdurchleuchtung wird angegeben Rohre und Bildverstarker bewegen sich synchiron-
stert wahrend der Durchleuchtung und die Bewegung des Zielobjehtes wird solange auf dem
Schirm serfolgt bis es zum Sullstand hommt Mt diesem Vorgehen erhalt man die nichuge
Schautt Trefe

RLSUME

Description d'une nouvelle methode pour choistr I profondeur d'une coupe ton{ozrapl\lquc
directement par radioscopie televisee Le tube et Pintensificateur d'image se dt‘p}‘mtnl de
fagon synchrone pendant la radioscopte et on st le mousement de l'objet sur Iécran de
teléviston Jusqu & ce qu'dl reste stationnaire On obtient amst la profondeur correcte pour 1
coupe tomographique

RETLRENCES
Schichtunter-
FiNnENZELLer |, Gajewskt H und Denis X Gerate fur die Linbeziehung der
' h i dem n rontgend. hen Betrieb Radiologe 9 (1968), 268
Porre H, Lavners P und Lostoter I Techmk der Rontgendragnostih Georg Thieme

Verlag, Stuttgart 1966
Steve I E  Bevorzugte Darstellung emnzelner Korperschichten In
radiology Part III, p 774 Springer \ erlag, Berhn 1967

Encyclopedta of medical
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Fg ” Rapport de lartéee ax Hare et du plevus brachial Les deux
- rac mes du méd an se rejo gnent (1) ¢t le cut tal (3} se drge entre
artdres et cine

jacent Il faut st posssble cire au dela des arteres curconflexe et scapulaire 1
ferieure qui peuvent smon ctre ponclionnees utilement  On pense atsst gu elles
pewent der en cas de thrombose a la revasculansaton d aval (Fig 1}

Le potnt de panction apres palpation minutreuse est repéré L anesthesie locale
doit ctre abondante 20 ml de novocane 1 €¢ il faut qu elle soit profonde Lile
peut wun engourd n porarre de la main

La ponction arterielle est faue avec e trocart apres reperage des battements
artersels reperage au doigt pws a la pomte du trocart qw transmet le pouls, 1
faut evster fes ponctions meratives qu nsquent de blesser L astere et les branches
du plexus bracheal (une bonne Jocalssation prealable est donc essentielle)

Lorsque fe sang Jaillit rythme et avec un jet de plusteures dizames de centt
metres le guide est mus en place sous controle televise, on le pousse usqua la
crosse aomique st possible et on enleve le trocart 11 faut bien comprammer 12 zoue
de ponction 2 ¢e moment 1 pour ewiter que Jarsclle ne se rempliste de sang
La sonde une fois muse en place 1l ny a plus de saignement possble La sonde

est ators enfilee sur le guide on peut, sans que cela soit oblige faire une mouche
ture au bystourr sur Ja peau

Avant de franchir 1a petu et d mtroduire la sonde dans artere on s assure de
fa iberte de Ja tewe du gwde afm quit ne perfore pas une tumque sur laquelle
1 bute Sous contsule scopigue on fait alors cheminer fa sonde e e gude de
concert Quand la sonde est en plare ) faut retcer le gaide ct bren nncer la
sonde pour Ya larsser toujours remple de serum et non de sang Ce serum sers
discrétement hepanné quelques gouttes dans 250 ml de serum

Les aleas possibles Tes denx ractnes de med an se tejognent au miveaw
meme de 1a zone ponctionnce et e médian couvre | artére Le cubatal est luy ausa
tres proche 11 est donc frequent que Je sujet accuse des douleurs en ceelarrs dans
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Iig 1 Radiographie de 11 position du trocart avant Imtroduction du gwde Le pomt de
ponction de lartere axillure se fait sur le plan dur de 11 téte humerale si possible en amont
des rteres circonflexe et scapularre inferieure quu peusent {tre une vole de revascubisation
eventuelle

un jefine prolongé (parfors plus de 12 heures quand le patiene est vu au mliett
de la matinée) améne une hémo-concentration, facteur favorsant les throm
boses Aucune prémédication nest faite a part exception Nous expliquons en
ditail au patient les manocuvres pratiqudes, et attendons de lm quil nous fasse
part de ses réactions Quand nous sommes amenés a calmer le patient, nous
nous adressons au Dolosal ou au Valllum par vote intra-y emeuse ou par la <onde
du cathét{nisme

Le patient cn décubitus présente P'aisselle en mettant sa mamn sous Ta tlte,
arsselle rasée ot désinfectée

Matcriel L examen ne peut €tre fait sans amphficateur et tdévsion Le trocart
que nous employons est du type Seldnger de diamctre vanable (SCLDINGER
1953, Opman 1956) Les sondes sont de plusieurs types survant 1 examen, nous
employons sousent les Cordis Ducor bleues No 8, préformées et sertics La
plus grande attention dott ttre portée au gude qui dot {tre adapté A 1 sonde
en cahibre et longeur et de bonne qualité

Mis en place de la sonde La ponction se fat dans le sommet de I arsselle sous
I'ausent pectoral 1 Ia hauteur de Ja téte humérale qui fart un plan dur sous
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Fg ” Rapport de larare axllare et du pleus brachal Les dewy
~ rac nes du med an se rejo gnent (1) et le cubtal (3) se drge entre
arteres et ve ne

jacent Tl faut st poss ble etre au dela des arteres circonflexe et scapulaire 1n
ferieure qui peusent sinon etre ponctionnees utdement on pense ausst qu elles
peusent axder en cas de thrombose a la revasculanisation d aval (Fig 1)

Le pomnt de ponction apres palpation minutieuse est repere L anesthesie locale
dotetre abondante 20 ml de novocaine 1 €¢ 1l faut qu elle <oit profonde Elle
peut entramer un engourdhssement temporaire de la man

La ponction arterielle est faite avec le trocart apres reperage des battements
antenels reperage au doigt puwss a la ponte du trocart qui transmet le pouls I
faut eviter les ponctions iteratn es qui nisquent de blesser 1artere et les branches
du plexus brachral (une bonne localisation prealable est donc essentielle)

Lorsque le sang jaillit rythme et avec un Jet de plusieures dizames de cents
metres le guide est mus en place sous controle tddesise on le pousse jusqua fa
Croste aotique 51 possible et on enjeve le trocart 1 faut en compnmer la zone
de poncton a ce moment la pour eviter que laisselle ne se remphisse de sang
La sonde une fois muse en place 3l ny a plus de smgnement possble La sonde
est alors enfilee sur fe guide on peut sans que ccla soit oblige faire une mouche
ture au bistount sur la peau
. ﬁl\::tc%ccf{:r:g\cxrdl: pcz‘x::e;éi mt‘rlmliuxrc la Isonde dans lartere on s assure de
0 bute Sots congron: s&g: de a n q{ l‘ n‘e pcr;rc pas une tunique sur laquelle
concert Qruang 1 e paqu 0“1 ait alors cheminer la sonde et le gmde de
once goum 1 b 'W:v ‘!"C:I place e:l i'aufl retirer le guide et bien nncer Ja
et hepan;\; pv.‘m el Yo seram ¢ Ton de sang T seTum sera

quelques gouttes dans 250 ml de sérum

’
mL 3 :Izlm bossibles Les deux racines du median sc rejoignent au niveau

em
e c cha zone¢ ponctionnee et le median couvre Jartere Le eubital est hn auss
proche Il est done frequent que le sujet accuse des douleurs en eclairs dans
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4yt

ik 3 Sidvere « ot normale (1) le
gud des end teut drott dins | aorte de
s endante Sy erc se est dero ke (b)) de
gurde doit { e un wele g1 pour aller
dws I descendnte alors qie aren ant poar
le trone artenel brachiocephal q e 1 angle
st g1« favarnl le

Fnant-bras ¢t 1t mam w moment soit de I anesthese mas surtout de Ia pone
tion Ce rique est difficllement catable etant donne les mpports anatomques
11 ft done enter Ies pigfires steratnes (g 2)

H peut se fure que Yon ut un jet de sing bien rythme mass que Lon ne puisse
pousser de qudques millimetres le trocart, ou que le gurde bute quand on 1m
trodut Il s agit alors de I seapulre infuncure et il faut recommencer T pone
1on 1pres WO cComprime. sorgheusement cette rtere

Tc chemmemant du guide peut tre stoppe, ou dans une boucle artertelle
(coude de 11 sous clniere, boucle du trone artened brachiocephabque) — 1l fllﬂt
fure quedques manocusres pradentes, umquement wee T partic souple du guide
boucle st posstble et ne pas msister — ou par unc stenos 4

Il peut &tre mmpossible de fure psser le gude dans 11 partie deseendante lc
I crosse I'ar voie gauche, st 1 aorte st deroulee, st 1t sous elaviare fut un wgh
ngu nee crosse le gmde ne pourra remonter dans la crosse (Nig 3) 11 f“‘“
cesnyer Alors un guide tres courbe 1 son extramite qui peut réussir 1 fmnd\ur “C
tryct en buonnette: Parvore drotte on peut passer dans 1 torte decendante 1 m(
le fasons lorsquil custe une stenose sous el e gauche ou lorsque 1 cmz:
nous parut deroulee € et Y dire 1 partie o un certam Age (50 ans envaron) o
offct I passtge de lnsonde dans Daorte doscendante (st mos (le{lCllL‘p’! u
voic droite que par 1 vore ganche des que ]acrose nortique sesurelan e

s allonge

Applications, resultats et critique de la méthode

o
Ln total, 196 appheations de 1esploriion ont cte fates  gerbe nortique

nure
vassseans du cou 26 norte 57 cigestives 64 sdectives renales 48 ct cloml e
me
une Pour certuns patients T garbe et orte etarent awplorees pendant Ie

exmen
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Fg 4 Retrograde ax!lare pour mject on
delancsenerq e nfer cure chez un pat ent
atte nt de rectocol te hemo ragz que

Fg 5 Retrograde axllare pour myecton
de 1artere hepat que 1a sonde est su-dela de
Yartere gastroduodenate (£xude du foe dun
5 jet ethyl que )

Incontements La poncton axillame est plus longue que celle de 1artere
femorale Le plexus brachal est une gene centamne Les cchees de catheténsme
sont plus frequents par cette vaze mars 1l faut considerer que nous n avens plus
de contre indication du fart de 1etat artencl partant nous asons beauconp de
patsnemi gui ne pouvant subir un cathetensme femoral nous sont adresses
og ::hfccso c)alhtlcnsmes artenels nous avons fait 210 par voies axillaires Sur

a ponction etatt impossible (5), on ne passart pas (10) — la sous
claviere (9) et le tronc arteriel brachiocephalique (1) — et la sonde ne pousart
pa;! tourner dans 1a crosse pour aller dans la descendante (13)
rml:::;’)]chngr":;l;clﬂl [l):‘(amen est nul sil sagt de famre une selectne I est
o mecie oo danfrlr pour l)ts raisseaux du cou pour une aorte stmple et
N A a[tro::erlour les aortographtes on peut donc considerer
femmorale. Do uqu: it 7<¢ Cest encore beaucoup par rapport a la vote

que nous faisons des voies axillaires drottes le passage dans la
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patique et gastroduodenale 11 cuaste
duodenale 1

Fig 6 Rctrogrmde wallure pour snjection de §artere he
1g T n

un diphrigme sur ) hepatique et une stenose de la g
Jecte 1artdre splénique (Sujet suspect d attente panereitique )

crosse, quand dle st deroulee, se fat de fagon plus freale Une seale fois pour
cette vote nous n avons pas pu franchir 11 crosse aortique

Roy sur 475 ¢xamens avart 46 Cchees, 1 peu pres 10 G¢ Nous pensons que
notre proportion d cchecs dinunuera asec le nombre d explorations

Avantages “I1'y a moins de manchots que de cul de jatte , ce qui prouse que
les arteres des membres superieurs sont moms sowvent alterees par 1atherome
Corollure de la proposition, sus jicente, le passige est presque toujours possible
par laxiltare, alors que les fumorales ne battent plus Autre corollure de la
proposition premicre est que le nisque est momdre  arteres mos alterees I
revasculansation du membre supencur est moms precaire en ¢1s de thrombose

11 s agit pour notre part d une methode ambulatorre Le patient peut rentrer
chez I 2 a 3 heures apres Lexamen 11 peut contrdlr Tu méme, de la main

opposée, son asselle
L avantage le plus determunant est dfi 1 la facilite beaucoup plus grande des

sclectives digestives (Borjsen 1966)
Du fait du trajet des arteres et de leur inchnuson sur laorte, le catheterisme

descendant va dans le bon sens, i ny a pis 2 fare de crochetage de 1 ostium
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comme dans le cathetenisme ascendant crochetage qu mterdit presque toujours
de penetrer dans lartere au dela du premier centimetre on st sur les radio-
graphues combien la courbe du catheter daos la penctration est naturelle non
forcee Cect est valable non seulement pour les arteres abdommales mais pour les
asteres pelstennes et celles du membre mfeneur

Incdents Nous asons eu sept madents Trows medents ctaient des traumatis-
mes nerveux  une dysesthesie des dogts defimitne un trouble combine, moteur
et sensitif de la pince pouce index mats particl une paralysie du median par
defaut de suneillance | hematome sest constituté dans les jours qu: ont suivt
1 examen chez un sujet au psychreme a ce pomt fruste que c est a 1 occasion d une
brulure grave de la mam que lon a decourert la paralysie et sa cause un mois
apres 1a ponction cet accident nest pas enticrement imputable a la methode
Nous avens eu denx hématomes sans gravite Deux fois nous avons fait une
dissection de Ja sous-claviere, le gurde chermnant dans 1a paror artenelle aucune
mantfestation n a sun1 cette dissection et } examen a pu ctre mene a bren

11 est interessant a noter que nous n avons Jamass eu de thrombose le seul
geste chirurgical que nous avons provoque est une decouscrte sous anesthésie
locale de l artere qui s est remuse 2 battre apres infiltrauon de Syncame

Roy (1963) fait etat sur 475 examens de 4 cas de traumatismes neneux,
dont les signes etarent presents un an apres et 11 cas de traumatismes artenels
— huit de dispantion du pouls et trois qui necessitaient une thrombectomze
Les autres se sont amehores 7 cas d hematomes et une fors dramage chirurgical

Stast et coll (1966) sur 21 examens par voie axallare fait etat de 7 lesions
nerveuses deux durables Duerick et coll (1967) sur 305 par voie axjllarre
wart deux types d acondents merveas — Yun bemm engourdissement dans le
terntoire du cubital et I autre plus grave du au saignement dans la gaine neuro-
musculaire compnmant les branches du plexus brachual

NewTov (1963) sur 160 cas na pas eu dacadent et Borysen (1966) sur
70 examens par vote axillaire 2 eu un cas de thrombose axstlaire

Conclusion
Nous ne ferons que citer les nethodes mdirectes d opacification avtenelle par
’ime ntra temeuse (Clshano & GaLLAGUER 1963 Strmesre et colt 1938
IALLET et coll 1959) Cette techmque est TTISSO! ‘
Teseriee aux
mmpossibilites artenelles e e o e

Les techmques de ponction directe des
gros taisseaur  aorte (D
et coll 1931 Lenwon et coll 1959 Wickpon 1952) et souycla\fer:s(l\sft;\;?z
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et

Tig 6 Rotrogrde 1xfiare pour myection de 1artere hepatiq ¢ et gastrod odenale 11 ex fe
un duiphragmme sir Lheprtq ¢ et ure sunose de la gastrod od nale’ La gastroep plo que 1
Jecte 1 artere splenque (Styet suspect d attemte pancreat que )

crosse, quand clle est deroulee <« faut de fagon plus facile Une scule fois pour
cette voie nous N wons pas pu francher 11 crosse aortique
Rosy sur 475 examens avart 46 cchees a peu pres 10 € Nons pensons que
notre proportion d cchees duntntier 1sec le nombre d explortions
Atantages 11y 4 moms de manchots que de cul de jatte  ce qui prouve que
les arteres des membres supcsieurs sont moms souvent alterees par 1 itherome
Corollure de 11 proposition <us jacente ke prssage est presque toujours possible
pr Laxillare lors que les femorales ne battent plus Autre corollaire de
proposition preniere est que le risque est mondre  arteres mons Alterees et 1
revasculansation du membre supcrieur est mons precure en c1s de thrombose
11 s agat pour notre part d unc methode ambulatowre Le pattent peut rentres
chez lut 2 1 3 heures apres 1 examen 11 peat contrdler lm méme de hr mun

opposee, son asselle
L avantage le plus determmant est di 1 11 facilite beaucoup plus grande des

selectrves digestves (Borysen 1966)
Du fart du trajet des arteres et de leur inchinatson sur laorte le catheterisme
descendne va dans le bon sens i ny a pas 1 fare de crochetage de 1 ostum
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Tableau
Les accdents des dufferentss autewrs ayant publif fa methode

Auteuss Rov STAL Deerick  Mewton  Borsex Hioeer
Cas 475 21 30 160 70 210
Echecs 6% — — -~ — 8
Leston artenielle 3 - — . 1 —
Léson neneuse 4 2 + - - 2

Nous ne tenons compte que des lesions permancntes ou ayant nécessité une correction chirurgscale
Duswick parle d accidents nerveux mais ne donne pas de chifire

femorales aggrave le nisque, pour les anevrysmes ou thromboses de laorte ab
dominale, et enfin, Fmdication est preferable lorsquil sagit d un malade que
lon ne peut pas hospitaliser

Le catheterisme artenel par oe avillare est plus difficile mats 1l permet des
nvestigationts qui ne pourraient tre faites autrement, 1l autorise des mjections
hyperelectives  (Borjsen) 1II faut connaitre les nsques nerveux encourus mars
ceux ¢t donvent pouvorr &re evites

RESUME

Les auteurs argumentent 11atéret de la sore axillaire pour mtrodwre un catheter sus
ceptible de faire des artertographies de {aorte ou de ses branches La vore axllatre est plus
éfficile elle pewt emramer des biessures du plexus brachyal avec sequelles defmtrses mays
elle autors ¢ des examens chez de patients dont les aneres femorales ne battent plus et
permet des artériographies hyperelectives des arteres digestres

SUMMARY

The value of cathetesization via the axillary artery for an,
and can lead to mjury of the brachizl plexus with con equent sequlse the meihod oo
tecommended in the examunation of patients havig non pulsating Temora! sagerrge be
also permuts Tuehly selectine angiogtaphy of the digestivy Hotenen” antenes and st

ZUSAMMENFASSUNG
Der Were der & %= =
und deren Aste
relatn schwierige

At Lrdchials mut den entsprechenden



248 J 1 HUCUFT ET B MAVARRO

wa
F 7 Ruorate ol re jour leude ;.;L,,M,

des vassenux 11 creatques s lect e de f »
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et ¢) Opacfcato de laxe splenorenal “% £ 4o~ I LI Y
retrograde 1<l re po v s alser la vemne Y Yy v
poite rtere dt corps et de la g e e d l ~ & ;:_
| ancreas - -

1959) nous pararssent plus penlleuses que les techmques actuelles dles ont eu
un graind merite 1 ant Linnovaton de Seldinger

Techmque de contre courant a distance (CastELLAnos & PEreras 1950
Marstarr & Line 1963 BArp et coll 1965 Lcorrrier et coll 1964 Trizrry
et coll 1966) Elles sont faciles a realiser presentant un mmmmum de nsques
Elles peusent ctre employees pour 1exploration des vaisseaux du cou et de la

gerbe

Le catheterisme femoral (Littrguist & Heristrom 1965) 11 est plus faale
on dait lur preferer 1a voie axillaire pour toute arteriographie qun se veut tres
stlective (CreiLLE et coll 1965 Caron 1965 kraus & Bron 1966) 1 sple
nique a hepatique et gastro duodenale mesentenque nfinteure (ne connat
pas d cchee par vole haute) les arteres honteuses lorsque ]etat des arteres



L’ARTERIOGRAPHIE APRES CATHETERISME PERCUTANE 251

Trerry A , EvsseTtr, Bicav etcoll - Arténographie sertébrale par soie humérale rétrograde
J Radiol 47 (1966}, 56+
Viareer P, Seapra L, CuevrotT L et coll  Angiocardiopneumosgraphue élargic Méthode
d opacification vasculaire générale par voie veineuse Masson ct Cie, Pans 1959
Wickeow I Thoracic 2ortography after direct puncture of the aortafrom the jugulum Acta
radiol 38 (1952), 343



250 J T HUGUET ET B NAVARRO

Folgen fuhren Rann wird diese Methode fur die Untersuchung solcher Patenten emploblen
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SINPLITIED SENSITOMLTRY
by

Ove MarTsson

It 1s important m the sddection of radiograplic matenals, screen-hlm combr
nations and processing techmiques to have available the charactenstie curves,
deseribmng the rdation esposure 1o density and provrding all the sformation
required Such curves are obtamned by plotting the densitics recorded agamst the
common Joganthm of «\posures, the latter bumng the product of radiographic
mtensity and exposure time

A smple practical test for a comparron of two radiographic matermls may
be made by exposmg both matenials in an cquinalent manner, stepwise merewmg
the exposure by «mploying a step wedge or some other means The comparison
of dunsities may be made with the naked eye or the values may be read on a
densitometer Only an approximate evaluation can be made m this way

When step wedges arc used, the densitics can be plotted versus step thichness.
Step wedges smtable for radiography have been described ¢ g by Corniy &
SeemaN (1947) and Sreyan & Rotu (1960) Ihe Jatter described m 1962 a
phantom for industrial radiography

Mistahes can be made m the companson of [ilms wih a homted Tange of
densities, 1f the films duflfer 1n contrast the charactensstic curves mntersect and the
result suay appear conlusing when comparmg the densiues at dufferent leveds
A matertal may give a better dose response at one level compared to apother
A senes of representatise steps over the whole range 1s necessary

e
Submtted for publicatton 5 June 1969
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Fig 1 A sector wheel (with 2 common rano of 2}

The problem of evaluating photographic qualities often amse m a roentgen
department New deluertes of film or processing matenal, improved screens etc
demand accurate quality control Sensitometry 1s too comphcated to be carned
out m an ordmary roentgen department since 1t may be difficult to achieve the
tequired accuracy 1N exposures and obtain an extensne range of exposures
Accordig to HErcock (1963) an exposure range of at least 100 1 1s required
for tesung roentgen materials but a range of 1000 1 1s preferable for compara-
tive testing of matenals that differ considerably m speed A swtable rauo s ﬁ
or 2 For extreme values a change of intensity may be necessary, stll compli-
cating the procedure A sector wheel made of lead may facilitate the exposure,
but stroboscapic effects caused by the mntensity vanahon of the radiation iron’n
the alternating current may be disturbing A sector wheel with a common ratio of
2 1 shawn m Fig 1 The ‘intermuttence effecs’ may also mfluence the result —
a phenomenon that appears when an exposure time 1s disided mto many small
penods — the total effect 1s lower than expected from the mathematical sum Th
reaprocity law faifures may disturb the results in the range of exposures f; .
some williseconds to several seconds These falures have a rcrtsm YOH;
smportance n radiology (Fraxtzere 1950) practica

A simple techmique for roentgen sensitomets

Ty with ord;
socntgen departntent would obviously be of great value ArY cquipment of a
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Using a scquence of only three exposures m combination with a simple step
wedge, all the levels of density required for a uscful correlation of densities to
exposures can be produced There 1s no critical hmit to the dimensions of the
step wedge The author has used plates of acrylate 10 mm in thickness and the

number of steps has been vanied from 10 to 15

With a fixed exposure setting providing a good exactness, ¢xposure relations of
1 2 4 may be obtamed by a repetition of simgle exposures m the required
number, uncovering the film stepwise between the exposures

Three exposures give three density values for
cach density level, each group forms an m-
complete portion of a density curve A complete
series of recorded valucs 1s shown in Tng 2 If
the wedge steps are not very different super-
mmposition of the curves of various steps can
casily be made, translucent paper will assist
registration The result will be a charactenstic
curve with a great number of recorded values

The curve may also be constructed 1 a more
exact way The series of mcomplete curves
represent the corrclation exposure to density
m cach step, the sequence of exposure values
1s loganthmic (1 —2-—4) TFrom these curves
the mnterval honzontally along the X-axis at
cach level can be estmated — the effectne
difference mn ntensity from step to step It 1s
then possible to buld up a complete curve
with all density values plotted agamst the rela-
tive exposure mtensities calculated (Fig 31)
The cune refers to a standard roentgen film
exposed with screens and processed in a slow
devcloping machine, a curve representing a
roentgen film for industrial purpose exposed
with screens 1s shown 1n Fig 3b The fact that
most roentgen films possess high contrast means
steep gradation, a long straight part of the
curve will facilitate the bwlding of its final
form The lmited range of exposure ehmi-
nates the nsk of reciprocity law farlures and
the type of exposure mcans practically no nish
of an intermttence effect

g 2 A complete series of
recorded values from a test
Each step 1s represented by 11
mcomplete density cune
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°

= e =T

B 3 3 TL0GE
a

tig 3 2) A complete cune bullt up from
the values recorded 1 fig 2 of a standard
roentgen film with screens b) Cune for
an mdustrral roentgen film with screens
¢) Cane for a cmefluorographic film
210GE  (direct dayhght exposure)
<

From a practical viewpoint the method 1s realistic as unfiltered radtation never
exists 1n radiography, the hugher densities representing areas with low tissue filtra-

won and the low density areas recordings of the highly absorbing parts of the
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Using a sequence of only three exposures in combmation with a stmple step
wedge, all the levels of density required for a uscful correlation of densities to
«xposures can be produced There 1s no critical mut to the dimenstons of the
step wedge The author has used plates of acrylate 10 mm m thickness and the

number of steps has been varied from 10 to 15

With a fixed exposure sctting providing a good exactness, exposure relations of
1 2 4 may be obtamed by a rcpetition of single exposures n the required
number, uncoverng the film stepwise between the exposures

Three exposures give three density values for
cach density level, each group forms an -
complete portion of a density curve A complete
senes of recorded values 1s shown in Fag 2 If
the wedge steps are not very different super-
mmposition of the curves of various steps can
casily be made, translucent piper will assist
registration: The result wall be 2 charactenstic
curve with a great number of recorded valucs

The curve may also be constructed 1n a more
exact way The series of incomplete curves
represent the correlation exposurc to density
i cach step, the sequence of exposure values
1s loganithmic (1 —2 —4) Irom these curves
the mterval honzontally along the X-axis at
cach level can be estimated — the cffective
difference m mtensity from step to step It 1s
then possible to build up a complete curve
with all density values plotted agamst the rela-
tive exposure ntensities calculated (Fig 3a)
The curve refers to a standard roentgen film
exposed with screens and processed in a slow
developing machine, a curve representing a
rocntgen film for industral purpose exposed
with screens 1s shown 1n Fig 3b The fact that
most roentgen films possess high contrast means
stcep gradation, a long straight part of the
curve will facihtate the building of its final
form The limited range of exposure elm-
nates the nsk of reciprocity law failures and
the type of exposure means practically no rish
of an intermttence effect

Fig 2 A complete scries of
secorded values from a test
Each step 1s represented by
incomplete density cune
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Fig 3 a) A complete cune bult up from
the values recorded m iy 2 of a standard
roentgen film with screens b) Cunve for
o |nduxlnﬂ roentgen flm with screens

Curve for a cnefluorographic film
h 1 2 0GE (d.\rl:cz davhight exposure)

From a practical viewpomt the method 1s realistic s unfiltered radiation never
exists n radiography, the higher densities representing areas with low ussue hiltra-
ton and the low density areas recordings of the highly absorbing parts of the
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object The true recording of contrast 1s obtamed for each step of absorbtion
lesel The finnl curse produces complete mformation on the practical qualitics of
the radiographic matenal tested

The principle has also been utiized for tesing cinefluorographic film This 15
exposed 1in an ordiniry camera with a conventional shutter mechamsm One, two
and four cxposures are given on different frames, the object bemng a screen with
vartous steps in plam grey under uniform illummation A curve obtamed m this
way 1isshown n g 3¢

SUMMARY

A method of sunplified scnsitometrs of ridiogeaphic mateetal s presented No speeual
appartus 1s required

ZUSAMMENFASSUNG

Eine Mcthade fur die seremnfachte Sensitometrie von Ronteenfilmen wird vorgelegt heme
Spezialapparatur st erforderlich

RLSUMI

Presentation d une methode de sensitometrie simplifiee du matennl radiograplique Flle
ne necessite pas d appareil special
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TRAUMATIC ARTERIAL SPASM
An angiographic study in rabbits
by

Ias Gotnury and Torp Ouv

Catheterization of arteries and svems 15 nowadays a common procedure 1a
toentgenology, cardiclogy, cimtcal physiology, nephrology and surgery The
procedure 15 sometimes compheated by spasm with sschemia, and wtimal Iessons
with ensuing thromboss may follow Artersal spasm has eather been a problem,
mamly during war surgery, as descibed by Krom (1917), Maxns (1919},
vov Rurther & Barven {1920), Grirritas {1940), Conen (1941, 1943) and
pE Baney & SryEone {194G) Penetrating injunes cansing spasm under more
ordinary conditions were desenbed by Freryan (1949}, and foffowing trauma
m general by Kstwwones (1966) Anenal spasm 1 connecuion wih punctuce
and cathetenzanon has been reported by <cveral authors, e g Ranner (1951),
Linpeoy (1937), Wickeont & Barriey (1957), Errvev (1560], Sewecuree
(1963), Surtwo~ (1963) and Levix et coll {1967) The sante conditions after
vascular surgery were demonstrated by Grsenius (1950) Artenal spasm caused
by vemous puncture was considered by Svzron (1932, Nassein & Tones
(1963) and Gakrow & Ktsmnien (1965) Fractures as a cause of spasm

From che Laloratory of Expernnental Roemigenology, fhe Uniersuy Hosgueal, Lund

Sweden This work was supported by grant No BE9 23X 60-03 from the Swedish Medical
Research Couned Sudmstted for publication 16 May 1969
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2 b

Fig 1 1) Normal angiogram of the left femoral nrtery b) Angiogram one hour after puncture
of the femoral artery with 1 sonll cannul duning fluoioscopy  Spasm of the artery and 1ts
branches

were mvestigated by ¢ g Montcowrrs & IrFrasp (1935), Lericnr (1939),
Grutritis (1940}, Conrn (1941, 1941), Consore (1948), Kurowsnr (1935}
and Wiores & Booner (1967) Lapenmentally provohed spasm m anml
has been studied n the artories of the car of the rabbit by Grant (1929), m
the arteries of the hindhmbs by Barscs & Truera (1942), m the femoral
arteres of the rabbit and the cat by Kinsontin ot coll (1949) and Kinvovit
(1952) and m the fumoral vessds of the dog by ScuwarTz et coll (1961)

The cffect of trauma applicd ather direetly to the artery or to ats adjacent
nerves appears to have remamed v estigated and no systemate study of the
prevention 1s recorded mo the Iterature These conuderations prompted  the
present study

Matertal and Methods 1hurty~fine rabbits were exammed under superficial
general anesthesia with intravenons Mebumalnatrium  (pentobarbitone sodm
ACO, Sweden) cxcept i one rabbit m which cther on an open mash was
uscd A radopaque polythene cathcter (OPP 60, Portey, England  outer
drameter 115 mm, muner dimeter 075 mm) was mntroduced mto the nght
femoral artery under local ancsthesa The tapered and switably moulded tp
of the catheter was placed 1 the left common ihac, the left subchuian and
the nght common carotid arteries, respectively, by the techntque of Apaws et
coll (1965) Angiography was performed with Iopique Cerebral (meghumne
metrizoate, NFN, Nyco, Norwry) mjected at a constant rate with an infusion
machine  The film focus distance was 90 em An masion was made  the
feft grom or the lft axila, so that the artery with accompanying nenes could
be seen through the fasciae Ihe common carotd artery, however, due to its
deep position, was always dissceted free and further angography pcrl’nrmcl;‘
The artery and the accompanying nerves were then myurcd by foreeps, or Uy
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Fig 2 a) “ormal angiogram of the
left femoral artery b) Angioeram aftet
osion of the left gron and shght
trauma to the femoral nerve \oderate
spasm c) Ang ogram one minute aiter
snfiltration of 10 ml Carbocain 1¢
around artery and nene

applying a thread around the artery and pulhing s to and fro, or b) puncturing
the artery with a fine cannula. Repeat anglograms were then obtamed Local
anesthesia was sometimes nfiltrated around the artery and the nerves before
the trauma, but 1n other expenmments 1t was apphed following it The effect

of sasoactne drugs admunsstered through the catheter before and after the
myury was also stedred

Results

Trauma of the femoral arter) and nerte caused artenal spasm to a varying
degree m mne expenments Puncture of the artery always produced severe
contraction (Fig 1 aand b) whereas cautious free dissectron inflicted only shght
spasm {Fig 2 a, b and ¢) Non perforaung trauma always resulted 1 less
constnetion than dd puncture The spasm m advanced eases extended hugh up i
the external shiac and far down 1 the popliteal artery, 1t arose soon after the
trauma and developed fully m 1 to 2 mmutes When no further procedures
were taken, the contraction dinunished 1o some degree although 1t was sull
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Fig 2 a) Normal angiogram of the

H

left femoral artery b) Angiogram alter | h
mcison of the left gron and ! ght Y

trauma to the femoral nenve Moderate ;1 1

spasm ¢) Angiogram one minute after
mfitration of 10 ml Carbocamn 1%
around artery and rene

applying a thread around the artery and pulling 1t to and fro, or by punctunng
the artery with a fine cannula Repeat angiograms were then obtamed Local
anesthesia was sometimes infiltrated around the artery and the nenves before
the trauma, but 1n other expenments 1t was appled following 1t The effect

of vasoactrve drugs admutistered through the catheter before and after the
injury was alo studied

Results

Trauma of the femoral artery and ner.c caused artenal spasm to a varying
degree i mune expenments Puncture of the artery always produced severe
contraction {Fig 3 a and b) whereas cautious free dissection nflicted only shght
spasm (Fig 2 a, b and ¢) Non perforating trauma always sesulted m less
constriction than did puncture The spasm 1n ads anced cases extended high up 1n
the external 1hac and far down m the poplueal artery, 1t arose soon after the
trauma and developed fully 1 1 to 2 mnutes When no further procedures
were taken, the contraction dimimshed to some degree although t was still
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a b

Fig 3 a) Normal ngiogram of left fomoral artery b) Angiogram after pinching of the femoral
nerve Sheht spasm

evident for some hours lhe trauma in 16 experiments was applied only to the
femoral nerve, the constriction developed was usually less marked than that
after pure artenal sumulation (Fig 3a and b) Cutting of the fomoral nenve
failed to change the calibre of the artery but scgmental spasm in the saphenous
artery sometimics 1ppeared

The brackial artery and nerve were pched or punctured m 20 studies The
arrangement of the brachial pleaus made 1t almost impossible to scparate the
artery and the nerves and ¢ven cautious free dissection resulted i marked spasm
(g 4 a, b, ¢ and d) in the brachinl artery over some centimeters Puncture
caused more spasm than piching

Trauma of the common carotid artery m ten expeniments praduced no or only
shght spasm (Fig 5 a and b) Even repeat puncture produced only a shght
contraction Tree dissection of the internal carotid artery, however, resulted m
spasm

Treatment of spasm in the brachial and femoral arterses The effect of local
anesthesia was studied on thirty occasions If the anesthesia werc correctly
applied (locally and proximally to the trauma) with Carbocaim 1 G or Nylocun
19, no or only shght spaism appeared after the trauma When the local
anesthetic agent contaimned epmephrime (5 ¢g/ml), moderate contraction
appeared with the anesthetic m nine eapenments Pure epmephrne (40 grgfmD)
produced marked spasm (Fig 6 a and b) When local anesthesia was apphed
following trauma n ten studies, the alrcady established spasm drminished
constderably (Figs2bandc,51andb, 7aand b)

a.receptor bloching agents Three drugs have been tested Regitin (Phentol
amuum INN, Ciba, Switzerland) was mvestigated i four expeniments m
which 025 to 05 mg through the catheter relxed the spasm mn one mimie
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ked spasm )
4 a) Angogram after free disection of the left brachial artery Marl

D o e ates wyecton of 6 mg papasenine throuch the catheter Some rebef of
pam ¢ Anewogram after free disection of the left brachial artery \loderate spasm d)
Amcaogram one mimute after mpection through the catheter of 05 mg Regitin Rehe of spasm

(Fig 4 a and b), although 1 one case shight contraction remamed The dilaung
effect lasted more than 10 nunutes Hydergin (Dihydroergotamin, Sandez,
Switzerland) 1 a dose of 003 mg i two expeniments caused some diminution
of the spasm Dibenyline (Phenoxybenzamine, Klme & French Lab, England)
in a doce of 10 mg 1n two studies gave a good but mcomplete relsef

pereceptor lating agents Duvadilan (Isosup INN, Ferrosan,
Sweden) m doses of 003 to 06 mg was investigated 1n eleven expeniments A
dose of 0125 mg was always sulicient to abolish spasm and 1n most cases the
artery was wider after Duvadilan than 1n control angiography (Fig 8 2 and b)
‘The full effect was reached after 30 <econds and remained for at least 10
munutes, slight sasoconstniction returned m two expenments Artenal blood
pressure, pulse pressure and heart rate were controlled m si¢ studies and the
deviation from normal was nunimal after doses of 003 to 025 mg Vasculat
Bamethanum NFN, Bochninger/Ingelherm, West Germany) was tested three
times i doses of 25 to 10 mg with almast no effect on spasm
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b

Iig 5 a) Anglogram of the night common carotid artery
After pulling the artery to and fro ten times with a
thread  Almost no sprysm by Angiogrum fie minutes after
local appheation of 08 ml Cwlocan 1 ¢ Moderate dila
tation of the arters and no spsm

f-receplor blocking agents Inderal (Propranclolum INN, ICI, Logland) was
studied n three (xperiments 10 doses of 05 to 30 mg through the catheter or
mfiltrated around the vessdd No cffcct on spasm was cudent

Ganglion blocking agents Arfonad (Tnmutaphanum INN, Roche, Switzer-
land) was mvestigited 12 experiments with control of artenial blood pressurc,
the doses varyig widely due to tachyphylaxs The drug was given mtraarterially
or intravenously  When the artenal blood pressure was around 40 mm Hg
angiography was followed by films during the return of the blood pressure to
normal In no case was there any effect on spasm  Arfonad nfusion dunng
the trauma faled to prevent <pwsm Papaverne (Papavermum NN, ACO
Sweden) was tested stven times 1 doses of 025 to 60 mg It more or less
abolished spasm (Fig 4 a and b), the full effect remaming for about fne
munutes In two cxpenments papaverine i large doses before trauma resulted
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a

$1z 6 a) Normal angiogram of tle left femoral artery b) Angiogram after local application
of 008 mg epmephnine 1n 20 ml salioe Marked <pa m

B b

big 7 a Anzoccam of the lelt femoral acte:

ry after direer trauma to the arte Afod
\pasm i Ang ogram one minute aff B o o
et el of o o er drect 3ppl cation of Cachocan ¢ Good but not
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a

big 8 a) Angrogram of the kft fomoral artery after gt trauma to the fonoral ove St
spasin b) Angtogram onc minute after agection of 012% me, Duvadilan througl (he il eter
The femoral arteny 1 much wider than i the control

i only shight spasm after the ijury  Licdosin (Sandos, Switzerland) as ben
tmvestigated three tmes an a dose of 00035 mg, only shight cfect was produced
Narcosts with «ther on an open mask at diffrent depths of ancstliesn was
tried without cfect to reliese spasm Rhcomacrodex given through the catheter
m a dosc of 10 ml affected vasocomstriction only shightly

Treatment of spasm of the caroted artery 1hss has boen undrtahen on mnc
occastons Spasm of the common caroud artery, which was usually shglt, w1s
rddiesed by mfiltraton with local anesthesra Dibenyhine and Regitm hardly
affccted the spasm Dusadian mtraartenally had some «ffect although ths was
not so obvious as in other vascular arcas Inderal had no dffect at all Sprm
of the mternal carotd artery, which 15 a small vessed i the rabbut, could be
redieved only by local ancsthesia

Discussion

Vawmotion has been extensivdy studied by many phystologists (see for
«xample Handbook of Physiology, Carculation) Ihe reactions of blood sewcds
to such stimult as jon wnvironment, vaso-actise drugs and clectrical sumulation
have been closely investigated T ess thorough studics of more unspectfic sumub,
such as trauma to arteries and nenves, have been poformed  Both cliically
and cxpennmentally 1t has been demonstrated that trauma may causc spasm, but
the mechamsm 1s not clear Drrcet mechanical sttmulation of the vessel wall may
produce spasm and Kinsosti (1952) ruld out nervous smult as the cause
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Topp (1913) and Terrorp & Storerorp {1930) pomnted out that compresston
of the brachial plexus may produce the vascular symptoms the syndrome of
cenvical b, whereas Linis & PICRERINCG 11934) considered the \c-ss_d changes
1 such cases to be purely of a mechamcal nature huronshs (1953) success-
fully treated one casc of spasm of the brachral artery after trauma by njection
of local anesthesia mn the median nene SCHWARTZ €t coll {1961} found n
dogs that spasm proyohed by trauma may vamsh after injection of local
anesthesia 1o the sheath of the supplyng nerve Furthermore 1t has been
demonstrated by Wagees et coll (1942), Dz Jone (1961) and Berostran
(1965) that vasodilation of the artenes of the arm s obtamed after infiltratron
of local anesthesta 1n and around the brachial plexus MorTos & Scott {1931)
and Coten (1941) described spmal anesthesia as 2 method for relief of artenal
spasm in the human leg For the same purpose sympathectomy was performed
by FreEstan (1949) i man, by Barnes & Truera (1942) m the rabbut,
and by MarTin et coll (1949) in the dog Penartenal disection i order to
abolsh spasm has been descnbed by Lancim (1923) m the eat, and by
Montoosers & IRELAND (1933), Grirrrrns {1940) and Conen {1941, 1944)
n man

It 15 obvious that traumatic arterial spasm can be caused by different
mechamsms Direct stmulation of the smooth muscles of the vessels or of the
Lasomotar nerves 1s one cause  Another cause 15 tdirect stunulation transmitted
v1a the sensory nenves in the nesghbourhood of the sessel The hability to spasm
15 lélﬂuenccd by psychogentc factors via the vasomotor center (Marino et coll
1965}

The mtemnal, external and common caroud arteries are surrounded by nerve
fibres from the supertor cenical ganglon The axilary and brachial astenes are
supplied and surrounded by sympathetic fibres from the brachial plexus (De
Jore 1961) The mmenation of the hind himb sessels of the cat has been
,g\esngated by Moore & Moore (1933), and of the dog by Crovanarr &
ot ‘Nd: “asalmn of nerves that 831 ¢ of the vasculature of the hund

nnenated by the scratic nerve, 29 <% by the femoral nene

and 21 ¢ by fibires around the femoral artery
mﬂ:: 'tf‘l:ckti‘:ﬁ:: that trauma causes i the brachial artery may depend
up between the artery and the nenes hrstory et coll

11949) stated that n cats and rabbus traumatic spasm 15 easily provohed i the
brachial and femoral artenes, with <ight difficulty 1 the common and external
tlac arteries and with great difficulty 1 the abdomnal aotta and the common
carotid artery Wickeom & Bagtiry (1927) and Linpzosr (1957) produced
spasm w human subjects on puncture or cath roar

on with graphy
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especially m medinm-sized arteries such as the brachal artery or the deep femoral
artery. We found that trauma caused spasm more reachly 1 the brachual and
mtemal carotid arteries than 1n the femoral artery and that 1t was difficult to
prosohe this cffect 1 the common carotid artery. The expenments thus confirm
the findings of Wicnnosm & BartLes (1957) and Linprow (1957) that the
spasm hability dimmishes with increasing diameter of the vessel This might to
some extent depend upon the fact that the proportion of clastic tissue of the wall
mereases with the diameter of the vessel According to Linopon (1957) fibross
of the medial layer of the artenal wall 1s common n the nuddle-aged and elderh
Artenies so affected cannot contract and spasm s therefore uncommion n these
types of patients; according to Lisneren (1969) this indicates the mmportance of
age The age factor was not imvestigated n the present worh.

Trauma of the fumoral nerve caused less spasm than direct artenal trauma
and can be explaned by the obsenation by Crosnnerr & Green (1933)
that most of the mnenvation of the vessels of the hind hmb 15 transmutted by the
sciatic nerve The sensory mnervation of the arteries has been mvestigated by
cg Moorr & Moore (1933} and Moorr & Smarrron (1933) Spasm 1s
common especially m young mdniduals m chimeal work with puncture and
cathetenization It scems most often to be caused by sumulation of the msde
of the vessel wall by the tp of the needle or the catheter or by the et of
contrast medm

The smooth musculature of the vessdd wall contracts slowly with small
amounts of cnergy, the contraction being mamtamed at a low level of energy
consumption Relanation occurs gradually as cvident after death, when the
arteries may stay constricted for a long time  Spasm 15 also mamtamed m ynvo
for a long time if active therapy s withheld

The nvestigation indicates that to prevent or abolish spasm 1t 1s necessary
to apply local ancsthesta freely around the artery and the <urroundmg nerves
and that 1t should also be mfiltrated centrally to the puncture The spasm has
a tendency to spread both centrally and peripherally It s aluays better to 2pply
anesthesia before trauma than after The severe cases of spasm that arise m
climical angiography have appeared after local anesthesta limted to the shin
The disadvantages of a large amount of ancsthetic 15, of course, that it m1y
mahe artenial pulsation difficult to palpate, but this can be o3 ercome by adding
Hyalas (Hyaluronidase, Leo, Sweden), 40 1U to 10 ml of ancstheuc, or
by massaging the infiltrated arca In earlier climcal descriptions of spasm mn
connection with puncture local ancsthesia has not been mentioned

The liabihty to sgasm 1s mncreased 10 tense and nervous indn iduals Mmu\:
et coll (1965) demonstrated cxpermmentally that psycho stress potentiute



TRAUMATIC ARTERIAL SPASM 267

\asoconstriction on mjection of epmephrine or ergotamine Some Lind of sedatron
before the catheterization 15 thus wmportant

Established spasm has been treated by penartenal dissection, sympathetic bloch,
sympathectomy, local anesthesa to 1he supplymg nenve and vanous vasoactne
drugs gven locally or intraartenally Papavenne has been tned with varymg
results by GrrrrTas (1940), FREEMAN (1949), MarTin et coll (1949), Raprer
(1951}, Krwontr (1952), Surron (1952) and Sciwartz et coll (1961)
Infiltration of procame has been stated to relieve artenal spasm by Krvwovtic
(1952), horowskr (1955) and Scuwartz <t coll (1961} Good results wath
Priscol have been reported by Resovrn (1952) and Wicksox & Bartiey
(1957)

Of the drugs tested by the present authors the f receptor stimulating agent
Dusvadilan was the best It releved spasm of the brachial and femoral artenes
effectvely 1 2 low imtraartenal dose that produced hitle effect on the general
arculation Duvadilan gave complete reltef of spasm after 30 <econds, the ves-
sels usually besng wider Shght spasm sometsmes returned after more than ten
munutes A good effect was obtamed with the a receptor blocking agents Regitin
and Dibenyline as occurred with papaverine, a good effect in high doses although
uts traditional role as a spasm relieving drug seems to be outdated The ganglion
bloching agents had no effect on the calibre of the vessels, perhaps explamed by
the drop i blood pressure that occurs on their admumstration Eledasin, Rheo-
macrodex and ether narcosts exerted only small positive effects

Conclusions
Prevention of <pasm at puncture and cathetenization 1s important The patient
<hould be calmed with sedation and a good local anesthetic guen before the
procedure If spasm appears ane of the new locat anesthetics should be applied
if necessary as conductance anesthesia, e g plexal anesthesia Failing relief, ::
vasodilating drug should be injected mtraartenally, preferably Duvadilan, if t’hxs
drug s not accessible, an a receptor blocking agent or papaverine should b’c tried

SUMMARY

Attenal spasm caused by trauma to an artery or adjacent nenves has been studied
rnmmmu, in rabbits Severe spasm was eastly provoked i the brachul ar\(-r: :)’:
emoral artery responded less and the common carotid artery was resistant The to i
of spasm 15 discussed mh The tresument
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espeatally m medium-sized arteries such as the brachal artery or the deep femorat
artery We found that trauma caused spasm more readily 1 the brachal nd
mternal carotid arteries than in the femoral artery and that 1t was difficult 10
provohe thus effect in the common carottd artery The cxperiments thus confirm
the findings of Wicarom & Barteey (1957) and Linpsoy (1957) that the
spasm hability dimimshes with increasing diameter of the vessel This might to
some extent depend upon the fact that the proportion of clastic tissue of the wall
ncreases with the diameter of the vessel According to Linozow (1957) fibrosis
of the medral layer of the arterial wall 1s common 1n the middle-aged and clderh
Artenies 50 affected cannot contract and spasm 1s therefore uncommon m these
types of patients, according to LinneREx (1969) this indicates the importance of
age The age factor was not 1y estigated 1n the present work

Trauma of the femoral nerve caused less spasm than direct artenial trauma
and can be explamed by the observaton by CronainGer & Green (1933)
that most of the innervation of the vessels of the hind Iimb 15 transmutted by the
satie nerve The sensory mnenvation of the arteries hs been myestigated by
cg Moorr & Moore (1933) and Moore & SmcreTon (1933) Spasm s
common espectally i young mdividuals mn chinreal work with puncture and
cathetenization It scems most often to be caused by sumulaton of the mside
of the vessel wall by the up of the needle or the catheter or by the jet of
contrast medium

The smooth musculature of the vessel wall contracts slowly with small
amounts of energy, the contraction being mamtamed at a low level of cnergy
consumption Relaxation occurs gradually as evident alter death, when the
arterics may stay constricted for a long ume Spasm 1s also mantamned m yivo
for a long time 1f active therapy 1s withheld

The mvestigation ndicates that to prevent or abolish spasm it 1s necessary
to apply local anesthesit freely around the artery and the surrounding neries
and that 1t should also be infiltrated centrally to the puncture The spasm has
a tendency to spread both centrally and penpherally It 1s always better to apply
anesthesta before traumna than after The severe cases of spasm that amse i
chuncal angiography have appeared after local anesthesia hmited to the shin
The disadvantages of a large amount of anesthetic 15, of course, that 1t my
mabhe arterral pulsation difficult to palpate, but this can be overcome by adding
Hyalas (Hyaluromdase, Leo, Sweden), 40 1U to 10 ml of ancsthetic, or
by massagng the infiltrated area In carlier chinical descriptions of spasm n
connection with puncture Jocal anesthesia has not been mentioned

The hability to sgasm 1s mcreased 1n tense and nervous mdriduals Marino
et coll (1965) demonstrated experimentally that psycho-stress potentiated
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ZUSAMMLNFASSUNG

Lxperimente wurden an Kk \ um die L 1 von artesiellen
Spasmen zu studieren die durch Trauma der nahehegenden Gefasse oder Nenven hervorge
rufen wurden Schwerartige Spasmen konnten obne Schwierighest 1 der Braclualrterie
henorgerufen werden Die Femoriartene reagerte wemger und die Carotisarterie bleb

lusst Die Behandl ege der Spasmen werden dishutiert

34

RESUML

Les auteurs ont ctudies experimentalement sur des lapins le spisme arteniel cause par un
traumatisme portant sur une artere ou sur les nerfs vorsins On provoque arsement un
spasme grave sur lartere humerale )artere femorale repond moumns ct 1 rtere caratide
primitive ne repond pas 1 traumatisme Les auteurs exammnent le tratement du spasme
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POSITION OF THE ‘VENOUS ANGLE' IN THE
MEDIAN SAGITTAL PLANE

A new topometnic method
by

Franz P Promst

The deep vemns of the bram, patuculatly the mternal cercbral vem and its
tributanes, can supply valuable information about adjacent cerebral structures.
They are thus an important aid m the dragnosis of expanding 1ntracramal lesions
as well as 1 the mvesngation of malformanons and other palho]oglc conditions
of the brain substance

The so-called "venous angle has been given much attention n the lterature
The term venous angle 1s not altogether correct, but 1t 1s used by some v estiga-
tors to designate the angle formed between the strjothalagic and internal cerebral
vews. Thns angle may e disunguished more or less readily mn lateral views, 1t
appears in about 80 ¢ of all carotd angiographies, and its apex marks the
Poi;;:mr superior limit of the sntersentneular foramen
e J; P\;Srl;::"o:nth; 1.,,-:[;::(1 :c:)f;:;lﬂ:zccm( }::ay :c assessed without difficulty m
hecanie poleeton It . . venous angle n the sagittal plane

must be pard not only to physialogic range 1n relation to
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media and postenor horn, these sens run n the medial wall of the lateral
ventncle and enter the internal cercbral vemn at shightly different angles

2 A lateral group including vews {rom the lateral wall of the cella media,
these are located subependymally on the medral surface of the caudate nucleus,
and when they do not empty mto the stnothalamic vein, run medially on the
supenor surface of the thalamus They then pass bencath the stra terminalis and
the tacnia chorordea, enter the velum wterpositum, and finally reach the mternal
cerebral vem

Orentation of the venous angle by objectse measurement requires that the
apex of the angle hies 1 the foramen of Monro, 1t 15 also important to know
whether a “false venous angle’ 1s present, 1n other words whether the striothalamic
vem enters the internal cerebral ven behind the foramen

False 1enous angles All vanations with ‘medzal’ or ‘lateral’ vemn stems opening
1nto the anterior third of the mnternal cercbral ven may cause diagnosuc difh
cultes They may erroneously suggest a displacement of the venous angle, with
clevation or distortion of the nternal cerebral vemn if the true venous curve
runmng through the foramen of Monro 1s not vsible n the phlebogram Invisi-
bility of the true angle may be due to aplasia, hypoplasia, or inadequate contrast
filling The venous angle may in some cases be visible only for a brief moment,
and may sometimes be scen only 1n one view m the early venous phase The true
conditions may then be ascertained by studying each film i the sequence-set
with a subtraction mask Not infrequently, identification of the venn ¢ ansta
made difficult by overlying superficral
ar the vom of Labbe However, as th
l}‘mc vessels more rapidly than through the deep veins views fram ¢he late \cnoils

(1956) and
 \evus) lduuldw the recogmition of false venous angles

Onientation of the venous angle by objectize measurement All methods for
localization of the venous angle m the sagittal plane by measurements are based

upon ats positton being related to certam craniometnic pomnts These points should
meet cenam requirements The;

y should lie 1n the medsa
and always capable of delmition, and be stuated m l::;f:::‘hs&z; :fct;‘::s!t
possible vanability  The foot points most commonly used for earhier coordinate
systems were the tuberculum sellae, nasion or a pont on the glabella, bre; n
lambda, 1ion, opisthion, or basion Tnen pornts such as ‘the lowest o’mt g’:’la,
sella turcica , ‘the top of the dorsum sellae’, and ‘the pont where }:hc ltn “;
cercbral vem enters the straight sinus” have been used Structures with a:nlacz‘:::l
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cramal shape and size but also to the relatively high rate of anomalies m the
anterior portion of the mternal cerebral ven and its tributanies

Many attempts bave been made to find a more exact method than sisual
assessment for determining the position of the venous angle 1 the sagittal plane
The techmque for onentation of the pineal body descnibed by Vastine &
Kinaes (1927) has been used as a prototype m some of these s estigattons
Other authors have tried varous coordinate systems m which the Iines of reference
were determimned by grven crantometric pomts As with the pineal body, the mult
tude of methods suggested for measurcment of the venous angle are indieations
that they are not wholly satisfactory

Anatomy Excellent deseniptions of the decp-vem system of the bram have
been published by, among others, Jonansson (1954), Monrouisay et coll
(1956), Rine (1959), and Wort & Huanc (1964)

The striothalanuc vem s usually the fargest tributary to the mternal cerebral
vem It forms the continuation of the termmal ven which hes i the termmal
groove betseen the thalamus and the caudate nucleus After being jomned by an
anterior and a posterior caudate ven, 1t curses mechally around the antenor part
of the thalamus m the direction of the foramen of Monro

The aperture between the hteral and thurd ventricles conssts of a shor,
crescent-shaped canal, the foramen of Monro, across the upper mirgin of wich
the strrothalumic vem together with the chorord plexus passes to join the vem of
the septum pellucidum and the choroid vemn to form the internal cercbral ven
this courses backwards as a continuation of the curve with 1ts comvexity forwards
produced by the striothalamic vem There 15 no break i the contnuity of the
curve, and thus, according to generil opuuon, the mternal cerebral vemn always
arses 1n the foramen of Monro The ven of the septum pellucidum sometimes
termunites ocaipital to the enigin of the mternal cercbral sem The latter sessel
hns a characteristic caurse, runmng backwards m the roof of the thuird ventricke
and along the medial border of the thalamus Viewed laterally, ot describes a
sinus shaped curve with its convexity upwards It hes mamly mn a parasagitial
plane close to the mudhnc The two internal cerebral vems commonly unite above
the suprapmeal recess to recesve the basal veins and form the great van of Galen,
which follows the splemum of the corpus cnillosum and joms with the nferior
sagutal sinus to continue as the straight smus

‘A number of tributaries, most of them mmute and not demonstrable at clinical
angiography, erpty nto the mtcrnal cerebral vemr Only a fow of the larger stems
are of interest, and according to Worr & Huane (1964) nry be classified m two

am groups
" ll }E\:.mcl:hal group mcluding vans from the roof and mecial wAll of the cell
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Fig 2 VMethod of Lo et o'l
(195)

planum sphentndale, and the antenor vertical axis was drawn tangent to the
mner table of the frontal bone The mtemal cerebral vesn 1m normal cases lay in
the third and fourth squares, counting from the front, and in the second row of
squares, counting from the basc ne As both of these methods gave only
approumate onientation they will not be discussed

Masrzs & Donioans (1952) attempted to determne the normal vanations of
the venous angle with 2 rectangular coordinate $ystemy (Fig 1a) The base hne
N I consssted of a line joining the pomnt on the antenar wall of the frontal sinus
lying above the nasion and farthest rostrally (1¢ not a point on the nasion), and
he tzp of the ion The % axis was drawn i N2 =0 The distance O-M
(M >=the venaus angle} was placed 1 refation to O V and the distance O 1
refationt to N I (22 to 36 ¢ and 52 to 60 %, respectnely), a rectangular zone of
dispersion 15 mm long and 14 7 mm high was obtamed In the hght of what has
been stated regarding the it of different ¢ tric o points as
a bagis for a coardwnate system the base hne chosen by these smvestigators must be
regarded as unsutable, thewr results confiom this opinion The nearly square
topogram permuts dragonal vanations of, at the most, 22 mm i the position of

e angle A non eliptic topogram 13 unsuitable, and cannot reflect the normal
range of \anation correctly

Masres & Donecast also desenbed a gomometric system of measurement w
which, however, the pouts for the angle were anfacarably focated 1n regyons af
sreat bty The resulting had an ieregular, trapezoid form, and
furihermore vaned in hape nd sie from case 1o cace
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b

Fig 1 a) Method of Maspes & Dosecant (1952) b) Method of Joruassson (1954)

site, such as the roof of the orbit or the external auditory meatus, have also been
employed

BercERIOFH's (1953) mvestigations have demonstrated that the cramum
develops around the tubcreulum sellae The part of the shull situated n front of
the tuberculum sellac and the bregma 1s considered to be subject to relatnvely little
vanation, while points i the parietal or ocaipital part lic m regtons of greater
variability Judged by these critena, the vanous cranometric ponts differ widely
n suttability The site of the tubcreulum sellac can nearly always be determined
and 15 considered to be the pomt that varies least, 1t lies close to the venous angle
Thus pomt thus seems to be the most surtable one to use as the foot pomt for the
base linc of the coordinate system If a system with rectangular coordinates 1s
used, onc more cramometric pont, the nasion for mstance, will be sufficient to
gnve the base lime a direction If a coordinate systum whose hnes of reference are
determmed by four craniometnic points 1s selected, 3t will of course not be rect
angular but will vary from case to casc, nd this reduces the possibiiity of de
fining the normal range of vanation for the venous angle The physiologic varna-
tion of the craniometric mesurement points affects to a greater or less degree the
position of the venous angles in relation to the ongmn of the system

Earher methods The fist authors to attempt systematic localization of the
venous angle were Curry & Cursretn (1951), who mcasured the distance from
the ‘antertor convexaty’ of the striothalamuc vein to the extrenmty of the postenor
clinord process and found that 1t ranged from 3 5 to 4 em

Unsacn (1952) used a rectangular coordinate system consistng of a squared
net with 3 cm X 3 cm meshes The basc line was placed parallel to and mn the
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Fie 4 Lpper lefe Method of Lane
119 6) L pper ight Method of Fischex
1960) Right \Method of Sc serrT Wrvy
hewr & Roschr (1966)

direction 1t wns 12 mm 1n 92 Y of the cases and 18 mm for al] cases, and 1n the
basorcrtical direction 12 mm 1n 987 Y and 14 mm n 100 % of the cases In
35 G¢ of the authors 26 cases with s

pace-occupying lestons (including 3 cases of
hydrocephalus), the venous angle fell outside the narmower hmiung range, but
onl 37 ¢ exceeded the wider hmits These mvestigatoss concluded that therr

cannot be integrated
into a topogram allowing localization of the mdnrdual senous angles with respect
to distance and direction 1n relation to a calculated O pomnt The latter measure 15
posible only 1n topograms bascd on a0 umvarying coordinate system

Worsr Newua & Scuiesperr

{1955), using 2 template, worked out a
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Tz 3 Method of Wort, Newway & Scmer-
sIverr (1955) *Constant ratio scale® A for
determiming position of venous angle T

Jouansson (1954) used a rectangular coordmate system (Tig 1) with the
ongin n the tuberculum scllac {O) The distance from O to the endobregma
formed the Y-aws, and the X-axts was drawn at nght angles to this hine, through
the ongin Jonanssov determuined the coordinates for pomnt I (the venous angle)
1 200 normal angiograms, and found that 80 & of the obsersations lay withm a
arcle with a diameter of 15 mm- Caleulated with £ 3 sigma, the outer limit for
the normal vanations formed a carcle with a diameter of 22 mm Only 155 ¢¢
of this authior’s patients with expanding cercbral lessons had values outside the
3-sigma kit He concluded that displacement of the scnous angle could be
demonstrated by lns techmque with certanty m relatinely few cases He abo
constdered that visual inspection by an experienced exanuner was a better method
for determining the shape and position of the venous angle than Ius measuring
techmque Jonansson's results were carcfully described and analyzed stausticaily,
but nevertheless they must have been mfluenced considerably by the vanability of
the bregma Lyery vanant of the bregma causes rotation of the coordinate system
and distorts the distrnibution and natural vanation range of the venous angle

Liv ct coll (1955) and Morroutsny et coll (1956) cmployed a measuring
techuaque semlar to Vaseane & Kinarr’s (1927) method for oncmation of the
pineal body (Fig 2) Thar myestigation was based on 100 ‘normal’ cases and the
position of the venous angle could be established m 77 instances The base hne
(B) was drawn through the tuberculum scllac, its direction bemg determmned by
the naston A perpendicular I, the Y axis, was drawn from this, through the
comvexity pornt along the vcnous angle (A) to the mner table of the vault The
position of the venous angle 1 the antcroposterior direction was mensured along
a e passing through A, which had to be the longest fronto-occrpital distance
between the muer tables (D) The two oreatation charts presented were obtamned
by diagramatically plotung D agamst D’ and C agamst €’ Tor cach dragram the
range of variation was lmuted emparieally by paralle Imes, m the anteroposterior
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<cales, B and C, will not be discussed, as these are outside the scope of this revien

Lan et coll (1956) worked out a triangular topogram based on 69 normal
phicbograms. Therr base line was drawn from the tuberculum scllae to the lower
margm of the sulcus for the transs erse sinus The Y aws was drawn perpendicular
to this line, 1n the tuberculum sellae, and the X axis ran between the tuberculum
and the Junction of the vena magna with the nferor sagittal sinus (Fig 4)
Thus, the disection of the X axs was determmed by a pont w hich probably s
the most vaniable of all so-called “fixed points’ A tnangular topogram constructed
from such varyng coordinates obviously cannot reproduce the physiologic vana
tions of an anatomic structure This method neyertheless became hnown and was
relatnely well accepted

Rine (1959) tested LAne’s method and found that only 55 % of the venous
angles Yay m the tnangular topogram He tned to ymprove the techmque by
eliminating the ampulla Galent as a pomnt of direction for the X-axis, using instead
the pomnt where the postertor pencaltosal vemn joms the vena magna This pomnt
has a more constant position, but on the other hand it 15 not aleays visble (not
e in about 50 €¢ of cases) He worked out an eliptic topogram, n which 75 S5
of tus venous angles could be included The size of the elipse was gnen as
68 mm, but the direction of the long axis was not mentioned This elhipse 15, of
course, too small te include the normal range of the venous angle

BraapT (1939), 1 an extensne goiometnc mestigation, measured a large
number of angles from the tuberculum sellae, bregma and ampulla Galen to the
venous angle He found no statistical covanation between these points He also
measured the angles to the tuberculum sellae and a base line from the tuberculum
fangent to the orbital roof, the distance to the tuberculum was measured as well
The positions of the venous angles were placed 1 an cllipse For 90 <% of the
cases the eflipse had a long axis of 23 mm and a short axss of 19 mm The mag-
nification factor was 127, and reduced to absolute values the measurements of
the ellipse were 18/14 8 mm This method does not tabe the <ize and configuration
zfs ;:Itt <hull into consideration, and the ellipse 1s far too large to be pracucally
an}g'lx:c;m, m 196(6 presented another techmque for onentauon of the venous

y means of a system with coordinates of varyng lengths, and with varyng

angulation, Br—Ts and Br—La, he determuned the range of varniation perpendicu
Yar to, and along these nes (F1g 4), and obtained the followingresults Iftheline
between the tuberculum sellae and endobregma 1s divided from below 1n the ratio

of 3258 ¢ * 307 %, and the line between the endobregma and endolambda

divided from above 1n the rato of 3332 ¢ + 25 % and 1f perpendicular lm‘3
are drawn at these points, a parallclogram 1s obtamed The \cno:}: angle lies ases
rule at the pomnt of inter<ection of the central lines The natural \anftmr: ra.ngz
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Fig 5 Author's methot! VA — venous ang'e, 1S — tuberculum scllae BP foot pamnt

proportienality systum desenibed as ‘constant ratio scales’ for determmng the
expected positions of the powts AL (venous angle), MP and LP (g 3)
Constant ratio scale A was drawn perpendicular to the base line {tubcrculum
sellac to lower margm of the sulcus for the transs erse sinus), with the foot pomt
located 13 mm ocaiprtal to the tuberculum sellac The method was an attempt to
establish a constant ratio between the sanation range of the venous angle and the
mner table of the calvarium m relation to the tubereulum sellac along the vertical
fme The range for the venous angle along tius line was given as {8 mm, the
range 1n the frontal direction was not considered important, and no figures were
menttoned One of the senous angles mvestigated lay 2 5 mm belund the sertical
line Venous angles sitnated more than 2 5 mm belund constant rano scale A were
mterpreted as displaced  The method 1s 1n principle a modification of the tech-
nigue used by Lin et coll, and may be sard to correspond to their onentation
chart, which shows the vanations 1 the basovertical direction The mam differ-
ence 15 that the coordinates are rectangular and that the method does not tale
mnto consideration the vartations w the fronto-occiprtal direction Twenty-four
normal phlebograms were used as a basis for the method The techmgues recom-
mended for determumng pomts MP and LP by using two other constant ratio
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7 Predicuon areas of venous angles
calculated for 85 ¢ and 99 5 probability,
measunng 110 mm* and 169 tam? respec
A

by crantometnic pomts such as the baston, bregma, lambda, and 2 pomt of
mterscction between the inner cortex of the frontal bone and a line from the
tuberculum sellse making a tangent with the orbital roof According to these
authors, the venous angle usually bies at the mtersecting pomnt of the coordinates,
and on the coordinates The devsations from these lines decrease basoserncally
and fronto-ocapitally, siace the distribution 1n relavion to each hne follows the
Gaussian h curie The r ements were made on the pnnciple that
the distance to hine L—F was determed paraliel to ine C—B, and vice versa
(The geometncal figure formed by coordmnates and subcoordmates was a paral-
lelogram The distance between a Yenous angle and the pont O was the long or
the short diagonal, depending on whether 1t lay 1n the acute angled or the obtuse-
angled segment of the coordinate system )} Each venous angle was then plotted
m a system with rectangular coordmates, and the deviation values thus obtamed
were compiled mio ellipses measnrnng 14/12 4 mm when calculated with P=—
003, and 17 4/11 4 mm when calculated with P==001 (magmfication facter
13) The center of the cllipses lay 0 7 mm m front of the vertical coordinate and
04 mm above the honzontal coordinate The tong axs of the ellipse cut the
abscissa at an angle of 20°, n other wotds, the elhpses sloped forward at the base
The area of the elipse caleulated with P—=001 was 156 mm”

Thus techmque seems better than all the earhier methods The present author
bas howener tried 1810 30 consecutn e caroud any
and lambda were visible,

grographies m which the hregma
and found that the distances from the venous angle to



280 IRANZ P PRODST

mm

POSTERION
504 a3

SUPERIOR

3]
:si 1
4
mJ
o]
4r
254
3
ANTEMIOY
.
oy
2 . INFERION
o
COU U L U I U 1o e m s
o 1o > o 200 alo dmm o o 1omm
a b
I'e 6 Regression lines Inner scales absolute values outer scales magmfication 1 11 a)

Fronto ocaipital range of venous angles in iclation to mner length of shulls b) Basovertical
range of venous angles in relatson to hewght of skulls

(the 2-ugma value) will then be represented by an ellipsord (as large as possible
sketched empirically mto the parallclogram For geometrical reasons, the long
aws of the elhpse can then never comede wath the long axis of the parallelogram
1t may fhus ‘e said that the size, <hape and direction of the clfupse vanes from
case to case, depending on the angle La—Br—Ts, and vanations in the corre-
sponding lines

SeirrT-WitThaMe (1966), who also tried Fiscuer’s method, found that the
mean arca of the cllipse, when calculated with P =001, was 27 cm- As
Iscner’s method 1s based on proportionality measurements, the range of varia-
tion will vary with the dimensions of the shull

The latest contnbution to the problem of locahzing the venous angle was
published by Scumrrr-WirTsanr & Roscurr m 1966 (Fig 4), who descnbed
an mvestigation based on 122 cases These anthors used a coordmnate system
with varymg angulation, and the directions of the coordinates were determined
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Fig 8 The clf pses slope to-
ward the base hire angle of
45°

theless remarkably low m this matenal and the explanation probably lies n the
program, with rapid film sequences, as well as m the systematical analysis of the
views from the venous phase wath the subtraction techmgue

Techmque The system was regarded as lying 1n the median sagittal plane
(Fig 5)
The lime Na—OPH g es the direction for all Iines in the system (the directzon
line)

The system 1s constructed on the base lme, which 1s drawn parallel to the
direction line, through the tuberculum sellac (TS)

The zenous angle honzontal 1s drawn parallel to the former hnes, through the
venous angle (VA)

The paretal Iinc 1s drawn parallel to the others, and tangenually to the mnner
table of the parietal bone

The following lines are drawn perpendicular to the base line

The frontal line which will be tangenttal to the inner table of the frontal bone,
the tenous angle vertical through VA, and the occrprtal line, which 1s made
tangential to the inner table of the occipital bone

The following distances were measured 1n millimeters and half mullimeters
FP—VA = frontal distance (1), FP—OP = total length (L}, BP—VA = basal
distance {h) and BP—PP = total haight {H)

Two integrable charts were constructed from the length and height measure-
ments by plottng (1) agamst (L) and (h) agamst (H) The range of the ven
angles m a fronto-occipital direction 1 relavon to shull length {chart 1) and Olu *
range m vertcal direction m relation to shyll height (chart 11) ar h:m the
Fig 6 The regresion line in each chart s adentical o Sown m



282 ERANZ P PROBST

the onigm varied from 0 to 13 mm  The ay erage distance was 5 66 mm, and m
9 cases the distance was greater than 75 mm The ongmal ellipse measurements
(calculated with P=001), when recalculated to aliow for a magmfication of
111, were 15 mm for the long axts and 8 8 mm for the short axs Conscquently,
all distances execeding 7 5 mm lay outside the cllipse, some of the other venous
angles whosc distances to the ongin werc greater than 4 9 mm also, of nccesaty,
fcll outside the cliipse

The reason for this unsatisfactory result s to be sought s the previousy men
toned wide mdivadual vanations m the bregma and Inmbda (BerGernorr), as
well asn the mherent error of method If values obtamned 1n a coordinate system
with vanying angulation are transferred to a system with rectangular coordinates
the rdation to the ongm will be altered for every venous angle, both as regards
dretance and direction, this will cause a radwal change m the venous angle
distribution, with consequences both for the dimensions and the angle of mclma
tion of the cllipses

If thus geometrical crror could be chmmated or reduced (wlich 1s not possible
however, since 122 anglevarying coordinate systems cannot be integrated), the
cllipsee would probably be lrger than mentioncd, there would however still be no
possibility of gring the ellipse an exact dircction Another unfavorable factor in
tus method 1s that the fixed pomts used arc surpnsingly often difficult to
distmguish clearly

Measurement method

Matenial This was composed of 250 consecutive carotid angrographies from
adults judged to be normal The indications for the angiogriphic examinitions
had varied (epilepsy, vascular acadent, and subdural hematoma or tumor)

At least two projections, half-axial and lateral, from each nvestigauon were
examuned, and the views from the venous phitse were studied with the subtraction
techmque The criterna for selection were that the subependymal vems of the
lateral ventricle should be sufficiently well filled with contrast medium to pernut
assessment of the shape and size of the ventricle, with the exception of the tempo
ral horn, and that the venous angle and mternal cerebral vein should be distinctly
wisble Angiograplues not fulfilling these conditions were discarded Among the
250 cases, there were 31 (13 6 %) with venous angles differing from the norm:::
appearance and m sites typical of false venous angles These cases were not usc;
1n the artentation measurements, 216 angiograplies (864 9¢) were thus aval-
ablé for the study of the normal range False venous angles were present on one
stde only m B eses and the truc position of the venous angle ::ouldI be S;cci‘\elr“
the phlebogram from the other side The frequency of false venous angles 1s
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Fie 8 The ellipses slope fo
ward the base Lre angle of
45°

theless remarhably low n this matenal and the explananon probably lics i the
program, with rapid film sequences, as well as m the systematical analysts of the
views from the venous phase with the subtraction technique

Technique The system was regarded as lymg in the median sagital plane
(Fig 5)

The ine Ma—OPH g es the dsrection for all ltnes 1n the system (the direchion
fme)

The system 15 constructed on the base lime, which 1s drawn parallel to 1he
direction Ime, through the tuberculum sellae ('T9)

The cenous angle horzontal ts drawn parallel to the former hines, through the
venous angle (VA)

The partetal ling 15 drawn parallel to the others, and tangentially to the mner
table of the parietal bone

The following Yines are drawn perpendicular to the base line

The frontal ine which will be tangentral to the mner table of the frontal hone,

the tenous angle terfical, through VA, and the ocetpital Iine, which 15 made
tangential to the inner table of the ocaipital bone
The following distances were measured 1 mll rs and half mill
I:IP—\"‘ et £ e T tallength (L), BP—VA = basal
151 .

the length and height measure-
ments by plotang {1} aganst (L) and (h) agamst (H) The range of the venous
angles m a fronto occipital dircctson 1 relation to shull length (chart I) and the
range m vertical direction m relation to skull height (chart IT) are shown n
Eig 6 The regresion hne 1n each chart 1s identcal with the y- and x axes,
fespeetnely i Fig 7, 5 which the charts are mtegrated Each tenous angle was
plotted 1n relation to the coordinates y and x The range of vanation {prediction
areal s umtted by eWpses ohtamed by multnanate analysis These were caleu-



284 IRANZ P PROBST

Fig 9 \ enous ancle with marked anterior location duc to dolichacephnly, skull lonz posteniar
Iy, the venous ansle lies within the 99 ¢ prodiction area Cross an conter of ellipse denotes the
calculated position

lated with 99 % probabilis (P = 001) and 95 ¢ probabiity (P==003), as
shown m the statustreal caleulations The large ellipse measures 16 4 mm/18 2 mm
and the small ellipse 134 mm/10 5 mm, and thur areas are 169 mm-~ (99 %)
and 110 mm?® (95 G¢), respectnely The axes of the ellipses cut X (1dentical with
the venous angle horizontal) at an angle of 45° (the angle of mchnation, sec
Tig 8) Owing to the slope of the ellipse, the maximum range of variation m both
vertical and honizontal direetions 1s £ 7 35 mm (99 ¢) and 595 mm (95 $¢)

The maximum distance from the point 0 along the major axis 1s 8 2 mm and
G 7 mm, respectnvely, and along the mmor axis 6 6mm and 5 25 mm, respectively

Discussion

Earher methods for deternining the physiologic variations of the venous angle
n relation to the shape and size of the cramum have already been described
None of them appears to have given acceptable results from the diagnostic stand-
pomnt, and the reasons are discussed m connection with the descriptiont of the
different techmques The method that sccms the best from the aspect of the
relevant ellipse area (ScumrrT-WiTTkaMP & RoSCIER) Was tested by the present
author and was found to be unsatisfactory m an unreasonably large number of
cases, an error 15 also mherent 1n this method It was therefore necessary to find
a techmque that would lead to the construction of a topogram having the smallest
posstble area Trals with vartous coordinate systems based on different cranio-
metric pomts mdicated that a rectangular system that took nto account the
length and height of the crantum but was not dependent on the lnghly vanable
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“ficed points’ would be the most sutable technique It was also obvious that the
base hne of the system should run through the tuberculum sellae, preferably m
such a way that the foot of the venous angle vertical (BP) lay close to the tuber
culum The hne from the nasion to the opisthion, both of which are nearly always
well defined, scemed surtable as the direction line

\ anations 1 the relauon of the nasion to the opisthion may of course affect
the direction of the base line and have a rotatory effect on the coordimate
system, but this 1s so small that 1t can be neglected The other lines, which form as
1t were 2 frame around the skull by making tangents, perpendicular or parallel
to the base Iine, with the anterior, supenor and postenior outlines of the cramum,
take 1nto account sts length and height A factor having a negative effect on the
cosanation between coordmates 15 the relatively large vanations in the length of
the postenior part of the skull {Fig 9} and 1n the upward coms exity of the panetal
bones This 13 especially true of the covanation between basal distance and toral
height, which 1s definitely worse than the covanation between frontal distance and
total length In all probability vanations in the <ella turcica and tuberculum
sellae also contnbute to this effect The writer has not found any way of eltm-
natng these factors

The two charts (Fig 6) demonstrate that the vcnous angle amplitudes around
the O lines are constant which means that relatively speaking the distrtbution
range (prediction arca) 1s larger for small than for large skulls To state the
vanation range i the two major directions 2s a percentage of total Jength and
total height, respectniely, proved to be unsuitable, since the amplitudes around
the O hines would then ncrease with mcreasing total measurements, with the
result that the prediction areas would be much greater for Jarge skulls This
would not correspond with reahty, furthermore, it would then not
construct an ellipse of an area applicable to all skull <izes

The method 1s relatiely simple Six parallel lines must b
measured, and the position of the venous angle determmed m the two chans
With the aid of the value pair obtained, the posttion of each venous angle can be
;::::;T,“;,::“l:mh with respect to distance and direction m relagion to the calcy

be possible to

¢ drawn, four distances

Conclus;on

The physiologic range of vanation (prediction area
the medran saguual plane 1s elliptic The axs of
the measunng svstem at an angle of 45°
probabity 1P =001) 15 169 mm”, 1ts lon

5 2%1s meas,

short axts 132 mm The corresponding values for 95 . unngb 1514 mm, and lfm
are 10 mm , 134 mm and 105 mm %c probatlity (P==003)

) for the venous angle 1n
the ellpse cuts the base hne of
The ellipse area calculated for 99 %
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Statistical calculations

Lstimations Regresnon analysis based on 216 measurements gave the relations
h = 1454 04395H + ¢
1=474+03914L + &
where ki H {, L are defined as shown i Tig 5 and (¢, 8) are 1ssumed to have a bnanate
normal distnibution with zero means

(e, )~ A (0,0, o, a3, 0)
The parumeters @, a5 and ¢ have been esumated to
5

{1ctually 2 43)
(actually 2 47)

o = 0254
Pre liction areas Using results from multnanate analysis prediction areas will be constructed
for a new healthy pattent s deviations from the regression Imes
Let

;,=(“) 1=1,2, = n=26
8¢

be the measured deviations from the regression hines We now make the simplifying assump-
tion that }; arc independently normal distibuted Then

1
¥F~—31
2l

and
] 2
S=m?(h—?)(h )

are independent
Let now

&
= (5)
be the deviations from the regression lines of a new healthy patient who 1s to be measured
Then
nln—2)

(n+1)(n-2) 2
1s dustributed according to the [ distribution with 2 n 2 degrees of freedom

This gives the followmg cllipses within which § will fall with 95 %, respectively 93 %
probability

(1-%) s1(1-1)

£24-03-0 508 e8 - 34 8 95 °, area
£2461—0 508 #3539 99 °, area
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SUMMARY

Attention 15 drawn to the importance of the deep cerebral veins in the diagnosis of
space oceupying lesions or other pathologic states by cerebral angiography and a brief
description of the normal anatomy and vanations of these vessels 1s grien The so-called
false venous angles are discussed The author presents his own method for determining the
physiologic range of vanations in the posiuon of the venous angle 1n the median sagittal
planc

ZUSAMMENFASSUNG

Der Wert der tiefen Gehimuenen fur die Beurtilung expansier und anderer patholo
gischer \ eranderungen des Gehurns ber cerebraler Angiographie wird betont Die Anatomie
dieser Gefasse und deren V. werden kurz beschereben und Aufmerk
samkett wird dem s g falschen Venenwinkel gewidmet Der Autor gbt sene eigene
Methode zur Abschatzung des physiologischen Bereiches der Vanationen 1 der Lage des
venosen Winkels in der mediaten Sagittalebene an

RESUME

Lauteur ature lattention sur limportance des veines cerebrales profondes dans le dia
gnostic par angtographie cerebrale des processus expansifs ou des autres c
et fait une bréve description de 1anatomic normale et des variauons d
¢tudie ce quon appelle les faux angles vemeux L auteur
pour determiner 1mtenalle physiologique des vanations
dans le plan sagittal médian

tats pathologiques
e ces varsseaux 11
presente sa methode personnelle
de la position de 1angle vemeux
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ROUTINE ABDOMINAL RADIOLOGY IN
PERIODIC HEALTH EXAMINATIONS

i

e by
/

Henry W Girespte

Periodic health exammations have four mamn objects detecting disease,
establiching a bascline from which sut changes can be 1y assessed,
Tormng the basis of research into normality for various groups of the population,
and of reassuring the patent that, 1n the present state of our knowledge, he or
she 15 10 reasonably good health
Chest radiography 13 an establihed procedur
but abd ! radiograp suney, alth
urography and cholecystography, 15 not widely used as a soutine procedure
In the Unmited States a sunvey of 500 abdomunal examinations 1n patients over
40 years of age, revealed sigmficant, yet chincally unapparent pathology
scven per cent (Rosespavy, Lieser, Hanson & PELLEGRING 1964) Abdomunal

radiography fits in well with other screeming tests, such as a detajled medical
and emy { fustory,

¢ 1 presymptomauc hagnosis,
3 dered necessary with

di 1 A
graphy, exercise card

« wewru 4uit avuominal roentgen survey provides however
Submutted for publication 8 September 1969
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Table 3

Percentage of congemtal spinal abnormalities 1 cases uith and wathout backache

Congen tal i No 1 1}
Cases Per cent Cases Per cent
Backache 30 5 538 %
No backache 193 5 3769 95
Total 220 5 4307 9>
Table 4

Percentage of scohosts 1n cases wnth and without congenttal spinal abnormalities

Age group <3 35—44 4554 5064 >62 Total
o congen tal

abnormality 62, 69, 70, 9°, 79, 70,
Congen tat

abnermal ty 179, 189, 18, 190, 67 °,% 19,
Total 69, 69, 70, 90, 8o, 70,

* The figure 15 unrchable awing to the small number of cases

n frequency wath the age groups, may not be of chncal significance, but m
several mstances the position of such calcul may ndicate enlargement of the
prostatic gland, with subsequent phy d g

medium 1n the bladder after mictuntion The absence of gas or displacement
of gasfilled organs has often led to further myestig:

ation and the persistent
presence of excess gas proximal to the stgmond colon has sometimes been the first
1 1

of or nf y lessons However, i the majonty of
patients, excess of intestinal gas may prove to be a constif

tutional factor and
remain remarkably constant over the years The perastent distribution of the
intesunal gas in some individuals as part of therr body bu
diffsculty 1n reducing the intestinnl €as aither by diet or medication as a
prehminary to radiographic abdominal procedures

Although a survey of the sheletal system from an antero
of the abdomen 15 himuted, 1t p

rovides iformation on congenital, positronal,
or degeneratine changes in the lumbar

pine which, 1f chimcally necessary, will
lead 10 extended examimation of the lower part of (b o
pelvis in an abdominal radiogram may £ o af sty the

afford an indication of any changes 1n

of contrast

postenor radtogram
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Table 1

Percentage of positue findmgs 1 abdomunal sun & films of male executrres

Age group <35 35—44 45—54 5564 >65 Total
Number of cses 448 1539 1 560 882 88 €527
Unnary or biliars ealeult 0°, 19, Lo, 2°, 3% 20,
Excess gas in gut <1, 10, 1e, 29, 1 1%
Prostatic caleuly 12, 40, 79, 10 °, 132, 6°,
Scohasis 79 69, 8o, 100, 7°% 7%
Congemital spmal abnormahties 49, 5, 50, 50, 3% 59
Degeneratice bone changes 19, 20, 7°, 19°, 36 9% 8°,
Artenal erlerfications 060, 10, 6o, 140, 290, 6°
Table 2

Percentage of backache with skeletal degenerative changes

Age group 35 3544 45-5¢ 5564 >G5 Total
Number of cases 448 1539 1 560 882 98 4527
Bachache 20, 70, 10°, 250, 2500 568 13°,
No backache 1o, 29, 6°, 179, 379, 399 79,

* The figure 1s unreliable owing to the small number of cases

a range of information on the gastro-intestmal, sheletal, and vascular systems,
as well as on the genito-unnary tract, and may moreover reveal a signtficant
number of lndden changes

Table 1 presents positne findings m routine abdommal survey films mn 2
series of 4 327 men, according to age groups, exammed durmg the last four
years Whilst the detection of latent abnormalies 1s of parncular ymportance
m the lower age groups, as 1s to be expected, there 1s a proportionate ncrease
of abnormalities in older men

Com entional radiography will reveal alteration i the size and postion of
soft-tissue organs, such as the khidneys, liver or spleen, or the presence of a space-
occupymng lesion In 18 ont of a series of 2 000 routme abdommal films, alteration
of the renal outhne led to further mvestigation by urography with positive
results Lqually the detection of renal stones or gallstones will not only require
further radiographic and clinical mvestigation, but may lead to reassessment
of climical symptoms that previously were consdered nsigmficant by the
patient or exammnng doctor The presence of prostatic calcifications, increasing
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Table 7

Percentage of avtenal caleyfication and ECG i cases with caleificatton of the thac arteries

Age group <3y 35—44 4034 5564 65  Percentof
total cal
cfications

Nermal ECG — 1% 6, 1$0, 4o, 5°,

Minor abnormaliy of ECG 1%, 20, 7e, 13e, 320, 8%,

ajor abnormahty of ECG  — 8o, 70, 229,  29°, 139,

of the nght and left internal and esternal iliac artenes lend support to the
postulation that artenal calcification 1s not only due to disturbed lipid metabohsm
but also a mechameal one, a view that has been held by pathologists from
the last century In a flowmng system such as the arterses, static zones form at
artenal ‘L’ and Y’ branchings, as has been demonstrated by expenmental
esidence (Fov & Hugh 1966 and 1969} Mesentence calafications, phleboliths,
of uretenic stones are a differential diagnostic alternatne to calofications 1 the
ihac artenes, but calufied plaques, which frequently tend to be bilateral and
at the same level, wsually provide hittle diagnostic dilficulty There 18 an associa-
ton between artenal ahac calafications and a rased blood pressure m all age
groups With artenal aftac calaifications, 1 the total age group four per cent
had a systohic blood pressure of less than 145, but ten per cent had systolic blood
pressure of more than 145 There 15 also a statstical higher mean value of
cholesterol level i those with calaficanon m the 1hac artenes as compared
with those with no evidence of artenal calafication With normal ECG
findings an newdence of five per cent of artenal thae calerfications was found
In patents with 2 mmor ECG abnormality the incidence of artenal ihac
calaifications rose to eight per cent, and with 2 mapr LCG abnormahty to
tlurteen per cent In the cimically sgnificant group between 35 and 44 years
of age, one per cent artenal ihac calofications were found wath 2 normal ECG
hut the ECG group with a major abnormality had an ncidence of exight pﬂ:
cent The relauonstup of electro-cardiographic abnormalities and artenal ihac

calafications 1s thus a significant and sometimes carly diagnostic factor 1 th
dettction of degenerative cardio-vascular disease ¢
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Table §
Caleified thac artertes and thewr velation 10 blood pressure

Age group 3544 1554 5564 All ages
Systokie bload
pressure < 145 19 Se, e, 49,
Systolic blood
Ppressure ~145 30, Bo, 189, 10,
Table 6

AMean chalesteral fecels wn cases wilt eateipeation of the 1hac arterses

Age group 35— 4554 55—64 All ages
Artenal calaficanon 277 271 277 273
No wrterial

calericruon 2% 257 257 253
t 244 289 425 G 65
r <002 <0 00> <0 0001 < 00001

the sacro-ihac and p jomnts Radiologic changes due to osteoarthrous of the
lumbar spme have little bearng on the seventy of bachache, but the hgures
n Table 2 indicate a relationship of ostcoarthrosis and the presence of baeha he
n all age groups

Congerital abnormaltics i the spine, especially the transitional lumbosacral
sertebra, are frequently a pre-disposing factor in disc prolapse (Giireseie 1949),
although there 15 no rehable evidence that a congemital abnormality 15 a cause
of backache On the other hand, the presence of congemtal abnormahies, such
as a transttional lumbosacral vertebra, spina bifida, or six lumbar-type vertebrae,
hearts a relationshup with lumbar scoliosts 1 all age groups

The presence of early artenal caleification in abdommal radhography prov des
an important clue to cardio-vascular degeneration, which 1s of special sigmficance
\{ found 1n a younger age group It 1s a pomter to cardio-vascular discase, to
be corroborated by other chneal findings stch as rawsed blood pressure, mereased
serum cholesterol concentrations or abnormal cardiograplue findings The walls
of the shac arteries are favourtte sites for carly calcficatians and frequently
contam calafied plaques before they are apparent in the dorsal or abdonnl
aorta or i the perpheral vessels The reasons for carly calufication at the
bifurcation of the right and Jeft common sline artenes and agam at the bifurcation
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ROENTGENOLOGIC-PHOTOMETRIC METHOD FOR
BONE MINERAL DETERMINATIONS

by

B Exman, K G Ljuncguist and U STerv

The roentgen absorption of bone depends largely on its mmeral content,
which consists mainly (about 83 %) of calcum phosphate (hydrocyapatte)
Roentgenologic ‘bone density determination’ would thus provide an approximate

indication of the caloium content of a bone and enable mineral depletion or
deposition to be followed

The caletum content of a bone may be speaifically d by 1
roentgen radiation withmn the wave length range in which calaum gives an
absorption maumum The hmitations of present methods have been discussed
by Jacossson (1964), mter alios Another principle has been used by Ogser
& hrorowsst {1961) who obtamed a lugh calaum specifiaity by measuring
the difference 1n absorption between exposures at 45 kV and 250 kV This calls
however for techmcal equipment that is comphicated, expenstve, and not avarlable
outside specal rescarch centres The same applics to the approach by Caseron
& Sorenson (1963) who used todine 125 as an essentially monochromatic

adiauon soturce

Many investigators have made use of conventional Toenigen apparatus for
Submitted for publicanion 20 March 1969
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SUMMARY «

Over 4000 routine 1bdominal films of healthy men of all ages examined during a period
of four years have been reviewed The figures presented suggest that i climeal dignostc
terms this procedure 15 of value Changes 1n bones and jomnts soft tissues and the digestise
and urnary tracts can be assessed and there 15 a significant relationship between artenal
e ealetfication and the blood pressure cholesterol Ievel wnd FCG abnormahities

ZUSAMMENFASSUNG

Line Durchsicht von 4 000 Routineaufnahmen des Abdomens ber Gesunden aller Alters
Massen wurde unternommen Die Resultate zeigen dass solche Filme von klisch diagnaste
schem Wert sind \erinderungen in den hnochen und Gelenken Werchteilen 1m Magen
dirmhanal und sm Nierensystem honnen abgeschatzt werden Es besteht z B ein bedeutsa
mer 7Zusammenhang 7wischen der Verkalkung der Bechenartersen und dem Blutdruck
dem Cholesterolni et und elektrohard, hischen Abweicl

RESUME

L auteur a passe en revue plus de 4 000 radiographues de [abdomen d hommes cn bonne
sante de tous iges examunes au cours d une periode de quartre ans pour des examens de
sante systematiques Les resultats font penser que cette techmique presente un mtéret en
matiere de diagnostic chmque On peut deceler des modificitions d1 squelette des artt
culations des parties molles et des appareils digestf et unnure il 3 a une relabon sign:
ficatie entre la calcification des arteres ihinques et 11 pression arterielle le taux de choles
terol et les anomaties TCG
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quanutatively esumaung the radiation absorption by the mneral content of bone
1 a positive or negative roentgen umage (see, for nstance, Ow~eLL 1957, Nor
piN & Smrtir 1965) The problems mvolved will be considered

Reproducibility and standardization The absorption effect of the muneral
content of bone on the negative or positive rocntgen mnage 1s affected by
exposure tiume, voltage, screens, type of film for the pnimary image and the
posiwve prmt, as well as by the processing and prnting techmque Despite
advanced automation 1n rocntgen apparatus and processing procedure, and the
umform qualty of modern films, the direct correlation of roentgen absorption
with mincral content, as it appears m the final image, 15 mpossble The
mvestigated bone should thercfore at cach analysis be compared with a standard
and the results expresscd as a percentage The choice of a standard has been
thoroughly exammed According to OmngLt (1957) roentgen rays arc absorbed
by aluminium to the same degree as bone nunceral Tt 1s thus possible to express
the results in mullimetre alummum or, if requircd, i bone nineral content, for
example as hydroxyapaute

Soft tissue effect and sccondary radiation By the choice of adequate radation
quahty and smtable film the mfluence of soft tissue on the negatne and positine
roentgen mmage can be much reduced According to Scumip (1963), the
soft ussuc effect 15 neglgible under certam conditions for mstance m the
exammation of the phalanges of the hand

Keank et coll (1959), working with the radius and ulna, 1¢ bones surrounded
by thick layers of soft tissue, could avord most of the side effects by placing the
forearm together with the standard mn a tank of water and by having an exit
distance between arm and standard m the water tank and the film (the same
arrangement as m [ig 6) Lven then they had to correct for soft tissue effects n

therr calculattons

Photometric evaluation Larlier myvestigators usually employed densitometric
determmations pomtwise or over defmed arcas of the bone mvestigated
However, great difficultics are expenenced i anatomically defining the measurc
ment arca from onc patient to another To mahe the measurement independent
of the anatomical bone size , two films must be obtamed one for densitometry
and one for measurement of the drameter where the bone 1s traversed by the

beam
Preliminary methodologic mmvestigations

Worhing with the raduss and ulna we found that when an alumxmun(;
standard was placed 1t the side of the forearm, secondary radiation an
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T
25.5

Per cent of mtandard

Fig 1 Chromoscan curves and percentage
figures for the ulna and radius, cofresponding
to the same width of the standard, obtamed
: bommemtmmna (o radiographic prints of the same forearm
1 25 52 mm wath vaned exposures

scatter effects produced appearances that vaned widely from one roentgenogram
to anather Despite repeated attempts, this source of error could not be ehmunated
by enclosing the standard 1n a pk — The best results were obtaned with
a phantom compostion, sux D, according to Joves & Reive (1949), consisting
of 608 G paralfin, 304 % plastic matertal {Alkathene Polymer WRM-19,
1CIY, 2 4 Go titamum dionde and 6 4 % magnesium oxide — Using the Keane
technique however, with the forearm enclosed m a tank of water, we obtamed
reproducible films of the standard and, as indicated by Keane, the soft tissue
clfects became considerably lower

Soft ussue consists of approxumately 73 Sc water, the rest bemng orgamc
matter with a low roentgen absorption approaching that of water However,
the extra and wntracelular water contains a wide variety of electrolytes, and the
present approach was an attempt to ehmmate completely the soft tissue effects

by adding adequate amounts of quantitatively domnaung sodium chlonde to
the water 1 the tank

Dufliculties in carher employed d

1c h 1
10 be avoided by measuning the blackemng m the posusve 1magc‘[romr; bone
cross section by ph g and exp 5 this m relaton to the
blackening of the corresponding cross section width of the standard used This
can be casily accomplished technically by employing the same type of photometric
scanmng equipment that 35 used at evaluanon of clectrophoresis stnps The
Chromosean Mark I (Joyee, Locht & Co fad, Gateshead-on-Tyne, England),
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quantitatively esumating the radration absorption by the muneral content of bone
i a positive or negative roentgen smage (see, for instance, OMMELL 1957, Nor
DIN & SmiTis 1965) The problems mvolsed will be considered

Reproducibiliy and standardization  The absorption effect of the mwmeral
content of bone on the negative or positve roentgen mage 15 affected by
cxposure timc, voltage, screens, type of film for the prmary umage and the
posiive print, as well as by the procesing 1nd printing techmique Despute
advanced automation mn rountgen apparatus and processing procedure, and the
uniform quality of smodern films, the direct correlation of roentgen absorption
with mmeral content, as it appears m the final mmage, 1s mpossible The
mvestigated bone should therefore at tach analysis be compared with a standard
and the results expressed 15 a percentage The choice of a standard has been
thoroughly examined According 1o Omnerr (1937) roentgen rays are absorbed
by alumumum to the same degree as bone mmneral It 15 thus possible to express
the results m nulhmetre alummum or, if required, in bone mneral content, for
cxample as hydroxyapatue

Soft tissue effect and secondary radiation By the choice of adequate radianion
quality and swtable film the nfluence of soft ussue on the negauve and positne
roentgen mige can be much reduced According to Scumip (1963), the
soft ussuc effcct 15 neghgible under certamn condittons, for mstance m the
exammation of the phalanges of the hand

KEeaNE et coll {1959), working with the radius and ulna, 1 ¢ bones surrounded
by thick layers of soft tissue, could avoid most of the side effects by placing the
forearm togethcr with the standard 1 a tank of water and by having an exit
distance between arm and standard w the water tank and the film (the same
arrangement as m [ig G} Cuven then, they had (o correct for soft ussue cffects i
their calculations

Photometric cualuatton Larlier mvestigators usually cmployed densitometne
determinations pomtwist or over defined areas of the bone mnvestigated
However, great difficulties are experienced m anatonucally definng the mcasure
ment area from one patient to another To make the measurument ndependent
of the anatonucal bone size , two films must be obtamned, one for densitometry
and one for measurement of the diameter where the bone s traiversed by the

beam
Preliminary methodologic investigations

Worhing with the radws and ulna we found that when an a]ummlud
standard was pliced 1t the side of the forcarm, secondary radiation an

nt
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@k Fre 2, i which the aluminum thickness 1s plotted against Chromoscan
readings, shows that full hncanty 1s obtained, although Iighter or darker prnts
were produced by dehik ly varping the
procedure

p ume m tht copyng

The reproducibility of the method was mesugated in twelve separate
deternumauans of the bone nuneral percentage m a secuon of a foreleg of

a pig The mean was found to be 814 with SD 34 and a cocflicient of
sanance of = 416

The problem was then, with a bly stmple and reproducible method
avalable for determining the rocnigen ray absorpion of bone ussue, what the
chical and biologic sigmficance of 115 use would be

In drcases with a reduced muneral cantene m the skeleton, and when the
condentional roentgen techmque s employed, dus depleuon 1s maunly observed
w the «pnat column Conuderable vanatons i the mineral content are ioweser
necessary before such changes can Ye recorded, figures m the order of 30 to
50 ¢ usually bang suggested Although changes 1 the mimeral content are
perhaps most marhed 1n the spinal column, 3t seems probable that if caused
by dies or by endocnne factars they will affect the skeleton as a whole and can
be demonstrated provided a sulficiently sensitn e method can be employed,




308 B LKMAN, k G LJUNGQUIST AND U STEIN

Lig 2 Corrclaton between
layer thichness and Chromoscan readings - " o o -
at different exposure times Chrossecsn reading

a double beam recording and mtegrating reflection photometer that makes 1t
possible to integrate numencally any chosen part of the arcas under the density
cunves, was chosen for our purpose

The forcarm of the patrent and an alummum standard, mn fixed posttions
m 086 % saline, 10 cm m depth, arc rocntgenographed at suntable voltage
and cxposure ttime with a hard film, ehmmatng the effects of soft tssuc
Secondary radiation cffects are relatvely shght because of the 30 cm space
between the water tank and the cassette holder (sce Fig 6)

The blacheming n the positive film 1s determined m two cross sections, one
at the centre of the ridius and ulna and the other mn the viemuty of the distal
jount heads by scanning with the Chromoscan The degree of blachening of the
bones 1s expressed as a percentage of the blackening of a corresponding width
of the aluminum standard By suitable shaping of the wedge i the Chromoscan
lincanity between the degree of blackening and the thickness of the plates n a
sertes of alumumum standards can be obtamed The techaral procedure 1s
des nbed later

The control expeniments ndicated that by varymng the exposure tume at
copying, but heeping other conditions canstant, prints with different blackeming
will be obtamed This does not howcver affect the measurument results
(Chromoscan readings of the bone curves as percentages of the readings of
corresponding widths of the alummum standard) A typical example 15 given
m hyg 1

Lincanty between the roentgen absorption and the Chromoscan readings
was controlled by rocntgenograplung a senies of alunumum plates, of different
thichnesses but otherwise of thc same shape, arranged side by side m the
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Table 1
Compartion of bone muneral. percentages for the left and right arms

~umber of Rght or  Mean values and left/r ght satios

pacienis Il handed 7 =
Stap-f Stepeil Swnp 1 Stp-11
Lelt Rght Left Rght Left  Reght Left  Right
10 fermals R ght 477 526 522 570 461 511 517 583
091 09t 090 083
10 males Right 670 706 82 809 64 672 gl4 844
092 097 096 096
2 males Lelt 600 536 718 646 588 509 818 72%
108 111 115 112

ought not per sc amply minesal disordess), and whom for several years had
been given cortisone pref without  accompanyn with
calcum preparations or anabolic sterouds, were therefore invesugated The
values of most of the patents lay within the lower part of the normal range
Those judged chnically to be suffenng from osteoporosis were far below (Fig
4, aand b) Parual gastrectomy may result in malabsorpuion of calaum (Har-
vaLp, hrocscasrp & Lots 1962) Bone mineral percentages for males who
had had Bijlroth 1T operations are gnen i Fig 4 ¢ They all have readings below
the mean value and most of them around the lower normal range

Like Krononskr & STenner (1961) we regularly found higher values of the
nuneral content in the nght than in the left arm in nght handed subjects and
sice versa {Table 1) ReANe et coll (1929) pomnted out the dependence of
calcum deposition on mechanical factors which might well explan the findings

The well hnown fact that bl results n a red of calaium
s llustrated 1n Fig 5, which guves the bone muneral percentages m a patent
with a radyus fracture of the nght arm on the day 1t occurred, after 24 days
immobilization, and again after a further 19 days convalescence It 1s obum]s
that, whereas salues m the undamaged left am were constant or somewhat
mereased, 2 substantial reduction occurred m the night arm,

even dunng the

~hort smmobihization pened, followed by a return to the ymitial +alues.
These results — the low values i bone mmeral content m chmeally diagnosed
osteoporosss, and the decrease dunng cortisone medication,

after gastrectomy,
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The best way to test the method scemed to be to mvestgate the chmeal
canditions mn which changes in the bone mneral content mght be expeeted

A prehmmary seference series of 61 females and 80 males of different ages
was collected The results are given as bone nuneral percentages i Fig 3
Tor defiution and caleultion, see p 316 The mean + 2 SD s the normal
range
As can be expected 1m a reference series of hospital subjects, a few patests
fie outside the normal range (5 females and 4 males) Closer analysis of these
revcaled that most of them had hustones of detary insufficiences The female
with the fowest values, for mstance, was an alcoliolic who had hived for a long
penod manly on red wine and mdustral spuit

As 15 well hnown, cortisone therapy may result i a reduced bone caloum
content Patrems admitted to the hospital under varying diagnoses (which usually
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some technical dafa Eaposure with 70 kY,
4+ 200 mA 2nd 01 second

The arrangement duning exposure 15 llustrated i Fig 6 together with the
techmscal data

Procedure The forearm 1s placed m a plexglas contamer filled with sodum
chlonde solution The saner base 1s 10 X 30 ¢cm and the height 40 cm The
lower part contans a plasuc tube that the pauent gnps, the tube being
furushed with a collar to ensure that the arm 15 1n a posiion fised n relation
to an alumnm standard (07 cm X 27 ¢m X 23 ¢m) 1n the contaner The
central ray must be directed through the centre line of the forearm Films of
the lelt and nght arms are obtmned A 086 $¢ sodium chlonde solution 1s
used and 1t has proved pracucal to add 73 g metagin and 25 g mipasol per
10 litres to prevent rapid bacteral growth

Standard casscttes with intensifying screens Leep the radiation hazards to a
munmum  Gevaert Crunx roentgen film, emulsion type T, and a standard
automatic processtng umt are employed Two parallel-coupled hninves cut the
film 1nto 27 mm stnps for the Chromoscan holder, a marking arrangement
indicating switable lengths of stnp To ensure that these will correspond ana-
tomically to comparable parts of the radius and ulna in different subjects, the
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1ig 5. Bone mmeral pereentage values of the radius (left) and ulna {night) from a s oman o1
the day of fractunng the nght radws after 24 days munolnfization and after an additional
19 day peniod of comvalescence

durmg mmobilization, as well as the hgher muneral content of the bones on
the work hand side — may be regarded as estabhshing the chmcal usefulness
of the method

The necessity of evalunting positise copies mstead of the ongmal roentgen
filims st flowever imvolve the added errors and the extra manual work of
an additional photographic procedure, and the disadvantage of photometncallv
measunng reflected hght in place of transnutted hght Our work was performed
during the period 1964—1966, and w 1966 the new Chromoscan Mark 1L
became avaslable Tlus model has been designed also for transmuttance measure
ments, the new feature was tahen advantage of nd by smiply turnng the
(transparent) geey wedge 180° 1t was possible t0 make the apparatus read
(and gic mtegrals of) white mstead of black arcas It thus became possible
to obtamn Chromoscan readings direct from the ongmal negative roentgen film

Present method
Principle of measurement The modified method differs from the prelimmary
version used m the photometric measurements 1he roentgen absorption by
bone or standard 1s measured directly 1 the film with the aid of a Chromoscan
Marh II transmittance photometer which after ruversing the grey wedge
gives positive curves and readings of the negative bone and standard unage

m the film
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Fig 8 Chuomoscan curves correspond 0g 1o stp from film of wlna, radius and standard

The apparatus is sct at zero at a point a few centimetres from the standard,
between this and the soft ussue of the arm (Fig 8, arrow-1) The appatatus
15 thus constantly at zero on the water layer With the chosen saline con-
centsation, an even base Line for the fluid and for the soft tssue between the
racius and ulna 1s obtamned, with a desiation only for the layer of fat of the
soft tissue which appears as downward curves at the base hne of Fig 8

The base ine 1s drawn out {as seen 11 Fig 8} and with our techmque a
width of the standard of 32 mm 1s obtamed The width of the radus and
ulna 1s measured at the lesel of the base kne with a pair of cabpers graded
to 01 mm As may be scen from the figure, the strasght lateral parts of the
bene cunves are drawn down towards the base line to ehminate difficulues
of measurement cavsed by the rounding of the bone contour immediately
next to the base ine

I easremely sbese or dwa peaple, sowe eiel differamoe oray appear betw cont
the soft ussue ine Inng between the radws and ulna (Fig 8, arrow-IE} and
that part of the base line that corresponds to the fluid (arrow-1) If this exceeds
6 mm, two zero adjustments are made the normal at arrow-l for scanming
the tandard and anather at arross-11, based on the soft tissuc between the radis
and ulna, for scanning the bones

The integration figures are noted for the cunves of the standard and for
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g 7 Posizontng of the strps

greatest width of the distal jomt of the ulna 15 measured This fength (A~B)
(Fig 7) 15 plotted along the ulna, the first stop being cot from pont G The
measured distance A—B 18 quadrupled, and strip No 215 cut from pomt D Thus
(wo strips are obtamed  one corresponding to a more cancelions bone and
the other to a bone 1 which the compact tissue domunates The film sinp 58
placed n the holder of the Chromoscan Mark 11 adapted for yransmittance
measurements and with its grey wedge turned 180°, as desciibed Faher 23 o]
and a sht measunng 1 mm X 10 mm are the rule
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Fig 8 Chromoscan cunes corresponding to stnp from fim of ulna, rads and standard.

The apparatus 1s set at zero at a point a few centimetres from the standard,
berween this and the soft tissue of the arm (kig 8, arrow-1) The apparatus
15 thus constantly ag zero on the water layer With the chosen sahine cop-
centration, an even hase hne for the fluid and for the solt tisue between the
radis and ulna 1s obtamed, with a deviation enly for the layer of fat of the
soft tissue which appears as downward cunves at the base hine of Fig 8

The base hne 1s drawn oat {as seen mn Fig 8) and with our techmque a
width of the standard of 32 mm 1s obtamed The width of the radius and
uina 15 measured at the level of the base line with a pair of calipers graded
t0 01 mm As may be seen from the figure, the straight lateral parts of the
bone cunves are drawn down towards the base line to ehmnate difficulnes
of measurement caused by the rounding of the bone contour mmmediately
next to the base hine

In extremely obese or thin people, some level difference may appear between
the solt tissue tine Jying berween the radws and uina (Fig 8, arrow-11) and
that part of the base lme that corresponds to the flud (arrow-1} If this exceeds
6 mm, two zero adustments are made the normal at arrow-I for scanning
the standard and another at arrow II, based an the soft tissue between the radsus
and ulna, for scanmng the bones

The integration figures are noted for the cunes of the standard and for
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100 200 00
Chromoscan reading

9xm-Al

Iig 9 Chromoscan chart of a series of alumumum plates and the cune
obtamed by plotung Chromos an readings agasmnst aluminium layer thick
ness Uncorrected cam

the radius and ulna The mtegration value for cach bone 1s caleulated for the
correspondmg width of the standard, the integration value of the radiws and
ulna 1s then uxpressed as a percentage The values obtamed m such calculations
arc exemphficd ;n Fig 8

Experimental The roentgen absorption of soft tissue 15 mainly conditioned
by 1ts water and clectrolyte content The fat in the subcutaneous layer and the
bone marrow has a lower roentgen absorption, however This may explan
that 086 % saline gave the best cqualiang cffect, even though the total
clectrolyte roentgen absorpuion effect m homogenous soft tissue 15 higher than
«hat corresponding to the saline concentration chosen

Lxposure time, voltage, type of film, processing procedure, zero adjustment
routine, and the effect of base line vartations at the Chromoscan measurenzents
were all subjected to detailed investigations

Ten routine kilovoltage settings were carned out on the apparatus used
(Elema Schonander Optimat), and the (lectrical output differences (with the
acthal tube load) praved to be less thwn + 2 9 at a nommal 7¢ kV

The reading range’ i the film was densitometnically deternuned and found
to be within 1 and 2 m density (1¢ the darhest spot on the film a lutle below
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Fig 10 Mean values with their SD's of the transiormed Chromoscan readings from eleven

fimms of the same senes of alunumum plates plotted agamst alumunum layer thickness

r
rected cam.

2 and the brghtest a litde over 1) This means that the fogging of the film
withm normally accepted ranges has lutle or no effect on the measurements
Tests with new and old film of the same type disclosed no definite tendency

The use of mtensifying screens introduces possible errors, but wathout them
1t was not possible to obtamn a sufficient density although different film types
were tested With the best film, a 20 fold mncrease 1n radiation exposure gave
densites rangng from 06 to 14, which 1s far too low It proved pracucal
to have four cassettes with screers, used exclusivcly for this kind of work, thus
keeping wear down to a mummum The streens are piched from the same
emulsion number and ‘cross tested’ against each other Any changing of screens
owng to wear naturally demands recalibration of the Chromoscan readings,
as does any change of films (emulsion number or type)

Geometnic problems and the heel effect were studied, and it was found
that by keeping the object and the standard always m the same fixed posinons
m relation to each other and to the central roentgen beam, the measurements
gave reproductble results. Model expeniments with isolated bones indicated
that vanations i projection did not change the measurement results
sl penin f e g e s f Yo e

ect of the different sources

of error could be demonstrated in studies of lincanity and the reproducibility of
the measurements

1 Lieanty A senes of aluminiam plates were arranged 1n the contamner
with the 7 mm platc 1n the same poution as when 1t was used as standard
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Table 2
The reproducibality of the methed

Bone muncral percentage Strp I
12 separate
determunations Radns Ulna
Lelt Right Teft Rght

Techmetan 1 618 674 65 670
AMean
SD 24 33 32 42
Vanaton

cocfficient 38 48 48 63
Technician JI
Mean 599 673 650 675

in the bone measurements, and with the thmner plates covering the posiion
occupied by the forcarm

Ihe blachening of the film as a result of roentgen absorption by bone or
the alummium standard (both of which affect the rocntgen beam alike
rOMnetL 1957)) dipends on the quahty of the roentgen beam and the
charactenistic film response curve varyng from onc type of film to another
A ‘can’ i the Chromoscan controls the pen deflection that results from the
effect of the hght beam on the photomultiplier By varyng the profile of the
cam, 1t 15 possible to change the relation between the pen deflection and the
blacherung to be measured Tius means that every film response curve can be
adjusted to lincanty by means of the cam

Tig 91s a typreal reproduction of the Chromosean chart and the ot hnear
cunve obtaned by plottmg the chromoscan mtegrated readmgs agamst the
thickness of the alummium plates A lnear standard cam was used mn this
casc
A new cam was constructed, partly calculated according to AvperT RECHT
& OweN (1964) and partly empincally by repeated measurements of the
alummum plate series and successive changes of the cam It was thus pDSSiME
(o obtam perfect lneanty cven m the prelummary two step film positive pnnt

Fig 2

mf,(:ogrécrgm itudy possible effects of technical and mstrumental vanauons

1]
on lineanty In repeat measurements with the present method, the alumuniun
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‘Table 2 (cont }
Stog-TL Means of
e —
t Swp-iL
Rads Ujna Radus Utna, Strp-
= e Sp I+11 Sip 1411 Radews +  Radwad
Left+ Left + Ulna Ulna
Raght Right Lefe+ Lelt 4
Lefi  Right  Left  Right Rght Roght
728 788 992 892 09 83 654 835
29 38 13 37 Rl 21 23 20
8 47 36 41 15 217 34 24
770 800 913 908 it 786 60 848

plate seres was exposed elesen tinics at intervals with readpustment of the
Toentgen equipment between the films The resulting curves for the different
films depict slopes varymg according to deeper or hghter mdividual blachenng
of the films The mean slope was calculated for all the curves, for each separate
curte, a factor was denved to transform the separate reading data to correspond
with the curve with the mean stope

In Fig 106 are gnen the mean values of the transformed data from eleven
films with thewr standard deviatons plotted agamst alumimum layer thickness
Data are given for two stups from each film, cut from the same posiions as
m the bone determinations A shght systemanc deviation from lineanty s
observed 1n both strips This 1s because the cam for the film used was con-
structed three months before the expenment, and the deviaton could be
explamed by the replacement of a potentiometer i the integrating circust
of the Chromoscan The deviation ffom the ongwnal perfect hneanty probably
reflects the tolerances m the manufacture of the two potentiometers Eveny

adjustment or replacement 1 the Chromoscan should obvioudly be followed
by recalihration

2 Reproducibility Twelve roentgenograms were taken at ntervals of the
left and night forearms of the same subject m order 1o test the reproductbility
of our method Table 2 gives the means of the eight separate measurements
and of groups of these with thar standard deviations and vanation coeffi
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Table 3

Mean bone mineral percentages for vadius and ulng s three equitalent groups of women determined with
varied lechniques

Inyvestigated group Number  Mcan bone mine Method
13} percentage
Radsus and ulna

1 Hospitahized females, munly pyychwatne 1ge

18—19 years 43 595 Prehmnary
i1 Pregnant (Znd—ith month) 73 595 Defirute but
HI Population study, females age 29—+49 years 94 287 different films

and camis

cents the means of the four stnp-I and the four stnp-11 measurements, and
of the four measurements of the radws and the ulna

The mean variation coefficint for the scparate measurements 1s £ 40 ¢
The ugher varaton coefficients of some of the stnp-I measurements depend
on the more irregular contour of the bones i the viomty of the jomts and
the resultng greater influence of crrors 1 measunng the width of the bone
on the basc line

The mean values of the groups of measuiements represent Iower vananon
cocfhcients and mught elinunate hazard crrors, both m roentgenography (for
mstance, localized irregulinues of the film) and m the Chromoscan measure
ments of the bone width

The means of the four measurements of each bone (left and nght arms,
stnp-1 and stnp-11 of the radws and of the ulna) showed the lowest vamation
cocfficients and were therefore chosen to represent the results m climcal
mvestigations and are called ‘the bone muneral percentages’ {The mdss cdual
measurcment value will thus express the roentgen ray absorption in the bone
cross section nvestigated as a percentage of the roentgen roy absorpuon mt
a 7 wm alununium plate of the same surface area ) The vanation coefficient
for the radus was * 15 $¢ and for the ulna £ 27 ¢

A companson betwcen the results when two techmaans separately performed
the whole Chromoscan procedure on the same strips also appears i Table 2
The agreement was excellent

The reproductbility of the method may be illustrated n another way :’)
comparing the results from cifferent but equnalent chmcal matenals (2)
females n the reference matenal (Fig 3) between 19 and 49 years of age, (2)
tesults obtamed for pregnant women on ther furst visit to the prcr;aml li:::
umit (2nd to tth month of pregnancy) from an mvesugation to deten
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Table 4

Bone mincral pircentages of diffoent sex and age groups w2 papulation study

A Femalts
Number 4% 50 47 44 38
| 00—59 7079
“\ge groups years RL5Y 40— 58 29
Rone. Rad TUlna Rad Ulna Rad Llna Rad Llna Rad  Ulna
\ean bone muneral %, 281 574 296 097 588 560 492 500 467 478
Standard error of the
e 086 0% 092 10z 108 127 116 1% 157 153
s 37 30 65 72 74 87 77 89 97 9%
Range (mean £ 25D) 467 474 466 453 400 386 338 331 273 19| +
3 | 1 ' 1 1 !
605 674 Y26 T4l €96 T3¢ bi6 687 661 662
Per cent of my esugated
below 2 bone miner)
content of 47 % - 8 4 19 1 % 12 3} W
B \falry
\umber 44 3 38 6 37
Age groups years 29 39 40—19 5059 6069 1079
Bone Rad Ulna Rad Ulna Rad Ulna Rad Ulna Rad Ulna
tfean bone puneral °, 690 691 687 703 663 G381 620 681 646 679
Standard crror of the
mean 0% 101 076 132 113 134 13 128 113 152
L) 63 67 45 78 70 82 88 87 72 92
Range (mean £ 26D)  56% 5>7 596 o47 523 517 474 517 502 495
1 | ! l i !
816 825 778 89 803 845 826 8t3 790 863
Per cent of v esagated
brlow a bone muneral
conter t of 26 7, ~— — 3 3 3 22 i 1 1t

possible changes m the wneral content of bone, (3) results Corresponding to
females 29 to 49 years of age from a population study {se¢ below) From a
methodologic point of view, this means that the prelimunary method was used
Serrve 1966} m group I and m groups 11 and 1II the defiute method
(Srarve & Auvtomy 1967) but with different films Table 3 mdicate, good
agreentent between the three groups, even though for both the Chrompscan
Mark I and Mark II three differeat films and accordmgly three different cams

Liad been used

Normal rarge of the method A populaton study was performed i order
1 study the posaible correlanons between the bone mineral peveentage and

VT Aeia Rad ofogica D agaos s 4ol 10 (19 )
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sex, age, anthropology, dict and espeaally calaum mtahe, actaty and the
results of a complete chinenl, rountgenologie, nd laboratory mvestigation of
exch pirtiapant The results will be published separatcly and only the data
neeessary to estabhish the normal range of the method will now be mentioned
Ihe participants were piched out by chance from the official registration
records by 1 systum that would wisure an even distnbugion m regard to sey,
age, md ongm from rural or urban arcs, with 1 number of particspants large
enough to allow stwtsical aalyss In all, 484 persons were approached
md 874 % (426) parucapued Non atendance was cqually distrbuted m
differcnt population groups

Lable 4 gines the means of the determmations of the bone nunceral pereentage
of the rdws and ulna for diffcrent sex nd e groups Ihe figures arc
considerably Jower m fumales than in males and, for both <ees, ighest n the
groups 29 to 19 yoars Males had a Nlow ind fumnles @ considerable and statsts
cally sigmficant deerease with mercwang age  In both <excs, the values for
the rdius and ulba almost comade m the age groups up to 49 years but
thereafter, the ulna produces somewhat lugher figures

Ihe normal ringes (mean = 2 SD) for the different age groups (Table 4)
must, 11 a population study, be mflucnced by old ¢ osteoporosis There thercfore
scems to be justification i choosng the mean of the ranges for the group from
29 10 49 yeans as the normal for the method, that s 17 to 70 ¢ for females
and 56 to 80 9 for malcs

Discussion

Ihe objct of the methodologic work was to devdop a simple techmque
which, with convantional rocntgenologie and laboratory cqupment, would
producc rcproducible results corresponding to the bone mmeral content

Tlus mahes 1t necessary to abstun from the use of monochromatc rowntgen
radiation, which meant that the absorpion tffects will not be speetfic for
calcium  Tisis why no attempt has been made to oxpress the results m nuthgram
calcium per bone area or volume The measurament figures correspond to total
bone minerils of which, howcver calomum hydroxyapatite dommates By
cxpressing the results s pereentages of an casily defined and manufictured alu
numum standard, howcver, 1t stems possible for various nvestigators (o Use the
mcthod botl: for dingnostic purposes and for following changes in the bone mine
oncentration 1 the same mdividual, depcndmg on pathologic changes or

ral ¢
therapy
AnI attempt has been made to sumphfy the method by utlizing the techmel
the measurament of bone width

possibilities of the Cliromoscan mstrument
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18 made directly on the Chromoscan curve underlymg the mtegration reading
which, by reversing the grey wedge, 1s made positive n evaluating the negatne
film Furthermore, 1t has been possible by changing the cam, m accordance
with the prnciple of the Chromoscan mstrumient, to obtain full hincanty betwcen
the mtegration readings and a senes of alumumam standards of different layer
thicknesses
The construction of the cam to be used 15 based on measurements of an
d senes {corresponding to the al step wedge n other
methods for obtaining bone mineral content) placed across the area of the film
employed for the bone determmnations with the forearm and the 7 mm alummium
standard 1 fixed postions This means that the cam will ehminate the heel
effect, the nfl of the b y of the roentgen beam over the
exposed area and the differences in blachemng effect caused by changes 1 the
spectral composition of the beam m pasing alunymum (or bone) layers of
varying thicknesses

In concluston 1t may be sard of the control experniments that the techmcal
specificatrons chosen maintamned the lineanty and reproducibility of the method,
despite the unavoidable vanations of a technical nature that must occur in the
complex working procedure of both roentg hy and Ch an
ments This in turn depends on the main prinaiple of the method, all techmcal
vananens will affect bone and standard alike

Dunng the progress of our worh, ANDERsSON, ShiMmins & Ssyri (1966)
published a method for the measurement of the metacarpal mineral content
with the Chromoscan Mark II These authors evaluated the ‘density’ by graphi-
cally projectng the cune of bone on that of an alumunum step wedge The
density was then cotrelated to bone width and cortical thickness measored
on the film, and a dardised q of the bone calculated
(n prneiple corresponding to our bone mineral percentage’)

We have also applied our method to metacarpal measurements. The smaller
width of metacarpal bones made 1t necessary to change the gear controlling
the speed of the chart drum 1 order to obtam reproducible results

A survey of methods proposed for chnical studies of changes mn bone mmneral
Zfi?‘teml.: was given by Norpix & $uita mn therr 1965 monograph The techmical
" e\;\:‘ |::l,j:sd(r]0w reproducibility, hcl\\ ever, have prevented the suggested
resontes pnes tha S}Eﬁx s)&emaucn chinrcal anvestigations have been

s s & Ssutn (1966) reported that the establish
ment of normal tanges for thetr method 1s 1n progress
u{fg]";\:\:‘:{; |8g‘h8;§$;:, (s 1961), using the method of Ogser and Krokowskt
pecificity, found a decrease in calerum concentration
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of the radius 1n ageing femnles, which agrees well with the decrease demonstrated
n Table 4 Contrary to the present findungs they observed the same tendency
1 males but this may be explamed by the small number of more elderly males
m thur matcnal  (Altogether they mvesugated 50 females and 45 males)
They found, as did the present authors, lower values for females than for males
The figures for females of middle age groups amount to 87 % of the figures for
males The corresponding figure 1n the present matenal 1s 85 5 55

Table 4 gwes the percentages of subjects falling below the normal range of
the method for cach age group (corresponding to the age groups 29 to 49
years) Tor fumales thore 1s a regular increase up to about 40 e for the
Ingher age groups, whereas males present much lower percentage figures The
results agree well with the frequoncy of semle osteoporosis Teported by Been
& Norpin (1960) and Gitman, KayuoLrz & Levine (1958)

The mun part of our hnowledge concermng calcium metabohsm ongates
from balance eapcriments, which, however, 1 principle, mamly provide m
formaton about the rclason between Ca mput and Ca output and onb
mdireetly about depostt and depletion 1 the sheleton The techmeal difficulties
and errors of caleum cxpermments have recently been stressed by Isansson
Livpnorym & Sjocren (1966)

The concept of osteoporosis 1s conscquently controversal  Mention will be
madc only of the vicw of the Albright School, which regards ostcoporosis as
bung caused by an ndocrinely conditioncd protracted remosal of the orgame
basic substance of the shelcton, as opposed to the mcreasmgly widely held
theory on ostcoporosis as a caleium defictency condition The shght decrease
the bone nuneral content mn agung males and the considerable decrease 1
elderly fumales found m the present population study seem to emphasize en
docrmologic factors, possibly the cessation of estrogen production m females after
the menopause
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SUMMARY

A new, techmcally stmple method of determuung the mmeral content of thfi 1}2rjmsh;\;d
ulna 1s reported This demands only standard equipment for roentgen films an ! P

tric scamng Normal ranges for males and fomales of different age. were e
i tudy of 426 subjects and agree with those the Iiterature on the inadel

ccorded m

a population s
of senile ostcoporosis
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ZUSAMMLNFASSUNG

Eine neve und emfache Methode zur Besttmmung des Muneralgehaltes von Radis und
Ulra ward angegeben Dicse Methode crfordert ledighich norma'e Rentgenapparatur und
ausatzlich Ennichtung fur ein photometnsches Scan Die Methode wurde an 426 Fersonen
Jeg) chen Alters und Geschlechts angewandt Die Befunde summten mut den in der Luteratur
oelundenen gut uberein, auch beruglich der Haulht heit der sent'en Ostroporose

RISUML

Les auteurs presentent une nouvclle methode technig sumple pour Ia
teneur cn nineraux du radws et du cubstus Llle necessite sculement un &quipement orda
naire de rad ographic ct de ghotometrie s ont determune les vananons nonnales chez
les hommes ct chez les femmes, 3 differents ages dans une etude de population de 426
sujets ces resultats concordent aner les resultats deja publics dans la Interature sur la
frequence de 1 osteoporose semle
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EROM THE DEPARTMENT OF RADIOLOGY (DIRECTDR c g \XCCAFFER\), NUTT
IIOSPITAL, LOWER HUTT, NEW ZEALAND

SYNOVIAL LESIONS IN THE ADULT HIP JOINT
IN RHEUMATOID ARTHRITIS

by

W J Weston

HEerne & Turner (1942) publshed their paper Obturator sign as carhest
roentgenographic sign n diagnosis of scptic arthrius and tuberculosis of the lip
jomt” This was seen as a swelling of obturator mnternus on the lateral wall of
the pelvis i the ap view

In 1953, Drey reported synovitis of the hip jont producing swelling of the
glutcus mmimus, the most medial of the gluteal muscles lying above and lateral
to the jomt, and of the 1ho-psoas Just above 1ts msertion nto lesser trochanter,
below and medial to the jomt

KeiLeren (1963) stated that the chnical diagnoss of carly up jomnt in
volvement i rheumatord arthritis 1s difficult, because pan n the leg 1s so easily
attnibuted to the more obvious concurrent disease of the hnees, and small effusions
m the lup are not readily demonstrated’ The signs of cartlage loss and the
wedge shaped appearance of the superior part of the jomnt space are well known
signs of rheumatoid mvolvement of the hup .

Berens (1963) drew attention to the soft tissue signs i the carly stage Ol
lup jomnt lesions m rheumatoid arthntis such as capsular swelling or synovia

Submutted for publicatton 16 June 1969
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b 1 le diagram of post mortem
arthrogram of lup following njection of 12
mit of banuum sulphate suspension 1~ reces
sus capitus, 2 —ligamentum teres 3 — aces
tabular recess, 4~—bramentum transsersum,
5 —nfenor recess, 6 and 8-—zona orln
cularis, 7 and 9~ recessus colls

Fig 2 Post moftem arthrogram using 25 ml of by
!
s well seen caudal ta the femoral nech arum sulphate suspenson ‘The saferior recess



EROM THE DEPARTMENT o RADIOLOGY (DIRECTOR cjJ \XCCAFFER\), HUTT
HOSPITAL, LOWER HIUTT, NEW ZEALAND

SYNOVIAL LESIONS IN THE ADULT HIP JOINT
IN RHEUMATOID ARTHRITIS

by

W J Weston

Herke & Turner (1942) publshed thar paper Obturator sign as carliest
roentgenographic sign m diagnosis of septic arthritis and tuberculosis of the Iip
jomnt’ Tlus was seen as a swelling of obturator internus on the lateral wall of
the pelvis 1 the ap view

In 1953, Drey reported synovius of the lup joint producing swelling of the
glutcus mummus, the most medial of the gluteal muscles lying above and lateral
to the jomt, and of the tho-psoas Just abose its insertion into lesser trochanter,
below and medial to the jomnt

KerLeren (1963) stated that the chmical diagnosis of early hip jomt n
volvement in rheumatoid arthntss 15 difficult, because pan m the leg 1 so easily
attributed to the more obvious concurrent discase of the hnees, and small effusions
m the hip are not readily demonstrated The signs of cartilage loss and the
wedge shaped appearance of the supcrior part of the jomt space are weil hnown
signs of rheumatoid mvolvement of the hip ;

Berens (1963) drew attention to the soft tissue signs n the carly stage "l
lyp jomnt lestons m rheumatord arthntis such s capsular swelling or synovial

Submitted for publication 16 June 1969
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T

“snotial mass fes on 15 well scen caudal to the fevional 1ech m e wxial view farruows!

3 Ap and amal roentgenograms moa thid cace of actne 1t eumatord arthoas Tle

can be demonstrated radiographicaily when the soft tsves are cleared from the
overlymg bone

irthrographic anatomy of the adult 173
performed 1n the cadaver demonstrated the no
membrane about the lup joint

The average fup at post mortem will take about
In one cas- the fup was over distended with 2 ml contrast medwm  The
unpression of the orbicular hgamant was well seen, as was the bulging synovial

memtrane on the caudal aspect of the neeh medial to e orbicalar hgament
(Fig 2)

Arthrography of the Tuep jomnt
rval appearance of the synaya}

12 ml of contrast medium

The contrast medium wa. <een i the arthrogram 2s a thig laser about
the femoral head  The s amentum teres may be scen on the mgdsal aspeet of
the head with contrast medium cach sde of it The hgamentum (ransvcreum
spans the cotyloid noteh Icaving an mdentation op the contrast medum belaw
the igamentum teres

The arrcular orbreular hgament
ne b On the under sugface ¢f the nuh the mfenor areular reces 1 cen
medially and the reccwus ¢olls 35 seent Jaterally above and below the fcmorcal
?;:é )Thc SUprR aticular secess et whva e the kmbas (Livperos 1932, Fr,cugr

Produces 3 wanst abos e apd below the femoral

—t—
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Ty 3 Vrtheogruns i a cae of active henmatord wthntis Dustended capsular 1ece s caudal
to the femoral neckh asocated with nodular flling defects of the hpertropluc synovsal
mesmbrane

mmolvanent Sosuan (1963) abo mentioned the capsular contour as seen 1gnst
the fat pad above the Iup, 10 betwen the supenior acetabular margin and the
grater trochanter, and opeenlly wdl seen w cluldren the fat and muscle
Ime which s vistble mfcnorly

Retciann (1967) stated that 1t 1s imposstble to identefy the upper caprular
contour with curtamty

It 15 my bedief thiae m rheumatond arthnts the distended jomt eapsule crudal
to the jomt, produced by the synovial mass lesion m the aval view of the hup

Iig 4 Asthrograns in a further case of a tne theumatoid arthniis Distended cap ular rec€ s
caudal to the femoral nech
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Study of the normal arthrogram makes one realse that the assessment of
the synovial changes above the hip are not casy The synovial swelling
rheumatoid arthnitis produced a mass lcsion on the undersurface of the nech
Less casty seen s the capsular swelling above the nech, as descnbed by
Berens

The soft tisue mass lewon i the stwndard ap film can be ludden by the
averlying ischio-pubic ramus  Lhe overlying bones are cleared m the aual view,
m which the caudal soft tissue changes are sten to the best advantage

Arthrogams m two casts with rheumatoid arthnus of the hips are also
presented The widest portion of the jont recesses may be seen caudal to the
fumoral neck  Rhcumatord arthnius produces an enlargement of the capsular
recesses, as has been demonstrated by arthrography (Weston 1968) The hyper-
trophic synovial membrane with its nodular filing defects 1s demonstrated i the
arthrograms (Figs 3 and 4)

No mention has previously been made that the synovial thickeming at the
Inp may be scen as a soft tissue mass on conventional films Is has a well defined
caudal margin It 1s best demonstrated m the axial view where the swelling is
cleared from the schio-pubic ramus (g 5)

The soft tissucs cephnlic to the fumoral neck are difficult to assess s there
1s considerable varation m tlus arca depending on the projection REICHMANS
(1967) considers that the appearances vary also with body build and with
the statc of muscular contraction

SUMMARY

to
Well defined synovial mass lesions on the caudal aspect of the femaral neck ducd
theumatord arthntis could be demonstrated m the avial view dunng com entional radio

graphy of the lup

ZUSAMMENFASSUNG

Ises
Synoviallasionen nfolge Arthnus deformans am haudalen Abschmtt des Sch:nlcll;:"n
wurden 1 der Axsalprojektion wabrend gewohnlicher Radiographie der Hulfte gut er!

bar

RLSUME

Lnadence axiale dans 1a radiograplue simple de la hanch

dence des lestons ten déhimutees de la synoviale, situees sur

moral et dues a la polyarthte rhumatoide

e a pernus de mettre en &1
la face nfericure du col fé
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Fig | Renography 1o a patient, aged 48 with utenne casanoma and pelvie metastases The
nght renogram 15 normal The lelt renogram shows a normal ascending mb but m the
excrotory or cleaning phase the cune has a wavy form

Inppuratesodium The ammals lay supine and collimators were placed under man-
ual control through the abdomunal cavity at the sites of the kidneys, After in-
travenous njection of 40 #Ci of the 1sotope, the other ureter was clamped as the

curve began to slope downwards The nght ureter and kidney were left free and
served as controls

Results

A rapid nise m the cune accurred when the clamping was made at the uretero-
pelvic junction, and there was a rapid fall when the clamping was released The
short wave-form of the cune (Fig 3a) could thus be produced experimentally

Fig 2 Renography 1n a patent, a

, aged 44, with utern
nght Tenogram indicates poor function of the kadney Erhu:tz;ne.;fandhpe{» ic metastases The
normal function but the descending b has 2 wavy for: or the left Jadney indicates



IROM TIIL DLPARTMENTS QF RADIOTHERAPY AND PATIHOLOGIC ANATOMA, UNIVER-
SITY OI TURKU, FINLAND

EXPERIMENTAL ISOTOPL RENOGRAPHY AS A
MEANS OF LOCALIZING URETERIC OBSTRUCTION

by

Iumart LINDGREN and PERkA Makera

Climcal 1sotope renography may show a normal curve for one hidney but a
more sfoping wave form of the descending hmb of the other hidney This phe-
nomenon has carlier been deseribed 1 the hterature although its sigmficance may
have been neglected { WinTer 1963, zust Winner 1961) or attributed to artenal
hypertenston with a renal Iesion (Wax et coll 1966) The present authors, having
encountered about a dozen patients with a regular short wave form from one
kidney, and <ome hind of uretenc obstruction (Figs 1 and 2), considered that tus
phenomenon nught be due to a relative or valve-lihe obstruction of the other
ureter Lxperments were therefore performed 1 dogs, whose ureters were closcd
at different levels for varying lengths of tme

Matenal and Methods Six adult mongrel dogs werghing 20 to 25 hg were
operated on under pentobarbitone anacsthesta (nembutal) and the left ureter
was clamped atraumatcally for varymng lengths of time during renography The
ceclusions were placed (1) just below the renal pelvis, (2) at the nuddlc of the
ureter, and (3) at the uretenic onfice Renography was performed with Yatodo-
—_—

Submtted for publidation 25 June 1969 This wark was fmancially supported by the Signd

Jusehus Foundation
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Fig 4 Renography 1n a dog a) Clamping was made at the mddle of the left ureter The
curve for the left ureter nses more slowly than in fig 3 b) Both kidneys seem normal after
releave of clamping
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Fig 5 Renography i a dog Clam; 4

ping was made at th
no'effect (The Paper specd was twice that m the other egporr:
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Fig 3 Renography i a dog a) Clunping was made at the ureteropehac junction b) The
curve for the left hidney shows the effect of clamping during a longer period of tume (The
paper speed was the same as i figs 1 2 and 4 )

When the clamping was mamtaned for a longer peniod, with injection of a
second 1sotope dose, the curve continued to nse (Fig 3b) but 1t fell quickly when
the clamping was released  Clamping of the nuddle part of the urcter produced
no mmediate effect and the wave of the curve was much longer (Fig 4a) A
further 1sotope wjection without compression of the ureter caused no such cffect
(g 4b), ndicating that no damage had occurred n the kidney which had
been affected by ureteric obstruction for 10 munutes Finally, when the ureter was
compressed at the ureteropelvic junction, no effect on the shape of the cune could
be obtamed (Fig 5) The curves of the nght hidney were also normal m shape

i all the experunents
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DOUBLE CONTRAST CYSTOGRAPHY
A new contrast medium and a simphfied technique
by

J Tu Jensex

Double contrast cystography has gradually found ats place and justification m
diagnostic radiology Certain authors (DITHELM et coll 1964, JomannesseN
1965), have however, expressed some dissatisfaction with the mucosal coaung of
the postine contrast media and have pointed out the necessity of refimng the
technique Several available contrast media have been compared, the best proving
to be of approaumately the same quality The procedure appears to be time-
consunung, and owing to the numerous exposures 15 expensne and perhaps
exposes the gonads to an unnecessanily high radiation dose (BarTies & HEran
Dik 1960 BEToULIERES et coll 1963, DieTuii et coll 1964, Pocraczevshy &
GransTaLp 1964)

The object of the present study was twofold to find a positise contrast medium

adhenng better to the mucosa than these previously available and to smphfiy
and, if possible, smprove the techruque

Matenial and methods The matenal compnsed pattents referred for cysto-
graphy and those with prostatic hypertrophy who were to undergo cathetenzauon
or instrumentation of the unmary tract Such patients, ¢lderly, often 1mmobile,
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Comments zuv WiNniL (1964) has described the curve from experimental
ureteric obstruction corresponding to the present expeniment 1n Fig 3b Ths
figure indicates that a valve-hihe uretenic obstruction produces a curve of wavy
form n the renograni, In climcal renography, tins shape of the curve could be
due to a stone or any other calaifications m the renal pelvis It nught be esplamed
by a nise 1n pressure m the ureter through the build-up m the volume of urme un-
til 1t reached a pomt where 1t caused a relaxation of the wall and the unne to
flow out, with a resultant decrease in the curve of the renogram Ilus may
possibly, even m relative stasis, be caused by a tumour, for example

Thus study furthcrmore has mdicated that 1t may be possible to localize the
bught of urcteric obstructions from the renogram curve

SUMMARY
Laperiments i 1sotope renography ware performed n dogs whose ureters were closed
at various levels for different lengths of tume It scems possible to determine the level
of ureteric obstruction climcally from renograms obtamed m this manner

ZUSAMMLNFASSUNG

1xpenimente an Hunden wurden nut Isotopenrenogriphie wahrend Blockierung der
Ureteren an verschiedenen Tlohen und zu wechselnden Zewmntenvallen vorgenommen  Mit
solchen Renogrummen scheimnt es moglich 7u sein die Hole der Ureterob truction Minsch 7

bestummien

RLSUML

Tes autews ont ctuche experimentalement sur des cluens 11 nephrographie wotopique
apres hgature des wicteres 1 differents mveaus et pendant de durces variables 11 parait
possible de determmer d 1pres le nephrogramme le nvean de | obstruction ureterafe

RLTERENCLS

Wax S H, Ar-Hussamt M and McDoxatp D I' Effect of angiotensin on the 1T sodum
ortho 1dohippurate renogram Invest Urol 3 (1966) 520

zuv WinkeL b Nierendiagnostih mut Radiossotopen Georg Thieme Verlag Stuttgart 1964

Winter C C Radiossotope renography Williams & Wilkins Balumore 1963
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DOUBLE CONTRAST CYSTOGRAPHY
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by

J Tu Jensew

Double contrast cystography has gradually found s place and jusulicanon
diagnostic radiology Certain authors (DieuELst et coll 1963, Jorassessev
1965), have however, expressed some dissausfacuon with the mucosal coating of
the posinve contrast media and have pomnted out the necessity of refining the
sechruque Several available contrast media have been compared, the best proving
to be of approximately the same quality The procedure appears 1o be ume-
consuming, and owing to the numerous exposures 15 expensne and perhaps
exposes (he gonads to an unnecessanly high radiation dose (Barriry & HerAn-
oer 1960, Berouuiees et coll. 1963, Dietuiy et coll 1964, Pocraczeysay &
Graestatn 1961)

The object of the present study was twofold to find a positiv e contrast medsum

adhenng better 10 the mucosa than those previously asallable and to sunpldiy
and, if possible, improne the techmque

Matenal and methods The matenal compnsed patents referred for cysto-
graphy and those wath prostatic hypertrophy who were to nadergo catheterizasan
or instrumentation of the unnary tract Such patients, clderly, often smmobale,
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and with cysuitis, were preferred for assessing the procedure under the most
difficult candittons, tiis made the greatest demands on the coating characteristics
of the positive contrast medium

Many authors (BarTres & HELaNDER 1960, BLAREMORE ct coll 1958, Drer-
neLh et coll 1864, Dovie 1961, Jensen & Hovw 1965, Jonansessen 1965,
Luag 1964, Pocuaczevsks & GRrassTALD 1964, Stianpov et coll 1965, Staur-
12r ct coll 1936) have stated that carbon dioxide 15 the best negatve contrast
medhum, especially as it mvolves only a shght nsh of gas embohism, 1t was the
only negative contrast medum used 1n the present study

The posittse contrast media employed n the first exanunations (BartLey &
Hevanper 1960, Betovrieres et coll 1963, Dieruery et coll 1964, Doyir
1961, Harsor Kristensex 1964, Jensen & Horw 1965, Jonannessen 1965,
Lune 1964, Morarss & Rowanus 1952, Pocnaczeivsay & Grasstatn 1964,
SuawpoN et colt 1965 and WatLbex 1944) were Propyliodone, SH 617 L,
Stenpaque ~ Edifas B 50 mn a mixture (Edifas 1s a preparation of sodm car-
boxymethyl ecllulose manufactured by IC1), and banum sulphate - Edsfas B 50
mixed m varous rates and 1 quantiies varying from 3 to 20 m! These will be
considercd together as the ordinary contrast medsa

The mjection of contrast medium was sometinies preceded by wrigation of the
bladder with 1sotome ghucose or 1sotonie sodium chionde, and occasionally with
undifuted Edifas B 50 The amount of fluid was always 100 ml

The new contrast medrum consisted of barum sulphate 500 g, Ldifas B 50
24 g and distilfed water ad 1000 g and was dispensed stenhzed m tubes of
7 mi The exammations with tlis contrast medum were not preceded by bladder
irngation

The bindder was emptied by catheterzzation and sometimes wngated before an
ordinary contrast medinm followed by 50 ml carbon dioxide was myected The
patient was then rotated once laterally, a further 150 ml carbon dioxide was
mjected and the patient was rotated agam and plted supme with the head down
The following projections were obtuned under {luoroscopic control (1) ap
supme, (2) patient turned 45° to the night, (3) 45° to the left and (4) (o the
fateral decubitus position With the patient ulted 15° head down from the supwe
position, films were exposed (5) ap with the tube tilted 40° cranually and (6)
ap with the tube tilted 10° candally All the films were obtamned with 1 vertical
peam This techmique will be referred to as the known techuque

The new technique 1s a follons The patient vords before the exammation, a
catheter 15 passed, the bladder s emptied, and the residual urine 15, 1f necessary
and 7 ml contrast medium followed by 50 ml carbon dioxide are -

measured
2 whole turn with brnef stops the

jected The pasent 1s now rotated laterally,
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d
Fg | Male aged 70 years with hypertrophy of the prostate a) Prone position, honizontal

beam b) Right decubitus postuon  horizontal beam c) Left decybitus position horizontal

béam d} Prane posinon serxtical beam (The allustrations represent exammations with the new
contrast medium and technique )

night and left fateral decubitus and prone positions, a further 150 ml carbon
dioxade 15 mjected {On rare cases, with a large bladder volume possibly a larger
dose ) The four fiims obramed consist of projections with a honcontal beam with
the patent prone, in the night and lelt lateral decubitus positions, and wath a
vertical beam and the patient prone {¢f Fig 1) These projecuons have been
descnibed in the literature (Bar1r£y & Heranper 1960, Dovie 1961 and 1963,
Pociaczivsny & Grapstaip and Wanpes J941), but an attempt has
been made m the present matenial o reduce the number of exposures 0 a nuni-
mum without compromsing the diagnostic rebabiliry

It may be mentioned that the siew contrast medium 15 also admurably suited
for retrograde urethrography
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Table 1

Quality of filns assessed w relation to the contrast medwum and
techmgue Of the 7 patients of the ‘medium® group examned by the
new lechngue with the new contrast medwm 4 had a good deal of
urine n the bladder, and another set of films w as mcorrectly evposed

Good Medum  Poor

Ordmary contrast medim

Ordinary techmque 5 17 16
Ordinary contrast medium

New techmque 4 5 0
New contrast medsum

New techmque 58 7 0

Table 2

Adhesion of contrast media to bladder mucosa assessed in relation

to technique Of the 9 patients m the “medum’ group examned

by the new techmque with new contrast medwm, 6 had too much

urtne 1 the bladder This also applies to one patient of the ‘poor’

group examuned by the same techmque and wth the same conirast
medum

Good Mediwm  Poor

Ordinary contrast medium

Ordinary techmque 1 + 30
Ordinary contrast medium

New techmque 3 5 !
New contrast mediwm

New techmque 5+ 9 2

Double contrast cystography was performed 1 a few mstances m continuation
of retrograde urethrography with ntroduction of the contrast medum as well as
the CO. through Knutson’s apparatus, 1¢ without cathetenization However,
this 1s not recommended as durmng the long examunation the urme flowing nto
the bladdcr reduces the quality of the films — further evidence that the quahty
1s better the less urme there 1s i the bladder, 1¢ the quicher the exanmunation 13
performed This 15 one of the reasons why the author has tried to reduce the
number of the exposures to a mnmum and to usc only simple adjustments of the

tube
The exposure in the prone position with a honzontal beam 1s necessary to
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Fg 2 Male aged 74 years with cara
nogma of the lgfl xdz) of tre bladder
Right decubstus  posinon horizontal
beam The sequelac of transvesical
prostatectomy performed 9 years previ
ously (The slustraton represents an
examnation  with the fiew  contrast
medsom and techrique }

demonstrate the base of the bladder which 15 not always defined 1n the lateral
decubitus position (DosLe 1963

On occasions the patient was not rotated untl all the CO; had becen injerted
The contrast medjum however then became deposited as a girdle around the
equator

The matenial compnsed 112 exammations dustnbuted over 105 patients ranging
wn age from 5 to 87 years with 30 examunations in females and 82 1 males Forty-
five examimations were in patients under G0 years of age and 67 1 pauents over
60 47 exammations were performed with the ordinary contrast medium and 65
with the new medum, 38 were by the ordinary techmgue and 74 by the new
techmque

In resienang the films an attempt was made to sort the matenal by the quality
of the exposures and by the coating property of the positive contrast medium
Ths assessment 15 purely subjective and consequenily carnes some 1naccuracy
The results of these assessments are given in Tables 1 and 2

The tabulated results indicate that the new medium and techmique produce
improved results, including better coating of the bladder wall

Results
The matenal was divided mnto the following three gronps
Group I 38 exammnations with an ordinary contrast medium and techmgque,
Group I 9 exammations with an ordmary medum and the new techmque
Group I 65 exammations with the new medwm and technique
The diagnoses by double contrast cystography and by urography and surgical
procedures, te cystoscopy and operation, were compared Urography was not
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Table 1

Qualdy of filins assessed wn relation to the contrast medium and
techmgue Of the 7 patients of the ‘meduum® group examuned by the
new technigue with the new conltrast medwum # had a good deal of
urine 1 the bladder, and anvther set of films was wcorrectly exposed

Good Medwm  Poor

Ordinary contrast medium

Ordinary techmque ] 17 16
Ordinary contrast medium

New techmque + 5 0
New contrast mediam

New techmque 58 7 0

Table 2

{dheston of contrast medua to bladder mucosa assessed i relation
1o techmque Qf the 3 patunis . the ‘medum’ group evamued
by the new techmgque twith new contrast medwsm, 6 khad too much
urine w the bladder This also applies to one patient of the poor’
group examned by the same technique and wuth the same contrast

medium
Good Aledium  Poor

Ordinary contrast medium

Ordumary techuique + 4 30
Ordinary contrast medium

New techmque 3 5 1
New contrast medum

New techmque 54 9 2

Double contrast cystography was performed m a fuw mnstances m continuation
of retrograde urethrography with mtroduction of the contrast medium as well as
the CO; through knutson’s apparatus, 10 without catheterization  However,
tlus 15 not recommended as durmg the long cxammation the unne flowmg mto
the bladder reduces the quality of the films — further evidence that the quality
1s better the less urme there 1s the bladder, 1e the quicher the exanunation 18
performed Tlus 1s one of the reasons why the author has tnied to reducc the
number of the exposures (o 4 minimum and to use only simple adjustments of the

tube

The exposure 1m the prone position with a honzontal beam 1s necessary to
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Fig 2 Male, aged 74 years, with carei
noma of the left side of the bladder
Right decubitus po stion, hoizontal
peam. The sequelae of transsesical
prostatectomy performed 9 years previ
ously {The illustration Tepresents an
examination with the new contrast
medium 2nd techmgue )

demonstrate the base of the bladder which 1s not always defined m the lateral
decubitus position (DoyLE 1963

On occasions the patient was not rotated untl all the €O had been mijected
The contrast medium however then became deposited as a gurdle around the
‘equator’

The material compnsed 112 examinations distributed over 105 patients ranging
tn age fram 5 to 87 years with 30 examunations in females and 82 m males. Forty-
fine examinations were n patients under 60 years of age and 67 in pauents over
60, 47 exarmumnations were performed with the ordinary contrast medium and 65
with the new medium, 38 were by the ordimary technique and 74 by the new
technique

In reviewing the films an attempt was made to sort the matenal by the quality
of the exposures and by the coating property of the positine contrast medum
This assessment 15 purely subjecuse and consequently carnes some maccuracy.
The results of these assessments are gnen m Tables 1 and 2

The tabulated results indicate that the new medium and techmque produce
improved results, mcluding better coaung of the bladder wall

Results
The matenal was diided into the following three groups
Group 1 38 exannnations with an ordinary contrast medium and technique
Group 11

9 examnations with an ordinary medum and the new technique
Group 111 65 examinations with the new medium and techmque
The diagnoses by double contrast cystography and by urography and surgical
procedures, 1€ cystoscopy and 1 U

graphy was not

WELE ¢
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Table 1

Quality of filins assessed i relation to the contrast medium and
techuigue Of the 7 patients of the ‘medium’ group examuned by the
new techmgue with the new contrast medum 4 had a good deal of
urine un the bladder, an 1 another set of films was wcorrectly exposed

Good Medium  Poor

Ordinary contrast medium

Ordinary techmque 5 17 16

Ordinary contrast medium

New technique + 5 0

New contrast medium

New techmique 58 7 0
Table 2

1dheston of contrast media to bladder mucosa assessed 1 relation

{o lechmque Qf the 9 patients m the medwm group exammned

by the new technique wath new contrast medwm, 6 had loo much

urine n the bladder This also applies to one patient of the poor’

group exammed by the same lechnrque and uith the same conirast
medum

Good Aedum  Poor

Ordinary contrast medium

Ordinary techmque 4 4 30
Ordinary contrast medium

New technique 3 5 i
New contrast medium

New techmique 54 9 2

Double contrast cystography was performed m a fow mstances i contmuation
of retrograde urethrography with mtroduction of the contrast medium as well as
the CO; through Knutson’s apparatus, 1¢ without cathetenzation However,
thus 18 not recommended as during the long exammation the unne flowing mte
the bladder reduces the quality of the films — further evidince that the qualits
1s better the less unme there 1s 1 the bladder, 1e the quicher the exanunation 1s
performed This 1s one of the reasons why the author has tried to reduce the

number of the exposures to a muumunt and to use only stmple adjustinents of the

tube
The exposure mn the prone position with a honzontal beam 1s necessary to
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and 23 patients m groop 31Y The hypertrophy had escaped dctccnonds:nu‘;;
graphy in 4 patcnts hut was confirmed by cystoscopy n all but one, an
uon of the rectum

h‘g}l”écz‘a:;::a wese & verucula of the bladder (1 patents with urethral
strcture), oystocele (n gemtal prolapse), and patent mnternal urethral enfice
Thus lateer fincing was made 1 patents who had undergone operations on the
prostate There was no diagnostic disagrecment i any of thesc pauents, but the
exanunations 1 group 11T revealed the changes most disunctly

Conclusion

The ivestigation would appear to confirm the dagnosue value of double
conteast cystagraphy n bladder diseases, 1n particular ns supenonty to Consenuo
nat urography The normal findings 10 the present matenal were conflirmed by
cystascopy  All tumours were demonstrated, and 1 2 pauents double contrast
cystography proved supenor to cystoscopy, m one of these severe bicedmg ob-
scured. the cystoscopy and m the other the topography of the tumour was better
establiched by double contrast cystography The extent of bladder invasion by
extrnuatsic malignancy could also be assessed

Cystoscopy appears to be preferable to double contrast cystography in the
diagnosis of cystitts and vesical caleult

There seems to be good agreement between double contrast cystography and
the surgical methads of diagnosis 11 hypertrophy of the prostate, the former 1s
superior to ordinary urography

The new contrast medium appeary to adhere better to the mucosa and thus

produce more acceptable films than the usual media. In addition, the introduc-
woit of a mew, sphfied diag method d d

fewer exp than
previously without any reduction 1 diagnostic reliability
SUMMARY
A new contrast mediwm and a sumpbfied diagnostic techaianie for do ble cant ¢ <ysto-
MNawed.
special

ZUSAMMENFASSUNG
eines peuca A Prozedur fur die D,
pelkontrastdarsicllung der Hamblase Die Resultate der newen \ethode werden bt‘Pr‘x:E‘;
vd mit denco der alten \lethode verglichen Sie bestatien den Vwert der Doppel
bontsastdarstellung der Hamblase besanders ber malignen Erlrankungen, ber denen die
Bestummung des Ausdebnong des Tumrs sich besondery mutzluch emyaes

Besch

und emer « f:
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performed 1 a few patients, mter ala, because of elevated serum creatimme
Cystoscopy or other surgical procedures were not carried out 1n 26 patients (11:m
group I, 1 m group Il and 14 n group I1I)

No abnormality was dctected by double contrast cystography in 31 cases (10 of
group I, 2 of group IT and 19 of group III) Urography suggested mural 1n
filtration n 1 patient of group I but this was not confirmed by double contrast
cystography and conventional cystoscopy Cystoscopy revealed trigonal cystis m
another patient of this group

Vesical tumours were demonstrated by double contrast cystography m 18
patiets of the three groups consisting of 2 1 group I and 3 patients in group 11
Urogriphy m 3 of these 5 patients has suggested a vesical growth winch was
subsequently confirmed by cystoscopy Double contrast cystography revealed
pervesical mahignant mfiltration 2 patients of group II wlile urography
indrcated no abnormality, operation revealed carcmoma of the prostate imvading
the surroundmg structures

Four out of 10 vesical growths in group I (cf Ig 2) had escaped detection
at urogriphy The tumour in another patient had been mashed at cystoscopy by
bleeding Cystoscopy in yet another patient had fint disclosed one small tumour,
double contrast cystography howcver revealed 3 larger papillomatous growths
with marhed ifiltration of the blidder wall and this was later confirmed by
repeat cystcoscopy

Double contrast cystography demonstrated an mnfiltrating tumour m 1 patient
and bropsy mdicated carcmoma of the urmary bladder Subsequent operation
disclosed marhed cystitis, and was confirmed by further biopsy

Three patients of group III had mvasion of the bladder, m one from carct
noma of the ssgmord colon and 1 two from carcinoma of an ovary, the diagnoses
were confirmed at operation or autopsy Two of the patients had had a normal
bladder at urography, while m the third patient urography had demonstrated
compresston of the night ureter

Cystiis was disclosed by double contrast cystography i 10 patients, 7 of whom
were m group I and 3 m group III, this was confirmed i 9 patients by cysto
scopy Cystoscopy also revealed cystitis m 5 patients from other parts of the
material, whach had not been demonstrated by double contrast cystography

Vesical stones 1 two patints were confirmed by urography and cystoscopy
Double contrast cystography suggested calcult m another patint, these were
confirmed by cystoscopy

Hypertrophy of the prostate was diagnosed by double contrast cystography
35 patients (cf Fig 1), sometumes co-cxistng with trabeculation of the bladder,
dwerticula and cystitis, and m 4 patients with mahlignancy (also listed the

group of tumours) The distrbution was 10 patients n group I, 2 m group 1§
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and 23 pauents m group 11T The hypertrophy had escaped dc(ccuondm ul;:
graphy in 4 pauents but was confirmed by cystoscopy m all but one, and in th
10n of the rectum

la“é::;‘;:’:g“ﬂ':; were drverticula of the bladder {1 patients with urethral
stncture), cystocele {(in genital prolapse), and patent mternal urethral onfice
This latter finding was made i pauents who had undergone operations on the
prostate There was no diagnostic disagreement in any of these pauents, but the
exarnations n group 111 revcaled the changes most distinctly

Conclusion

The muestigation would appear to confirm the diagnosic value of double
contrast ¢ystography sn bladder diseases, 1n particular its supenionty to comentio-
nal urography The normal findings 1 the present material were confirmed by
cystoscopy Al tumours were demonstrated, and m 2 patients double contrast
cystography proved supertor to cystoscopy, m one of these severe bleeding ob-
scured the cystoscopy and m the other the topography of the tumour was better
established by double contrast cystography The extent of bladder mvasion by
extrmsic mahgnancy could also be assessed

Cystoscopy appears o be preferable to double contrast cystography m the
diagnosis of cystitis and vesical calculi

There scems to be good agreement between double contrast cystography and
the surgical methods of diagnosis in hypertrophy of the prostate, the former 15
superior to ordinary urography

The new conirast medium appears to adhere betier to the mucosa and thus
produce more acceptable films than the usual media. In addition, the introduc-
ton of a new, smphfied diagnostic method demands fewer exposures than
previously without any reduction in diagnostic rehiability

SUMMARY

A mew contrast medium and a simplified diagnostic technique for double contrast cysto-
Eraphy ate deseribed The results are discussed and compared with those presiously obtained
The study confirms the value of double contrast cystography m bladder conditians especral
Jy 1 mal gnancy n which the demonstration of the extent of the growth s valuable

ZUSAMMENFASSUNG

; g cunes neven h und

pelkontrastdarstellung der Harnblase Die Resultate der neucn Methode w

erden besproch,

und mit denen der alten Methode verghichen Sie bestatigen den Wert dev 5?;;,:‘

kontrasidarstellung der Hamblase, besonders bei malignen Erkrankungen, bey denen die
Besummiung der Ausdehnung des Tumors sich besonders nutzlich erwies

Besch

emer veremfachten Prozedur fur die Dop-
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purformed i a few patents, mter alia, because of elevated serum creatmine
Cystoscopy or other surgical procedures were not carried out 1n 26 patients (11
group I, 1 n group Il and 14 n group I1I)

No abnormality was detccted by double contrast cystography in 31 cases (10 of
group I, 2 of group II and 19 of group HI) Urography suggested mural m-
filtration 1n 1 patient of group I1I but this was not confirmed by double contrast
cystography and conventional cystoscopy Cystoscopy revealed trigonal cystitis 1n
another patint of this group

Vesical tumours were demonstrated by double contrast cystography mn 18
patients of the three groups consisting of 2 1n group I and 3 patients i group 11
Urography mn 3 of these 5 patucnts has suggested a vesical growth which was
subsequently confirmed by cystoscopy Double contrast cystography revealed
pervesical malignant mfiltration m 2 paucnts of group II while urography
indicated no abnormality, operation revealud carcinoma of the prostate mvading
the surrounding structures

Tour out of 10 vesical growths in group IIT (cf Tig 2) had escaped detection
at urography TIhe tumour m another patient had been mashed at cystoscopy by
blceding Cystoscopy in yet another patient had first disclosed one small tumour,
double contrast cystography however revealed 3 larger papillomatous growths
with marhed infiltration of the bladder wall and this was later confirmed by
repeat cysteoscopy

Double contrast cystography dumonstrated an infiltrating tumour mn 1 patient
and biopsy mdicated carcmoma of the urmary bladder Subscquent operation
disclosed marked cystiis, and was confirmed by further biopsy

Three patients of group I1I had mvasion of the bladder, n one from carci-
noma of the sigmoid colon and 1n two from carcinoma of an ovary, the diagnoscs

were confirmed at operation or autopsy I'wo of the patients had had a normal
bladder at urography, while mn the thuird patient urography had demonstrated
compression of the nght urcter
Cystrtss was drsclosed by double contrast &3 stography s 10 patients, 7 of whom
were n group I and 3 i group III, this was confirmed m 9 patients by cysto-
scopy Cystoscopy also revealed cystitis n 5 patients from other parts of the
material, which had not been demonstrated by doublc contrast cystography
Vesical stones 1 two patients were confirmed by urography and cystoscopy
Double contrast cystography suggested calcult n another patient, these were
confirmed by cystoscopy

Hypertrophy of the prostate was diagnosed by double contrast cystography n
35 patients (¢f Fig 1), somctimes co cxisting with trabeculation of the bladder,
dwerticula and cystitis, and m 4 patients with mahgnancy (also hsted n the

group of tumours) The distribution was 10 patients in group 1, 2 i group 11
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and 23 patients m group 111 The hypertrophy had escaped dctccllnndat“ u&:
graphy 1 4 patients but was confirmed by cystoscopy in all but one, and o
examunation of the rectum

la(g:hbe)l" dl:ngnnscs were dinertcula of the bladder (in patents with urcln?ml
stcture), cystocele {(1n gemtal prolapse), and patent mternal urethral onfice
Thus latter finding was made 1n patienits who had undergone operations on the
prostate There was fio diagnostic disagreement m any of these patients, but the
exammations 1n group 111 revealed the changes most dustinctly

Conclusion

The miestigation would appear to confirm the diagnostic value of double
contrast cystography m bladder diseases, in partscular its supenonty to conventio-
nal urography The normal findings in the present matenal were confirmed by
cystoscopy  All tumours were demonstrated, and 1 2 patents double contrast
cystography proved supenor to cystoscopy, m one of these severe bleeding ob-
scured the cystoscopy and mn the other the topography of the tumour was better
established by double contrast cystography The extent of bladder invasion by
extrmsic mahgnancy could also be assessed

Cystoscopy appears 1o be preferable to double contrast cystography mn the
diagnosis of cystitss and vesical caleuh

There seems to be good agreement between double contrast cystography and
the surgical methods of diagnosis n hypertrophy of the prostate, the former 1s
supenor to ordinary urography

The new contrast medium appears to adhere better to the mucosa and thus
produce more acceptable fms than the usual media. In additon, the ntroduc

tion of 3 new, sumplified diagnostic method demands fewer exposures than
previously without any reduction m diagnostic reliabelity

SUMMARY

A new contrast medwm and a simphfied diagnostic technuque for double contrast cysto-
graphy arc described The results are discussed and compared with those previously obtaned

The study confirms the vatue of double contrast ¢ystography n bladder condisons, especial
Iy ;n mal gnancy 1n which the demonstration of the extent of the growth ss valuable

ZUSAMMENFASSUNG
cines neuen kK und eimer v f: n Prozedur fur die Doy
pellontrastdarstellung der Hamblase Die Resultate der neuen Methode werden b:‘pmcht:
und mit denen der alten Methode verghchen Sie bestatigen den Vert der Doppel
bontrastdarsteltang der Hamblase besonders ber malignen Erkra;

whungen ber denen dy
Besummung des Ansdehpung des Tumors sich besonders nutzlich emnef "o

Besch
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RLSUME

Presentation d’un nouveau moyen de contraste et dune techmique simplifice pour Ia
cystographie en double contraste L'auteur examune les resultats et les compare avec ceux
de la methode utilisce auparazant Cette etude confirme 1interét de la cystographie en
double contraste dans les affections vesicales, en particulier dans les affections malignes ou
1l est smportant de determmer Vetendue de la tumeur
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NON-FILLING OF THE VENTRICULAR SYSTEM IN
ENCEPHALOGRAPHY

by

S Horw Merrir

Failure of the ventncles to fill 1 encephalography has been reported with
varymng freq 1n the liter Special has been focused on the
extent to which the non-filling may have been due to the presence of an expand-
ing mtracranial lesion (Table 1)

Linoerey (1949) published 132 cases d to encephalography, includ-
ing ten in which the ventnicular system failed 1o fill and m which no tumour was

emonstrated In four of the ten cases, asternal puncture had been performed
the day before The chimical signs defintely indicated synngomyelia m one, and
sienosis of the aqueduct of nflammatory ongin i another case, 1 the remaming
four casts, no explanauon of the non-filling could be gnen

Davioorr & Duse (1951) in a senes of 056 cases obsenved non-filling
73, and tumours were present 1 41 <% of ¢hese, m encephalography per-
formed under general anaestbesta, non filing occurred 127 ¢4 Faix {1953}
published 1841 cases which had undergone encephalography, The ventncles
failed to filt 1 90 cases (5 %), including 2% (or 267 55} with tumours,
supratentonal 1n eight and mfratentonal i sxteen of the cases In addwon,

Submuted for publicanon 11 August 1969

345



346 5. HOLM MOLLER

Table 1
Survey of previous analyses of nan filling of the ventricular system during encephalography

Author and year Number of Non filling Expanding intracramal

encephalo- leston

graphues

Number Per cent Number Per cent

Livboren (1949) 152 10 66 0 [
Daviorr & Dvxe (1951) 1056 78 73 32 41
Farx (1953) 1841 90 5 24 267
SchuLEvan (1953) 572 133 233 G (i3)* 45{(97}*
ScueiNsLrc & YAnr
(1955} 26H g5+ 36 34 485
Rucerero (1957) 670 47 7 23 489
* A tumour was diagnosed 1n six cases and was thought probable 1n a further seven cases
** Seventy of these were later studied by hy, vi lography or repeat encephalography

stenosis of the aqueduct was present . three cases and confirmed arachnoiditis
et four Non-filing was in sixteen cases thought to be due to adhesions and
hbrosis caused by preceding menmgits, subarachnord haemorrhage, or burth
trauma

The survey published by Scuureman {1953} covered the 5-year period 1944
—1949 A tumour was diagnosed 1n six and thought probable i a further seven
out of 133 cases without ventricular filing ScuemeEre & Yaur {1955) ob
served non-filing m 95 out of 2 641 cases exammuned with encephalography, m
cludipg 30 1 which the air entered the subdural space The examination was
extended by arteriography, ventriculography or repeat encephalography mn
seventy of the mnety-five cases A tumour was disclosed 1n thirty four (485 9¢)
and congemtal lesions obstructing the aqueduct n five cases

Ruociero (1957) analysed 670 encephalographies from the period 1952—
1955 Absence of ventricular filing was recorded 1 47 cases (7 %) Of these,
twenty-three cases (489 Go) revealed expanding mtracransal lesions supra
tentarral 1 six, wmfratentorial m fourteen and muluple lesions m three cases
Stenosts of the aqueduct was present mn four cases The air entered the subdural
space n two cases Finally, VESTERDAL et coll (1954) had 6 cases of non-filing
m asenes of 213 encephalographies from a paediatric departement No tumours
were observed

Of these authors, LINDGREN, as well as FaLk och Ruceiero, employed the
method of LiNpGrEN (1949, 1950, 1954} Scurmveere & Yanr did not ge
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their techmque and the exammnations mn the other senes mentioned were not
performed 1n the form of controlled fractionated encephalography

Matenal and Methods Qur senes consists of 6915 encephalographies m
the 10 year period 19581968, 600 of whuch were performed under general
anaesthesia A relatnely large number produced normal findings, 1e 2 853 or
about 40 % We consider encephalography not only a valuable but also a rela
tively Jenuent method of exammation and pracucally all cases with convulanve
scizares are subjected to encephalography It may be mentioned howscver that
sentnculography 15 pesformed fust if the presence of a tumour of the postenior
crapsal fossa 15 considered probable Dunng the above mentoned period,
ventriculography was carned out m 1 625 cases.

Qut of the 6915 phalographies absence of ve far filling was noted
1 95 cases {1 4 5¢) Fractionated encephalography by the method of Linporen
1949} 1s generally employed In nme of the niety five cases fracuonation was
not used, however, these were cases of children under 7 years of age The
examunation 1s nearly always performed without anaesthesia but general anacs
thesta was used 1 fifteen of the ninety five cases without filking, viz all patients
under the age of 15 years and i two aged 17 and 26 years Oxygen was wsed
far the injection

The age distnbution of the nimety five cases (Table 2} was fauly even, with
a maxymum between the ages 40 and 50 years Two patients were under 12

months old but none was over 70 years. The numbers of males and females were
almost equal

Results

Fougteen of the mnety five cases had expanding intracramal lesions (147 o),
these were supratentonal i four (three extracerebral and one wtracerebral),
5 ;

m nine (five b and four extracerebellar) and n one
case consisted of metastases to the cerebrum and cerebellum There were fise

women between 18 and 64 years of age and nine men aged between 20 and 64
years

Vanying amounts of air entered the subdural s
Pace m thirteen cases three
of :hdc had been subjected to lumbar puncture shortly before and one had

¢ y with ol the posverer fosa a w
eek befor
encephalography Neoplasms were absent mn these Cases In the remamming ::xl)c
;.gg(hczscs ;w expanding mtractanal lestons were demonstrated Twenty ine
ad had epiepic seizures but

o pileps ures but check up examunations fayled 1o reyeal any cercbral

Repeat encephalography was performed m 46 cases Non filling sull occurred
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Table 1
Suriey of previous analyses of non filling of the rentricular Sstem during encephalography

Author and year Number of Non filling Expanding mtracramal

encephalo lesion

graphies

Number Per cent Number Per cent

Linogren (1949) 152 10 66 o [1]
Davioorr & Dyne (1921) 1056 78 73 32 41
Favk (1953) 184 90 5 24 267
Scuurevan (1953) 572 133 233 6 {13)* 4590
ScugiNBerc & YAnr
{1955) 2641 958» 36 33 485
Rueaaizro {1957) 670 47 7 23 489
* A tumour was diagnosed 1n six cases and was thought probable in a further seven cases
** Scventy of these were Jates studied by phy ventniculography or repeatenceph h

stenosis of the aqueduct was present 1n three cases and confirmed arachnoiditis
mn four Non filling was m sixteen cases thought to be due to adhesions and
fibrosis caused by preceding memngits, subarachnoid baemorrhage, or birth
trauma

The survey published by Scnuremay (1953) covered the 5 year peniod 1944
—1949 A 1umour was diagnosed m six and thought probable m a further seven
out of 133 cases wihout ventneular filbng Scuemsere & Yaur (1955) ob
scrved non-fiflng 1 95 out of 2641 cases examuned with encephalography, m-
cludipg 30 mn which the wr entered the subdural space The examnation was
cxtended by arteriography, sentnculography or repeat encephalography
seventy of the mmety-five cases A tumour was disclosed 1n thirty four (485 ¢ )
and congerutal lesions obstructing the aqueduct in five cases

Ruscizro (1957) analysed 670 encephalogriphies from the period 1952—
1955 Absence of ventnicular filling was recorded 1 47 cases (7 $¢) Of these,
twenty three cases (489 Sc) revealed cxpandmng wtracramal lesions  supra
tentortal 1 ux, mfratentonal m fourteen and multiple lesions 1 three cases
Stenosss of the aqueduct was present m four cases The air entered the subdural
space In two cases Finally, VESTERDAL et coll (1954) had 6 cases of non filling
n asenies of 215 encephalographies from a paediatric departement No tumours
were observed

Of these authors, LINDGREN, as well as Faus och Rucciero, employed the
method of LINDGREN {1949, 1950, 1954) Scueiserc & Yaur did not gne
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The cisterns were normat n 51 and could not be assessed 1 17 of the 68 cases
11 which 1o tumour was demonstrated and m which the air did not enter the
subdural <pace Thirteen of these sixty eight tases were not subjected to repeat
encephalography, ventnculography or arenog! phy, as the chnscal examination
and EEG had revealed no evidence to suggest the presence of an expanding -
tsacramsal Tesion., OF these thirteen cases the cisterns were normal 1n cleven and
could not be assessed m two cases

Atr entered the subdural space 1 13 cases. Fine of them were subjected to
repeat encephalography In one of these the air failed to enter the ventricular
system, \ hy was ful but bropsy frem the cortex revealed
sequelae of encephaliis. The films disclosed no abnormalities m three cases and
atrophy i one In two cases with epilepsy, ventriculography and carotd arteno-
graphy were found to be normal Six of the thiricen cases were not subjected ta
any of these procedures and a d of a neoplasm could not be mamtamed

No severe complications occurred 1n the ninety live cases examined Convulsive
sexzures deseloped m four cases, including one with an acoustic neunnoma. A
fall m blood pressure occurred m ten cases, mcluding one with a cerebellar
abscess Two patients became restless and confused, one of them had metastases
n the cerebrum and cerebellum

&4

Discussion

RosErTsov (1957) divided the cascs of non filling of the ventnicular system
w0 obstructive and non obstructive Obstruction of the foramen of Magendie
may be caused by a tumour, a cyst, fibrous tissue or hermation of the cerebellar
tonals He enumerated seven non obstructive causes, including three anomakies
of the aisterna magna, viz the tall and the wide asterna magna and farlure of
penipheral delimuitation of the cisterna magna Two other non-obstructive causes
are flow antenor to the cervical spinal cord due to adhesions postenorly or 1o
too rapid 1njection of the arr, and a narrow vallecula or foramen of Magendie
Tinally, subdural and epidural mjections were also classified as non-obstructive
causes RozertsoN descnibed how the difficulties tvolved can be overcome b
changing the position of the neck and head and directing the ar into the fm-y
amen of Magendie We were unable to demonstrate that vanations 1n the fo
and size of the cisterna magpa cauld have been the cause of non filling of 1’)’1n
sentricular system m any of the nmety five cases m our senes, nor \gc - oy
cases of herniation of the cerebellar tonsils encountered ’ e o

Linocre~n (1919, 1951), Like RozerTson, particularly emphasized th
portance of the posion of the head for accomphshing fitlin, &}:i the e
system, this with reference to the tendency of gases to nse \g ertically 'v:]ﬂ:lr;cl::;r
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Table 2

Jge disiribution 1 the ninctysfic e patients with
non filling of the tentruular system
—_—

Age years Males Females
<1 2 o
1-10 + 5
1H—-20 4+ 12
21—30 8 i
31—t0 5 8
4150 10 12
51--60 8 7
G1—70 4 6
Totsl 45 50

mn 19 cases (41 3 %), including four (21 1 62) m which expinding mtracranial
lesions were disclosed, m the remamng fiftcen cases no tumour could be de-
monstrated In the four cases with expanding mtracramal lestons, the diagnosis
was not made at the first e Repeat encephalography led to saus-
factory filing 1 twenty-six cascs and the films revealed no abnormahty or
atrophy In one case only the fourth ventricle filld due to obstruction of the
aqueduct, a finding confirmed by ventriculography The patient m question had
had memngins and was subjected to operation at wlich a valve was mserted Tlhis
was the only confirmed case of stenosts of the aqueduct referable to adhestons or
fibrosis, although 1t 15 possible that such a stenosis my also have been precent n
some of the other cases

Therc were nimc cases of maungius or encephahus In three of these ventriculo-
graphy had not becn performed, and it had been unsuccessful 1 two cases One
case had undcrgone operation for an encephalocele 1 the ocaipital region and
ony case was constdered to have carcinosis of the mennges ansing from carcinoma
of the cersix utert, sentriculograplty was not porformed 1 these two cases

Fne of six cascs of mfanule encephalopathy were subjected to repeat en-
cephalography in wlich the filling was satisfactory although atrophy was present

In five of the fourteen cases with an expanding mtracramal lesion the diag-
nosis was made on the basis of the appearance of the cisterns, a tumour was
suggcstcd m one The asturns could not be assessed 1 seven cases and m one
the basal cisterns were interpreted as normal, the latter was a case of a tumour
m the medline, viz an epandymoma of the fourth sentncle The diagnoss was
made by artcriography in four cases, n one by ventriculography and i four bv
arteriography plus ventriculography  The diagnoses were confirmed by operation

1n thirteen cases and by autopsy m one
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The cisterns were normal i 51 and could not be assessed m 17 of the 68 cases
10 which 1o timour was demonstrated and i which the aie did not enter the
subdural space Thirtcen of these sxiy-aight cases were not subjected to repeat
encephalography, ventnculography or antenography, s the chucal ¢xapunaton
and EEG had revealed no evidence to suggest the presence of an expanding -
«wacranal leswon OF these thirteen cases the cisterns were posmal n eleven and
could not be assessed 1 Ywo CAKs

Aur entered the subdural space 1 13 cases. Five of them were subjected to
repeat encephalography In onc of these the air faded o enter the ventrenlar
system, ventriculography was unsuccessful but biopsy from the cortex revealed
sequelac of encephaliis. The films disclosed no abnormabties 1 three cases and
atrophy m one [n two cases with epilepsy, ventnctdography and caraud aneno-
graphy were found to be normal Six of the thirtern cases were not subjected o
any of these procedures and a diagnosis f a heoplasm could not be mamtained

No severe complications occurred 1 the ninety five cases exarned Comvulsne
seizures deseloped s four cases, meluding onc with an acousue neunnoma, A
fall 1n blood pressure occutred n ten cases, mcluding one with a cerebellar

abscess Two patients became restless and confused, one of them had mtwasiases
n the cerebrum and cerebellum

Discussion

Roserrson (1957) duaded the cases of non filling of the ventncular system
wto obstructive and non-obstructive Obstruction of the foramen of Magendie
may be caused by a tumour, a cyst, fibrous tissue or hermuauon of the cercbellar
tonals He enumerated seven non-obstructive causes, includig three anomalics
of the aisterna magna, iz the tall and the wide Gisterna magna and farlure of
penpheral debimitation of the cisterna magua Two other non obstructive causes
ase flow antenor 1o the cervical spinal cord due to adhesions posteriorly or 1o
too rapid mjection of the aur, and a narrow allecyla or foramen of Magendie
Tinally, subdural and eprdural mjections were also classified as non obstructive
causes RogeRTsoN described how the difficulties mvolved can be overcome by
changing the posion of the neck and head and directing the wr mto the for-
amen of Magendie We were unable to demonstrate that vanations 1n the form
and size of the cistema magna could have heen the cause of non filling of the
ventfcular system n any of the mmety fine cases m our senes, nor \\gcrc an
cases of hermation of the cerebellar tonsils encountered ’ Y

Ir.‘l::::k:[\‘ }§c1949: ,}3?13:3’ like Rosertson, particularly emphasized the 1m-
Sos rance s lpos\ the head for accomphishung filling of the \entncular

ystem, thas with reference 1o the tendency of gases to nse vertically yn hquids
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Table 2

Age distrsbution s the ninely fue patients i sth
non filling of the ientricular system

\ge years Males Females
<1 2 0
1—10 4 5
11-20 4 11
21--30 8 1
3140 5 8
4150 10 12
5160 8 7
61—-70 4 6
Total 45 50

m 19 cases (41 3 56}, including four (21 [ <¢) n which expanding ntracranial
lesions were disclosed, m the remammg hftcen cases no tumour could be de
monstrated In the four cases with cxpandmg mtracruual lesions, the dingnosis
was not made at the first exanmnation Repeat encephalography led to saus
factory filhing m twenty six cases and the films revealed no abnormalny or
atrophy In one case only the fourth ventricle filled due to obstruction of the
aqueduct, a finding confirmed by ventniculography The patient m question had
had meningitis and was subjected to operation at which a valve was mserted This
was the only confirmed case of stenosis of the aqueduct referable to adhesions or
fibrosis, although 1t 1s possible that such a stcnosis may also have been present m
some of the other cases

There werce nine cases of mengtus or encephahitis In three of these ventriculo-
griphy had not been performed, and 1t had been unsuccessful mn two cases One
case had undcrgone operation for an encephaloccle m the ocapital regron and
one casc was considered to have carcmosis of the menmnges ansing from carcmoma
of the cervix utent, ventriculography was not performed in these two cases

Five of six cases of infantile encephalopathy were subjected to repeat cn
cephalography m wincl: the filling was satisfactory although atrophy was present

In five of the fourteen cases with an eapanding mtracramal lesion the diag
nosis was made on the basis of the appearance of the asterns, a tumour was
suggested m one The asterns could not be assessed 1n seven cases and m one
the basal cisterns were mterpreted as normal, the latter was a case of a tumour
i the nudhine, viz an cpendymoma of the fourth ventncle The diagnosis was
made by arteriography m four cases, m one by ventriculography and 1n four by
artertography plus ventriculography The diagnoses were confirmed by operation

1 thirteen cases and by autopsy n one
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The cisterns wese notmal n 51 and could not be assessed i 17 of the 68 cases
n which no twmour was demonstrated and m which the air did not enter the
subdural space Thirteen of these sixty eight cases were not subjected to repeat

encept phy, ventnculography o artenography, as the chmeal examnation

¥
and EEG had revealed no evidence to suggest the presence of an expanding in-
sracranial lesion Of these thirteen cases the aisterns were normal in cleven wd
could not be assessed n two cases

Aut entered the subdural space m 13 cases Fune of them were subjected to
zepeat encephalography ¥n one of these the air falled to enter the ventncular
system, ventniculography was ful but biopsy from the cortex revealed
sequelac of encephalitis. The films disclosed no abnormaliues tn three cases and
atrophy tn one In two cases with epilepsy, venunculography and caroud arteno-
graphy were found to be normal Six of the thirtecn cases were not subjected to
any of these procedures and a diagnosis of a ricoplasm could not be mamtasned

Nosevere complications occurred m the ninety Ine cases examined Comulsive
seizures developed 1n four cases, including one with an acousuc neunmoma A
fall in blood pressure occurred in ten cases, mcluding one with a cerebellar
abscess. Two patents became restless and confused, one of them had metastases
wn the cerebrum and cerebellum

Discussion

Rostrsov (1957) dnvided the cases of non filling of the ventneular system
into obstructive and non-obstructine Obstruction of the foramen of Magendie
may be caused by a tumour, a cyst, fibrous tissue or hermiation of the cerebellar
:;1?}‘115.:{: enumerated seven non-obstructive causes, wcluding three anomalies
e ;"lslltdm:; magna, viz the tall and the wide csterna magna and falure of
- %a\»aan: imutation of the cisterna magna Two other non obstructive causes
oo temior to the cervical spmal cord due to adhesions postenarly or o
Finay su:(]{ccurlm of the aur, and a narrow vallecula or foramen of Magendie
tal&u,Ron‘;m and epidural injections were also classified as non-obstructine
changing e TSO;! descnbed how the difficulties involved can be overcome by
amen o AL 50: on of the neck and head and directing the air mto the for-
and e of gm nun:m\:: ;:\erc unabl‘cdu;1 demonstrate that vanations i the form
entncutar synam agna could have been the cause of non filling of the

y of the nincty five cases 1 our senes, nor w
cases o s vere any
f hermiaton of the cerebellar tonsils encountered

L
pomn‘zzio?}flg*g’ 1954}, hike RoserTson, particularly emphasized the m
Sy, \lusl\  Positton of the head for accomphshmg filling of the ventricular
g With reference to the tendency of gases to nse vertically in lquids
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Livporen also pomnted out that to prevent the collapse of cisterns and foramna
1t1s most important that no cerebrospinal fluid 1s removed before the injection of
gas

We had relatively few cascs i which the sentricular system failed to fill and
anong these were also relatively few that had an expwnding mtracranal lesion
Fatn (1953) reported non fillug wn 5 55 of tus cases and a tumour was present
m 267 95 of these His series consisted of 1841 encephalograplues with a total
of 195 casts of tumour The corresponding figures reported by Ruceizro (1957)
were 7 o 1nd 48 9 %, respectively His series consisted of 670 cencephalograplucs,
of which also 195 were cases of tumour Non filing n our series occurred m
14 %o, of which 147 9% had tumours There were many cases with normal
findings m our series Discrepancies 1n relation to other serics are probably due
to differcnces m composition of the senies

The distnbution between supratentorial and mfratentonal tumours m our
series 15 10 ood agreement with the senes of Tatk and of Rusciero, the m
fratentorial tumours bung ~bout twice as frequent as the supratentorial Farn
reported eight supra and sixteen nfratentonal tumours while Ruccitro found
six supra- and fourtcen mfratentortal tumours and three tumours with both
supra and mfratentonial mvolvement

There was only one casc of confirmed stenosis of the aqueduct m our seres
whule, as already mentioned, there were several cases with this lesion m the other
series

On repeat encephalography the ventricular system failed to fill m nneteen
of our cascs Tour of these had tumours, 1 ¢ 211 %, as compared with 147 o
at the first exammation However, as the number of repeat examimnations was
small, 1t 15 not obvious whether any definite difference was obtaned In the senes
described by Seueinsere & Yanr (1955), non fillmg occurred 1n 24 cases at two
or more exanunations, tumours were present 1 about 70 <5 of these cases

Lncephalography performed under anaesthesia results in a Iugher frequency
of non filling In our series, GO0 cases were exammed under generil anaes
thesia, non filling occurred m 15 cases, 1¢ m 25 % A total of 6315 cases
were wmvestigated without anaesthesin, non fillng occurred m 80 cises 1 ¢ m
127 9% This diffcrence, which 1s statistically sigmificant, 1s m agreement with
previously reported resulis Thus, Daviporr & Dyie (1951) recorded non
fillng m 127 9o of thur encephalographics performed under anaesthesia as
agamst 7 3 % i therr total scries It 15 possible, or perhaps even likely, that thus
diference could be due to compression of the jugular vems in the cases oxamumed
under anacsthesia since the head 1s suspended durmg the first films obtamed m

the sitng position
In our fourtecn cases of tumour, the diagnoses were established on asscssment
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of the cisternal conditions m nearly half the number of cases Farn (1933)
diagnosed twenty-one out of twenty four tumours from the appearance of the
cisterns

In our nmcty fve cases of non filling, a neoplasm was present 1n fourteen
cases, stenosis of the aqueduct 1n one, and the air entered the subdural space
1n thirteen cases, 1n the remainng sixty seven cases 1o defimte explanation of
the absence of ventrcular filling could be grven, which represents about 1 €
of the whole series TALx 1n ninety cases of non filing obsened a tumour 1n
twenty four, arachnoidiis 1 four, stenosis of the aqueduct 1n three and found
that obstructive lesions were possibly present mn another siateen cases Ths leaves
forty three cases n which no explanation could be given, 1 e 2 3 G of the total
senies Rucoiero among Ius forty seven cases of non filling recorded a tumour
1n twenty three cascs, stenoss of the aqueduct 1n four, and that the air passed
subdurally i two cases He thus had eighteen cases in which no explanation of
the non fithng could be offered, 1 ¢ 27 S5 n a senes of 670 cases The per-
centage m our semes without an adequate explanation of non filhing 1s thus
relatively small

It must be emphasized that the present senes 1s most comprehensine and
comprises nearly 7000 encephalograph ‘When encephal phy results 1n
nen filling, other things bemng equal, the chances of the presence of an expanding
ntracranial lesion are 14 7 “¢

If the absence of ventnicular filling 15 encountered 1n radiclogic practice, the
examuner must first mahe sure that this could not be due to herniation of the
cerebellar tonsils The next step should be, as stressed by Livooren (1949, 1950),
a detailed study of the cisterns and encephalography should be conunued with
films obtaincd with the patient supine and prone 1 order to achieve satisfactory
d of the sug csterns

SUMMARY

An analyss of 6915 cases subjected to encephalography vathin a 10-ycar penod revealed

that the ventricles failed 10 fill in 95 cases (14<5) The causes of non filling of the ven
tricular system are discussed and the importance of a close examunac

and supratentorial cisterns ts emphasized vrzton of both the nfra

ZUSA“\{ENFASSUNG
Ber Durchsicht ewnes Matenales von 6915 Fal
Jahten enzephalographisch untersucht wurden, IS
Fullung der Ventrikel cmelt werden Ronate Dy e
hch
sprochen und die Wichugheit emer grundhichen Unteoone oo’ ot wevden be
toniellen Zisternen wird betont & derala und supraten

len dic wabrend ciner Penode von 10
zeigte sich dass 1a 93 Fallen (14
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LiNDGREN also pointed out that to prevent the collapse of cisterns and foramma
1t 18 most important that no cerebrospinal fluid 1s removed before the mjection of
gas

We had relatincly few cases m which the ventncular system failed to fill and
among thesc were also relatively few that had an expanding intracramal lesion
Farn (1953) reported non-filling m 5 $% of his cases and a tumour was present
n 26 7 % of these His series consisted of 1841 encephalograplues with a total
of 195 cases of tumour The corresponding figures reported by Rucatzra (1957)
were 7 9o and 48 9 95, respectively His senies consisted of 670 encephalographuies,
of wluch also 195 were cases of tumour Non-filing n our serics occurred 1n
14 9%, of which 147 9 had tumours There were many cases with normal
findings n our sencs Discrepancies m refation to other series are probably due
to diffcrences in composition of the senes

The distnbution between supratentonal and infratentonal tumours i our
serics 15 good agreement with the series of Fark and of Rucciero, the m-
fratentorial tumours being about twice as frequent as the supratentorial Fatn
reported eight supra- and sixteen mfratentonal tumours while Ruceiero found
six supra- and fourtcen nfratentonal tumours and three tumours with both
supra- and infratentonal mnvolvement

There was only one case of confirmed stenosis of the aqueduct 1 our seres
while, as already muntioned, there were several cases with this lesion n the other
series

On repeat encephalography the ventricular system failed to fill i ninetecn
of our cases T'our of these had tumours, 1 ¢ 21 1 %, as compared with 147 Se
at the first exammation However, as the number of repeat examnations was
small, 1t 18 not obvious whether any defimte difference was obtamed In the series
described by ScueinBerG & Yaur (1955), non filling occurred 1 2+4 cases at two
or more examunations, tumours were present 1 about 70 % of these cases

Encephalography performed under anaesthesta results i a Iigher frequency
of non filling In our series, 600 cases were examuned under gencral anaes-
thesia, non-filling occurred m 15 cases, 1¢ 1 259 A total of 6315 cases
were mvestigated without anaesthesia, non-filing occurred mn 80 cases, 1 ¢
127 % This difference, which 1s statisucally sigmficant, 1s i agreement with
previously reported results Thus, Davivorr & Dyie (1951) recorded non
filing n 127 95 of their encephalographues performed under anaesthesia, as
agamst 7 3 95 m therr total series It 1s possible, or perhaps even lihely, that this
difference could be duc to compression of the jugular veins n the cases examuned
under anaesthesia since the head 15 suspended during the first films obtamned m

the sitting position
In our fourteen cases of tumour, the diagnoses were established on asscssment
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TOPOMETRIC POSITIONS OF VENOUS ANGLES
IN INTRACRANIAL EXPANSIVE LESIONS

by

Franz P Prosst

A miethod to determung the notmal posttions of the venous angles has previously
been described (Prorst 1970) This method was also used 1n a number of cases
with subdural hematomas (19 cases), intracerebral tumours (9 cases) and
meningiomas (G cases) The results obtained will now be considered

The positions of the venous angles 1n 19 cases of subdural hematomas of
varying degree and age (maximum thickness from 0 6 to 5 em) are represented
i Fig 1 Cases 7, 12 and 19 had bilateral subdural hematomas which 1n Cases
7 and 19 were very large Al of the venous angles were situated below the X«
axis, ten lying outside the 95 §% predicition area but only four outsde the 99 %
prediction area Cases 1, 3, 1 and 12 were re examined after operation The
venous angles of Cases 3 and 11 had returned to what probably was ther ordi-
nary positions (3b and 11b) A residual hematoma in Case 1 had prevented the
venous angle from regaming us normal site (1)) The hematomas of Case 12
were rather small (maxmum thickness 17 and 10 em) but postoperatively, at
the tme cf re-cxamination, a large amount of air was present m the subdural
space around the frontal pasts of the bram This probably explains the displace-

Submutted for publication 1 Aprl 1969
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RLSUMEL

Lamlyse de 6915 encephalogriphies au cours d une période de 10 ans a montré quil
ctait impossible de remplir les ventricules dans 95 cas {1,4 %) Lauteur etudie Jes causes
de non remplissage du systeme ventriculawre 11 msiste sur 1mportance dun examen at
tentif des citernes sous et sustentorrelles
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o

Fig 3 Poations of the senous angles 1n
memmngiomas  stuated 1n the parasagittal
panietal tegon (Cases 1, 3 6), paneto-
temporally (Case 5) [rontally (Case 2) and
basally (Case 4)

ment of the venous angle (12b) far posteniorly on to the postenor border of the
99 % prediction area Case 1915 illustrated m Fig 2

The positions of the venous angles in § cases of menimgioma are gnen an Fig
3 Three of them were situated 1n the parasagittal panetal region {in Cases 1, 3
and 6), one n the paneto temporal region {1n Case 3) and two (n Cases 2 and
4) were stuated frontally and basally, respectively Only two angles were outaide
the 99 <% predicuon arca Al of them, however, were located in the segment
opposite to the tumour The pre- and postoperatine positions of the venous angle
in Case 2 are demonstrated in Fig 4

Of the mne cases with apparently well arcumsenbed wmours (gliomas and

he tumour
1al cerebral
. b) After
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Fig 1 Positions of the venous angles 1 19 cases
of subdural hematoma Cases 7, 12 and 19 had
indateral hematomas Cases 1, 3, 11 and 12 wer®

re-exammned after operauon o

Fig 2 Right caroud angiography m Case
19 a) Trontal view 1large Wilateral sub-
dural hiematomas, maxmmal thichness rnight
2 cm, feft 15 ¢m 1lhe penicallosal arteris
not sigmificantly displaced laterally by Jat
eral view, ariental phase Hematoma sur-
rounds the frontal lobe and separates the
brain surface from the shull ¢) Lateral
view, venous phase  lhe venous angle s
depressed  and pushed backwards, trans-
tentor1 1l henmauon
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Fig 6 ) Globular metastat ¢ tun our Lateral ventrcle defomed and venous anele depressed

TCase 1 1n fig 5) b) Basal ghioma (Case 2 m [g 3) Venous ange far outside predicuon
areas

angle This agrees well with the chinical expenence that temporal tumours, in
spite of bang of considerable size, often do not displace the anglographic midline
structures (especally the pencallosal artery} out of that plane

In all cases of intracramal tumours (ghomas and meningiomas) the venous
angles are situated in that segment of the topometnical figure that 1s opposite ta
the growth Angles lying outside the prediction areas are considered to be
displaced wth that degree of probability acluevable by the method The others,
situated within the prediction area for 95 ¢, cannot indinidually be said to be

displaced but, because of their posiion 1n the segment opposite the tumour,
should have moved, at least in part

Conclustion

Displacements not ecceding the borders of the 95 $o and 99 § prediction
areas are not recogmizable because of the physiologic distnbution of the venous
angles withmn areas measuring as much as 110 and 169 mm®, respectinely The
assessment of displacements of the venous angles i the sagttal plane does not
therefore achieve the same degree of accuracy as that of displacements across the
mdline This metnc method nes ertheless seems 10 possess some adsantages it 1s
not marred by subjectivaty and permits any venons angle to be placed n relation
to the calculated 0 point The exact direction of deviatons as well as of displace-
ments thus becomes evident This may be a diagnostic clue The method gnes

also a definite ndication of the tendency and, to some degree, the extent of the
displacements i different groups of

’ f space-occupying mtracramial lesons The
Jicated sub
yenous angles 1n uncomp lural are depressed but retum to
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Fig 5 Positions of the venous angles in 9 cases of
cercbral tumours (ghomas and one metastatic
tumour) Attention may be drawn to the direc
tion and the comparatiely shight displacement of
the wenous angles in the four large temporal
tumours (Cases 3 7 8 and 9)

one metastatic tumour), the venous angles of which are plotted 1 Fig 5, four
angles were situated outside the 99 % prediction area, the others lay withm the
95 % prediction arca All were located 1n the segment opposite to the tumour
Cases 1 and 2 are represented i Iig 6

Discussion

Umilateral mtracramal expansivities usually push the venous angle out of the
median sagittal plane, antero posterior compression and shortening of the internal
cerebral vemn may thus be imitated 1 the lateral view Displacements of the mid
line structures m the median sagittal plane should be especially marked when
symmetric pressure forces act on them as they cannot escape laterally The
movements (displacuments) will then necessarily be confined to the median
sagittal plane The extent of the displacement 1s a result of the strength of the
acting force, its direction 15 the main direction m a parallelogram of strengths
An example of this 1s the marked depression of the venous angles m symmetric
bilateral subdural hematomas (Fig 1, Cases 7 and 19)

Subdural hematomas usually lic on the upper lateral surface of the bram The
central structures bearmng the mternal cerebral vem are thus depressed and ex
cept m the rare cases of symmetrnic bilateral hematomas, pushed across the mid
line The cxtent of the depression naturnlly depends on the size of the rematoma
bemng largest m large bilateral (ffusions Should an effusion continue basally mto
the middle cerebral fossa or should there be an assoctated hematoma withm the
temporal lobe, 1t would be expected for the depression tendency to be counteracted
Thus 1s probably not the case becausc, as shown m Fig 5 (Cases 3 7, 8, 9) even
Inrge temporal tumours often do not cause any sigmificant elevation of the venous
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LYMPH NODE SCANNING WITH COLLOIDAL
RADIOACTIVE GOLD

by

S L HirTing, P Buonier Frepermseh, 1 JaoT and P Jeeresen

Maor surgery was formerly necessary to reveal pathologic changes m lymph
fodes not casily palpated, e g those located i the lesser pelvis and the retropen
toneal space It 13, of course, possible ta reveal enlargement of lymph nodes by
means of vasious roentgenologic exarmunations Organs may present deformities
or displacements corresponding to the enlarged lymplt nodes, or changes in the

nape of the mediasinum may be revealed ar ordinary chest roentgenography

The troduction of contrast lymphography made 1t pussible to obtain farr
detal of the normal or pathologic lymphatie system (Wirjasato 1965, Emex
1965) Ttus method has proved of almost revol 3 umg asad
ac aid m the detectron of mahignant disease and not least where exammations
of malignant lymphomas are concerned The techmque s however somewhat
complex and requires shill and special traming It can be rather unpleasant for
the patient inter aha because 1t 1s a fawly lengthy procedure It must also be
borne in mnd that the exammation, although rarely, may hase serous side effects
even if 1t 15 performed 1 a pesfect manner Under such arcumstances, a less
strenuous method of examunauon, which could provide wmformaton on the
condition of the lymph nodes, should be welcome, pactreulardy if reasonably accu

Submatted for publication 27 August 1969
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normal positions soon after a successful operation Intracramal tumours move
the venous angles m the direction to be expected from the position of the masses
The degree of displacement depends on the size of the lesion. Temporal growths
scem to change the position of the venous angle to a lesser degree and later m
development than those situated frontally and paretally

SUMMARY

The positions of the venous angles i the median sazittal plane m different evpanding
intracramal lesions have been determuned by the method descitbed i a previous paper Some
prelinmunary conclusions are drawn

ZUSAMMLNFASSUNG

Die Lage der Venenwmhel m der Mediansagittalebene wurde m verschiedenen Taflen von
mtricerebralen expansien Prozessen nuttels der in emem fruheren Artikel beschrebenen
Methode bestimmt Limige prelinunare I olgerungen wurden gezogen

RLSUML

La position de 1 angle vemeux dans le plan sagttal median a ete detenmmnee au moyen de
1a methode decrite dans un rticle precedent dans differents types de lesion expansie mtra
cranienne  L'auteur tire des conclusions prelimmanes

REICLRLNCE

Propst I' P Position of the “venous angle’ in the medan sagittal plane A new topametric
method Acta radiol Diagnosis 10 (1970) 271
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Table 2
Fundings 1 39 fatienls v whom cantrast [ymphoggrophy and bmph node scarning gire sumilar sesults

Garrelation of findings o0 both  Contrast lympho- Total
sides graphy onenc side orly
e ———
Both Both One path  Patho- Normal
sides sdes olagic, logie
patho-  non patho- one nor-
logie Jogic fmal side

Hodghn 5 diseast 1 3 1 2 2 15

Other malignant discases ol "

\he reticuloendothielial system 6 2 v 3 -

Carcimomas 1 2 2 1 - 12
Towl 14 13 4 6 2 39

must pot exceed 0 5 mi on cach side The scanming 15 carned out 2% hours after
the wnjection, with a Picker Magnascanner having a crystal drameter of 5 and a
depth focuung collimasor The adjustment of the apparatus s made according
the depth and amount of actwity of the para-aortic Iymph nodes

It 15 most important that the patient 15 ambulatory immediately after the -
1ection of the colfoid, to ensure a sufficiently effectie ditnbuton of the lymph
If the examinauon 15 to be repeated later, another interdigital space musy be
selected, to avoud doubling the radsation dose at the stte of myjectson

Normal and pathologic scintigrams The pormal sonbgram will show a
contiyous symmetnc cham of lymph nodes from the grom to the diaphragm,
the Iner sl afso generally be faintly visible

Patholagic changes sn the lymph nordes will usually m (he sannigram appear as
breaks m the lymph cham due to the mnabiliy of discased lymph nodes fo accn-
mulate colloid particles The distance between the individual lymph nodes often
“ares somew hat but this will only on rare occastons gne nse 1o misinterpretations,
snce the pathologic breaks m the cham are considerably wider than the normal
ananans Such mformation about structural changes as 15 obtamable with
1sotope lymphography, cannot be obtamned sath contrast lymphography, because
pathologic changes i the lymph nodes will produce a total breal 1n the lymph
niode thﬂ::l Large defects m markedly enlarged lymph nodes may however

oc be viable, d ding on the resal Properties of the apparatus
employed  Furthermore, activages outside the uormaily focated chams may be
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Table 1
Classif eation of the patients wnlo dis ase grouts

With contrast ithout contrast Total
lymph b Iymphography
Hodghin s disease 17 2 19
Diseases of the renculoendothelial system 14 4 28
Carcinomas 16 14 30
Total 47 30 Ky

rate differentiation between pathologic and normal lymph nodcs, even without
much detail, could be aclueved An cxanunation of this nature would be valu
able as a screeming test as well as for repeat controls n chronie disorders

The lymph nodes of the pelvis and the retropentoneal space may be demon
strated by means of the lymph node scwnning technique This method 15 not
complex and causes only shght discomfort to the patient Radioactive colloidal
gold 1s mjected subcutancously m the feet, and witlin 24 hours ¢the lymph will
carry the colloid 1o the abdommal lymph nodes Scanning wilt then reveal
detail the lymph node chamns runmng from the grom to the diaphragm Several
authors (DeLatove & MaenENaT 196, Jucker 1966, hazey et coll 1968,
ScuENk 1966, VouTiamen & Wirjasato 1965 and zus Winker & MurLEr
1965) have clatmed that the method 1s sufficiently accurate to be used as a
screenng test and a control for assessing the effects of treatment It has sometunes
been possible to obtamn information to supplement the findings at contrast lympho
graphy The method 1s claimed to be completely safe

The object of the present mvestigation was to test the method and to find out
1f 1t will meet the requirements mentioned

Method Colloidal radioactive gold, **Au, with a particle diameter of 8 to 10
mullimicrons 1s employed It 15 tmportant that the particle size 15 jyust within this
order of magmtude, because if particles of a greater diameter are used, ¢ g the
nsual size of 30 millimicrons, the accumulaton m the mgumal Tymph nodes will
be too great, and the pool of colloid m the abdomunal lymph nodes will be
smadequate Should the diameter be considerably smaller than 8 to 10 muth
yutcrons, the amount of collord throughout the cham of lymph nodes would be
madequate

About 100 to 120 mucrocuric ***4Au, together with 75 umts of hyaluromdase
:;nd a 05 % solution of novocamne without noradrenalin, are mjected sub
cutaneously in the first mterdagital space dorsally 1n the feet The volume mpected



363
13 MPH NODE SCANNING WITH COLLOIDAL RADJOACTIVE COLD 6.

Fe 2 L mph node scan (a) and contrast lymphog aghy (b} n a patent
. ol

th mal gnant
cond t ons corte pond ng to the lelt lymph node
oo s ¢ demon t ated 1o t Il ng of the para aort cal lymph nodes Pa bolog c Iy rh nodes
w th re es es were p esent on the lefe s de (b}

Matenal The series compnsed 77 cases i which lymph node scannng was
carrted out over the pertod fram February 1967 1o February 1968 In 47 of
these contrast lymphograms were also available which could be compared with
the 1sotape lymph s In the r 30 cases pts were made to
elucidate the results of the examnation by means of an assessment of the chnical
course tesults of exploratory laparotomues and autopsy findings

The d stnbution of the matersal into the discase groups malignant Iympho
granulomatosts other malignant diseases in the reticulo-endothelhial system and
carciiomas 15 given i Table 1 The findings at lymph node scanning and at
contrast lymphography were compared in the forty seven cases 1n which both
examunations 3 ere performed The diagnoes that had pamanly been made at
the Department of Diagnosuc Radiology were employed as a2 standard for the
cosmparison 3 ithout retrospective revision of the matersal or of the scannings

Table 2 represents the results relating to the 39 cases m which the two exami
mattons were similar Contrast lymphography in eight cases was successful on one
«ade only but the results on the other ude agreed well wich the findings at

scanning
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AT TS
13

»

Fig 1 Normal lymph node <can (1) and
contrast lymphography (b) and (¢) m a
patient  with  mabgnant lymphogranu
{omatosis of the nech The para aortical
ae well as the mgumal and iliac lymph
nodes appcar normal in (b) and (<)

d These changes may be caused partly by formation of collaterals
lacement of the lymph nodes as a conscquence of space-

gans

demonstrate:
and partly bucause of displ
occupying processes 1n adjacent or;
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EY

he left fymph
3 a) Lymph node scan Marked changes with recesses both 1 the aight and ¢ y
e i oo enlarged Iymph nodes outside the normal locauon of lymph nodes b) Conirast
Jemphography Marhed charges 01 Lot sides

Thus, normal scintigrams were obtained tn eleven of the thirty cases, as expec-
ted, since there had been no cimical signs of lestons of the abdomsal lymph
nodes i these cases Pathologic hymphographic santig) were ok d m
suncteen cases, 1 the seven cascs 1 wlicll surgery or autopsy was performed,
the santigrams showed pathologic abdonmmal lymph nodes

The results of che lymphographie scanmngs ssere 1 some of the remammng
cases most thely correct when assessed on the basts of clinscal considerations
Tihis assessment 15 however of no great value and will not be elaborated upon

Dnscussion

The results obtamed confirm previons obseratons made by other worhers
that contrast lymphography and fymph node scapming are usually m good
agreement The present matenal 1s imaed, and conclusions should therefore be
drawn with some resenatons kmploged as a screemng test, lymph node
scannng may be constdered sufficiently safe and accurate It may n mdividual



364 SV L HERTINC, I BUCHLER ERLDERIASEN, T JAGT AND P JEPPESEN

Rocntgonologic cxanunation and scanming fatled to concur m aght cases
Surgery revealed agreement with the findings at scanning i four cases, 1 two
cases the scanming results were not the same as the surgical findings and two
cases 1n which contrast lymphography and scanning did not agree were not ven
fied surgically It must therefore be presumed that the scanming had failed m
four cases

Talse normal lymph node chams were obserscd m two cases and false patho
logic lymph node chamns n two cascs False normal scintigrams (false negatives)
represent the most scrious drawbach of the method when 1t 1s applied for
screening purposes sice such semtigrams may result mn a discontinuance of the
exammation The two false pathologic findings did not essentially mvalidate the
examination {rom 1 screenimg pomt of view  False positive santigrams will only
causc further exammations to be carried out, 1¢ contrast lymphography

The mismterpretations of our scintigrams were due partly to the fact that the
scannng was carried out m one plane only — hence no displacement of the
lymph node chains perpendicular to the scanmng plane could be demonstrated —
and partly to an unusually wide normal vanation m the distance between the
mdnidual lymph nodes

The cvaluations of the Iymph node scmtigrams m the thirty cases m which
contrast lymphography had not been performed arc presented below comprising
nimeteen pathologic and cleven non pathologic <cintigrams

Pathologic scintigrams were obtained m 19 cases nccording to the following

1

Cavography showed deformuty corresponding to lymph nodes

Chmeally locahzed riticulum edll sarcoma corresponding to one mgumal
regton and normal scintigram on the other side

Generalized reticulum cell sarcoma with universal gland swelling

Operation disclosed pathologic glands on both sides

Autopsy showed pathologte glands on both sides

Mo chrech ap, wpart from de duncal exanunaton

Gl S SR Y

Non pathologic scintigrams were registered for 11 cases s follows

Malignant disease not demonstrated

Cerebral tumour, other diseases not known

Lung cancer liver metastases

Climcally localized disease of the nech (Bnll Symmers dicac and
transitional carcimoma)

Minor abdominal surgery (appendectomy) no pathologic glands were

observed
No chimcal signs of pathologic lymph nodes and no decisive follow up

result
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dinons to any degree of accuracy Other authors have suggested that about 1wo~
thuds of the 1sotope disappear within the first 24 hours

Ve measured the volume of the isotope and exanuned uts distnbution by
s.anmng 1n seven cases It was found that the solume af watape retaned vaned
from 29 to 98 7% of the volume mjecied By scanmng over the dorsum of the
foot, the 1sotope prored to be located m the subcutis 1n areas rangmg from [ 3 t0
14 cm® m size From these values the most frquent radiation dose was estmated
10 be 700 to 2 000 rad, and someumes about 3 000 1ad, when the entre volume
of 1sotope remained at the site of wnjection These radiation doses will usually
cause no damage

Radiation necroses were not observed m the present matenal but tins compli-
canton mdy be within the range of posabiliies It cannot be precluded, from a
theorenseal point of view, that radiation induced malignant tumours mught occur
many years fater, althaugh presumably this will happen only infrequently As the
method 1s wiended for use as a safe screemng test, 1t must be admtted that in
tus respect 1t does not fnlly comply with the requirements

As regards irradiation of the remaming parts of the body, it has been reported
m the iterature that the dose to the hver and the gonads ranges between 0 5 and
1 rad from one exammation

The method relies upon the fact that lymph nodes accumulate collowds of a
certain dimension, and 1t should be possible to use the techmque also with other
colloids This has been attempted (Scuesn 1966) but the most favourable result
from a diagnostic point of view has been obtained with the gold collad Never-
theless, the hugh radiation dose to the foot mahes 1t necessary to sech other 150~
topes of colloid compounds, preferably short Ined 15otopes emutung only gamma
rays, by means of which the diagnosuc outcome can at the same ume be mm
proved

Howcver, as the method 15 ntended for use 1n cases of malignant disease,
wlich a deficient diagnosis may present a considerably higher nsk than the nsh
run by the exposure of the patient to the lymph node scanning now descnibed, 1t

12y yet be recommended m <pite of the relatry ely lugh radrauon dose to the mnter-
digual space of the foot

SUMMARY

Isotope lymphography was carnied out o
from malignant dsease Contrast ymph
scansing 1n 47 of the paneats, and the res
rematmng 30 patients the surgical and cf
uon The good agreement obtaned sugge
aCCurate s a screenng test and for contyol exam

¢ a period of onc year m 77 patients sulfering
ography was performed m connection with the
ults were used as a standard for comparisaa In the

ymph node scannung 15 sufficiemly safe and
inations
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4
bl i

3 b

Tig & Iymph node scans m a patnent with mahgpane lymphogranulomatoss Attempts at con
trast Ivmphography failed picsumably Lecause tlus had 1cen carned out t 0 yems presiowy
a} dhe patient hiad no symptoms at the ume of seanmng shyht changes oh Doth sides V) e
months Juer the patcnt had 1aved temperature atching of the shin 1nd an mereased tendency
to perspirition

cases provide mformanon supplunantng the results obtuned with contrast
tymphography, and 1t 1 wdll suited for follow-up osammitions on an out
patent basis

The wkotope lyniphogram docs not revetl the structures of the mdnadual
fymph nodes, shicli 13 an tportant feature of the diagnostic merits of contrast
I[ymphography  For both uxanunaton mcthods applics that the  pathologc
fndings arc not speeific of malignant disorders, and this mav give risc to some
chfficultzes as far as the differenpal diagnosis 15 concerned

As wgards ade dffects, a prolonged bluish discoloration of the shin on the
dorsum of the foot, around the site of the mjection, was sbstrved m some cass
Qedema occuered 11 & few cases at the sites of myection and lasid for a fos
days but it then disappeared rapidly and caustd no pan or other diccomfort

It was difficult to assess the radiation dose to the site of mijcction, because the
racoactive substance disappears from the foot ac a somwhat saryiog rate To ths
hould be added that 1t as difficult to detertne the radition geometric con
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The anatomy of the efferent vem from the left adrenal gland, m the seres of
epineph ki ) d }

’ F carhier (MixarLsson 1969}, was the same
all the twenty-three glands d by the author’s modified tech que Inevery
instance there was one drainng vem of normal anatomic appearance from each
adrenal gfand and po other dramage from the mtraglandular vemns could be
obsened Attempts at catheterization of the nght adrenal sem 1z 51 ftstances
Wwere successful in only 36, and as cath was not facil d towards the
end of the sertes, despite ncreasing expenence, 1t seemed Lkely that some obstruc-
tion of anatomic nature to the cathetenzations mught be present The films from
the phlebographic senes were also found to be suttable for g study of the direction
of flow after wjection of contrast medium mto the veng of the adrenal gland,

and nto extraglandular v essels, g
—_—
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ZUSAMMELNFASSUNG

Isotopenlymphographie wurde wahrend cines Jalires 1 77 Patienten st mahgnen hrank
heiten angewandt In 47 von diesen Pauenten wurde Kontrastnuttellympho=raphie gleich
zettig ausgefuhrt und die Resultate wurden als Vergleschsstandard benutzt In den ubrigen 30
Patienten dienten dic chirurgischen und imischen Befunde als Grund fur d ¢ Beurtailung
Die gute Uberemsummung der Resultate deutet darauf hin dass Isotopendy mphographie
cine genugend sichere und zuserlassliche Methede 1t um ber sereeming und hontrollun
tersuchungen verwendet zu werden

RESUME

Pendant une periode dun an les quteurs ont fait des lymphographies isotopiques chez 77
malades attemts d alfection malisne Les resultats de la lymphographie 1sotopique ont cte
compares a ceun de la lymphographse par moyen de contiaste chez 47 de ces malades et
compares aux constatations clururgteales et chimques chez les 30 autres malades La boane
concordance obtenue fut penser que la scmngraphie des ganghons lymphatiques est une
methode sawns dnger ct suffisumment preaise comme test de depistage et comnie examen de
controle
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The anatomy of the elerent vein from the lelt adrenal gland, i the seres of
eptnephro-phlebographues descutbed earher (MikaELsson 1969), was the same m
all the twenty three glands exarmned by the authot s modified techwique In every

mstance there was one dratmng vem of normal anatomuc appearance from each
adrenal gland and no other & ge from the wtraglandul
bserved A

vems could be
of the nght adrenal vemn in 51 mstances
was not faciitated towards the
end of the seres, despite increasing expenence, it seemed hhely that some obstruc
von of anatonue nature to the cathetenzations might be present The films from
the phlcbographic series were also found 1o be swiable for a study of the direcnon

of flow after mjection of contrast medium 1nto the veins of the adrenal glands
and mto extraglandular vessels

pts at
were successful 1 anly 36, and as catt
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Tig 1 Posion of adrenal glands m relation to Midneys 1nd
spinal column and the venous drasnage to the vena cava and
left renal vein A = adrenal glands with dorsal crest B =
right adrenal vein G = left adrenal vemn D = left mfenor
phrenic vein E = vena cava with renal veins F = twelfth
thoracie vertebra G = diaphragm

Earlier investigations

“The appearancesof theadrenal glands and their vasculature according to earher
authors will be discussed first

The left gland 15 more clongated than the nght, and 1its thickest portion — the
head according to Dosnie & SymMncroNn (1966) — 1s directed mferiorly winle
the body and tail pomnt in a cramolateral dircction The hilum with the large
efferent vemn lie on the ventral surface of the head Along the dorsal surface, a
ndge-hike elevation between the caput and cauda, the crest, stopes laterally, and a
deep groove 1s formed between the nidge and the lateral portion of the gland
A shallower groove on the ventral surface corresponds to the crest on the other
side (Doseie & SymincToN 1966, Mrrrtin & Ecer 1961) (Figs 1 and 2)

The night gland 1s more or less trangular Its head 1s located m the medial
portion, the ventral surface of which together with the hilum and efferent ven
lie immediately adjacent to the nght dorsal part of the vena cava wall A crest
runs on the dorsal surface between the head and tail, and the latter part of the
gland 1s directed towards the nght (AnsoN ct coll 1947, Gacnon 1956, DossiE
& SymincTON 1966)

Pach gland consists 1n reahity of two distinct organs — the cortex, a denvative
of the coelomic epithehum near the cramal pole of the mesonephros, and the
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Eody o

|
Fg 2 Sect ons through th ¢ head (upper view) body {puddie v ew) and tail (lower view) of
the left adrenal gland- X 6 The dorsal surface with the crest faces upwards A = alae wath alar
raphe Cx = cortex CF = corteal cuff PR pleus reuculans CMVD = cortico-
meduliary vascular dam Ctws crest. ©% = central vem, M medulla. {Shighlly modif cd
from Doss & & Swaneto 1966)

medulla which develops from the sympathetic trunk The two organs umite
dunng embryome development, the cortex moving downwards and the medulla
upwards to penetrate into the cortex (Bromas 1927, Mirxun & Miciris
1958) The medulla 1s located maimnly 1n the central area of the head segment
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~— e,

Fig 3 Right adrenal gland with superficial veins
{A) commumcating with nght inferior phremc
vemn (B) C© = renal capsule vans D = emissary
vein E = concomitant vems F = vena cava

and takes up apprommately one-quarter of its mass while the tail 1s composed
wholly of cortex, as are also the wings of the glands, the so-called alae (Dosaie
& SymiNgTON 1966) (Fig 2)

Artenies The ughly diversified blood supply of the adrenal glands 1s considered
to be explaned by the embryonic development These artenies are usually divided
mto three mam groups according to the following vessels of ongin (1) the m-
feror phrenic artenies and cchac artery, (2) the aorta, and (3) the renal and
gonad artenes Branches from these stems divide 1n the fatty capsule of the ad-
renal glands into a large number of fine vessels that enter the gland and mamly
supply 1ts subcapsular capillary network A few artenes penetrate more deeply mto
the cortex and medulla (Gerarp 1913, AnsoN et coll 1947, Buscu 1935,
GacnoN 1957, Merkuin & Micuers 1958, MeriLin 1962, DosBie & Sy MINGTON
1966, Linovare & Stezan 1969, and others)

Penpheral veins A large number of small concomitant vems more or less follow
the arteries and Like them may be divided 1nto three groups (Gacyon 1956,
Bosrova 1965, SHpanow & SsapiN 1968, and others) (1) the cranial group
running to the nferor phrenic vewn, which usually empuies mto the vena cava,
(2) the middle group, which connects up with (3) the wfenor group The latter
vessels are closely associated with ther correspondmg artenes, but there are more
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s Capsular vein
Capsular artery’ o= Capsulaf plexus

Corgex
Cortex

- Plexus ret cularis
Nascular dam

Medulla

Stra ght capilfaries Central vein

Cornical cufl

Fig 4 Teanssemse section showing the vasculas sysiem of an adrenal gland 4 pért

w5t gland with medulla lackmg B medulla present (From Dossie & Svauaatoy
1966 )

vemns than artenes These veins run o yessels m the renal capsule, or directly to
the vena cava

Other veins of varying size run on the surface of the adrenal glands, and esther
anastomose with vewns in the diaphragm or renal capsule (BosrovA 1965), or are
n direct with the glandular, central adrenal veins, they are
then known as emissary vemns (KUTSCHERA AICHBERGEN 1922, MerxLiy & Ecer
1961, Dopsie 8 SyyineToy 1066, and others) (Fig 3) Communications with
the portal systern, via the pancreas on the left side and the hepatic capsule on the
nght, have been reported (RUTSCHERA Arcurercen 1922, Buscn 1954/55, and

others), as well as anastomotic connections with the vena azygos and vena hemu-
azygos (Gacnon 1956)

Capillaries The subcapsular capillary network on the surface of the adrenal
glands continues mto the cortex, some of the capiflanes penetrating directly down-
wards through the two upper corucal zones to form a new, nichly diversified net-
work 1n the reticular zone (MeRaLIN 1962, and others) (Fig 4) Ths network

15 sharply demarcated on the mner side of the cortex, m an arrangement called
the vascular dam (Verican 1947)
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Frg 5 Openings of right and left adrenal veins into the vena cava and left renal vein Intra
glandular veins (—), superficial veins (+ ), and emissary vein (=) anastomosing with renal
capsule and phrenic veins

Fig 6 A large lier vemn between the right adrenal and renal vemns The
left adrenal vein opens into the dorsal cramal shank of a per aortaf nng
Central adrenal veins (=), inferior phremic veins ( +) emissary vemn
(), cut off hepatic vemn (+)
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Ceniral cemns From the mner petwork of capillanes m the cortex, small vesns
comverge w the alae within the so-called alar raphe and umnte into larger and
larger vessels (Fig 4) Many of the larger veins pass through the medulla and are
usually surrounded by an mvagmated cuff of cortical ussue, ther advenuitia
consisting of longitudinal muscle fibres Other veinsin the alar raphe and medulla
have no cortical cuff and consist only of a smgle layer of endothehum These open
snto the muscular vessels, either between the bundles of muscle fibres or through
shts n the bundles (Marescu 1921, Dossiz & SaminGron 1966, and others)
Near the hilum, the muscular elements of the central veins envelop the arcum-
ference and further towards the penphery thin out mito scattered muscle
bundles that often protrude nto the lumma of the veins They are maumly located
on the medulla facing segment of the vewns {Dosrie & Syumerov 1966} Some
muscle fibres extend from the venous walls out 1nte the parenchyma of the gland
{Marescy 1921, and others) Arcade ke anastomoses which, according to
Supanow & Ssarry {1968) wncrease m bers 1n cc with hyp:
are found between the peppheral ramufications of the central yvenous system

Ejferent 1eins On the left side, the vems unite nto one vein stem or a few
vessels that nse in the crest n the tail poruon of the gland and run obliquely
through st (Doesie & SyminGtoN 1966) They pass through the hilum as one
vemn After having recenned the mfenor phrenic ven from the medial side, the
vemn runs feriorly and shghtly medially for a distance of 2 to 4 cm towards the
renal vem, usually entering 1t about 2 to 5 ¢m from the vena cava {Gacyon
1926, and others) In the nght adrenal gland, several stems usually converge to
unite in the hulum wto an efferent vein that is very short (1 to 5 mm) This ven
runs medially, often also cramally, to the nght dorsal portion of the vena cava
wall (Axso et call 1947, Gagaon 1956, and others)

Opimions differ howexer regarding possible anatomic vanations n the draiming
voins, Ansov et coll (1947),1n 425 d the entre {
venous system including the adrenal vemns. Gagnow (1926) mmcdl out 116
necropsies, paying special attention to the adrenal yvemns and examuning 100 on
cach side The vems had not been prepared, and he made the resen ation tha
small vems could have been missed HEINIVAARA ( 1953/5¢) studied the ad,ma;
sems 1 29 autopsies, Crark (1938/59) reported on 16 necropsies and Jous
STO\E (1957) made a sunlar study 1n 10 instances after ntravenous injection of

atex He also measured width of the vemns but did not m, n how
the wadtt h but did
{ n ention how this was

As regards the left side,
ordinary vesn from the Il
adrenal gland and the re

Crarn noted m five mstances that 1 addinon to the
um a wide ven ran between the dorsal surface of the
nal vern All the other authors reported that there was
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Fig 5 Openings of right and left adienal veins mto the vena cava and left renal e Intra

glandular veins (—), superficial sains (), and crssary vem {+—) anastomosing with renal
capsule and phrenie veins

Tig 6 A large liver vem between the nght adrenal and renal veins The
left adrenal vemn opens mto the dorsal cramal shank of a pen aortal ning
Central adrenal veins (=), ifenior phrenic veins (), emussary vemn
(=), cut off hepatic vein (=)



VE\OUS COMMUNIGATIONS OF THE ADRENAL GLANDS 375

Ceniral cerns From the mner networh of capillanes in the cortex, small veins
comverge 1 the alae within the so-called alar raphe and umte 1nto larger and
larger vessels (Fig 4) Many of the larger veins pass through the medulla and are
usually surrounded by an mvagmated cuff of cortical ussue, their adventua
consistng of longitudinal muscle fibres Other vens in the alar raphe and medulia
hae no corucal cuff and consist only of a single layer of endothelum These open
1nto the muscular vessels, exther betseen the bundles of muscle fibres or through
shits in the bundles (Marescu 1921, Dossie & SyungTon 1966, and others)
Near the llum, the muscular elements of the central vems envelop the crcum-
ference and further towards the penphery thin out mnto scattered muscle
bundles that often protrude into the lurmma of the vems They are mainly located
on the medulla facing segment of the vemns (Dossie & Sysinerov 1966) Some
muscle fibres extend from the venous walls out 1nto the parenchyma of the gland
{Maresci 1921, and others) Arcade hike anastomoscs which, according to
Sibanow & Ssariv (1968) increase i numbers 1 connection with hypertension,
are found between the penpheral ramifications of the central yenous system

Ejferent ceins On the left side, the vemns umite mto one vein stem or a few
vessels that rise in the crest n the tail portion of the gland and run obliquely
through 1t (Doesie & Symmeron 1966) They pass through the lilum as one
van After having recened the infenor phremc vemn from the medial side, the
‘e runs inferiorly and shghtly medially for a distance of 2 to 4 ¢m towards the
renal ven, usually entenng 1t about 2 to 5 cm from the vena cava (Gacnon
1936, and others) In the right adrenal gland, several stems usually converge to
unite in the hatum 1nto an efferent vein that 1s very short (1 to 5 mm) Ths vein
runs medually, often also cramally, to the nght dorsal portion of the vena cava
wall (Anson et coll 1947, Gagros 1926, and others)

Opintons differ however regarding possible anatomic vanations m the draiming
vens, Ansov et coll (1947),1n 425 P d the entire retr 1
enous system including the adrenal vens Gaghon (1926) uarneclr out 116
necropsies, paying special attention to the adrenal vens and examining 100 on
each side The semns had not been prepared, and he made the reservation that
S‘r::: \c";:; could have been missed HEnvAARA (1953/54) studied the adrenal

m autopsies, CLark (1958,
STONE (1997) m};dc a sumlar s(tudy 1/:91:) :;fl::Cd e eeropsies end Joir

ces after intravenous mjection of
3

atex He also measured the wadth of the vens but did not mention how this was

done

m;\s regards the left side, Crarn noted m five instances that m addition to the
adrmarly \lcm from the hilum a wide vein ran between the dorsal surface of the
enal gland and the renal van Al the other authors reported that there was
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Right adrensl veiny indicsted by the figuree
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1.2 3 4 5 6 7T 8 9 90 11 12 13 14 15 16 17 18 19 20 21 22
Left adronal veins indicated by the figures
Fig 7 Diagram showing how the adrenal veins were cathetenized Each case that was
cathetenzed 1 marked on the abscissas and the cathetenzable lengths of the vens on the
ordinates measured 1 mm The whole length of the truncus adreno diaphragmaticus could
always be cathetenized and 1s shown independently of she catheter leagth of the left adrenal
\ewn proper

only onc adrenal vem and that this ran to the renal vem  Jounstone however
observed m one mistance an accessory vem runtung to the vemns n the renal
capsule

As regards the nght side, the fust three mvestigators stated that a single vem
Adways ran between the adrenal gland and the vena cava Crare’s and Jons-
sTONE'S obscrvations differed Crark observed 1n seven mstances another large
vens runming from the head of the gland to the vena cava, and Jomunstost found
that mn five mstances the cfferent ven opencd mio a Iner vem and 1n one nstance
nto a rudimentary vena cava on the nght side located between the renal vein and
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Fig 8 Two extraglandulas vemns running to the right adrenal ve n and a vein 10 the ventra)
sulcus of the left adrenal gland (arrows) runming to the efferent 1emn the hilum No other
connect ons between intra and extraglandular vessels are visible

the atnum The vena cava was of normal size on the left side In two mstances
the adrenal vein was divided 1nto two or three vessels respectnely, operung into
the \ena cava Only two vemns empued single mto the vena cava, and one of
them was only 2 mm wide In the case, n which three adrenal veins were present,
the largest was 2 5 mm wade In the other cases there was always a vein measuring
at least 3 nm 11 width that ran from each adrenal gland

Present invesugation

Valengl A senies of 22 neciopsy specimens were studied These were taken
from 11 female and 11 male bodics, from pauents over 50 yeary, of age who had
died of cerebral or cardiac diseases The anatomic studies were mamly carned
out to wnvesugate the direct venous commumcations between the large central
vans of the adrenal glands and the vena cava together with its gnbutanes

Films from the phlcbographies previously carned out by the wnter 1n 25 ad
renal glands on the nght side and 36 on the left side were also studied These
examinations were performed with a film changer, m patents with essential or
renal hypertension, and there were no complications or demonstrable tumours
‘The films were obtaincd by senal exposures at ntervals of 0 67 «cconds and were
studied from the aspects of the anatomy and blood flow after 1njection of contrast
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Right adreral velnn {ndicated by the figures
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Lett adrenal velins indicsted by the figures
Fig 7 Ihagram showing how the adrenal vemns were cathetenzed Each case that was
catheterized 1s marked on the abscissas and the cathetenzable lengths of the vemns on the
ordinates measured 1n mm  The whole length of the truncus adreno diaphragmaticus could
always be eatheterized and 15 shown independently of the catheter length of the left adrenal
scin proper

only onc adrenal vem and that tlus ran to the renal vem JounsTone however
observed w one mstance an accessory ven runnmng to the vemns m the renal
capsule

As regrds the nght side, the first three mnyestigators stated that a single vem
always ran between the adrenal gland and the vena cava Crarn’s and Jonn
STONE’s observations differed CrLark obscrved m seven instances another large
vem running from the head of the gland to the vena cava, and Jounstone found
that n five stances the cffcrent vein opened into a liver vein and m one nstance
mio a rudumentary vena cava on the night side located between the renal vemn and



\ENOUS COMMUNICATIONS O} THE ADRENAL GLANDS 377

Fg 8 Two extraglandular veins runming to the r ght adrenal vein and a vesn n the ventral
cuteus of the left sdrenal gland (arrows) running to the efferent vein i the hlum o otber
connections between 1ntra- and extraglandular vessels ate visible

the atum The vena cava was of normal size on the left side. In two mstances
the adrenal ven was divided mto two or three vessels respectively, opening into
the vena cava Only two vemns emptied single nto the vena cava, and one of
them was only 2 mm wide Inthe case m which three adrenal vems were present,
the largest was 2 5 mm wide In the other cases there was always a vem measuning
at least 3 mm 1n width that ran from each adrenal gland

Present tnvestigation

Matersal A senes of 22 necropsy speamens were studied These were taken
from 11 female and 11 male bodics, from patients over 50 years of age who had
died of cerebral or cardiac diseases The anatomic studies were mawly carmed
out to inestigate the divect venous communications between the large central
vens of the adrenal glands and the vena cava together with 1ts tnbutartes

Films from the phlebographies previously carned out by the wnter m 25 ad-
renal glands on the nght side and 36 on the left uide were also studied These
exanunations were performed with a film changer, m panents with essenuial or
renal hypertension and there were no complications or demonstrable tumonrs
The films were obtamned by senial exposures at intervals of § 67 seconds and were
studied from the aspects of the anatomy and blood flow after mjection of contrast
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Fig 9 Transverse scction of the vena cava (A}, with the
nght adienal vein marked in black Its outler was alvways
located within the marked arca on a level with the twelfth
thoracic sertebra (C) The aorta 15 indicated by B

medium within anastomosing eraglandular vems in close prosuty to the ad
renal glands before their communications with more distant 3 essels

) .
\ ~tions was used
1L wm by a mod
fication of the mcthod for nucroangiography described by Ivemara ct coll
(1967) With all organs stll m position, a suspension of barmm sulphate, n
which one part by weight of Mivobar {Kistner) had been mixed witls three parts
of water, was mfused mto the upper porton of the vena cava through the nght
atrium from a contamer placed about 60 cm above the body Owing to leahage
through the vena azygos and other paravertebral vemns the mediastinum had to
be hgated in advance directly caudal 1o the lnlum of the lung as well as m the
cramal portton of the mediastinum  Blood and coagula were removed as far as
possible from the venous system by palpation, in most cases the inferior part of
the vena cava was compressed by pressure from above Infumon was continued
for two hours In the [ast fourteen necropsies, a procedure sinufar to Linbpo’s
(1950) method was used m addition to the infusing process The contrast medium
was withdrawn from the large vains, a new banum suspension contasung 20 g
gum arabic and 30 g gelatne per 700 g suspension was added, and this was
allowed to solidify for about 30 minutes The mtestine was then removed, and the
ather abdomumal organs and retroperttoneal tissues together with the muscles and
anterior portion of the vcrtebral bodies were taken out i one block and fixed m
10 % formalin for one week This gas e specimens that were surtable for dissection
m association with roentgen cxamunations The lver, stomach, pancreas and
spleen, except for the parts adjacent to the adrenal glands were removed m cach
preparation hefore the studies were begun
The preparations were roentgenographed at scveral stages of the work and be-
tween the cxamupations organs were runoved approximately m the following
order (1) spmal column, (2) sheletal muscles, (3} remamung parts of the
stomach, pancreas and spleen, (4) cxtracapsular tissue dorsal to the adrenal
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Fig 10 A small hepauc ven and a nght adrenal ven opemng laterally inta
the yena cava through a 4 mm long common stem The Iver vewn s cut off at

the Iner capsule (arrow) ) Ap view b) Axal view Dorsal surface down
wards

glands and kidneys, (5) remamng parts of the Iner parenchyma, (6) hver
capsule, (7) extracapsular ussue ventral to the adrenal glands and ludneys, and
(8) capsules of the adrenal glands, subcapsular veins, and hidneys

In the early stages of the d the sp were phed mn
a water bath The films were obtained at a focal distance of 90 em Non-screen
ndustnial film (CLA) without a gnd was exposed with the small focal spot, using
50 to 40 kV and 800 to 100 mAs At least three views were obtamned at each
roenigen with ad) for an d pic effect wath
the tube angled 30° and 15° from the nght and 15° from the foot end The dia-
meters of small veins were measured on the roentgen films with a micrometer
screw and with a magnufication of X 20 After removal of the contrast mass, the
width of the adrenal vemns was iy estigated by mtroducing polythene catheters of
sizes P E 240, 203 or 190 and with an outer dtameter of 2 42, 208 or 1 70 mm
A note was made of the largest catheter that conld be used and of how far 1t

could be pushed 1, measunng from the vena cava or the opening of the phrensc
vem into the left adrenal vein

The wnes sena b2 wall and 1enal vems were akbo i esugated for possible
outlets of undetected vessels (which were never found}

Before the banum nfusions, trals had been made m about 10 necropsies, with
infusion of polymenzing plastic, Quich 33, which sets m 20 0 30 mnutes, de-
pending on the amount of hardener added As the venaus filing obtained was not
sausfactory, these expenments were not included 1n the present senes
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Fig 11 Epmephro phlcbography Tie vemns in the right adrenal are filled at the sane tme
as these 1n a small fiver lobe \umerous anastomoses to other Iner veins are visible as ysual 1
the liner fobe a) Ap wiew \ large amount of conirast medium 15 concentrated to the haer
101:; b) Oblque view The adrenal veins filled well after changing the position of the
catheter

Fig 12 The venous system of both adrenal glands 1s f lled out to
the outermost parts of the alar raphe The darker str p between
the b lum 1n the ead portion and the tail 1s the crest on the

dorsal aspect
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Techmcal conuderations A large number of vens of all sizes down to a dia-
meter of 003 mm were well filled at all levels of the preparations, despite the
presence of coagula n the large and medmm sized vessels and notwithstanding
that in the first eight cases the contrast medium had been partially emptied from
these vessels when the specimens were removed The vemns could nev ertheless be
assessed satisfactonly, as a suffiient amount of banum had become attached to
thesr walls In the penipheral vesns, the banum particles had become packed mto
a powdery mass owmg to sedimentation, while the flud m the suspension had
passed on This had already been observed dunng the wfusion, when the pen-
toneal flmd gradually increased

The roentgen examinations were a valuable aid dunng the dissection work,
among other things because they gave information on whether vessels that had
been dissected out contmued within the adrenal glands or not Because of their
white colour, the contrast filled vessels were also easly distinguished i the
Tnecropsy studies

Polymenaing plastic as a filling for the vemns proved to have disadvantages and
could not be used 1n the present nvestigation Abrupt blocks and breaks in the
contuity often occurred, even m relausely large vessels Because of surface
tension, 1t 15 probably difficult for a plastic matenal, which 1s msoluble 1 blood,
to push past the clots that commonly occur 1n dorsally located vemns and tend to
occlude them dunng infusion

Results

Postion of the adrendl glands The left gland always lay niear the upper medial
portion of the Lidney, close to uts ventral tangent, and the head of the gland
usually extended down to the cramal part of the renal hilum The nght gland
was always located beside the hiver and the vena cava, at the level of the twelfth
thoracic to first lumbar vertebrae, irrespective of the kidney's postion Sumlar
conditions have been reported by LinpvaLy & Strzax {1969) 1In fifteen nstan-
ces, the nght adrenal glands were tnangular, with sides of approxumately equal
Tengths, but 1n seven the cramal side was short and the crest began near the -
fenior corner of the gland

Efferent teins In all mnstances, only one efferent vein from the central senous
system of each gland was observed The left adrenal vein always opened nto the
left renal vem at a pomnt 13 to 46 mm from the vena cava {Figs 5 and 6) The
wnferior phrenic ven opened mto the renal vem 1 one wmstance and Into th
adrenaf sen 1n all the others All adrenal veins on the Jeft side could be cath e
rized with 2 2 42 mm catheter for a distance of e
the phrenic veun or of any other tributanes
maticus was 1 to 31 mm long (Fig 7)

f 3 t0 27 mm past the openings of
present The truncus adreno-diaphrag-
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Fig 11 Epinephro phlebography The veins m the night adrenal are filled at the same ume
as those 1n a small Irner lobe Numerous anastamoses to other nver veins are visible as usual 10
the Iner lobe a) Ap lew A large amoauat of contrast medwstn 15 concentrated to the Iner
lob;: b} Oblique view The adrenal vens filled well alter changing the position of the
catheter

Fig 12 The venous system of both adrenal glands 1s Hilled ous to
the outermost parts of the alar raphe The darker strip between
the hilum in the head portion and the tail 1s the crest on the

dorsal aspect
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Fig 14 Concomutant vems around both adrenal glands. Central vemns
around an adenoma (arrow) (\asa vasorum aortac are also visble )

forming a common stem with a liver vein, the outlet was located ventrally within
that sector A study of the phlek phic findings i p publ Te-
vealed that the cathetenzed adrenal veins, two of which had common stems with
aliver ven, always had therr outlets within an area extending 1 cm cramal to,
and 15 cm infenor to the twelfth nb (Minazsson 1969) (Fig 11)

The 2 42 mm catheter could on the nght side be inserted for a distance of 1 to
8 mm 1n fourteen v eins, while eight veins were too narrow to admit 1t A 208 mm
catheter passed 1n for 2 to 8 mm n five vessels, and 1n the other three onlya 170
mm catheter could be pushed m for 2 to 5 mm (Fig 7)

Fig 15 Adenoma of the nght adrenal gland 1n fig 14
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Iig 13 Concomitant vens a)
The numcrous small and far
Iy straight semns run approns
mately i the same direction
as the central vemns of the

T glands but they are located on
both sides of the cortcal
capffary  aerworh  bY The
central voms A few con
comuzant veins remam cram
ally and medially i che nght
adrenal gland

On the night side, the efferent sem ran directly to the vena cava m 20 out of 22
necropsies (Figs 5, 6 and 8) In two mstances, the nght adrenal vemn and a small
hepatic vein had a common stem outside the adrenal and hepatte capsules for a
distance of + mm and 1 mm respectiy cly before reaclung the vena cava (Figs 10,
18 and 20) Al the cfferent vems from the night adrenal glands opened 19 to 62
mm cramal to the night renal vem mto the nght dorsal quadrant of the vena cava
wall (Figs 9 and 10) When the venous outflow tooh place through a vessel
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Fig 17 a) Superficaal vewns
that were cut at the qte
where they dnerged Irom
the surfaces of the adrenal
glands b Only central vesns
ae visible, as well as one
emissary vem (aniow)

In addition to the concomtant Tans, anu
tans with a winding irregular Course oser fhy
focated between the capsule and conex, also fitled with contras medwiny They
often joned vemns m the renal capsule, but somelmes conpecged afF wich central
vun branches of the adrenal gland, they then hagd the Appeatance of emssary
vems (Figs 5, 6 and 17)

mber of small anq relatvely large
¢ surface of the glands, and often

unications with the efferent vern 1 or slightly before the openung
mio the fulum (Figs 8, 18 ang 19)

0 ONOE i Radvlor ¢ Dugus iy ot 15 09 03
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Fig 16 A large vemn in Whe dorsal groove lateral to the
crest in the left adrenal gland (arrow) Part of the vemn
has deen remorved Concomnant vemns are seen between
the gland and the hidney

Central verns A large number of the central vens, down to a diameter of 003
mm, fiffed with contrast medium In six glands however the Billing was wmcom-
plete, and seven had ruptured centrally The veins 1n the others could be followed
to a pomt 1 {0 2 mm from the edges of the glands Tlus corresponds to the mner
surface of the cortex at 1ts transition between the ventral and dorsal surfaces of the
gland (Igs 8, 10, 12, 13, 16 and 19) Anastomoses of the type described by
SupaNow & SsaPiN (1968) were seen in thirteen glands, with one to four
each

Penipheral vems A large number of small venae comitantes outside the ad-
renal glands always filled with contrast medium They were all of relatnvely the
same diameter, about 0 1 mm, and were either comparatvely straight, or arched
They radiated out from the glands i the same direction as the large branches of
the central veins, although most of them were not continuous with those vessels In
the head of the left gland for instance they ran m an obhguely caudal direction,
while . the body and tail they took an ncreasingly oblhique, cramal course The
arrangement was more or less stmular 1n the nght gland Some of them were
directly continuous with small central vems, but most of them began at the surface

of the gland (Figs 13, 14, 16 and 18)
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Fig 18 \ nght adrenal vein with a 1 rum long stem n common with a
small lejate ven A large sem 1n the dorsal sulcus of tte left gland
(~) Seieral ventral cajsule vens mo tly in the ventral suleus run to
the efferent ve n { s}

12 19 \loxt extraglar dul
glar dular vessels are rem
ot glands san'e case a5 an (g 15 o c0 omall ruptures

387
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Studies of the blood flow at phlebography These studies ncluded the extra
glandular veins before their anastomosis with large vessels outside the glands, n
other words within a distance of about 1 cm from the glands The flow of contrast
medium ws studied After injection Only vans that had filled from within the
adrenal glands or from thar lular regions were assessed

The movements of the contrast medum i vemns around the Ieft adrenal gland
could be assessed i twenty four mstances, the flow was in the central direction
twenty three and towards the peniphery m one (Fig 21) In a further cleven m
stances, the conditions could not be asessud, as the contrast medium sometimes
tunned out and gave no indication of the dirccuion of flow, or disappeared
completely between two films, once no peripheral vews filled despite adequate
filling of the central vuns

Assessment was possible on the nght side in eighteen nstances and the contrast
medium had flowed centrally m all of tham The direction of flow could not be
Judged mn a further three glands, ind no vens were filled around four glands
although the central vans had filled satisfactonly

Discussion

Lfferent vems All adrenal glhnds were found at the 1natonuc myestigation (o
have a sgle dramng van runmng to the left renal vun or to the vena cava In
two instances, a nght adrenal vem and a small hepatic ven had a short common
stum This finding may be compared with the phlebographic observations m
which two adrenal glands on that side out of 36, filled through a stum mn common
with a small hepatie ven - The result differs from the descriptions of other authors

As regards the width of the cffcrent veins, JornsTONE, 1t 15 true, gave measure
ments but he did not state how lus figures were reached nor where the measure
ments werc tahen This mformation s of importance when the possibilitics for
catheterizing the vessuls are beng judged, as the width mcreases towards the
outlet As the arcumfirence of the vems, m anatomic preparations at least 1s
seldom round, not ¢ven when they are filled, the width must be calculated by
dividing the arcumference of the lumen by « or by cathtterizing with tubes of
known diameters As, i the present study, the width was mvcsugated mamly to
ascertain the possibility of cathelenzing the vemns at phlebography the diameter
of the tubes was linuted to a maximum of 242 mm desprte the fact that the
vessels were 1n a number of cases wider than the catheter [his width corre
sponded to the size of the catheter, PE No 240, used at the phlebographuc

ons
tx;’lll"rl:??:rgest cathcter could m il cases be pushed past the Iup(:m?% So:‘cd\:
phrenic vein nto the adrenal van proper on the left sde On the n‘gd\"]cl u,h«
could be mserted m only fourteen out of twenty two adrenal veins g
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Dig 21 Studies of Blood flow m a left adsenal
alter teimnauion of the ijection The contrast

i both vemns wid n {~») and duside (= ) the gland The
could not T e 2 sessed

ghand a) Durng mjection b) Tmmediately
7 eduwin flowng back an a central dicection
How 1n'a Tatesal vein (vaa(

Ihe nght adrenal ven sometmes bends <harply just before 1 enters the vena
casa When tns occurs, the catheter does not Passn as far as i otherwose reaches
at cathetenzation fhus ss usually of no 1 e 1 the grapl

tion but st probably fargely cxplamns why blood 15 often more difficult 1o obtam
from the nght wde than (rom the left The opening of the catheter may cone too
*lose 10 the veesel wall wiuh the result that 5 valvular effect anses In the phlcbo-
graphic wries, 30 ml of blood

could be withdrawn from the right adrenal gland
for aldodterane determmations at 21 out of 36 catheterizations, while the same

oyt of blood was obtamed from the lfy adienal gland ya alf the twenty three
«ases examined by the modified s used 1n part of the seres

ystem extends in the

techmque which y,
Central rewns The central venous s

alar raphe to the edges
of the (land where the 110 2 &

differs from
artenal angography It then looks
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Fig 20 a) Right adienal gland w o e dorsal postion from the lateral
side Hepatic ven i avaal projection b) Section through both adrenal
glands with dorsal surface downwards 1eft gland uppermost Central
vein (=>) Vems i ventral and doisal saley ( —)  Same case as
figs 18 and 19

vemns were too narrow At phlcbography 36 cathetenizatious out of 51 had been
suceessful A statisicnd analysis using the ¢hn square test revealed no sipmificant
differences butween the seres

It 15 unhhdly that the width of the vans m anatomic preparations dffers from
the 1n sivo width Thor muscle tssue 1 largely longitudinal { Marescn 1921,
RuTscuera Alcusercin 1922, Domnie & SyammcToN 1966, and others), and
probably has httlc cffect on the width Appreciable shrinking as a result of forma
I fixing can hardly base occurrd as the fixation was of a Jow degree m the
central parts of the preparauons lhe tissues m those parts were of normal
consstency and colour The probable explanation of the failures at cathetcnzation
1s that the vans were sonctimes too narrow to adnut the catheter used at the
phlebograplic exanunation The fact that adrenal vemns may hase a common
stum with a liver van 1s on the other hand of no particular importance Even m
those cases m whuich this was abscrved, the van had ats outlet withun a small wet
m the right dorsal quadrant of the vena cava wall, on a level with the twelfth nb
In the roentgen studics the dver lobe did not conceal the adrenal gland
question  Should this occur, wn alteration i the projection should be made
Phlebography could perhaps be carried out more often if smaller catheters were
also available but m that cvent the difficulties at catheterization would ncreasc
Not only 15 a finer catheter harder to manoeuver m the vena cava which usually
15 faurly flat, but 1t 15 also more difficult to disunguish on the TV scrcen If the tup
alone were made narrower, thire would be a greater nish of small mntunal mjunes
and paravasal leahage of contrast medium A movable mnner catheter might goe
r1se to uncontrollable tension irregulanties between the two tubes A catheter with
an extra long, flexible tip nught purhaps be tned however
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Fg 21 Swdes of blood flov n a left adrenal gland 2) Dur ng injecuon b) Immed ately
after te mnaton of the mierton The contrast med um flow ng back in a central d rection

aboth ens thn (=) and outsde (~>) the gland The flow in a lateral ven (w—
could not be asses ed

The nght adrenal \emn sometimes bends sharply Just before 1t enters the vena
cava When thus occurs the catheter daes nat pass w as far as it atherwise reaches
at eatheterization [hus 1s usually of no sigmificance 1 the angiographic examima
tion but 1t probably largely explains why blood 1s often more dificulr 10 obtamn
from the nght gde than from the left The opening of the catheter may come too
close to the vessel wall with the result that a valvular effect anses In the phlebo-
graphic senes 30 ml of blood could be withdrawn {rom the nght adrenal gland
for aldasterone determmanons at 21 out of 36 cathetenizations shile the same
amount of blaod was obtamed from the leit adrenal gland i all the twenty three
cases enamuned by the modified techmque which was used 1 part of the seres.

Ce tral ems The central venous system extends n the alar raphe to the edges
of the gland where the 1 to 2 mm thick layers of cortex meet and conse uengtl

the size and shape of the gland may be assessed at phlcbowr:xphy i \heq\en :
» tem hias filled completely with contrast medium The ;\p;camncc duffers o
that wsually scen when the vessels fill dunng artenal angiography It (hccr: 1:,;:
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Fig 20 a) Right adrenal gland n the dorsal position, {rom the lateral
side. Hepatie vem m aaal projection b) Section through both adrenal
glands, wath dotsal surface downwards Teft gland uppermost Central
vem (=) Vewns m ventral and doisal suler ( —) Same case as m
Dgs 18 and 19

vems were too narrow At phicbography, 36 catheterizations out of 51 had been
successful A statstical analysis using the chi-square test revealed no sigruficant
differences between the series

It 15 unlikely that the width of the vens m anatonnc preparations diffcrs from
the in vivo width Therr muscle tissue 15 largdy longitudinal (Marescn 1921,
Kurscurra-Atcusrreeny 1922, Dopmie & SsMineToN 1966, and others), and
probably has httle cffect on the width Appreciable shnnhing as a result of forma-
hin fixing can hardly have occurred, as the fixation was of a low degree m the
central parts of the preparations The ussues m those parts were of normal
consistency and colour The probable explanation of the failures at cathetenzation
1s that the vans wore sometimes too narrow to adnnt the catheter used at the
phlebographic exammauon The fact that adrenal vems may have a common
stem with a hver vem 15 on the other hand of no particular importance Even i
those cases n which this was observed, the vemn had its outlet withm a small arca
1n the right dorsal quadrant of the vena cava wall, on a level with the twelfth nb
In the roentgen studies the hver lobe did not conceal the adrenal gland m
question. Should this occur, an alteration m the projecnion should be made
Phlebography could perhaps be carried out more often if smaller catheters were
also available but 1n that event the difficuluies at catheterization would 1ncrease
Not only 1s a finer catheter harder to manoeusver n the vena cava, winch usually
1s farrly flat, but 1t 15 also more difficult to distinguish on the TV screen If the tip
Jlone were made narrower, there would be a greater nsh of small sumal injuries
and paravasal lcakage of contrast medium A movable mner cathcter might gne
f1se to uncontrollable tension irregularities betw cen the two tubes A catheter with
an extra long, flexible tip nught perhaps be tnied however
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Fe ™l Studes of Vood fiuv m a tefh advenal glond. 4) Dunog injecton b) Immed ately
alter tetm naton of the wject o Ti e contrast med win (owing !ack ip a central direct ont

1 both vens  thn (=) and outade (=) tte gland The

tov n a lateral ven {vsi
ould nat be assessed

The nght adrenal vem sometimes bends sharply just before st cmers the yena
2 2 Wien this orcurs the catheter does not passn as far asit otherwise reaches

from the nght side than from the leit The openng i the taaheter WY come 100
dose to the vessel wall with the yesult that a valvular etfect anses In the phiebe
graphic senes 30 ml of blood could be withdrawn from the nght adrenal gland
for aldosterone determunations at 21 out of 36 catheterizations, while the same
acoount of hlood was obtamed from the left adrenal gland m all the twenty three
cascs exarmined by the modificd techmgue wineh was nsed @ part of the senes.

Central retns Ihie central venons svsiem extends i the alar raphe to the edges
of e gland where the 3 o 2 mm ek ¥ayers of cortex meer, and consequenty
the sz and shape of the gland may be assesced at phlebography of the \cnouz
swtem has filled completely with contrast medium The appearance differs from
that usually scen when the vessels fill during aneral angography It then lo";ks
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kg 20 a) Rught adrenal gland 10 the dorsal posiion from the lateral
side Hepatic van m aal projection b) Section through both adrenal
glands with dorsal surface downwards 1eft gland uppenmost Central
vem (=) Veins m oventral and dorsal sulet ( =) Samc case as
figs 18 and 19

vens were too narrow At phlebography, 36 catheterizations out of 51 had been
successful A statistical analysis using the chi square test revealed no sigmficant
differences between the seres

It 1s unlihddy that the width of the vans in anatonue preparations differs from
the 1 vivo width Thar muscle tissue 1 Inrgely longitudinal (Maresen 1921,
Kurscuera-Arcusercen 1922, Dosnie & Syvincton 1966, and others), and
probably has it effect on the width Appreciable shnhing as a result of forma
lin fixing can hardly have occurred, 15 the fixation was of 1 low degree m the
central parts of the prepartions The tissucs m those parts were of normal
cansistency and colour The probable cxplanation of the fanlures at catheterization
1s that the vems were somctimcs too narrow to adnut the catheter used at the
phlebograpluc exanunation Ihe fact that adrenal vans may have a common
stun with a Iiver vein 1s on the other hand of no particular importance Even
those cases m which this was observed, the ven had its outlct within a small arca
in the nght dorsal quadrant of the vena cava wall, on a level with the twelfth nb
In the rowntgen studies the hver Iobe did not conceal the adrenal gland 1
question  Should tlus occur, an alteration n the projecuon should be made
Phlebography could perhaps be carned out more often if smaller catheters were
also available but in that event the difficulties at cathcterization would ncreasc
Not only 15 a finer catheter harder to manoeuser in the vena cava, which usually
15 faurly flat, but 1t 15 also more difficult to distingmish on the TV screen If the up
alone were made narrower, there would be a greater rish of small mumal mpuries
and paray asal leahnge of contrast medium A movable suner catheter mught give
rse to uncontrollable tension irregulantics between the two tubes A catheter with
an extra long, flexible tip mught perhaps be tnied however
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buffer agamst the movements of the diaphragm, mught have some funcucnal
connection with the adrenat glands, whether for instance it serves a8 a raw mate-
nal depot for hormone production If this were so, transportahion would then take
place through the extraglandular veins Thus would presuppose some form of
portal cireul A sinular glandul of portal type between
the retsculate zone and the cortical cuffs which enclose many yemns in the meduila
(Fig 4) has been described by VEuscan {1947)

Conclusions

1 Infusion of diluted Misobar 1 the vena cava produced intense contrast
filling of uts tnbutanes down to a diameter of 0 03 mm

2 Among 22 adrenal glands on the nght side and the same number on the
feft, dramage occurred through a single ven n every mstance In two cases the
night adrenal vem had a ternunal stem 1 common with a small hepatic ven, in
the others the vem ran the usual course to the vena cava or left renal vein

3 The nght adrenal ven was 1n 14 instances cathetenzed with a catheter of
242 mm diameter ‘Tlus size was too large for the other eight glands The nght
adrenal vein tould be cathetenized in approximately the same number of cases at

phro-phleb phy A probable cause of unsuccessful cathetenzations was

that the adrenal ven was too narrow to admt ihis catheter

4 The fact that an adrenal vemn has a short stem 1 common with a small
hepauc vem 1s of no parucular importance It filled through the common stem,
which opened 1n the usual way mta the nght posterior quadrant of the vena cava,
at the level of the twelfth nb

5 The venous system of the adrenal glands had the same appearance 1n ana-
tome specimens as at epinephro-phiebography The contrast filled veins permyt-
ted detled assessment of the size and shape of the glands

SUMMARY

The adrenal vcnous system was studied 1 twenty (80 post Morter cases
vein was found (o run from the night gland to the vena cava and from the
Ielt renal vewn Esght veins wese however too namow for rathaters of the size used I a
pres tous cpinephro-phlebographic senies 1n which the cathetenzations failed to the same
::m :lm r(ligl\l adrenal vein lam\ 2 hepatic ven had sometimes a termmal stem in wm,:;

it thi {0 01 A Ol T;
s:nn > did mot present phicbography The watraglandular seins appeared similar 1n botk

A single deamng
Ieft gland to the

ZUSAMMENFASSUNG
Das Venensystem der Nebenmieren wurde n 22
st e
ehunden Guss cine eiclne ablenende Veng van dee echen fosron CUCh B8 warde
und von der lmhen Neberaiere zug hilen Akt Ve s Vema cava
eng fur it Watheter denclben Grosse :a‘rhtrg::::d“n“;n e £
el cbennitren

Nerensene fuhrt
Wie sie bes ener
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more lthe an arrowhead, with the contrast medium vistble mainly at the edges on
the cramal aspect, notwithstanding that the margins are thinnest at that sie
Contrast filling thus takes place most castly i these parts of the gland that consist
solely of corter. “Lhe nformiton provided by artcmal angrography may be m-
ereascd of the cxammaton 1 performed under mercased pulmonary pressure and
after mjection of adrenaln, as the adrenal artenies are rlas dy insensitiye to this
hormoune which contracts other vessels {Ricrir & Ro1nuBerGer 1927, Kanv 1967,
Liavvare & Strzan 1969) Howwer, the true configuration of the adrenal
glands may be ascssed with certamnty only durmg a disnct venous phas, and
such a phase 1s best obtamed by phlchograply

Penipheral vems Lhe scnous system outside the adrenal glands consists partly
of vesseds e chirect contact with the central vans They may be demonstrated at
phlcbography and as a rule can be distingusshed from the central vessels This
applies also to the vesscls m suler, espeaially of different projections are used  The
flow of the contrast medium could be assesed i 42 out of 61 glands m the
phlcbographic matenal, it flowed centrally i mstances and towards the pe-
riphery 1 only one case These obsernations apphied to patients with ¢ssentil of
renal hypertension exanuned e the supme position

In the anatomic studies, many vuns were seen runnmg for long distances over
the surfacc of the adrenal glands between the capsule and cortex This was (rue
both for the vews i sulci, some of wiuch opened nto the central vems, and for
the other vans that ran past the adrenal glands m dhifferant direcuons and could
not be demonstrated at phlebography Iihe most of the conconutant sans, they
were located on the other side of the cortical capillary network

The arrangement 15 difficult to eaplan In fow other parts of the body hue
veins buen ancountered that run for a sumlar distance through parenchymatous
organs or that have had this type of contact with thur surface without branches
to the glands possible to deteet macroscopically Another fature should also be
mentioned, namely the thuch Tryer of fat that surrounds the hadneys and especilly
the adrenal glands A fatty capsulc of this nature doces not cnvelop other organs
of the body, nor 15 1t found around other hormone-producing, hpid-bearng glands
Becausc of the erest, the dorsal, fat-facng surface of the adrenal glands 1s large,
and the fat 15 thichest on the dorsal aspeet When during adolescence the ’1drc:1;\|
glands develop and the venous musculture becomcs stronger (HEinrs aarA 1933/
54), tlus fat mcreases  tluchness (VELICAN & VELICAN 1949}

As both the adrenal glands Iic well-protected agamst trauma behind nibs, lranls
vorse processes of the vertebrac, and thick layers of muscle, the fat would sc[flm “(:
be unnccessary as a mechanical protection It 1s perhaps not unreasond gs o
wonder whether the pmglandular fat, n additton to ts probable function as
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Phlcbographie Serie verwendet wurden und ber der die Kathetensierung 1im glechen Aus
mass missgluchte Die rechte Nebennicrenvene und emme Lebenene hatten m emgen Fal
len emen gememsamnien ternunalen Stamm, was aber d e Phicbographic nicht unmoglich
machte Die mtraglandularen Venen traten m beiden Serien w ahnlicher Weise hervor

RLSUME

Lauteur a ewudic sur vingt deux sujets d autopste le systeme veneus surrenalien I a
trouve une vene de dramage unique allant de la surrenale droite a la veme cave et de la
surrenale gauche a la veme renale gauche Cependant huit veines etaient de calib e trop
petit poir les catheters utilises dans une serie precedente de phlebographies des surrenales
serie dans laquelle le cathetensme asait cchoue dans la mewe proporuon de cas Dans
certain cas la vemne surrenale droite et une vene hepatique avatent un tronc termnal com
mun mais cecr nempeche pas la phlebographie Les semnes intra glandulaires avaient le
meme aspect dans ces deun sunes
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DESTPLCTION OF THE ODONTOID PROCESY 395

Case reports

Case T Woman, aged 4%, who since the age of 13 had been on msulin for diabetes
mell tus. Long hustory of feft otins media, occasionally acute She suddenly developed pam
1n the neck and left car, with ransed temperatte ESR 136 mmyh, normal cesebrospinal
flurd Roentgen exanunation scvealed a diffuse retrophasyngeal soft ussue swelling but
rormal osseous structures {Fig 1a) A week later, 2 pentonsilar abscess was maised
Cultures were negatne and the symptoms gradually receded

Severe cenical symptoms te appearcd about 7 weeks later The cenvical spime was
ngidly fixed but no abnormal neurologic signs were apparent ESR was 133 mmjh, the
antt staphylolysin titre was mathedly elesated (26 TU) Subsequent roentgen examnauon
disclosed destruction of the base of the odontard process and a larger retrophanyngeal soft
ts.ue swelling (Fig 1b) Biopsy of the retropharyngeat region mdicated chyome unspectfic
inflammation A Ghsson sling reheved the pan

Tonsillectomy was perfarmed about ¥ weehs later Dunng the following months the
mptoms remamed unchanged and all movements of the cervical spine were resented
ESR wa< between 40 and 60 mm/h Roentgen examination about 6 weeks after wonsilleciomy
revealed complete destruction of the odontard process and erosion of the antenor arch of
the atlas

About 2 raonths later, the pain 1n the neck ncreased and the ESR rose Further biopsy
of lte epipharynx showed mflammation of an unspeaific nature Theie was no evidence
of tubereulogis

The patient was re admitted to hospital 3 months later, complaining of pain and suff-
ness of the neck, foss of taste perception and difficulty m pronouncing complicated words
Movement of the cencal spme was marhedly decreased with paralysis of the glosso-
thanngeal and hypoglossal nerves but no abnormalities of the extremutics were present
ESR was between 50 and 70 mm/h, white blood ecll count 8000 Cerebrospinal fluid
count 1000 white blood cells (916 palynucleated and 84 mononucleated), Pandy ++,
Nenne + Cultures were negatie

Roentgen examuation rescaled complete abeence of the odontoid process, destruction
e o e o ena e iz Sleees
Pharyngeal soft tssues ; Gh rhenoidal sinus were present The retro-

which at the fist exanunation were diffusely thichened had become

natiower distally and formed a Jocalized expansion an fron of the atlas and axis {Fig 1

intiniciznlﬁelp“:tm was fitted with a collar and recened large doses of streptomyain

She gradtunt or 1wo to three months She was discharged after four weeks in hospital
ly improved and esentually retumed to work

rt;r;:alpﬂc::‘,lc;;“ seen at control examination seven years after recosery There was some

stlffness and Limitation of movements The anbs staphylolysin titre was

narmal 05 JU) Roent tion discl
axs Fie 1 eand ()m gen exammation disclosed bony ankylosis between the atlas and the

zngmtﬂz Man aged 43 with lustory of peruonsillany abscesses, suddenly developed pan

" sl rxlm m the neck, he consulted a private pracuuoner The symptoms became worse
roentgen exa

bl (h: ) nunation a few weeks later disclosed no nateworthy changes m the cenacal

u,:::cnw"m was admitted to hospual 6 weeks later The cenvical spime was fixed

he ;\xon and nght rotation The mucous membranes of the phanynx were red The
andibular lymph nodes were enlarged ard lymph nodes could also be palpated distal



FPOM THL ROENTGEN (DIRECTOR B BRODE“() AND ORTHOPAEDIC (DIRECTQR MAC
FELIJ\NDER) DE[‘ARTE'\XEVTS, ST GORANS SJURHUS, STOCKHOLM, SWEDEM

DESTRUCTION OF THE ODONTOID PROCESS DUE
TO ATLANTO-AXIAL PYOGENIC SPONDYLITIS

by

S Amutick and § CoLtrrt

Absence of the vdontond process 1s rare Most of the cases publiched have been
considered to be congemtal malformations hariex (1962) found 26 such cases
m the Iiterature and added one case of his own, Gwisny & Syirru (1962) reported
22 cases from the hterature, and four cases of their own A few cases m which
the odontoid process disappeared between two roentgen examunations ha\c'
recently been reported The absorption of the odontoid process was mterpreted
as a tuberculous mamifestation n a case described by Gwiny & Surrh, and as
a post traamatie plicnomens ww the cases of Irtmseresr o ooll (1985) and
FieLpiNg (1965)

Pyogenic atlanto-axial osteomyelitis has been described 1n the hterature Ol)f.l.c
BERG-JOHNSON (1931) reported a case of umlateral arthritis, Frans (1944)7011
with a pathologic fracture of the odontord process, and Leacn et coll (196 )lz
case with small crosions 1n the odontoid process and the anterior arch of th
atlas The following two cases of pyogeme atlanto-axal osteomycliis with ;:::\e
plete disappearance of the odontoid process appear to be the first ones to

been reported
Submutted for publicanion 26 September 1969
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Case reports

Case | Woman, aged 33, who sinte the age of 13 had been on nsubm for diabetes
melitus Long hustory of lefc otins medta, occasonally acute She suddenly developed pamnt
n the nech and left car, with raised temperature ESR 136 mm/k, vormal cerebrospinal
flud Roenigen examination revesded 2 diffuse tetropharyngeal sofe tissue swelling but
normal osseous structures (Fig 13) % week later, 2 perttonullar abscess was naised
Cultures were negatne and the symptoms gradually receded

Severe cervical symptoms 5€ apprared about 7 wecks fates The cervical spine was
rigdly fined but no abionmal neurologic signs were apparent LR was 133 wmenfk, the
ana staphylofysint tiere was mathedly elenated -
discla ed destruction of the base of the odonto
ussue swelling (Fig 16) Biopsy of the retropha 5 » «
mflammation A Glisson shing reliesed the pain

Tonsllectomy was performed about ¢ weeks later Duting the following months the
symptoms remained unchanged and all movements af the cenacal spinc were Tesented
ESR was between 40 and 60 mm/h Rocntgen examnation about 6 weels afier tonsillectomy
1erealed complete destivenon of the odentoid process and crosion of the anterior arch of
the atls

Abous 2 monghs fater, the pam m che nech ncreased and the ESR rose Funher bopsy

of the epiphanynx showed inflammation of an unspecific nature There was no cyidence
of wherculosis

The pauent was re admstted to hospital 3 months later, complanimg of pun and stff
ness of the neck, loss of taste perception and difficulty 1 pronouncing complicated words
Movement of the cenical spine was markedly decreased, with parahus of the glosso-
pharyngeal and h lossal nerves, but no Al of the were present
ESR nas between 50 and 70 mm/h, white blood cell count 8000 Cerebrospinal flud
count 1000 white bload cells (§16 polynucleated and 84 mononucleated), Pandy ++,
Nonne +  Caltures were negative

Roentgen examuination revealed complete absence of the odonteid process, destrucuion
of the nght atlnto-axial jomt and nght sided subluxauen of the atfas on the axis Sclerasis
of the clivus and thickeming of the floor of the sphenosdal sinus were present The retro-
pharingeal soft tissues which at the first examnation were diffusely thickened, had become
narower distally and formed a locahized eapansion in front of the atlas and axis (Fig 1,
¢ and d) The pauent was fitted With a collar and recened Jarge doses of streptomycin
asu;: E\:::z]ﬁn for 1wo 10 three months She was discharged after four weels m haopital

y improved and eventually returned to worb.
rt:’;z:ara:i:x‘zc;\‘as s[ctn at control exanunauon scven years after recovery There was some
stifness and hmutation of movements The ant staphylolysin utre was

normal (05 JU) Roentgen examnation discl
s (Pt e 8 xamnation disclosed bony ankyfosis between the atlas and the

anfl:a:(:[fi Man, aged 3 wuh botay of petomsllny sbscoses suddendy des elaped pain
o rocmgt:; I:(;he neck, he consulted a priate practitioner The symptoms became worse
e minanon a few weeks later disclosed no noteworthy changes in the cervical

Th
S]‘Kh::nr:iuem was admutted to hospital 6 weehs later The cenical spine was fixed m
subm;nd.l::;la :r;d Tight rotauen The mucous membranes of she gharynx were red The
hmph Rodes were enlarged ard lymph nodes could also be palpated distal
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DESTRUCTION OF TIE ODONTOID PROCESS 397

to the left mastoid process ESR was raised, from 7 mm/h on admission to 110 mm/h one
+ ek later The white bload cell count was 7900, the dilferenual count showed no note
worthy change Electrophoresis showed some icrease of alfa 1 and alfa 2 globulin The
anti streptolysin titre (200 1U) and the anti staphylohysin titre (10 IU) were normal The
tuberculm test was negamne

Rocntgen examination including tomography revealed complete  destruction of the
odonto d process left atlanto-anial arthntis and diffuse sweling of the retropharyngeal soft
tissues abose the larynx The atlas was subluxated to the nght as well as antenorly and
caudally on the axis (Fiz 2b) Roentgen cxammations of the shull, chest, thoracic and
lumbar spme pelus and the lup Jounts were negatne Cytologic examunation of biopsy
matenial from a lymph node <howed fic mfl The retropharyngeal space
and the left alanto axial joints were punctured undes fuoroscopy but no matenal could be
withdrawn with a fine gauge needle

The patient was treated with cloxacillin per os ard Crutchfield traction and finally the
atlas and the axis were gomed posteniorly with wire and autelogous bone grafts The pauent
umproved rapidly and was discharged from hospital

Racntgen examination at control § weehs later d d that the hary \
soft tissues were less promment (Fig 2c) He retumed to work 2 months later and 2 months
after this was frec of symptoms except for some lmitation of cenical movements Roentgen
examination demonstrated almost complete absence of the odontoid process and bony
ankylosis of the left atlanto-anal jont (Fig 2, d and €)

Discussion

The lustory and the course of the discase 1 these two cases were smiar The
odontoid process gradually disappeared and unilateral atlanto-axial and sub-
luxation could be demonstrated Both patients had retropharyngeal soft tissue
swellings, and the ESR was marhedly clevated Both pauents recovered with only
some hmitation of movement of the cervical spine The odontoid process re-
mamned absent at control examinations, i Case 1 no less than 7 years

Absence of the odontoid process has usually been considered to be congenital
Trauma has been advanced by FREIBERGER et coll {1965) and by Fiebing
(1963) as the cause for disappearance of the process, FREBERGER et coll de-

scibed a gl aged 2 172 vears who had 2 Taree veeeant al soft ussue

light trauma
- After about

Fig 1 fsom on -

Mfuse widening of retro-
712 months after onset
visible ¢) and d) Frontal
i he gdonlond process with

“n2 10 2 zed expansion of the Seal spare " selerame oy i nght on
tuckened floor of sphenod sinus ¢) ) Froonal aSepl space selrosis of clous, and
reconen "g::.\,e:rfgcl between th ¢ antenor arch of atlas and bady o

ebral

Scierosis of the g, (O Tegression of the vewropharyngeal soft ssue swelling and of the
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10 the left mastoid process ESR was rassed fram 7 mm/h ou admussion to 110 mm/h one
week later The white blood cell count was 7900 the differcntial couns showed no note-
worthy change Electrophorcsis showed some ancrea ¢ of alfad and alfa 2 globulin The
anttstreptolysin atre {200 [U) and the ant staphylolysin ture (10 1U) were normal The
tuberculin test was negatine

Roentgen examination mncluding tomography revealed complete destruction of the
edonto d process, left atlanto-aval arthrius and dilfuse swelling of the rewrophanyngeal saft
ussues above the larynx The atlas was sublunated to the nglit as well as antenoly and
caudally on the ans (Fig 2b) Roentgen exammations of the shull chest, thoracic and
lumbar spine, pelus and the lap Jonts were negatse Cysologic exapunation of biopsy
material from a lymph node <howed unspeafic wflammation The retropharyngeal space
and the left atlanto anial jowns were punctuted under fluorascopy but no matenal could be
w thdrawn with a fine gauge ncedle

The patient was treated with cloxaaillin per os ard Crutchfield traction and finally the
atlas and the axis were josned postenorly with wire and autologous boue grafts The pauent
improved rapidly and was discharged from hospital

Roentgen examinanon at control 5 weeks later d d that the pharyngeal
soft tissues were less promment (Fig 2c) He retumed to work 2 months later and 2 montte
after this was free of symptoms except for sorie lnutanion of cenvical mesements Roentgen
examination demonstrated almost complete absence of the odontaid process and bony
ankilosts of the left atlanto-axial Joint (T1g 2, d and )

Discussion

The hustory and the course of the disease tn these two cases were sumlar The
odontord process graduaily disappeared and unilateral atlanto-anial and sub-
luxauon could be demonstrated Both patints had retrophanyngeal soft tissue
swellings, and the ESR was marhedly elevated Both patients recovered with only
scme limutation of movement of the cenvical spme The odontoid process re-
mamed absent at control examimations, m Case 1 no less than 7 years

Absence of the odontoid process has usually been considered to be congenital
Trauma has been advanced by FREIBERGFR et coll (19653) and by FiELbing
(1965} as the cause for disappearance of the process FREwsergir et coll de-

scnbed a gul, aged 2 1/2 years, who had a lan

ge retropharyngeal soft
swelling but otherwise no roentger ratacly ma
Five months fater the odontod pr

-

n changes after comparatively shght trauma
acess had completely disappeared After about

widering of retro
Tonths after onset
<) and d} Froutal

.. ontoid process with

u fe ey s

oty oy e, ot 15 e repestanndl e Sty & und

oid sinus e) an rontal and lat
e .ﬂfﬂ’( ﬁ:ﬁ]ﬁ betueen the anterios arch of atlas and r:;d?lnf"::" o wan)E::k ax“"
"
scleronss of the elene Jownts regression of the retropharyngeal soft tissue swelling an u} (:hl:
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DESIRLCTION OF TIE ODONTOID PROCESS 387

(0 the lefe mastoid process ESR was vased, from 7 mmh op admission to 110 mmjh one
week later The white blood cell count was 7910 the differcaual couat showed no note
vorthy change Electrophoresis hiuwed some weteas ol alfa1 and alfa 2 globulin The
anu streprolysin ture (200 TU) and the anu staphylelysin ture (1 G [Uj were normal The
tuberculin test was Degativ e

Rocntgen exapunanion including  fomography sevealed camplete destruction of the
cdonto d process, Jeft atlanto-aaal arthnus and diffuse swelling of the retrophanyngeal soft
tsues above the larynx The atlas was subluxaed 1o the gl 35 well a3 antenorly and
caudally on the axis (Fig 2b) Roentgen exammayons i Whe hall, chewt thoratic and
Jambar spine pelvis and the hip joumts were negamne Cytologle examination of biopsy
matepal from a fymph node <howed nosprafic inflammatwa The retrophanyngeal space
20d the left attanto-axtal points were punctured under fluosostopy but no material could be
st drawa with a fine gauge peedle

The patient was treated with Goxatilm per ot acd Crutchfield tsacuon and finally the
ailas and the axis were joined postencrly wihs wire and sutologous bane grafts. The patient
smprured rapidly and was discharged from ho pual

Roentgen examinauion at control & weeks later demonstrated that the retropharyngeal
solt tissues were Jess prominent {115 2¢) He teiurned to work 2 months Sater and 2 months
after this was free of symptoms except for sore of cenacat Roentgen
examnation demonstrated almost complue abvence of the adontaid process and bony
ankylosis of the lelt atlanto-axial jont (Fig 2, d and €)

Dascussian

The lustory and the course of the discase 1 these two casts were smilar The
odontoid process gradually disappeared and umlateral atlanto-axsal and sub-
luxation could be demonstrated Buth patients had retropharyugeal soft tissue
suellings, and the ESR was markedly elevated Both patients recovered with only
some [ynutation of movement of the cervical spme The odomiod process re-
mamed absent at control examinations, in Case 1 1o Jess than 7 years

Absence of the odontord process has usually Leen considered to be congenutal
Trauma has bren advanced by Fretszroir et coll (1963) and by Fietoinve
(1965) as the cause for disappearance of the process Freizercrr et coll de
scnbed a gul aged 21/2 vears who hd a Taree retropharyngeal soft tssue

paratively shght trauma
disappeared After about
————— L

. widening of retro-
onths after onser
<) and dj Fronta]
ntoid process with

. vaograms o months after onset Complete abyence of o
) \l\\ © nght atlanto-avial Joint te atlas 15 displaced m,&i,‘.}'f"
s Lo c.:(mf expanson of te upper retropharyngeal space  scler
ety o bod~p).eno:d siwas €} and f} Frontal and fateral tomograms 7 all
o e n)en:‘b :j betuecn the antenor arch of atlas and body of the axy bon),em ]oz:;
n
Sclercnss of \hn penal Jints tegirs 1on of the retrophanygeal soft wssus selling and of
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DESTRLETION OF THE ODONTOID PROCESS 399

to have been y rather than r nature There was no fustory
of trauma 1n our cases

Rheumatord arthnuis may give nse to erosions of bane and to a pathalogic
fracture of the odontosd process (AlarTin & Borz 1968) The pracess 15 usually
affected only i adsanced cases wm which there are other manifestations of the
discase There 15 no report of complete destruction of the odontoid process 1n such
cases Gwiny & Swimit {1962) stated that thewe case was the first one des~nbed
of the disappearance of the odontoid process The pauent was a aul, aged 4 1/2
years, with areas of rarefaction i the odontond process, seven years later the
process had completely disappeared The authors considered 1hat tuberculosts
was the probable cause of the destruction This diagnesis was considered m ovr
Case 1 but rejected In our Case 2 the tubercubn test was negatne

AMost cases of pyogensc spondyhus are charactenzed by an acute onset with
localized pam and a lugh ESR (usually over 100 mm/h) and {requently m-
creased anti staphylolysin titre Most cases have a tendency towards rapid ve-
covery and there 1s a low mctdence of rclapse (Antsach et coll 1969) The two
cases now publishied follow this pattern

Bony changes can often be demonstrated onfy after 3 1o 6 weehs The mucro-
organism responsible for the disease could not be demonsirated 1 exther case
Howcver, the marhedly increased ant staphylolysin titre, which later became
normal, strongly suggests a staphylococcus infection iz our Case }

The atlanto-axial region 15 difficult to exarmne Frontal and sagittal tomo-
graphy was necessary in both our cases to demonstrate the extension of the de-
structive changes 1n the odontoid process as well as m the mtervertebral jomts
Pyogenic spondylitss n other parts of the spime 1s almost always localized withan
ar close to the intervertebral disk Relatncly large snter ertebral Jomnts take the
place of disks between the atlas and the axis The arthntis in these Jomnts probably
occurs before the destruction of the odontoid process This was evident 1 Case i,

m which the base of the process was scen to be destroyed before the whole
process disappeared

SUMMARY

Two cases of pyogeme atlanto axsal s
pondylitis with complete disappearance of th
adontord process are reposted The differensial diagnosis w d,mi (2103 “:f w drcassed “

ZUSAMMENFASSUNG
Es wird uber zwes Fallen vam
sogencr O
ncltet, n denen der Zahaf s i‘-wm)eh-"'s . A\l::l i Epl;‘)mphm b
ualdiagnose dicser seltenen Falle wird erortert ort war Bhe Differen
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Tig 2 Cae 2 a) Loud wadhs wfter vt hvormad wppor vorviesd wegon B Mok wedks o
onset Ihe atas 1s displaced anteriorly and caudally on the axis diffu ¢ swelling of retro-
pharyngeal soft tissues ¢) Three and a half months after onset Regre 1cn of tle soft tissue
sweling (fusion performed) d) and e) Eight months after anet All fut the base of the
odoutord process 1s absent bony ankylosis of the left atlanto anial jomt 11d persistent atlante
aval misabignment

one and half years the apex of the process could agan be demonstrated  FiELpinG
reported a casc of a 17-month-old boy, who had marhed retropharyngeal soft
tssuc swelling after trauma but otherwise normal radiographic appearances of
the region Seven years later the odontoid process with the exception of the apex
Was missing Thesc cases bear several sinularnitics to our cascs They would appear
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CORRECTION OF THE PELVIS IN BLADDER
EXSTROPHY

A radiographic analysis
by

PauL Epnotm

The theosetical possibility of closing the diastasis of the pubje symphyss
tladder phy by & modilied form of y of the thum has been imests-
gated. It was beheved that thus operation might enable a better correction of the
pelus than s possible with the more conventional techmques. Roentgenograms
from pattents with this anomaly and from & group used as controls, abtasned i1 a
radiographic analyss of the anentation of the pelvsc bones, were compared. The
companson was based on measurements of the angles between krtes jounng
vanous shefetal reference pomnts. This methad of measurement has the adsantage
over the of d it thac the d are indep of

difference in size ar different ages as well as n magmficaton between vanous
radiographuc projections.

Aatenal Thus consisted of 27 cases of exstraphy of the Bladder or epispadias,

n which urograms, urethrocystograms and ordimary roentgenograms were avail-

able The pelvic structures were clearly duscerubie wt bath frontal and latesal

projecuons in sixteen of the cases, in twebe of which bladder exstraphy had been
Submitted for publication 4 November 1959

10304 Acta Rediologica Diagnons b ol 10 (1570)
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RESUML

Presentation de deu cas de spondylite a pyogenes atlo axoidienne avee disparition com
plete de lapophyse odontorde Discusston du dingnostic differentiel dans ces cas peu
frequents
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pubss were tahen as the centres of gravity and were also approumated The nine
lunes are referred to mn the teat by their respectsve numbers,

The angle that each hne formed with the normal to the base plane was meas-
ured 1 the frontal and Iateral tracings The direction of the tme was marhed
out, with the azd of an snstrument designed for the graphucal calculation of angles
between sheletal structures (Ebors 1966), as a pownt in a diagram represenuing
the surface of a hypothencal sphere of a radius large 2 relation to the size of the
pelvis and with the femoral head at 1ts centre {Fig 3)

The diagram contamned hines represenung the mendians and parallels of the
sphere, just as on a glohe, and onented so that the north pole represented the
direction of the ap projection and the direction of the lateral projection was
represented by the left terminal pomt of the ‘equator’ 1n the diagram The dra-
gram thus indicated the hypothetical sphere as viewed from a pomnt located on
the normal to the base plane, 1¢ from approximately a cranial direction

As the data in this mvestigation corvered more than one hemusphere 1t was
necessary to use a diagram representing a stereographic projection The surface
of the sphere was therefore projected on to a plane by rays comung from the point
on the surface that Jay farthest from the plane (Fig 4), and with this projection
a greater area than one hemisphere can be covered

The directions of the nine hines were represented n the diagram by the pants
at which the hines produced intersected with the surface of the sphere (Fig 5)
All the lines except 5 and 6 were produced m a cramal direction As hines 5 and 6
often coincided wath the base plane, their directions could not be determined
solely from the angles 1n the frontal and lateral projections wherefore 1t was
necessary to construct a third projection of the hine perpendicular to the base
plane, 1e the projection whereby the diagram became representative of the
sphere (Fig 6) The angle between the line and the direction of the frontal
projection was found by computing sts tangent as the ratio of the distances on the
two films between the ponts defining the projection of the line on the base plane

Each projection of a line 1s represented on the sphere by a great aircle, two

projections thus give two great acles whose pownts of intersection defme the
durection of the line With three projections, as used 1n the case of lines 5 and 6
three great circles are obtained, which form on the s .

phere 2 small tnangle whose
centrod represents the direction of the hne ¢

In two diagrams, one fer cach, gronp, all the lines §
3 ot each subject wer
as pounts, the exstrophy senes 1s shown Fgs ! e enered

Statisties The sanous directions of hinc:
sented by a group of

s for a group of subjects were repre-
within the group was

l;omv,s m the corresponding diagram, and the dispersion
therefore due to 1nter subject vamagons 1n posiuon during
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Exstrophy series

& ¢ $ 0@

9

0 1 2 348 vyears
& Contral group

=4 d a

oo Q000 ¥ ®d
o]

1 2 345 810
years

Fig 1 (above) Age and sex
of the subjects comprising the
Vladder exstrophy series and
the control group

Fig 2 (nght) Tracings with
lxhc nne reference lines re
ating 10 a case of bladder

exstrophy The horzontal lines Lateral projection Frontal projecuon
are the base lines

diagnosed,, 1n nonc of them had osteotomy been carried out They will he refesred
to below as the exstrophy seryes

The comparson, or control, group comprised sex enteen randomly chosen cases
i which urography and urcthrocystography had been performed The compost-
tion of the two groups with respect to age and ses 15 presented m Fig 1

Both urography and urethrocystography had usually been carned out n the
cxstrophy series as well, the urethrocystograms were howeser generally sufficient
for the present purpose since as a rule several frontal and lateral films were
avaifable

Afethod The following procedure was umformly applied Tracings were made
of the frontal and lateral projections of the nght half of the pelvis on a sheet of
transparent paper An approxumate reconstruction of the ray path geometry was
made from the two roentgenograms A lne was drawn on the two tracings to
represent & hase plane thaaugh the the heems pasang through the Tup-ou, 11
<ach of the two projections

The followmng lines were then added to the tracings (Fig 2) between the
centres of the fust and fifth sacral vertehrac (1), between the centre of the
femoral head and the posterior mferior ihac spme (2), the antenor superior
1hac spine (3), the centre of the body of the 1um (4), the centre of the body
of the 1schium (5}, the centre of the body of the pulus (6), between the centre
of the body of the pubis towards the lateral margin of 1ts supenior ramus (7),
a tangent to 1he medial part of the axis of the superior ramus of the pubis (8),
frat the centre of the body of the 1schium to the first part of the ramus (9)

The centre of the fumoral head and the long axis of the iscluate and pubse

rami were approxlma(ed The centres of the bodies of the rhwm, wschium and
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pubis were taken as the centres of gravity and were also approximated The nine
tines are teferred to m the text by their respective numbers.

The angle that each lne formed with the normal to the basc plane was meas-
ured mn the frontal and lateral tracmgs The direction of the line was marhed
out, with the a1d of an mstrument designed for the graphical calcutanon of angles
between skheletal structures (Lpnors 1966), as a powat 1n a diagram representing
the surface of a hypotheucal sphere of a radws large m relation to the size of the
pelvis and with the femoral head at its centre (F1g 3)

The diagram c d hnes rep g the d and paraliels of the
sphere, just as on a globe, and onented so that the north pole represented the
direction of the ap projecton and the direction of the lateral projecuion was
represented by the left termunal pomt of the ‘equator’ m the diagram The dia~
gram thus indicated the hypothetical sphere as viewed from 2 pomt located on
the normal to the base plane, 1¢ from approximately a cramal direction

As the data m this mvestigation covered more than one hemusphere it was
necessary to use a diagram representing a stereographic projection The surface
of the sphere was therefore projected on to a plane by rays coming from the point
on the surface that lay farthest from the plane (Fig 4), and wath this projection
a greater area than one hemisphere can be covered

The directions of the nine lines were represented n the diagram by the pomnts
at which the lines produced intersected with the surface of the sphere (Fig 5)
All the limes except 5 and 6 were produced in a crantal direction As lines 5 and 6
often comncided with the base plane, their directions could not be determned
solely from the angles 1 the frontal and Jateral projections wherefore 1t was
necessary to construct a thid projection of the line perpendicular to the base
plane, 1e the projection whereby the diagram became representatnne of the
sphere (Fig 6) The angle between the Line and the direction of the frontal
projection was found by computing 1ts tangent as the ratio of the distances on the
two films between the paints defining the projection of the hine on the base plane

Each projection of a hine 1s represented on the sphere by a great arcle, two

Projections thus give two great cucles whose points of mterscction define the
direction of the line With three projections

, as used 1n the case of lines 5 and 6,
three great aircles are obtamned, which form on the

sphere a small trniangle whose
centrowd represents the directson of the line ¢

In two diagrams, one for each group, all
P, all the lines for each subject
as pomnts, the exstrophy senes 1s shown 1n Fig 5 et were entered

Statustees The vanious directions of lin
es for a group of subjects were repre
sented by a group of pownts m the corresponding diagram, and the dis chmn
within the group was therefore due to it p

er subject vanations m posiion dunng
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Tig 3 One half of the hypothencal sphere

on which the diagrams are based and a
whole spherc scen perpendicular 10 the
base plane m an orthographic projection

The parallels and mendians are at 30°
mtenals

the radiographic «xammations 1nd to biolegie factors The crror of method
should also be considered but this has been shown to be neglgible compared to
other sources of crror (Ennowm 1966)

Lach of the nmc hnes had two distributions, one for the exstrophy series and
the other for the controls [he mean direction of each distribution was caleulated,
as was the accuracy of this determmation

The geometric basis for a distsbution of dircctions 1s the surface of 1 spherc
The range of the distribution usually occupies such a small part of the sphere that
1t can be approxunated to a plane, and then the Gaussian distnibution, which 1s
based on a plane of mfinite extent, can be used In thus study however the range
of distnbution was too great for this to be possible and thereforc a theory develo
pud by Fiscuer, which 1s approprrate for measurements on a sphere, was apphed

Each member of distribution was regarded as a vector A diagram was con
structed on a transparent sheet so that, combined with the onginal diagram, 1t
cenabled the direction cosines mn relation to the three axes of projection to be read
off for cach member The resultant (R) of all the vectors m the distribution was
then calculated Tts direction was the mean direction, and the accuracy of the
determunation was represented by a aircle of confidence about this dirccuon If
the probabxllty that the truc mean direction lics outside the circle of confidence
1s denoted by (P) and the cosme of the angle between the calculated mean di
rection and hines to the circle 1s (C) we have, according to Fiscier,

Ne RE{1\1™ D
i
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Po nt of projection

Fig + Stercographic projection of the surface of a sphere onto the base plane, the point of
projection Leing indicated by an aow

where (V) denotes the number of members composing the group The true mean
direction 1s the mean d for the popul the of which 1s
lumited to 2 sample The arcles of confidence at the 5 65 level were calculated for
all the directions 11 the two groups of subjects. The mean directions and circles of
confidence were then entered 1n a new diagram (Fig 7) The two groups werc
cxaruned and compared by means of the mstrument

Results

The differences between the exstrophy senies and the control group were con-
sidered to be due largely to dafferences in rotation of the mdividual lines and of
the three pelvic bones An attempt was also made to represent the differences
between the two groups as a smgle rotation of one half of the pelvis as a umt

Ihum A companson between the tho groups was made as regards the mean
dircctions of the three lines 4, 2 and 3,1 ¢ the hines from the femoral head to the
body and the two spines of the ilum The differences were ascribable to a rota-
ton about an axss through the sacro-thac articulation In the exstrophy senes the
thum was rotated outwards and upwards, with the result that the symphysis was
widened The axis of rotation lay 1n a ventrocraniolateral direction, as determned
graphically with the wnstrument

These was no appreciable difference n the shape of the um The angle

between lines 2 and 3 was 92° 1n the exstrophy senes and 88° n the controls, a
difference that 15 not sigmificant

Acetabulum The mean directions of the three hnes 4, 5 and 6, from the
femoral head to the centres of the thum, 1schium and pubis, respectiyely, formed
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Fig 5 Stercographic projection of the direcuons of the mine hines for measurement 1n cases of
exstrophy of the bladder The parallels and mendians are at 30° intervals

o

Fig 6 Method of calcula!mg the dnrecuons of Ines 5 and 6, using lateral (left) and frontal
{mmddle) p dmgmm {nght) The projection of
the lines Dn the base plane 1 constructed below the frontal projecion The angle between the
al projection 1s obtatned from tan a=h/a

the sphere by three great curcles, the parts

. % the centroxd of which denotes the direc

;IOA;’I'OI the line (sm;ll arcle)
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Fig 7 Cucles of confidence at the § o level for the mne lines. The exstrophy seres s
represented by the full-drawn circles and the control group by the dashed circles

Fig 8 The onentation of the acctabu-
lum i the exstrophy series (tnangle
formed by the braken lmes) The wmall
encles mdicate the

crdes i posions of the




408 PAUL EDHOLM

5
8.5 2
Fig 9 Construction of a common ans of
correction for line 2 and for hnes 5, 6, 7 ;
and & The filled cixcles represent the ex 5
strophy series and the open curcles the con /

tol group the shaded area indicates the
prabable direction of the anis

a triad that represented the onentation of the fossa i relation to the head (Fig
8) In the diagram the angles between the lines formed a spherncal trangle of
about the same stze m the two groups of subjects The differences were not

sigiificant
Angle between lines 4and 5 5and 6 4 and 6
Exstrophy series 84 67 76
Control group 73 76 75

The tnangle was oniented differently 1n the two senies and tlus was ascnbable to
a rotation about an axis having a cramoventral direction The rotanen was 15°
for hne 6, 42° for hne 7, and 25° for line 8, values that were on an average
greater than those recorded for the thum The rotation of the centroid of the
triangle was 31° The acetabulum faced m the caudolaterodorsal direction m the
exstrophy series and caudolaterally m the controls The larger value for the
acetabulum tnad may be accounted for by assunung that it furst descnbed a rota-
won 1dentical with that of the thum and then a further rotation about an axis

through the femoral head

Ischaum and pubss The difference between the two groups sn respect of the
direction of hines 9 and 7, 1¢ from the centres of the bodies of the 1schum and
pubis towards their resepective rami, could be ascribed to a rotation about an
axis with a cranioventral direction and of the same magmtude as the rotation of
the shum A notable feature, however, was the additional rotation that the
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%

Fig 10 Fig 11

Fig 10 Tenteune diagram with a correction axis (+) forming a ventral angle of 37 5° with
Y-l:g !\mmzlert‘n?:;::baigrﬁe planﬁzl crncles are centred on the axs intervals of 20° The filled
aucles represent the exstrophy senes

Fig 11 Same construction as n fig 10 but with the parallel circles centred on the normal to
the plane

centres of these bones descnbed about an axis through the femoral head, this,
however, was unaccompanied by any changes 1n the direction of the long axcs
No obvious difference m the shape of the 1schium was obsersed between the two
groups, which was however the case with respect to the pubic bone In the con-
trol group the supenior ramus was well developed and curved medually, with a
mean angle of 13° between lines 7 and 8, and formed a sharp junction at the
symphysis with the mnferor ramus Al these charactenstics were less promnent
1 the exstrophy senes The supenor ramus was less well developed and the mean
angle between lines 7 and 8 was only 4°, the difference of 9° between the two
groups 15 not significant (10 30° at the 5 S5 level) The supenor ramus continued
ma shallow arc over mto the infersor ramus

The hem peluis Because of the possibility of correcuon through osteotomy 1t
was considered convensent to regard the difference between the two groups as
being due to a single rotation of each half of the pelvs n the exstrophy series In
order to find the axis for thus rotation the following construction was performed
with the mstrument for each hne (Fig 9)

The two mean directions for the two groups were joned by an arc of a great
aurcle, through the mudpoimt of which, and perpendicular to 1t, another arc of a
great arcle was drawn A rotation that makes one mean direction comerde with
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the other has 1ts centre on this new arc Such arcs were drawn for 2l the hnes
cxcept 1, 3, 4 and 9, the directions of which deviated only shghtly from that of
the corrcetion axis The arcs for the other Ines mtersected within a small region
which indicated an axis having a cramoventral dircetion and making an angle
of 30 to 45° with the normal to the base A diagram contamng all the mean
directions was produced with a series of circles drawn abont an aws at a ventral
angle of 37 5° with the normal to the base {Fig 10), these aircles denoted the
direction of movement 1n a rotation about this axis The difference between the
two groups was found to be ascribable to a single rotation of the hemn pelvis By
rotating the pelvis of the exstrophy patient back about tlus axis, an acceptable
correction of all the hnes should be obtamable The differences between the
groups m respect of lines 1, 3, 4 and 9 were <o small that the arcles of confidence
mtersccted (Iig 7), and the direction of the correction was therefore not well
defined, this would account for the deviations from the rest of the pattern dis
played by Iines 1 and 3

E

N,

Tig 12 Lateral and frontal projections (A B)
mn a patient with bladder exstroply aged 17 "y
months Rotation about a cramoventral cor ,’I
rection axis 1s constructed graphically m (G) 7
and (D) Rotauon about a cramolateral aus %
15 presented m (B} lhe frontal projection of
the pelus of 1 control subject aged 10 months
15 seen in (F)

S

correction
angle
& ] 9
. ¢ mean angle
@ A
R e
10" a
20
1w
Tig 3 Correction angles for the subjects com s H T3 T+0

Ly scries sexn and age bong yoars

posing the exstrop!
ndicated
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Discussion

In thaca-osteotomy by the methods m current use an attempt 1 made to correct
the malposition by bilateral division of the thum Just lateral to the sacroiliac
articutation and then by compression of the pelvis on each side of the osteotomy
make the parts meet mn the rudhne (ScuwaRTzMANY & Scnviz, O Purtax
1963} The osteotomy gap, which mostly forms a small lateral angle to the long
axs of the body, 15 the axs for the corrective rotation

A diagram of the case series, with aircles about an axis comncident with the
normal to the basc plane, 15 presented mn Fig 11, this aws can be seen 1o be
roughly parallel to the long axis of the body The circles denote the paths of
sotation about the axis and 1t will be noted that they do not entircly correspond
with the changes 1n direction required to bring the exstrophy senes mnto agree-
ment with the control group

A graplhucally constructed a p projection of a pelvis after osteotomy, m which
the ax1s of correcuion has been given a small lateral angle, 15 shown yn Fig 12 E,
this has been based on the pelvis in Fig 12 A and 12 B The geometnc result
leaves a good deal to be desired

Tt 13 evdent from the findings in this study that a cramoventral direction for
the correction axs 1s desirable If the correction were made so that that part of
the pelvis which 1 lateral to the osteotomy could rotate about an axis having this
direction and passing through the caudal tp of the astcotomy, the result as far as
appearances are concerned would probably be more sausfactory than what could
be obtaned with a cramally directed axis The vahdity of this supposiien was
tested by the following graphic construction. On ap and lateral films from a
case of exstrophy a eramoventral asis was drawn across the caudal up of a
hypothetical ostcotomy through the thum The awis was asumed to be per-
pendicular to a plape through the candal tp of the osteotomy and through
part of the pubzs taken to represent the symphysis after the correction The result
of a rotation about this axis was constructed 1n lateral and frontal projections

Fig d12 G and 12 D) After the correction, the pebvis 1n both projections ap-
‘::I:eth:: :: ni:oncl(cmcal;y :ormaL The rotation will be the mmmum achievable
e o, S vl o
15 no known technical means (:: e{g;c‘::‘llxl:: t;lm aiage, however, s thal there
structure g the rotation and then immobihzing the

A calculation was made for all the twelve cases comprismg the exstrophy senies

:;dtltnmnc the angle of rotation which with this correction would hase pro-
uced closure of the sy mphysis. The results are presented 1n Fig 13 The mean
angle of correction was 36° There was no appreciable age vanation
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SUMMARY

A radiegraphic companison has been made of the onentation of the pelvic bones 1 12
cases of exstrophy of the bladder and a conttol group The comparison was based on angles
between lines joimng varous sheletal reference paints, the calculations beng performed
graphically with a special mstrument Clorrective rotation of the pelvic halves about a cranio
ventral axis i osteotomy for this defornuty of the pelvis would apparently provide an accept
able geometric result

ZUSAMMENTASSUNG

Em radiographischer Veryleich der Onentierung der Bechenhnochen ber 12 Fallen mut
Exstrophic der Blase gegenuber der emner Kontroll Gruppe wurde vorgenommen Der Ver
gleich basiert auf den Winkeln der Linten, die verschiedene Referenzpunkte des Sekletts ver
binden, und die Berechnungen wurden graphisch mit emem besonderen Instrument durch
gefubrt Line horngierende Rotation der Beckenhalften um eme cramo ventrale Achse ber
emer Osteotonue wegen dieser Deformauon des Bechens wurde wahrschemlich zu emem
annchmbaren geometrischen Resultat fuhren

RLSUMEL

L auteur a fait une comparatson radsographique de 1 orientation des os dans 12 cas dex
strophic vesicale et dans un groupe de sujets temoms La comparaison a ete basee sur les
angles formes par des lignes joignant differents points osseux de reference les calculs ont
cic faits graphiquement au moyen dun mstrument special Une totauon correctnve des
morties du bassin autour d une axe oblique en haut et en avant donnerue apparemment un
resultat geometnique acceptable dans 1osteotormie pour le traitement de cette malformation
du bassin
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SEMI-AUTOMATIC CONSTRUCTION AND COMPUTER
ANALYSIS OF VOLUME GURVES AND PRESSURE-
VOLUME CURVES IN LEFT VENTRICULAR
CINEANGIOGRAPHY

by

Lags Bjork

Different methods have been descnbed for calewlating the volumes of the
wardhac chambers, especially the left ventricle, with the aid of angiocardingraphy
The construcyon of volume curves from the left ventncle by full size angio-
cardiography with an exposure frequency of 6 per sccond has also heen
attempted by unng data from several cardiac cycles (DobGe et coll 1956,
1966 and Arvipssow 1958, 1961, mter alios) Cineangiocardiography with
eXposure frequencies of 100 per second or more are however more suitable
for building such curves (Rususer & Tuay 1951, Crarstax et coll 1928,
1966 Grizse et coll 1959 Bruw ct coll 1966, inter alios)

The routme use of lelt ventncular volume cunves produced math the ad

ot angocardiography and pressure volume curves, and thewr further analysis,
should mean derable d

g and probably also prognesuc gans in
the asessment of patients with cardia

¢ disease (Dopce et coll, Brun et coll
snter ahios) Increased informauon on the state of the myocardum, better
———

Subrmutted for publication 5 September 1969
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evaluation of the relatne importance of so-called valvular and mjocardial
factors, and a more rehable assessment of the effect of surgical and other
therapeutic measures should thus be obtuned

In spite of these possibilities, however, such curves and their further analyss
have as yet been put to no pracucal use n cardiology The reason for this 1s
the large amount of mnformation that needs to be analysed to produce results.
The task of manually constructing and analysing the curves 1s time-consummg
The manual construction of a volume curve for the left ventricle dunng one
cardiac cycle (40 exposures/second) appears to require a worhing ime of about
8 hours Mecthods for automatic or semu-automatic construction of pressure-
volume cunves are desirable and the need of computer aid for their analysis
15 clear

The techmque for sem automatic construction of pressure curies, pressure-
volume curves and the computenzed subsequent analysis of these curves will
be descrsbed

Matenal and Methods The matenal consisted of the cmeangiocardiograms
obtamed from the left ventnicle by cathetenization and angtocardiography, and
simultancous pressure recordings from the left ventricle, aorta, and sometimes
one other heart chamber The pressure recordings were made either via teflon
catheters mtroduced transseptally mto the left atnum or left ventrcle, or v1a
grey Odman catheters passed percutancously into the left ventncle The pressure
m the ascendimg aorta was recorded as a rule via polythene catheters (PE
160) mserted percutancously, these were connected to pressurc transducers
(Llema-Schonander) and the pressures recorded on a Mingograph, type 81
(Elema Schonander) The ECG was recorded by the conventional method
simultancously with the pressure recording The paper speed was 100 mny/
sccond

Contrast medium (usually Isopaque 350) for the angiocardiographics i a
dose of about 05 mi/kg body weight was njected mto the left atnum via
transseptal catheters or mto the left ventricle via catheters mserted mn 2
retrograde dircction The mjcction was given with a Gidlund synnge, with
the pressure hept low (35 hg/em”) so as to prevent as far as possible any
movement of the catheter and thercby the mduction of extra systoles durmng
the mjection The roentgen tube was a Siemcns rapidly rotating lugh foad
tube with a nonunal focus dimension of 0 6 mm X 0 6 mm

Cunerecording 1n one plane was performed by means of a 9” image mtenstfier
and a 35 mm film camera (Arnflex) at an exposurc rate of 40 per second
0 70 LV and 325 mA, durauon of each cmepulse

surc data were 50 &
0003 o0 fication factor of 13 to 18 was employed

0003 scconds A geometric magni
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Gevaert's Scopix G, high defimition film was dev cloped for 11 minutes ﬁm:
gram developer A special synchronization arrangement (Bjors 1961}, whic
gues markings both on the amefilm and via one of the channels on the Mingo-
grzph paper, made posuble exact synchronization between 'ench frame on the
cmefilm and the ¢ pond of the recorded pressure
curves and ECG

The patient was placed m the supine position for the angiographic examna-
uon with the nght sde rotated upwards towards the image mtensifier so
that the longitudinal axis and greatest projection of the Ieft ventnicle lay as
near as possible on one plane perpendicular to and 1 the centre of the beam
pathway in the 1mage recording system Before or after the angiocardiography
a ruler with mullimeter markings was placed in the same posiion and on the
same level as the left ventncle A short anerecording was made of the ruler,
and m this way a reference was obtamned on the same film stnp as the angio-

diog for the magmf; in the image recording system and in the
following projection system

The cmefilms obtamed from the left ventncular angiographies were placed
1n a special plotung projector and projected frame by frame, highly magnified,
on a transparent screen, built mio the latter was a recording coordinate system
The contour of the left ventncle was followed manually, and the coordinates
required for calculating the volume of the left ventncle were thereby established
These d were fed dly into a wnter that punched a tape
from which the coordinate values were then supplied to a computer The
cahibrated pressure curves were obtained from a so called cunve reader and the
values were fed similarly via punched tape to the computer Recordings from
at least two consccutive cardiac cycles with a normal heart thythm were ammed
at, and 1n most cases obtamned

The followmg mathematical formula was used for the calculation of the
Ieft ventncular volume with one cineangiographic projection

LD

V= 2
where D=44/L, V = the volume of the left ventricle, L ==the longest dia-
meter of the projected arca and A = the projected area This formula was studied
n autopsy matenal by DaviLa & Sanuarco (1966) who reported good correla-
uon between the true and the roentgenologically measured volumes of the left
ventricle by the method

The muscle mass of the left ventncle was assumed to
around the lumen of the ventrcle,
thickness of the muscle wall was

be equally distnibuted
as depicted 1n the cmneangiocardiograms. The
measured at the anterolateral wall of the left
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venisicle, whire the coordinates for fus Quckness, at least m diastole, may
be dutermined with considerable rebability For ealeulation of the volume of the
muscle mass of the lcit ventricle, the left veatriculae volume was then subtracted
from the volume of 4 Jarge rotation body comprsing both the musculature and
humen of the left ventnicle and ealeudaied accordmg to the above formula The
nuecle volume abtamed was then mserted 1 the same diagram as the volume
af the left ventncle

For further analysis, the computer was programmed (o caleulate the first
denvauve of the It ventriealar prossure curve and the first dersatve of the
Wit vemncular yolme corves These are presanted, hke the other data, m
the form of antomatcally deassn diagrams. The pressurcvolume curve for the
Ieft ventricle was also draws automaucally, Tlis gave the work performed by
the kft venincle as well as a graphic presentation of the pressure and volume
leveds at whieh thus wark was aclieved  The product of the aoruc pressure and
the fist denvatve Jor the volume of the kft ventnicle was also calculatd,
tlus was expressed as a funcion of time and constitutes a measure of the ‘“taue’
work. of the heart The pressure differcnce between the It ventncle and aorta
was abo calculatcd Ihe product of dus difference and the first denvative of
the volume curve was capressed sumlarly as a function of ame and corresponds
10 the ‘dynamic’ worh of the heart

Preliminary results
‘Ihe chmical value of tns method cannot be ascsed smee the techmque
descnbed above has becn uscd only mn about 30 cases 1he following may Do

regarded as examples of 1ts posstbilities
Curves obtamed for a pauent wuh dommatng aortic wsufficiney of

moderate degree are presented e Fig 1 The curves reprosents from aborve
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downwards, the left ventncular muscle volume, the left ventncular volume, the
aottc pressure and the left ventrcular pressure The cune for the muscle
solume of the Ieft ventncle vanes widely, especially during ventnicular systole,
while 1t exhibits a more even and constant course during diastole This probably
reflects the fact that 1t 15 only m diastole that the techmque used for measure-
ment of the left ventncular muscle volume gives a fauly good correlation to
the (rue volume The difficulues in measunng the thickness of the ventncylar
wall m systole are greater, and the assumptions regardng the dustribution of
the muscle mass are also probably ne longer valid, nor therefore the mathematical
formula used The value of the attempts to calculate the muscle volume of the
left ventncle 1s thus uncertan It would be desirable to attempt a correlation
between the measured volume and the true volume obtatned m an autopsy
matenial It s possible that the muscle volume of the left venencle m diastole
may be fauly woll correlated to the true ‘olume, however, and the value
obtained 1n diastole smght possibly be usable for further caleulapons
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Fig 4 The product of the dervates of left ventricular volume and aortic pressure (Pr 1) and
the product of the same dennvate and the pressure difference between left ventricle and aorta
(Pr 2) a) Moderate aortic insufficiency b) Diffuse myocardial affection ) I tegrals of tte
curves m {a) d) Integrals of the cunes in (b)

The volume curve for the left ventricle exlubits a number of vanations n
diastole  Several of these vamations are certamnly due to artefacts and are
subject to interpretation errors, a matter discussed 1 more detail below The
systolic and diastolic volume and the strohe volume for the left ventncle may
be obtamed directly from the left ventricular curve These values may of
course also be recorded directly 1n numcrical form, if desired The strohe volumes
could be compared with strohe volume values obtamned by the Fich method
mnmediately before the angiocardiographies i five cases with good agreement
between the values obtamed by the two methods Fig 2 illustrates the left
ventricular volume curve and pressure curves for the aorta and left ventnicle
n a patient with a diffuse myocardial leston Small and partly irregular volume
vanations n the left ventricle between systole and diastole are apparent

In Fig 3, examples are presented of the dernvatives of pressure and volume
m patients with different valvular disorders (P == pressure denvative and V=
volume denvative) The pressure and volume dervatives are Mlustrated for a
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Fig > Prossurcolume loops for the left ventncle a) Well compensated aottc snsu
fsobd hine) and aortic wnsuificiency and heart falure (dotted line) b) Moderawe aoruc 1n

sulliiency 1n wo paticnts <) Domus ating mutral msufficieney (sohd hney and diffuse myo-
cardsal affection (dotted line)

patient with dommnatng aoruc stenosis combined with mild aoruc insufficiency
m Fig 3a and the denvatines for a patient sth donunatng rutral wsufficiency
mFig 3¢ The denvates represent essential differences m the different pauents,
and 1t 15 thus possible that anatysis of the derrsatives could give detatled and eaact
mformation on the contraction pattern of the left sentncle m vanous cardiac
diseases Assessment of the value of these dematies must be deferred, Noweser,
unut more expenence has been gamned and knowledge of their appearances
vormally funcuonmng left ventricles obtamed

Both the product of the volume dernvative and the aortic pressure, as well
as the praduct of the volume dermvatise and the pressure difference betwcen
the left sentricle and aorta, are mcluded i Fig 4 The former product
compnses 2 measure of the ‘statc’ work of the heart, and the latter a measure
of s dynamuc’ workh The appearances of these curves duffer essenually The
left sentncle of the patient i Fig 4a may be considered to have a good function,
despite the precence of moderate aortic msufficiency, while 1 the patent in
Fig 4b, with the duffuse myocardial leston, the function of the left ventricle and
thereby the work 1t performs are considerably reduced This 1s even more clearly
cudent i Fig 4, ¢ and d, m which the integrals of corresponding curves for
the tho pauents are shown

The presure-volume cunves for the left ventncle express cleatly the left
ventncular function The area enclosed by the pressure volume curve represents
the work of the lefy ventncle, and from the position of the cunve n the diagram
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Fig 6 Good agreement between two left ventneular voluire cunes obtained from double
reading of the same cineangiogram with 3 v cch intenals

the pressure and volume levels at which thus work 15 performed may be observed
and determmed directly

One of the pressure volume curves m Fig 5a was obtamed for a well com
pensated patient with aortic msufficiency (the same patient as m Fig 1) The
left ventncle of this patient had a relatively large work output, at a normal
pressure level but a somewhat elevated volume Ieved The other patent
(dashed curve) also had aortic sufficiency but was on the verge of cardiac
failure, lus left ventncle was performing less work and furthermore thus lower
nork output nas produced at 2 sery Iugh volume level and at & moderately rased
pressure level Sumilar examples of pressure volume cunves 1 two patents with
aoruic msufficiency are given in Fig 5b The solid cune indicates moderate
aortic msufficiency The left ventnele had a faily fugh work output at a sonie
what elevated pressure level and at a shghtly raised volume level The other
patint {dashed curve) also had aortic msufficiency but the left ventncle was
performing less worh at, especially, a greatly rased volume level The sold curve
mn Fig 5c represents the left ventnicular worh in a patient with dominating nutral
wsufficiency The ventricle probably had a normal work output, achieved at
a shghtly elevated volume but at a normal pressure level The dashed canve
represents the work of the left ventricle m a patient with myocardial msufficiency
based on coronary artenosclerosis The left ventricle was apparently perforning
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latle work at a high systolic volume level but a normal diastolic level and at a
normal diastolic pressure

Discussion

Tt 1s mportant in a study of this hind that the many sources of error that
can ansc 1 the collection of prumary data and n the subsequent analysis
<hould be considered and chmmnated as far as possible Exact pressure recordings
are obwiously necessary A continuous chech as well as carcful cahbraton and
supervision of the pressure recording system are therefore cssenttal The paper
speed 1n the \fingograph may possibly vary, mesugation into the Mingograph
we used disclosed sanations not exceeding 1 VWith the synchronization
system used, which gnes marhings 1 ly on the M ph paper
and the anefilm, mmor vanations in the paper rate in the Mingograph, and even
vanations of the exposure frequency in the film camera, are however of little
importance 1 the final evaluation of the data They are of some sigmficance,
howeser, for the appearances of the pressurc cures, and to some extent for the
wvisual assessment of the course via the cmefilm

It 15 also of importance 1
mtensifier and Hilm camera,
correctly n relauion to one ano z -
of the image A smple way of cheching that the image recording system 1s
i g ly 1s by ding with this system the mmage of a fine-
mesh square wire network Vanations in the ideal recording conditions
different parts of the 1mage field are easily detected by this techmque

An important source of error in this connection 1s the distortion produ.cd by
the image ntenufier This anses partly from a non parallel roentgen beam
and partly from the fact that the pnmary screen of the image intensifier 1s not
plane but slightly convex  As a result, the so-called pincushion effect 1s produced,
e a square 15 not reproduced as a square but as a cushion hike figure with
the sides of the square bulgmg shghtly mwards In addibon to this general
distortion 1n the 1mage intensifier, which results 1n an error in 1mage recording
mcreasmg symmetrically from the centre towards the penphery, nregular
distortions often also occur 1 the mmage intensifier, even in the centre of the
unage field Careful adjustment of the clectron-optical system of the 1mage
mntensifier can reduce these aberrations to a mummum and to such an order
of magmtude that they have no practical 1mportance for the measurements 1n
:‘:CZ:::\ :‘r:lix‘lamy of form of the image due to pincushion distortion cannot
s sqi;:“ mcs}x]n a simple way Recordmg of the image of a wire network

es of known dimensions, and correction of every coordinatg
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on the mmage by this means would be 1 concenvable but time consummg and
complicated procedure Measurements on the tmage intensifier used here hase
dicated that the distortion i the periphery amounts to about 10

The entire field of the mage mtensifier was never utlhzed m the present
wwestigations, however Only the central part, with a diameter of about 12 cm,
was usually used, the maximal deviations of this central 1mage field from the
1deal 1mage amount to less than 1 o The crror amounts to 4 €, about 2 em
outside this central image ficld and then mereases rapidly to 10 S0 at the
peniphery  Ihus means m pracuce that tlus error m mmage recordg may he
ignored for normal-sized and moderately cnlarged left ventricles Only for the
very Jarge end-diastolic volumes of the left ventricle docs this error m image
recording bear any mmportance, 1t may then give excessnvely large drastolic
volumes and consequently too hugh values for the stroke volume as well

The decreasing resolving power of the image mtensifier from the centre and
out towards the periphery mcant no problem m tlus study The resolving power
m the part of the image ficld utilized was lugh enough on all occastons to allow
good delimitation of the contrast-filled left ventnicle from its surroundings The
enposure rate used n the film cimera was 40 per second, which was the nghest
rate with the present cquipment Theoretically st may be accepted that an
exposure frequency of 25 per second should be a sufficiently lugh sampling rate
to capture most of the courses m the actvity of the heart, the exposure rate of
40 per second should thus gne satisfactory demonstration of most of them
1t 1s clear, however, that certamn cvents mn the heart, especially at the begmmning
and «nd of systole and diastole, have a frequency of up to 100 to 200 pen
ods/second Thus, 10 order to study these courses m detail, high exposure frequen
cies are desirable This means, among other things, that the usc of a TV system m
place of cinefilm would be mmpossible, smce TV systems have 1 masmal
exposure rate of 50/second (or 60/sccond) The value of studying such rapid
courses must, however, be weaghed agamst the greatly mereased number of
data obtamed for analysis at Iugh exposure frequencies compared with those at
moderate frequencies, such as the 40/second used here Factors such as mstalla
tion costs, costs per examunation and roentgen dose to the paticnt per examintion
must also be considered

The contrast mjection with a volume of about 15 to 20 ml/second mto the
left atrum or left ventricle may conceivably mfluence the volumes of the
cardiac chambers and even the function of the heart Sanmarco et colt (1966‘)1
working with dogs reported an mcreased end-diastolic volume and a mSZf
stroke volume dunng the fust three beats m association with the m"ccuofnthc
contrast medium mto the left ventricle By avoiding if possible the usc Zssxblc
fyrst three beats after the mjection for measurements, and by as far as p
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making the mjection 1mto the left atnum nstead of the teft ventnicle, thus effect
may be largely avorded The more marhed changes in the haemodynamucs that
appear after the mjection of contrast medium, n the form of ncreased cardiac
output and rate, and decreased blood pressure, oceur later 1 the coure and
need not, as a rule, iluence measurements of the left ventncular volume on
njection mto the left atnum or left ventncle This effect may on the other
hand influence the measurements 1f the mjectson 1s given mntray enously or into
the nght side of the heart

One prerequisite for satisfactory functioning of the formula used for calcula-
uon of the left ventricular volume 3s that the longtudinal axis and largest
projection of the ventricle are recorded m a plane perpendicular to the central
beam 1n the 1mage recording system Expenence has established that with the
guidance of the catheters, the position of the pauent can be adjusted so that
the greatest projecuon of the left ventncle lies n or near to the honzontal
plane when he 1s recumbent Minor deviations from the ideal posiion are,
of course, unavodable The wuportance of such deviations has been studied
with the aud of plasticime models of left ventneles of varous sizes These studies
disclosed that deviations of up to 10° from the 1deal position 1 the plane were
of no importance for the size either of the projected area or of the longitudinal
axs. Deviations of 15° gave an area and longitudmal axis about 4 So smaller
than the true dimensions, and deviations of 20° produced differences of up to 8 ¢4
i these measurements. Recording 1 two planes has mdicated that no deviations
of more than 10° from the ideal posion of the left ventncle occur The
‘anations in the posiion of the left ventncle that occur duning the cardiac cycle
are small and not of such an order of magmtude as to wfluence the measurements
11 Question

It s mportant 1n the calcul of the f that the ruler wuh
nullimeter markings 1s placed i the same position and on the same plane as
the left ventricle This can be done with a deviation of about 1 cm with the
guidance of the position of catheters and other landmarks This means that
an emror of £ 3 ¢ 1 the calculated volumes can occur To reduce this errot
Z;Ifa‘x‘;(:ﬁlrzn:;rc;hc position of the ruler to be set even more carefully with

™ oscopy \u:h ixhhonzomal beax:nf "

P y the al formuls used for calculaun
lx;“b‘:::xuia;:;:}::‘f' based on a projection of the left ventncle, has pfu\“c‘;
o the true volume (Davita & Sanmarco 1966) Th
authors stated that the correlations betw ) o=
were seen the true and calculated volumes
pracucally as good with this

advantage of employing anly one
that need to be analysed in com

procedure as with the two-plane system The
plane 1s agan the smaller number of data
panson with the two-plane procedure One
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on the image by this means would be a concenable but time-consurmng and
complicated procedure Measurements on the image ntensifier used here have
ndicated that the distortion n the peniphery amounts to about 10 %

The entire field of the 1mage mtensificr was never unlized i the present
mvestigations, however Only the central part, with a diameter of about 12 cm,
was usually used, the maximal deviations of this central image field from the
rdeal 1mage amount to less than 1 % The crror amounts to 4 5 about 2 cm
outside this central mage field and then ncreases rapidly to 106, at the
peniphery  lus means i practice that this error m mage recording may be
iguored for normal-sized and moderately enlarged left ventucles Only for the
very large end diastolic volumes of the left ventnicle does tlus error mn mmage
recording bear any importance, 1t may then gne excesavely large diastolic
volumes and consequently oo Iugh values for the strohe volume as well

The decreasing resolving powcr of the umage mtenafier from the centre and
out towards the pertphery meant no problem i tius study The resolving power
m the part of the image ficld utilized was high enough on all occasions to allow
good delimitaton of the contrast-filled left ventricle from its surroundings The
cxposure rate used 1n the film camera was 40 per second, which was the highest
rate with the present equipment Theoretscally 1t may be accepted that an
exposure {requency of 25 per sccond should be a sufficintly igh samphng rate
to capture most of the courses mn the activity of the heart, the exposure rate of
40 per sccond should thus give satisfactory demonstration of most of them
It 1s clear, however, that certan events n the heart, especially at the beginming
and end of systole and diastolc, have a frequency of up to 100 to 200 pert
odsfsecond Thus, 1 order to study these courses m detail, high exposure frequen
cies are desirable This means, among other things, that the use of a TV system
place of cmefilm would be impossble, since TV systems have a maximal
exposure rate of 50/second (or 60/second) The valuc of studyng such rapid
courses must, however, be weighed agamnst the greatly mcreased number of
data obtamed for anafysis at ngh exposure frequencies compared witll those a¢
moderate frequencics, such as the 40/second used here Factors such as nstalla
tson costs, costs per examination and roentgen dosc to the paticnt per examination
must also be considered

The contrast mjection with a volume of about 15 to 20 ml/second 1nto the
left atnum or left ventricle may concewvably influcnce the volumes of the
cardiac chambers and even the function of the heart Sanmarco ct coll (IQGGd)
working with dogs reported an mcreased end diastoltc volume and a raise

the njection of
e during the first three beats i association with
stroke volum 4 o uee of the

contrast medium into the left ventnicle By avording if possible th o
first three beats after the mjection for measurements, and by as far as posstolc
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making the imjection 1nta the left atnsum mnstead of the left ventricle, thus effect
may be largely avoided The more marhed changes 1 the haemodynamcs that
appear after the mjection of contrast medium, m the form of increased cardiac
output and rate, and decreased blood pressure, occur fater 1 the coursc and
need not, as a rule, nfluence measurements of the left \entneular volume on
wjection wnto the left atnum or Ieft ventncle Tius cffect may on the other
hand mfluence the measurements if the mjection 1s given intravenously or mnte

the nght side of the heart
One prerequisite for sausfactory functioning of the formula used for calcula-
ton of the left ventncular volume 15 that the longutudinal axis and largest
projection of the ventricle are recorded m a planc perpendicular to the central
beam 1 the 1mage recording system Expenence has established that with the
gudance of the catheters, the position of the patent can be adjusted so that
the greatest projection of the left ventricle lies i or near to the honzontal
plane when he 15 recumbent Minor deviations from the 1deal posiion are,
of course, unavordable The mportance of such deviations has been studied
with the aid of plasticine models of left ventncles of vanous sizes These studies
disclosed that deviations of up to 10° from the 1deal posiion i the plane were
of no importance for the size exther of the projected area or of the longitudinal
:“:; ‘]zsx‘lauo:s of 15° gave an area and longitudmal axis about 4 €o smaller
e ;:::5 1mensions, and deviatons of 20° produced differences of upto8 %o
of o 1haﬁrelrggm‘s. Recording 1n two plancs has ndicated that no deviations
vt tom the ideal postion of the left ventncle occur The
wons 1 the position of the left ventricle that occur durning the cardiac cycle

are small and not of such an order of magnitude as to influ measurc]
al as t ments
der of magmtud fluence the

It s

i the caleul of the ma that the ruler with
g
:‘}‘;lcml:][i‘il r::xar{un? 15 placed n the same positon and on the same plane as
oo r:; e This can be done with a deviation of about 1 cm with the
e o ; Eosmon of catheters and other landmarks This means that
o necmr; 3 o‘ hm the calculated volumes can occur To reduce this error
e a o o e posnltmn of the ruler to be set even more carefuily with
o Puore py with a honizontal beam

et vemed é}lrcuously the mathematcal formula used for calculating the
o b mnda‘u:u:, based on a projection of the left ventncle, has proved
o st ;ha: }:0 the true volume (Davita & Saxmarco 1966) These
e prachesly a8 [} g:i correlations between the true and calculated volumes
ahantage of Zm 1§m with this procedure as with the two-plane system The
it necd o be P zng only ope plane 15 agam the smaller number of data

analysed in companson with the two-plane procedure One
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specral difficulty arises when the contractions of the Icft ventrcle are no longer
symmetnic, as they usually are Tlus occurs, for example, mn residual conditions
after myocardial nfarcuon If a Ingh-degrec deformation of the lumen
and contraction pattern of the ventnicle has occurred, the mathematical
formula 1s, of course, no longer completcly vahd But the fact that m the
described mathematical formula the arca worked, which 1 atself mohes an
mtegration, the source of error 1s also smaller than if only diameters were worhed
Sunularly, several mjcctions of contrast medium may mahe 1t possible to arme
at that projection of the left ventncle which completely cicompasses the immobile
or abnormally contracung part of its wall Tlis means that the appearances of
the ventricle have agam been brought closer to those of the imagmary mathemat
tcal model

An important source of crror hes m the ¢stabhishment of the coordmtes
for the left ventricular volume, 1¢ 1 the rchability and constancy with wlich
the contour of the left ventnicle can be followed when 1t 1s projected m the
recording coordmate system A good result necessitates that the cineflm obtaned
should be of ligh quality, with as lugh definttion as possible and with relatively
ingh contrast, all this facilitates the deimutation of the contrast-filled left venin
cle A {further requircment 1s an experienced observer with a good hnowledge
of anatomy who can makc the necessary anatomical demarcations The rehability
of the results was studied by double determmauons made by two observers
simultancously at an mtenal of three weehs The constancy m delmmtations of
the contour of the left ventricle, and thereby m the establishment of the coordi
nates, was found to be sansfactory, and the volume cunves for the left ventnele
presented good agreement from the two diffcrent determmations (g 6)
Dufferences in the yolume curves from the two deturmnations occurred espectally
mn diastole These on analysis proved to be due to some mconstancy n the
demarcation of the left ventricle from the lihewise contrast-filled aorta

It should be pomnted out that the procedure deseribed for the construcuon
of volume curves and pressurc-volume curves, and subsequent computer analysts
of these curves, 1s based entirely on primary material which 1s bemng collected
at present o connection with mvestigations of cardiac patients The pauents
will not therefore be troubled by further diagnostic measures, and no further
claims need to be made on hosputal resources The techmque used means a ncw,
way of analysmg and presenting mformation which otherwise 1s ‘conccalct;l
among the large number of data collected at cineangtocardiography with sumu
tancous pressure recordings The eatra apparatus required consists of an arrarﬁc-
ment for synchronization of roentgen cnefilms and pressure recordings (The
cost of such an arrangement would amount to about 2 000 Swed kr) "

The costs of plotting the cincangocardiograms from the left ventricle an
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the subsequent computer analysss have been esumated to be about 200 Swed
hr per patient i a current test senies of 30 patents With routine use of this
procedure this cost could probably be reduced consudcrably and the total cost
of an analysis of this hind would perhaps hie between 100 and 150 Swed Kr
The total cost of the nsesugauon of a cardiac patent m a speaial chime with
heart catheterization and angiocarciography 1s not hnown but may be esimated
to between 2000 and 3000 Swed Kr In the hght of such costs, the extra
expendityre for the computer analysis must be regarded as relatsely smail

A conyderable portion of the costs for the analyces are connected sith the
actual plotting work, which at presemt 13 pesformed manually and wluch,
although 1t can be done farly quickly w the special plotter, sull requires about
30 to 60 minutes per patent Thas staff d dmng and time c g part
of the worh may be reduced by using apparatus that allows fully autematic
determination of the volume vatations of the left ventncle from cmefilms

Prelimynary tnals have been carmied out with a Quantimet Image Analysing
Computer (QTM) (Metals Research Lid, Melbourn, England), which was
ongnally constructed for measurement and counung of parucles of different
Linds (Bjork & Erinson 1969) QTM works with a telesision scanming system
m which areas and figures with cestain density levels can be tecognized
Pprojected 1mages and thew sizes and diameters caleulated Thus apparatus after
an adjustment for each anefilm enables true vanations in the left ventncular
area as well as vanations of the longitudmal axs to be determined autarmucally
frame for frame QTM for this purpose must be complemented by an automatic
feed for the film and an recording arr: ©§ atape punch
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SUMMARY
A techmique for the sem automatie construct
loops from data collected at feft ventnyeular
s of these cunes have been used sn a sencs e anal
of 30 Y < o

sbtaining ncrvased information on the function of o cp Pic* Of the possi,

iities of
presented n of the left ventricle with the method a,:

on of \?lume SUnes and pressure volume
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ZUSAMMENFASSUNG

In cner Sene von 30 Fallen wurden halbautomatische Volumen und Drucks olumen
hurven wahrend der Cincangiographie des linken Ventulels angelegt und muttels emer Daten
verarbentungsmaschane analysiert An Beispielen werden die Moglhichheiten, mchr Information
uber die Funhtion des linken Ventrikels zur erhalten, iHlustnert

RLSUME

L’auteur a utihse dans 30 cas une techmique senn automatique de construction de coutbes
de volume et de dragramme de pression volume a parur des donnces recuenllies par cine an
grocardiographie du entricule gauche, et a fait analyser ces courbes par ordinateur I donne
des excmples dans lesquels cette methode a pernns d obtenir plus d mfarmations sur la fonc
uon du ventricule gruche
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PHLEBOGRAPHIC CHANGES IN ARTERIOMEGALY
by

Af Lza Tuouas and M R Aspress

Lewicne i 1943 descnbed n detail a patient with clongation and dilatation
of the nght common iliac artery smulating an ancurysm At operation, m
addition to the dilated and clongated common and external ihac arteries, he
found a sumlarly though less markedly lengthened and dilated common iac
o which he considered to be of twice normal calibre, there was also dilatation
of the ongin of the wfenor vena cava Tlus author had first drawn attention
to the artenal condition a year earher {Lericie 1942) and <mce that ume
there have been a very large number of descnipuons of lengthenng, dilataton
and tortuosity of arteres at many <ies n the body (Lericuz 1947, 1954,
Licir & Crrsonner 1920, HurTeN GYLEENSTEN et coll 1959, BariEm ct
coll 1961 Casten & Foruan 1962, WAREMBOLRG et coll 1963, AchErvaN
% Burcuer 1964, Starre et coll 1966, ErtioruL 1967, Ecolrrier et coll
1968 Biures et coll 1969) but there has been httle further mention of venous
changes However Vittar & Horruass MartivoT (1951) desenbed a case
of a tortuous brachual artery m which large superficial vemns were noted m the
forearm whereas STarLE et coll (1966) observed that n none of therr surgically

rese ted <pecimens was there any venous enlargement There has been no
description of phichography mn this conditon

for publ 26 S ber 1969
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r

b
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a b

kg 1 a) Artenomegaly b) Pelvic phlebography Normal sized verns with an impresston on the
outer aspect of the left common tlrac vein (arrow) by the left common hac arters

) MNormal

Fig 2 a) Artenogram showing artcriomegaly of the tiac and femoral arteres b
pelic phlcbogmph)
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Lericie called this condiion ‘dolicho et mega artere, dolicho et méga-
sem¢ The name most commonly used by other authors has been dolicho-
mega artere but some have called it artenia magna et dolicho of Lenche,
arteriectasis, and buckling or hinhing of artenes We suggest the term ar-
tenomegaly as being simple and purely desenpuve as the aeuology of the con-
dion 15 not clearly defined

Vatenal and Methods In sixteen patiemts sauth the radiologic features of
r galy, phiek phy of the accompanying veins was performed Twelve
of the patients were bemg imesugated for wntermittent claudication but
additon had features such as swelling or ulcerauon of the anMes or vancose
vewms for which by phleb hy was considered necessary

B grap

The four other patients were beng mnvesugated for probable obstruction of
the venous system and phlebography showed defects i the vens suggesting
pressure from glands, or thrombosis, artenography was then performed to prove
that such abnormalities were m fact due to pressure from adjacent enlarged
artenes

In mine cases, impressions on the iliac vems were obsenved In one case only,
phlebography of the fower limb was performed

The artenes were d by lumbar aort

graphy mn the prone
position 1 twelve patients, and by the percutaneous catheter technique 10 the
supne position m the remaining four Pelvic phlebography was performed by
Percutancous bilateral femoral vemn cathetensauon and the films taken with
the patsents m the same position as for the artertography Penpheral lower mb
phlcbography was performed by our usual techmique (Brows et coll 1967,
1968) In all instances the posiuon of the patient, prone or supine, and the

ficld
g‘:aphcyo\tred by the films, were 1denucal for both arteriography and phlcho-

Discussion

m::l ztncl of the siteen patients examined by phlebography was there enlarge-
N hC‘ (;)ngauon of the corresponding vemns as descnibed by Lericie
e ml:‘s t[oglraphlc standards have been cstablished for the normal size of
cary o oml Lc pelvis or legs and we did not consider 1t would be ethical 1o
hpe Q“P cbography in symptomless patents to obtan measurements of this
s :\Sr, we considered that the size of the vemns 1n these sixteen patients
“ﬂmmnuons‘f ‘nu:‘mal range as judged by the <everal hundred phlcbographic
et eoll 1o \1!1;&:7 \»;R};iusc cnmul:: o;x;é;n the peluc and leg vemns (Cochert
)
1967, Fuoronee o ,LEA T:,:“i: 61[(353) , 1968, 1969, Lra Tiouas et coll
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P
-4

Fig 3 a) Arnenomegaly b) Peluic phlebography Impiession m the nght external ihac vem
{arrow) by the nght external ihac artery

D) Pelvic phlel hy Laige Hilling defect m the left conunon ahac

4 a) Arterion ¥ F
f;%n (:\rr)ow) caused by the left common ilac artery
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In nune of the siteen pauents there were ndentations {Figs 1, 2, 3) wn the
venous system by neighbouning arteries Such impressions may be caused even
by normal artenes (BarTirs 1958, La Tuowas et coll 1968} but because of
the enlargement and tortuosity n artenomegaly these Impressions are sometimes
of considerable size (Fig +)

These artersal impressions or ndentations do not accord with the descnption
of the widening and dilatation of the nght common 1hac vem and inferior
vena cava given by Lericne It as posuble, however, that a ugh partial
obstruction of the mfenor vena cava by the dilated nght common 1liac artery
nught have caused the appearances although he does not suggest this in his paper
Alternatively, a primary venous discase may have been present

Two of our panents had venous acclusions, probably unrelated to the
antenomegaly, one due to past deep venous thromboss and the other from
retropentoneal fibrosis
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SUMMARY
The phiebographic fmdings w sixteen patients with artenal lengthening ard difatation are
Presented None had dilatation ot el of ac

veins as descibed by Lericue
(1943) Impressions on vewns by enfarged artenies were obsenved 1n mige Patients The term

arteniomegaly s suggested fof the atterial condution descrbed by 1 eRicuz {1942) and athers

ZUSAMMENFASSUNG

Die phlebographuschen Befunde von sechzehu Patienten nut emer arf
und Difatation weiden dargestellt Kemer der Paucnten hatte eine Dilatanon eder Vi
langerung det begleitenden Venen wie sie von Lrricue {1943} beschrieben worden smrd ];l’
neun Pauenten wurde eme Esnbuchtung der Venen durch die anbegenden vergrosserten Alﬂ
tenen gefunden Der Ausdruck Arteriomegahe wird fur d, y "

of e von Lericu (194
renen o vorgeschlagen (1942) und anderen

terellen Verlangernny

RESUME
Les auteurs decrivent les unages phicbog
saphiques chez sex

allongemens et des difatauions des arteres. Aucun nas i do d e Qg e
allongement des

ent (1943) C) I
\otsines dilatees marquarent leurs empreantes sy ;,£ mn)cs Lt:’ﬁ::“‘ malades les arteres
d artenio megalie pour designer [ etat artenel decryy par Lericur “;;’;S) P:opt)sc:x le terme

€t par d autres
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TROM THE DERARTMENTS OF DIAGNOSTIC RADIOLOGY AND OTOLARY\GOLOGY,
LINDBY MEDICAL CENTER, GOTHENBURG, SWEDEN

DIAGNOSIS OF FLUID IN THE MAXILLARY SINUS
by

N Cuipenet, C Jensen, A Axeisson and N Greseuivs

Maxllary sinusitis 1s demonstrated radiograplucally as thickeming of the
mucous membrane and often by the presence of flud Since the occurrence
of fluid 15 considered to require imgation, a high degree of diagnostic accuracy
1s necessary Essenual d for the d of flud are that air
1s present and that a honzontal beam be used The frequency of flud has
been investigated at wngation m radwographically demonstrated sinuses (BAL-
LanTAne 1946, Bucn 1949, VUORINEN et coll 1962) It was found to occur in
65 % to 88 % of the pathologic sinuses BaLLantTYnE and Buck probably did
not use a h 1 beam and sub ly could not d flud
Viorinvew et coll employed a honzontal beam but faled to report the fre
quency of [luid d d at the radiolog;

The aim of the present v

g was to d the fi of
flud n the maxillary sinuses demonstrated radiographically as \\‘cll as’ b:
wngation, m order 1o establish the d reltability of the radiol ’
demonstration of flud b

Material and Methods The scries comprised 197 patients, 113 females and
s
84 males aged 3 1o 74 years (mean 31 years) There were 301 maxllary
Submitted for publication 30 August 1969

28 03004 A ta Red oleg co Disgno u ¥ ol 10 (19 0)

433



434 N CHIDEREL C JENSEN, A AXELSSON AND \ GREBELILs

a b

Fig 1 Right manillary sinus a) Erect Thickened mucous n embrane but not defin te flud
lesel b) Rught recumbent position The outl ne of the air space has ol anged mdicat g
the presence of flud

sinuses, 152 on the night and 149 on the left side, with pathologic changes
demonstrated radiographucally

All the patients were eximined sittng at the Lysholm shull table with the
central beam honzontal The following four standard projections were used
(1) ocaprtofrontal, (2) ccapitomental, (3) full axial, and (4) lateral There
were 61 patients in whom 88 sinuses presented mucous membrane thichemng

face
Right maxillary s nus a) Erect  Soft tssue mass 1 th oblique surl
2ly i)g) Right recumbent position The flud level s nov clearly seen

Fig
caudall
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Table 1
Frequency of flard demonstration ab urigation of the manillary sinuses

Total Flwd demonstrated
sinuses
Number Per cent
Sinuses contaming at least some air 210 128 60
Sinuses without air 83 n 86
Sinuses with cysts or palyps 8 - -
Total 301 199 66
Table 2
Frequency of flnd s maillary sinuses contawming some a1 demonstrated on trngation and at roenigen
examination

Type of radiographic  Width of mucosal  “umber Swmuses with Sinuses with  Raduologic

exammanon membrane thick  of Awdon  flud at rocnt confidence
ening 1 mm sinuses wngaton  gen examina- level, in
uon per cent

um Per \um- Per
ber cent ber cemt

The four standard

projections 1—6 (group ) 108 5 55 10 9 17
>6 (group B) 102 6 6 21 21 30
Total 210 128 61 31 15 94

The four standard
projections plus the

fifth projection and A
affected side down 16 (group A) 3a 1963 16 53 g4
6 (group B) 3% #7200 59 g3
Total 64 43 67 36 56 gy

but sull contaned some wr, and 1 whom none of the four stan,
diclosed any flud, a fifth projection was added, the
head honzontal Of the eighty-cight sinuses,
affected ude downwards and twenty-four with the affected side up E

nations 1n the f‘lhhdprojccuon and 1 the full axjal Projection are facl:hlat:;nl];;
Z';ﬁpf;‘glfg;m head on a shelf attached to the skull table as descnbed by Tunes.

dard projections
occipitomental with the
sty four were examined with the
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Table 3

Frequency of flurd in maxallap smuses air d
n the four standard projections

d al tron and al roenigen exammation

Width of Number of  Fluid demonstrated Flud demonstrated
mucosal sinuses on rngation at roentgen examination
thickerung
n mm Number Per cent Number Per cent
1-3 32 13 41 2 6
4—6 76 46 61 8 1
7—9 43 28 65 6 14
10—12 32 21 66 11 34
>12 27 20 7+ 4 15

The width of the thichened mucous membrane was measured at the muddle
part of the lateral sinus wall Fluid was considered to be present when 7 level
was scen m one or more standard projections The presence of flmd was
demonstrated 1 the fifth projectton by comparmng the outhine of the awr space
m the sitting and recumbent posittons (Figs 1 and 2) All the sinuses were
trngated within half an hour after the roentgen examunation Where no flud
was demonstrated m any of the five projections, but was revealed on trngation,
its amount was noted

Results

Fluid was demonstrated at irngation m 66 ¢ of the 301 sinuses of the senes
that had been found radiographically to be pathologic (Table 1) It was present
m 86 ¢% of the smuses devoid of air, and m 61 ¢ of the sinuses with mucosal
thickenmg but sull contaming some air Eaght smuses devoid of fluid on roentgen
exammation or when irngated, contamned a cyst or polyp ”

Sinuses containng at least some arr werc diided mto two groups (Table -)d
Group A consisted of those with mucosal thichemng of from 1 to 6 mm al:d
group B of those with more than 6 mm tluckening Fluid was demcnslml
with the four standard projecuons mn 9 “¢ and m 21 €, respectrely, 1 the

oups A and B, and on irngation mn respectely 35 e and 68 ¢

T
cases of g the groups 15 siatstically

diologic diagnosis between
The difference mn the ra gl g
sigmficant The figures correspond to a radiologic confidence level of respectit ely

cr, and 30 % mn the two groups
17'l£l‘ic sinuses were further divided nte groups with different degrees of
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Fig 3 Left maxilary sunus a) Erect Two soft tissue masses the larger ore
{—+) concane upwards at the sius walls b) Left recumbent position The lesser
tssue mass {+») 1+ unchanged indicatiag mucosal swell ng the larger one {—)
has moved to the lateral part of the s pus and changed m shape visaid flud ob-
ta ned at irngation

mucosal membrane thichemng, and the radiologic findings were again correlated
to the 1ngation results ‘The frequency of obtaining flud at imigation rose with
an increasmg degree of mucosal thickenmg {Table 3) However the radiologic
confidence level for flud d d by the dard proj mcreased
only up to 2 mucosal width of 12 mm and decreased at higher values.

Flud was demonstrated radiographically and confirmed by irngation m 56 ¢
and 67 <7, respectively, of the sixty four siuses exammed with the fifth projec-
tion and the affected side down (Table 2) This corresponds to a radiologic
confidence level for flwd demonstration 1 groups A and B of respectively
84 °C and 83 ¢¢ When the mawllary smuses with fluid demonstrated by the
standard projections were added, the confidence levels for groups A and B
wcreased to 87 ¢ and B8 ¢, respectnely {standard dewiauon 4 %) In four
cases flurd was demonstrated on smgation, but not radiographically in the fifth
projection with the affected side down, the amount of flind 1 these cases
did not exceed 5 ml The twenty four sinuses examined with the fifth project
but with the affected side up had a radiologic confidence ey el of ﬂux}; d} 101y
straion of 50 <& The difference between the results obtamed with the &mun‘
ade directed down and up 1s statisucally significant The flud o zctcd
upwards concave outhine near the sinus wall wn all cases except l};resemc an
the outhne was comex upwards (Fig 3), m both thee ?asd c‘a"x‘n:c}?h
wisad flud was obtamed on imganon No staustical difference was rgcord‘::
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e

e,
L S 5“4._“_____‘ ‘

a b

e i

Fig 4 Left mavllany sinus. a) Erect Soft tissue mass caudally with honzontal outhne and
convex upwards at the sinus walls (arrow) b) [ eft ecumbent position The n ass represents a
soft molbule polyp with a narrow pedicle (arrow )

as regirds flwd demonstrated m women and men or between the nght and
left maxillary smuses

Discussion

Fluid levels 1n an antrum are readily dicclosed n standard projections when
the amount of fluid 15 considerable but may be absent when the amount 1s small
The present nvestigators failed to demonstrate flurd n about three quarters of
the smnuses contaming air The reason may have been that small levels were
present at the bottom of the simus, which arc often concealed by the alveolar pro
cess and by the teeth As Turesson pomted out, a fluid level 1n the frontal smuses
may be demonstrated m an occipitofrontal projection with the head horizontal
and one side down wlule a level in the sphenoidal smuses should be demonstrated
m the lateral projection with the head honizontal and the back of the nech down
To mcrease the confidence level for demonstration of fluid m the manllary
sinuses the ocapitomental projection with the head ulted mn one or both dt
rections should be employed (Hopcson 1931) Small amounts of flud m the
maxillary sinuses have been demonstrated n an occipitomental projection with
the head honizontal and one side down (Craus 1926 Sawuer 1933) No m
vestigation appears however to have been published previously regardmg ﬂ:ic
frequency of flud diagnosed radiologically by the latter or any other methot

The interval between the roentgen exammation and the wrngation has m
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%o & Teft maillary sinus a) Erect Mass caudally with a honzontal out
. - v hent posiwon The
appearance, and

previous papers either not been stated or has amounted to several days. A
tugh degree of agreement between the radiologic and the ingaton findings
yas established in the present miestigation by the fact that all the imgations
were made within half an hour of the roentgen exanunanon

Fluid was produced at ungation 88 G by BaLantynE, m 65 55 by Buch,
m 77 € by VUvoRrIEN et call and m 66 % of the manllary sinuses with
radiographic changes m our series. The diferences probably depend on a higher
frequency of sinuses with a muner degree of mucosal thichening 1n our matensal
and 1n Bucw’s as compared with the other two senes. The frequency of flmd
s lower 1 such smuses than n those with more marked mucosal thickemng
Tt was found 1n the present that the radiol f1d tevel
for the demonstration of fluid i mallary sinuses containing at least some air
was 24 €, where the four standard projections were concerned When the
examination was extended with the ocaprtomental projection, with the head

n honzontal position and the affected sde down, the diagnostic
y confid
ncreased to 88 ¢¢ Some of the diag; e 8 idence level

at with
the affected side up may depend on the rregular shape of the medial maxillary

qnus wall and the fact that the posterior ethmordal cell
s partl
medial aspect of the maxillary sinus. These facts may cl:&:lm); C:?lc;al n::lcl

differences m the outhne of the air space are
easter to detect mn ¢
in the medial part of the sinus he lateral than

In the two maxillary snuses contaming a mucous, visad hguid, th
level near the sinus walls had an upwards convex outh’nc A sxml%ar , the flud
lar appearance



438 N CHIDEREL, C JENSEN, A AXELSSON AND N GREBELIUS

T

kig 4 Left mantllary sinus a) Lrect Soft uissuc mass caudally with honzontal outhne and
comex upwards at the sinus walls (arrow) b) Ieft recumbent position The mass represents 3
soft mobile polyp with a narrow pedicle (arrow)

as regards flusd demonstrated m women and men or between the nght and
left maxillary sinuses

Discussion

Tlud leveds m an antrum are readily discloscd 1n standard projections when
the amount of fluid 1s considerable but may be absent when the amount 1s small
The present mvestigators failed to demonstrate flnd 1n about three quarters of
the stuses contammng air The reason may have been that small levels were
prescnt at the bottom of the sinus, which arc often concealed by the alveolar pro-
cess and by the teeth As Turesson pomnted out, a flud level m the frontal smuscs
may be demonstrated m an ocerprtofrontal projection with the head honzontal
and one stde down, wlile a level m the sphenowdal sinuses should be demonstrated
1 the lateral projection with the head honzontal and the back of the nech down
To merease the confidence level for demonstration of flud m the mdlary
sinuses the occpitomental projection with the head tlted n one or both di
recuons should be employed (Honeson 1931) Smnll amounts of fluid the
maxillary sinuses have been demonstrated in an occipitomental projection with
the head hornzontal and one side down (Craus 1926, Sawvst 1953) No
vesigation appears however to have been pubhshed previously regarding the
uency of flud diagnowed radiclogically by the latter or any other method

freq
cn examumation and the irngaon has m

The wterval between the roentg
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ELIMINATION OF BLUR IN LINEAR TOMOGRAPHY
by

Paut. Epyory and Lass Quinine

The muerpretation of the diagnosuc content of a Ymear tomogram 35 tem-
pheated by the presence of blur This 15 the mam reason Ior ofher types of
(omography being preferred, where practicable, as for mstance those based on
arcufar and fhypotrochordal motion 1 which the blur s less marked Linea
fomography possesses however the advantages that the apparatus 15 tnex; e
and sumple m dessgn, that a fugh fevel of precision ¢an be obtamed ap;ns}:‘c
the exposure umes are short, the ordimary roemgen umt can more; . l{ o
be adapted for fnear tomography As hinear tomography 15 the an) N
techmique 1o weuroradiologic exammations Yequinng centain pi’cﬁ’ca(fol:: e

'

method of chounaung biur from hnear tomograms s
b ar tomograms see) Iy
eems to be urgently

Linear blur A omogram consists ;n
the main of ¢
the details 10 the tomographic layer and th Mo groups of components,

ose dutside it (Fy
are shath whereas the latter are Wurred i he direction ( ng fa) The former
comrast 15 reduced 0 2 point where de ©of motion, 5o that the

tads wsually cannot be percened

Certain detauls are yesistant h
owerer and reman
visble 35 long st
npes wuh

Sulwtted for publication 17 December 1969



440 N CHIDEKEL, C JENSEN, A AXELSSON AND N GREBELIUS

may however also represent a soft polyp or a cyst contaning flud under low
tension With the fifth projection added, the observation of a change m shape
and posttion of the air 1s often useful for a diffcrentiation between viseid flud
polyps and cysts (Figs 3, 4 and 5)

It 15 mteresting to note that 1n the matenal of Vuormen et coll, fhud was
disclosed on 1rrigation i 6 % of the radiographically normal maxillary smuses
To judge by the fndhings m our mvestigation, those flwd contents could probably
have been demonstrated with the fifth projection It thus appears that the
occipitomental projection with the head horizontal and the affected side down
can be recommended as a routine when the mucous membrane 15 thickened and
some air remains and when the standard projections have not disclosed any flud

SUMMARY

The frequency of fhud 1w the maxllary sinuses d at roentgen w
a material of 197 cases 15 recorded The method of showmg the flud levels its confirma
ton by irngation, and the differential diagnosis are discussed at length

ZUSAMMENFASSUNG

Die Trequen der Nachweisharkest von Tlussighest i den Oberhseferhollen wurde bet
Rontgenuntersuchungen von 197 Tallen festgesteit Es wird detmllert evortert wie die

lussigk piegel am besten d riert werden honnen, auch anhand der hueterspulung
Die Dufferentialdiagnose wird dishutiert

RESUME

Les auteurs ont note sur 197 malades la frequence des signes radiologiques d epanche
ment hquide dans les sinus maaillares s étudient 1ssez longuement la méthode povr
mettre en évidence le hquide pour confirmer sa presence par lavage et examunent le diag
nostic differentiel
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El B

Bg 2 Photograpbs of the television mon tof with a frontal tomagram of the skull The Lues
of the television 1mage 3¢ werucal a) ‘Unireated torsogrard. b) Duplheate of the tomogram
afer passing (brough the law pase fier ©) Difference 1nage of (3} and (b.

chimmates he sharp Jetarls while leaving the stnpes atmost ynthanged The
copy will thus be a negatne of the linear blur, and when 1t 18 placed on the
tomogram the stnpes ihe twve Glms will cancel each other out The sharp
detanls 1 the tomogram have no counterparts m the copy and wil therefore
te reproduced a8 before but undisturbed by bmear blur

The displacement of the contact cOpy duning exposure calls for pretision,
and 1s not casily done manually An apparatus for effccung this smoathly and
under control has therefore been designed and construc
displacement dwstance has been found to be about 2 cm

1f the omogram coptams Iwneac blur 1 areas diffenng greatly i density the
blur will be underexposed s some parts of the copy and ncompletely elipmnated
when the copy and tomogram are supenmposed The tomogram should then
be combmed first awath a negatne havng multidivectional blur  The
contrast 1s evened out 1o s manner so that m the fmal copyng the exposure
will be :,\ppmmmmdy thie same for all the blur (Fig b} All the stnpes Cal
then be reproduced 1 the copy and completely elummated P "

Sharp copy \with tius method an ordinaf
dals and of they are combined 1n the usual way a umformly grey image

wilh geeult If the <opy and the tomogram are
e displaced a
celation to cach other, w1 the dircction of she strpes, pm N shat;;‘:"f; lflsu;lncc n
be scen, though they will ot have the usual appearance but give the l\\mlp :iann
resston

ted The must sutable
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Fig 1 Carcinoma of the right maillary sinus with destruction of the medial wall
a} Tomogram b) Copy with hmnear blur in which the contrast has been evened out
¢) Combination of (a) and (b) d) Combination of {a) and a sharp copy diplaced
n the direction of the linear blur

diffuse ends and sharp lateral contours parallel to the direction of motion The
resistance of detail to blurning 1s dependent on 1ts contrast and its dimension
the direction of motion

Photographic methods Photographic methods of elmmnating blur are based
on subtraction, « transparent contact copy of the tomogram bemng subtracted
from the tomogram tself Two methods will be described

Copy with linear blur Blur 1s produced m a contact copy by moving 1t i
the direction of the stripes at a constant speed during the copying process Tlus
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o (A o B ] A-B8

g % Appeatances of the signal at the various pownts 1 fig 4 0 — untreated \ we delayed,
B — after passing through a Jow pass filter, A—B=subtracyon

of thus dertsatine, while the stoipes have low values Areas with positne and
negatne demvatives are reproduced m hght and dark, respectively, while areas
where the demvaune 1s 2ero are reproduced as a neutral grey

The opumal displacement between copy and oniginal has been found 1o be
a lindle less than one miimetre The results were poorer than with the former

method, the image beng ilf defined and difficult to mnterpret 1n the direction
of displacement

Llectrante methods A television image 1s composed of lines that are scanned
1 succession and can thus easily be modified sn the direcuon of the hines. If
a tomogram s placed n front of a relevision camera, with the stpes parallel
to the scanming fines, the sharp image details will gve hugh frequencies 1 the
television signal while the blar will produce low Irequencies This fact affords

several possibilitses of chmmating the linear blyr by means of filters Three
methods will be deseribed

Subtraction with two cameras The tomogram 15 placed under one camera

and a duplicate of the tomogram under the other camera The fitms are
ornentated so that the strpes run parallel to the lines of the tel
The ugnal from one camera 1s passcd through a filtey that ehmy
signal frequencies and leaves the law frequencics unaffected
are thus chminated and the sty

consists chiefly of blurred detaid
by the other camera The e
for by moving one of the smay

evision 1mage
nates the hugh
» the shatp details

red signal produced
and ths 15 compensated
g distance parallel 1o the
! produces an mage of
The procedure 15 lustrated
method are 1 complicated

ef 1ncurs 3 time delay,
€S Over a correspondin,
The difference sighia
Ppes are chiminated
of this two-camera

only the sharp details — the sp,
wm Fig 2 Two disadvantages
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H
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L 3 T
a b

Fig 3 Images from the momtor n the same case as w fig 1 a) Untreated tomogram b) After
passing through a high pass filter

of a relief viewed by oblique rllummation The stripes, on the other hand, because
their ends are diffuse, will not be seen at all (Ing 1d)

This method gives i effect the dernative of the density rehef 1n the direction
of the displacement The sharp details have high positive and negatne values

o] Delay A
L

) ne
D #f A B

amp

towpass 8
flte

L7

Tamogram Fig 4 Block diagram of the one camera equipment
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Tg 5 Appearances of the signal at the vanous points m fig 4 0 — untreated, \ — delayed,
B — after pasung through a low pass filter, A—B=subtracuon

of this demvative, while the stnpes have low values Areas with positne and
negatne denvatnes are reproduced m hight and darh, respectis ely, while areas
where the demvative 15 zero are reproduced as a neutral grey

The optimal displacement between copy and ongmnal has been found to be
a ltle less than one millimetre The results were poorer than with the former

method, the 1mage bemg Ml defined and difficult to interpret 1n the direction
of displacement

Electronic methods A television 1mage 1s composed of lines that are scanned
10 succession and can thus easily be modified m the direction of the hnes. If
a tomogram 1s placed 1n front of a television camera, with the stripes parallel
10 the scanmng lines, the sharp umage details will give hugh frequencies 1n the
televison signal while the blur will produce low frequencies. This fact affords

several possibilities of elmmating the linear blur by means of filters Three
methods wiil be described

Subtraction with tuo cameras The tomogram 1s placed under one camera
and a duplicate of the tomogram under the other camera The films are
onentated so that the stripes run parallel to the lmes of the television image
The signal from one camera 1s passed through a filter that elimunates the mgh
signal frequencies and leaves the low frequencies unaffected, the sharp detanls
are thus ehnunated and the stripes remain unchanged Thus signal, which now
;ﬂmms chuefly of blurred detaul, 1s subtracted from the unfiltered signal produced
(:rl:c other camera The filter ncurs 2 time delay, and this 1s compensated
; Y moving one of the umages over a corresponding distance parallel to the
mes of the television mmage The difference signal produces an image of
only the sharp details — the stripes are cl d The procedure 1s d
W Fig 2 Two disadvantages of this two camera method are its comphcated
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L L, 1

¢ " 0
€ c o LA
o—-—»i_o “ R
1
a b

Tig 6 a) \ simple low pass filter b) The Thomson low pass filter

nature — the tomogram must be duplicated — and the fact that the equipment
Is expensive

One camera with a hugh pass filter A ugh pass filtr mserted n an ordmary
television circunt for transnmssion of roentgenograms damps low signal frequencies,
whereas the high frequencies arc unaffected, that 15 1o say, the hnear blur s
reduced and the sharp details are unchanged To chminate blur completely
with a simple hugh pass filter, a filter that will let pass only the Inghest signal
frequencies must be chosen A contour 1mage n which 1t 1s difficult to relate
the contours to the anatomic details will then be obtaned (Fig 3)

Thus procedure 1s simple, all that 1s required apart from the adjustments
normally performed in the 1V transnussion of ordinary roentgenograms 1s that
the tomogram should be placed so that the stmpes become parallel to the
Imes of the tclevision 1mage

One camera with low pass filter and delay lme The stmphcty of the onc
camera procedure may bt combined with the good image qualty of the two
camera method s 15 schematically alustrated m Fig 4 The signal from the
television camera 15 fed 10 two arcuits m parallel, n one of which the sharp
details are chiminated by a low pass filier that surpresses the lugh frequencics
and leaves the stnpes unchanged In the other circmt the signal passes untreated
through a device that delays 1t for the time that the other signal 15 held up
by the filter, the correct tme relationship between the two signals 15 thus
retamed The filtercd signal 1s then subtracted from the delayed signal A sharp
contour 1n the tomogram gives rise to signals as m Fig 3, where (O), (a)
and (B) are the signals from the television camera, the delay arcuit and the
filter, respectively, and (A—B) 15 the signal scen on the television momtolr
In the elmnation of the hinear blur, the chotce of filter 1s not a particularly
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cntical factor, whereas the reproduction of the sharp detasls 1s largely dependent
ont the properties of the filter The desired sigmord output signal i Fig 5B
can be produced sufficiently accurately via a serics of filters connected m
cas ade as m g 6a, or by a Thomson flter asn Fig 6b

Dascussion

The part of the body depicted 1n 2 tomogram may be regarded as conssting
of a number of parallel layers, one of which 15 the tomographic layer The
tomogram 15 a semmation of all these layers The tomographic layer 15 fully
defined, but the other suffer loss of their hugh spatial frequencies. Tt appears
as #f all the layers, except the tomographic one, pass through a filter that
only transmuts low frequencies The greater the distance betwcen the tomographic
Jayer and any other layer, the greater the lost frequency range

Tomography may be regarded as a method that provides a sefectne picture
of the tomographic lager by filtering out the rest of the body, the effect 1s
mcomplete, however, because only the hugh frequencies are suppressed, the low
frequencyes being represented as blur

In effect, both the methods that have been descnibed for ehmnaung linear
blur, the photographic and the electronic, amount esentially to reliltenng the
tomogram so that the tugh {requencies are unmodified and the low frequencies
are suppressed Thus results i total elmunation of the undesrable layers and
1solation of the tomographic laver The Jow frequencies m this layer are however
also filtered out The cffect of this will be that any true detasl in the tomographic
Iayer, with form and position sumlar to a graphic stripe, will d
For this to happen, the detail must however be exactly aligned with the dlrrc;tmn
of tornographic motion

SUMMARY

Vanous wethads of climmating blur in linear tomography are discussed Television

cuwcus which include filters pasang high fi nees 1
hiat cause the blur are de.cribed auencies and suppresung the low
ZUSAMMENFASSUNG

Versuche wurden angestellt, um zu ermu

Y tteln wie Unscharf

e bes

\ermueden werden kann Es wurden Fernsehhetien mit Faltem bcnumhnv;“c;l Tomograghis

pasiercn lasen und die die Niedrgfcequenzen e Unscharfs vemachon, aercae baenzen
en, unterdrucken.

RESUME
Les auteurs cxamunent les differentes méthodes qui ehminent Je flou en ¢ N
omographis

lneare Ils décrnent des crcuts dy

e television com,

hautes frequences et améant les basses frequences qul.”::‘::‘mdlr: r{ll"cs Tasssant passer les
ou
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Book review

DOSAGE NON DESTRUCTIF DE LA COMPOSANTE MINERALE DU TISSU OSSEUX PAR DENSITOMETRIZ
RADIOGRAPHIQUE Par W Mouvet Ldittons Arscia, Bruxelles 1967

This book 15 another approach to the difficult problem of rad phic d of
muneral content of bone The author has thoroughly analysed the physical phenomena ol
ved, and the detailed introduction deals with the absorption of roentgen rays, film emulston
and the theory of densitometry The effect of the non random distribution of absorbing compo
nents as a potential source of error (ORnsTEIN, Lab Invest 1 (1952), 250) has not been
mentioned, but because of the relatively small focal spot, this error probably does not affect
the results of the present method

The author uses a special stand consisting of two parallel plates for radiography of the bones
The fine-grain nonscreen roentgen film, the reference systems and an alummium exposure
control plate are placed on the lower one The upper plate is made up of a wooden frame,
lead bars embedded in perspex and a removable id The amount of secondary radsation can
be assessed with the aid of the lead bars ‘The mineral content of the bone to be cxamumed 1
expressed as the mean thickness of aluminium, corrections being made for secondary radiation
and taking the thickness of the bone and the surrounding soft parts into account The result
calculated gives the mineral content of a bone measured transversely in a tracing path

The series examined by the author consists of humers, radu, ulnae, scaphods and finger
phalanges The bones were shiced according to the densitometric tracing paths, and the results
of densttometry compared with those of a chemical analysis A significant statistical correlation
was established

The organic fraction and water in the bone tissue usually represent more than half of its
wesght and vary considerably according to age As pointed out by OmseLL (1958) the ratio
between the amount of bone salt per umit of area and the equivalent amount of reference ma

tertal (al ) 1s depend on the ratio bet the weights of bone salt and orgam}f
material and water This is a severe handicap affc all rad h mcth‘r::is 1n whl
heterog: rad: isused Thep di mployng almost h 10 128] radiation

(CamERON et coll, Science 142 (1963), 270, Invest Radiol 3 (1968) 141) 1s theoreucally
more satisfactory and apparently gnes more reliable results (Mazess et coll , Science 145
(1964), 388)

A bone 15 a biologic as well as a human skeleton umt and measurements made alangacchr
A raemg pan o a bone G non netesanly deperdadily wefees te wmingmal conent of 6l8 )e
bone 1n question or that of the entire sheleton (HeLeca & Virrama, Invest Radiol 3 (19 l,
103) Measurements should therefore be made along numerous tracing paths of dafferen:
bones which makes the d ric method b and tme The m‘;;
urement of the coruical bone (Virtama & Heiera, Acta radiol (1969) Suppl No 2)”2
may in the comparison of relately large groups of population and 1 clinical studtes furnis

accurate but tedious densitometric methods The chmcclof th:
al cas

metric

practical alternative to more e
procedure to be used depends on the special problem to be examined in each indv :

The book 1s well-written and grves a good survey of the factors affecting the dcl’lsldD e
determunation of the mimeral content of bone It can be recommended as a rehable guide ¢
bl lved 1n rad lic measurement of bone muncrals The method pre

cial F p
:istéd 1 certanly suited, € g_for control ins estigations of indiidual bones, and may probably

also be trusted i comparing the muneral contents of individual bones

Pekka Virtame
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EFFECT OF LOCAL INTRAARTERIAL ADMINISTRATION
OF BRADYRININ AND HYDERGINE IN OBSTRUCTIVE
ARTERIAL DISEASE

by

Uno ErIRsov

The techuique m penipheral arterograpby 1s sull far from satisfactory The
comentional method of catheter msertion and subseguent snjecuon of contrast
medium often fails to give geod result

The relation between the blood flow and the penipheral contrast filing has
been discussed by Extnson (1965), who found that a low blood flow was refated
to poor penpheral filing at artenography, proposed the use of local artenal -
rection of vasodifators, and chose bradyhinm Vocrer (1953) has recommended
ntraartenally admumstered hydergine for obtamung better contrast filing
pauents with vancosis. Bradykinm 15 an agent with a shart decompoasition time
while liydergine has a long decompositson tme

Contrast filling of the peniphesal artenes did not always umprove after local
artenal njection of bradyhanin in some pauents with extensive occlusion of the
femoral artery Possibly the transit tme was too long and the shunt effect 1n the
thigh, abore the occlusion, too strong, 5o that the concentration of bradyhinin
the small artenies of the calf became relatively low and the vessels did not dilate
within the short time of action of the bradyhin Another possible explanation
C‘Pmn; l;lh'hc “" v nIP Dlugnosuc Radwlogy (Dircctar Prof R Lodinj and

imical Physiol i
Sibmtcd o poibon 18 Desemte sogy” o Hospl, Uppsls, Sucden

79— 0304 Acts Red ologsca Diagrorss Vol 10 (1570)
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Table

Aeasurements of blood flow at rest and after wypection of bradyherin and dy dergine i taclie patients wirh
artenographue results indicated by 0, no change, — deeveased contrast fithing of artenes, and 4 wmproced
cantrast filling — The code for the diagnoses 15 guen under the heading “Vateral and Methods®

Case  Age  Sex  Diagnosis Place of Blood flow at rest
catheter w200 ml owa
Right  Left up —————— ——
leg leg Rught leg Left leg
1 53 M 4 1 Aorty 40 50
2 76 ¥ 2 4 Aorty 30 23
Mean 35 37
Range 30—40 23-50
3 % M 0 ! Aorty 61 63
Inyected Control Inyected leg Control leg
;4 leg
4 68 M 4 4 Fenmoral art 12 04
3 52 M 1 4 Femaoral art 10 )
[ 73 I3 f 1 Femoral art 30 35
7 66 F 4 — Temoral art 22 21
8 43 M 0 4 Femaoral art 34 22
Mean 22 17
Range 1034 04-35
9 52 M 0 0 Femoral art 36 22
10 50 r 0 0 Femoral art 30 19
11 26 M [ 0 Femoral art 23 20
12 32 F 0 0 Femoral art — -
Mean 33 20
Range 23—36 1922

could be dimumshed reactivity of the resstance vessels to bradykmn due t0
constant and marhed local metabolie vasodilatation

Hydergine (Sandoz AG, Basel) has a longer haif-hfe and ss commonly used
1 the treatment of penipheral blood flow disturbances The hydrated ergot alka-
louds dihydroergacornie, dihydroergocnstine and dihydroergocryptune have both
a vasodilative effect, due to a sympatholytic action, as well as a number of other
effects on the vessel walls of vasaconstnetive nature (Eicnisr & Hrivzer 1954)
The skin temperature 1s considered to merease after admumstration of hydesgine
(Frank et coll 1956) Vooirr (1953) stated that arteriovenous :masmmzscs
frequently occurred 1 leg ulcers, they were closed by wmtraartenial admusteation
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Table (cont }
\faximal change of blood flow 1n ml/100 sl pun. fx!cr ::mp; de
Brady Hyder
Bradykinn Hydergine e
S e— _—
Rightleg  Leftleg  Dose  Rughtleg  Lefileg Dose mg
#g/min
09 04 19 ~13 —18 06 + —_
24 09 37 —02 0 06 + —
15 07 18 —08 —09 06
0920 04—09 —13——02 =180 .
134 242 10 —13 —05 12 +
Ingected leg Control leg Injected Jeg Control leg
308 10 10 —02 16 03 + 0
144 02 10 03 02 12 + -
274 24 10 07 05 06 + —
[} 0 10 02 —07 06 [ —
134 —02 10 —04 —15 06 + -
182 07 10 02 o o6
0308 —02-24 10 —04—07 —15—-16 03—12
- - lo — — 09 + -
02 ~02 30 ~08 —06 06 ° 0
103 —13 10 —05 08 06 + 0
% o 17 = - 06 + 0
53 ~03 17 —07 ot 07
02108 —i3——02

—08——05 —06——08

of hydergme, with a consequent redistnbution of blood to penpheral areas
previously undersupplied This effect i particular, and to some extent the vaso-
dilatve effect, have been suggested to explam the fact that oral doses of hydergme
shorten the healing ume 1n 1schaenuc ulcers of the lower kmb (Harczr 1965)
The effect of vasodilative substances on the arteriograms of subjects with intact
blood vessels and patents with antenosclerosis does not scem to hase been
mestigated | Iy, and a comp m
hanin and hydergine therefore seemed indicated

of the effects of brady-

Matenal and Methods Twelve patients were my estigated, five of whom were
women aged 32 to 76, and seven were men aged 26 to 73 years. One patient
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a

E_ll{:/o;:lof(l)ow ~— Bradykinin
ml min =~ Hydergine .
° & control leg
injected leg
nfection of
10 t Urogratin 60% N
T
5 | O/. .\.
A
\ 7 *
A
a * a ‘u a "-.
a4 a ‘ N ;

oo~ A -a . e
./o—_.’___g i “a re
e \_ﬂ 0
e gm0 OO0 1y
1 2 3 4 5 6 7 8
Fig 1 Case 11 Male, aged 26 with posttraumatic narrowing of the popliteal artery Brady
kinun 1n a dose of 10 ug/mun mnduced increased bleod flow which reached a maxmum after 7
minutes Hydergine, in a dose of 06 mg, had no effect on the flow The arrows indicate the
time of contrast medium mjection The short mcrease wmn flow that can be seen after mjection
of the contrast medm 1n the hydergine treated leg 1s typical of such an mjection and within
ordmary hmits (Cf fig 3 )

(Case 9), aged 52, had artertal hypertoma (210/120 mm Hg) and weghed
81 kg The other patients had normal blood pressures and weights Seven patients
had arteniosclerosts and four had mtact arteries One patient (Case 11) had
undergone operation before the investigation (see Table)

The examinations were always performed 1 the morning 1 a laboratory with
a room temperature of about 23° G The patients were premedicated with 01 g
pentymal and subjected to measurement of the resting blood flow 1n the supime
position under the mnfluence of test drugs and arteriography

The blood flow 1n both lower legs was measured by venous occlusion plethysmo-
graphy according to a method described by Donn (1956) and Grar (1964)

Catheters were mntroduced percutaneously for artenography via the femoral
artery In mne patients the up of the catheter was located about 6 cm above the
stte of puncture, which was anaesthetized locally In three patients the catheter
was mserted to a pomnt about 5 cm above the aortic bifurcation (see Table)

Prelimunary artertography was performed without any preceding ijection of
test drugs The blood flow was usually measured dunng arteriography The
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Blood{low —— Bradykimin
mi 7 100ml min ~ Hyderging
¢
./.
10 °\
N
‘.

s Fig 2 Case 5 Male aged 32,
with bilateral artenosclerosis The
blood flow began to increase 2 to
3 munutes after the start of an in
jection of bradykinin 1n & dose of
10 pgimin After mpection of 06

e mg hydergune at 0 mmn and 33
& ” a e, a runutes (atrow) there was no
It 1 min effect on the blood flow [Ihe
T T arteriographies were performed at
1 2 3 4 5 6 7 rmunutes

patient then rested for 30 munutes, after which bradyhinn (Sandoz AG, Basel)
dissoed 1n physiologic saline was infused via the catheter m varymg doses of up
ta 30 jig per munute The 1nfusion 1n mne pattents was given wmto one leg whle the
other leg scrved as control In three patients bradyhmun was infused mto the
aorta, and thus affected both legs

When the patient had a sensation of wamth and flushing of the skin, which
sometimes did not occur until about 10 minutes after the start of the nfusion,
further arteriography was performed The injection of contrast medium, which
was gnen through the same catheter as had been used previously for the
bradyhiun infusion, had to be performed as rapudly as possible because of the
short decomposition ime of this drug The contrast medium was mjected within
10 seconds of the end of the bradyhmin infusion

The pauent then agam tested for 30 minutes and thereafter was given a slow
wtraartenal injecuon of 03 to 12 mg hydergme  Further arteniography was
carmied out, under otherwise 1dentical conditions, between 3 and 5 minutes later
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Fig 1 Case 11 Male, aged 26, with posttraumane narrowing of the pophtcal artery Brady
hisun 10 1 dose of 10 g/ mun induced mcereased blood flow which reached a mavimum after 7
minutes Hyderging, 1n a dose of 06 mg had no cffect on the flow The arrows indicate the
time of contrast wedium mnjection The short increase n flow that can be seen after injection
of the contrast medium tn the hydergine treated leg 15 typical of such an injection and within
ordinary bmuts (Cf fig 3)

(Case 9), aged 52, had artenial hypertoma (210/120 mm Hg) and weighed
81 kg The other pauents had normal blood pressures and weaights Seven patents
had arteriosclerosis and four had mtact arteries One patient (Case 11) had
undergone operation before the mvestigation (see Table)

The examinations were always performed 1n the mormng 1n a laboratory with
a room temperature of about 23° G The patents were premedicated with 01 g
pentymal and subjccted to measurcment of the resting blood flow m the supsme
position under the mfluence of test drugs and arteriography

The blood flow 1 both lower legs was measured by venous occlusion plethysmo-
graphy according to a method described by Douw (1956) and Grar (196%)

Catheters were mtroduced percutancously for arteriography via the fumoral
artery In nine patients the tp of the catheter was located about 6 cm above the
sie of puncture, which was anaesthetized locally In three patents the catheter
was mserted to a point about 5 em above the aortic bifurcation (sce Table)

Prehnunary arteriography was performed without any precedmg mject The
test drugs T he blood flow was usually measured dunng arteriography 1D

jon of
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¢

Fig 3 Case 11 Artersography without drug (a), after mjection of bradykuun (b) and after
ingection of hydergine (€) {Cf fig 1)

very shightly after the bradyhinmn mjection In two other patients with mtact blood
vessels the blood flow was not measured In Cases 10 and 11, hydergme resufred
1 no defmgte change 1n the flow In al} mine pauents, bradykinin usually produced
improvement of the penpheral contrast filing Hydergine resuited in no or de-
creased filling of the penpheral artenes (Fig 3)

None of the patents expenenced discomfort after the injection of bradykmin
or hydergine No change m the blood pressure was observed

Discussion
The penpheral contrast filling 1 arteniography may be didficult, paruculatly
with a poor blood flow Bradyhumin often wnduces an merease n flow, thus im-
proving the filling (Erikson 1963) Intraartenal mection of bradylunun nto the
{emoral artery i antenosclerotic pauents also produced an mncrease of the flow
10 the calf, and the filling increased n four out of five patients
Hydergine, on the other hand, had relatyely litle influence on the flow and
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For the artenograplues, 20 to 30 ml Isopaque 60 % or Urografin 60 ¢5 were
mjected with an automatic pressure syringe (5 hp/cm?) The exposure frequency
was 1/second The film-focus distance and other technical factors were wdentical
for all the patients

The arteriographic findings were graded as regards changes m the superficial
femoral artery and the popliteal artery (DeLius & ERrinson 1969), as follows

Grade 0 — No marhed change i the lumen

? 1 — Marhed changes at one or several sections within the artery but
no more than 50 o stenosis n the lunien
— Stenosis of more than 50 S5 1n one section but no total occlusion
— Stenosis of more than 50 G5 1n two or more sections but no total
occlusion
4 — Total occlusion of at least one section of the artery

2
3

Results

The blood flow was measured contmuously durning the mfusion of bradyhinn,
up to about 2 mmutes aftcr the mnjection of contrast medium and for about 45
nunutes after the injection of hydergine

After commencement of the bradyhmun mfusion, the blood flow mncreased
within 2 to 7 minutes to relatively lugh values (Figs 1 and 2) When the flow had
reached these values the patients had - sensation of warmth m the sole of the
foot After completion of the bradyhuum mfusion the blood flow decreased rapidly
(within 20 to 40 scconds) to the resting values The contrast medium was there
fore always injected within a very short perod followmg the end of the brady-
kinin nfusion

Infusion of hydergne had very hittle effect on the flow (Figs 1 and 2)

The results are presented in a Table, which ncludes age, sex, diagnoses and
doses, as well as catheter positions, resting blood flows and maximal changes i
flow after mjection of the vasoactive substances

Bradyhinin 1n the two patients with artertosclerosts resulted m a small degree of
vasodilatation when mjected mto the aorta In the patient with ntact blood
vessels (Case 3) marked vasodilatation was observed The penipheral denion-
stration of the arteries was improved 1 all the patients A shght reduction of the
flow occurred m all the three patients m whom hydergine was mjected nto the
aorta bl
In five patients with arteniosclerosss, the blood flow increased considerably
when bradykimmn was njected mnto the femoral artery, 1n these patients, h)dergllln)c
had lttle effect on the flow In one patient with mtact blood vessels ( Cascascd
(Figs 1 and 3), the flow wncreased after the bradyhinin injection ;nd ?:f:;scd
shghtly after the hydergme mjection In a woman (Case 10), the flow
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ZUSAMMENFASSUNG
e

-
graphue st als Hydergin Hydergin versagt bet der Anwendung sowoh! bet normalen ass autu
bet artenoshlerotischen Artenen der unteren Extremutaten.

RESUME

Lauteur 2 etudie Leffer dagents sur les hues de douze suets
ayant des vaisseaux intacts ou arterto sciérenx La bradylumne est éférable a Thy
comme agent vasodilatateur admunsstre par vose satra artenelle en artersographie L hyder-
gine semble dépourvie d effets vaso-dilatateurs sur fes membres mfeneurs arterio sclereux
ou pon arterio sclereux.
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caused no improvement but rather a deterioration of the penpheral contrast
fillng, both 11 panents with ntact vessels and m patients with arteriosclerosis
Thus 1s surpnising, since hydergine has long been used for penpheral vascular
discase and 15 given orally, subcutancously or intramuscularly It has also been
recommended for intraartenal use m acute perspheral artenal msufficiency, even
though no objective methods of measurement have been employed m the
assessment of its acute effects The therapeutic action attributed to hydergine need
not with certamty be associated with vasodilatation The substance can mtercede
favourably 1n the ccll metabohsm, as demonstrated by Evuenecir & Merer
Ruce (1968) mn histochemical, circulatory and neurophystologic studies i cats
These authors found that hydergine umproved the pathologically altered bram
metabolism and excerted an effect only under conditions of impaired encrgy
formation

Further mvesugations on the influence of hydergine on the cerebral blood
flow have been made by GErarb et coll (1963), among others These authors
reported that hydergine admistered intravenously produced a sigmficant
crease 1n the cerebral blood flow and increased the cerebral oxygen utihzation
1n 18 patents, fifteen of whom had vascular lesions.

The results of the present investigations, however, do not seem to motriate the
usc of hydergme m acute arteraal msufficiency, nor as an agent for improvng
penpheral artenography For these purposes 1t would appear well worth trymg
mtraarterral administration of bradyhinm both in the acute stage and over a
longer period Owing to the short decomposition tune there 1s no general m
fluence but only a local effect The present author 1n connection with other 1
vestigations tested an infusion of bradyhinmn for 20 hours, no side effects were
observed and the effect on the blood flow was good

GicLeseie (1959) discussed the use of vasodilative substances for therapeutic
purposes m vascular disease and was doubtful of their value His investigations
compnsed only peroral and mtravenous admimstrations, however

The intraartenal admumistration of drugs s much less common i the treatment
of peripheral arterial disease It 15 considered to be a complicated procedure an
accompanied by rishs of complications Such adnumstration of vasodilative drugs1
may, bowever, well be ndicated 1n the roentgenologic exammnation of penphera
vessels 1 which the method includes the insertion of catheters

SUMMARY

The effects of vasodilative agents on the arteriograms of twelve patients with it oo
1 wAy  h arteriosclerosis was mvestigated Bradyhinn was found to be preferable

act blood

legs
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70000) 6 6 1 wotonic saline Oxygen tension (pOs) w tusue was recorded
by polarography with a bare-upped pl ! le snserted mtr: usty
(Grotit) The method permuts continuous  registration of changes in oxygen
tenmon hut not the measurement of absolute values The oxygen tension of
artenal blood was recorded with a conventional electrode The concentration of
dextran 1 plasma was determined according to Hinr & “THORSEN

Four cats were given an intravenous injecton of 05 ml per kg body weight
Todipamude 1n 2 to 3 scconds and recordings were made ol the oxygen tension
n the shin and artenal blood

Twenty four cats, divided 1nto three groups with 8 cats i each, recenved two
such 1njections at 1 hour intervals, continuous recordings bemng made of the
shin exygen tension and blood pressure Group 1 received no treatment between
the injecions, group 2 had an wmtravenous infuston of 20 ml Dextran 70 per kg
body weight in the imtenval between the mjections and group 3 had the same
treatment as group 2 but with Dextran 40 mstead of Dextran 70

Results
Changes in skin oxjgen tension and n artenal blood The mjecuon of Todipa-
mide mnduced a definite drop m the shin oxygen tension n alf four ammals
whereas the oxygen tension 1 the artenal blood remamed unchanged (Fig 1),

Changes in blood pressure and skin oxygen tension before

and after treatment
The lirt ampertion of Indwpasnde eleved @ Sl e blood pressure (mean 55 %5}
and n the shin oxygen tension (mean 19 %) every case

Glluup 1 The fall i blood pressure 1 these control animals was sigmificantly
;x_'nal er alter the second injection of Todspamde than alter the fisst njection

he drop in tissuc ox}gen tension was also smaller after the second njection but
not siguificantly so (sce Table) jecton bu
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70000) 6 S wn 1sotonic sahne Oxygen tension (pO-} 0 tissue was rccordc‘d
1 |

by polarography with a barc-upped pl serted 1ntr
(Groru) The method permits contnuous  registration of changes n oxygen
tension but not the measurement of absolute values The oxygen tension of
atternal blood was recorded with a conventional electrode The concentration of
dextran m plasma was determmed according to Hivr & THorsen

Four cals were gwen an intravenous mjection of 05 ml per kg body weight
Todipamide m 2 to 3 scconds and recordings were made of the oxygen tension
1n the shin and artenal blood

Twenty four cats, divided mto three groups with 8 cats in each, recened two
such mjections at 1 hour intervals, continuous recordings being made of the
shin oxygen tension and blood pressure Group 1 recerved no treatment between
the mjections, group 2 had an mtras enous infusion of 20 ml Deatran 70 per kg
body weight 1n the interval between the mjections and group 3 had the same
treatment as group 2 but with Dextran 40 1nstead of Dextran 70

Results

Changes i skin oxjgen tension and in artertal blood The myection of Iodipa
mide mduced a defimte drop 1n the skin oxygen tenston 1n all four ammals,
whereas the oaygen tension mn the artenal blood remained unchanged (Fig 1)

Changesn blood pressure and skin oxygen tension before and after treatment
The st njecuon of Todipamude elicited a fall mn blood pressure (mean 35 55)
00 11 the skin oxygen tension (mean 19 %) 1 every case
] Glrlaup 1 The fall 1a blood pressure in these control ammals was significantly

maller after the second snjection of Todspamide than after the first 1mjection

The drop i tissue ox 0
Y§en tension was also smaller aft
ot sgicantly o (o - er after the second injection but
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This protective effect has been ascribed to the counteraction of erythrocyte ag
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The effect of low molecular weight dextran on Iodipanude toxicty as reflected
m arteral blood pressure and ussue oxygen tension was nvestigated m the cat
Regular dextran, which induces plasma expansion without a concomitant effect
on erythrocyte aggregation, was also exammed

Matenal and Methods Cats weighing between 18 and 7 kg were anaesthe
tized with ether i air, tracheotomized and ventilated artificially The depth of
anaesthesia and the ventilation rate were kept constant and were the same durng
all the expenments Todipamide was admimistered as methylglucamme salt i 2
50 % solution (Bihigrafin forte) The dextran solutions mfused were Dextran 40
(Rheomacrodex, My ==40000) 10 % and Dextran 70 (Macrodex, My =
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iy Fig 1 Effect of an ntrawenons mjection
£ 3 ~————n  of Iodipazude on the Oxygen temsion in
2 16 20 3 ussue and artemal blood (recorded sunul

ma  tancously)

70000 6 G5 w wotome saline Oxygen tension (pO2) m ussue was recorded
by polarography with a bare upped platinum electrode mserted intracutaneously
(Grot) The method permuts contmuous registrauon of changes 1 oxygen
tension but not the measurement of absohute values. The oxygen tension of
artersal blood was recarded with a conventional electrade The concentration of
dextran m plasma was determuned accordmng to Hint & Tuorsex

Four cats were given an intravenous mnjection of 05 mi per kg body waght
Todspamide 1n 2 to 3 seconds and recordmngs were made of the oxygen tenswon
m the shin and artertal blood

Twenty four cats, divided mto three groups with 8 cats i each, recened two
such mjecuions at 1 hour intenals, continuous recordngs bemng made of the
shin oxygen tension and blood pressure Group 1 recesved no treatment between
the 1njections, group 2 had an intravenous infusion of 20 ml Dextran 70 per kg
body weight 1n the mterval between the mjections and group 3 had the same
treatment as group 2 but with Deatran 40 mstead of Dextran 70

Results

Changes in shin oxygen tension and in artenial blood The mjection of Todipa-
nude nduced a definite drop m the skin oxygen tension n all four ammals,
whereas the oxygen tension 1n the artenal blood remamed unchanged (Fig 1)

Changes 1n blood pressure and skin ox)gen tenston before and after treatment
The first mjection of Todipanude ehtcited a fall in blood pressure (mean 35 o)
and 11 the shin oxygen tension (mean 19 %) i every case
Wf{]au[;[l Thhe fall m blood pressure m these control ammals was significantly

er after the second 1mjection of Iod, de 1]
Tre drop o s P ;lc hpamude than after the first injection

nsion was also smaller after the second
not significantly so (see Table) mjection but
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Table

Percentage drop w blood pressure and shin oy gen tenston al first and second syechion of Todipamuds —
Mean values for the groups (n = 8)

Actertal blood pressure Oxygen tension of shin

Controly

First wnjection 37 22

Second njection 27 17

Dufference 4 SL 10 £ 5% EEX
Dextran 70

First snyecuon 31 15

Sccond mnjection 20 10

Diffetence 4 SE 11 5¢ 5 &3
Dextran 40

Furst ipjection 37 20

Seccond myection 15 7

hiference & ST 22 43 13 & 8¢+

*p< OO0l Trp <00l

Group 2 The sccond injection of Todipamide, following an mfusion of Detran
70, agan clicited a somewhat smaller drop n the blood pressure and shin ovygen
tension than the first, the difference being sigmficant m both {sec Table) After
the mfusion of dextran the haematoent reading had fallen from a mean of 42 %
0 28 9 and the mean concentration of dextran m plasma was 22 g %6

Group 3 The second mjection of Iodiparmde, following an infusion of Dextran
40, chiaited a considerably smaller fall m blood pressure and tissue oxygen tension
than the first mjection (Fig 2}, both dsfferences bemng signuficant (sce Table)
After the infuston of deatran the haematocrit reading had fallen from 3 mean
of 41 % 10 26 5% and the mean concentration of dextran m plasma was 28 g %

Toxic mamfcstations were reduced for the second njection of Todipanude 0
much the same extent 1n groups 1 and 2, whercas group 3 displayed sigmfrcantly
greater reductions than group 1 mn blood pressure (p £ 0001) as well as 1t
tissuc oxygen tension (p < 003) (Fig 3)

Discussion
A drop n blood pressure 15 a fanuliar complication m the ntrascnous injecs
won of contrast media (REap, GaRber & Reap, Bernstemv & Dvads, S"[’;”ﬂ'
MAN & SuNDsTROM, LINDGREN et coll ) and the same phenomenon has ﬁl;
C
observed when other hypertonic solutions are adnumstered (Eizanps et <o,
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Fig 2 Typical changes 1n blood pressure and tissue 0%y gen tension oo the ntravenous njecuon

of Todipatude before {upper cunve) and after {fower curee) an nfusion of Dextran 40" (The
cunves should be read from night to left }

Reap et ¢oll } Tlus effect has been ascuibed to mereased pulmonary resistance,
sesulung 1a veduced cardiac output and venous stass, It has been suggested that
the ncreased pulmonary resistance 1s due m turn to the hypertonic solutions -
ducmg  crenation and aggregation of erythrocytes (Sosrv et coll , Witnman,
LinngreN ¢t coll )

Tt has been found that the fall 1n blood pressure on the myection of fodiparmide
8 g d by a ted m penpheral blood flaw (Livooren & Sautz-
stan) Reduced blood flow seems ta be e best explanation for the present
finding of a drop 1 nssue oAygen tension sce no signsficant change 1 the

oxygen tension of artenal blood occurred The fact that the changes m blood
Pressute were always pazallelled by changes m tissue oxjgen tension indicates
that the penpheral cffect was cluefly a passive result of the pressure drop The
mtra artenal mjection of contrast media leads to a reducuon m the penpheral
fesstance (Lisnores & Torvewr, Livoeres et colt } and an inerease i the
tissue oxygen tension (Hot), probably by elang sasodayon, this mechamsm
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does not however appear to have any appreciable influence on conditions after the
mtravenous admnustration

Previous studies on the circulatory effects of Iodipamide mjections have n
dicated that repeat mjections have a tachyphylactic effect (LINDGREN & SALTZ
MaN) This phenomenon was also observed i the present mvestigation but, with
an nterval of one hour between the mjections, the difference m effect was not
large

Several authors have found that low molecular weight dextran affords pro-
tection from the adverse circulatory effects of the intravenous admmistration of
hypertomc contrast media (BERNSTEIN et coll , Sessions et coll , LINDGREN et
coll ) Tlus protection has usually been attributed to favourable rheologic pro
perties of the dextran Results obtamed by Garser et coll and WIEDMAN sug
gested, however, that the protection more probably denived from an mduced
hypervolemia

In the present expeniments, juding from the changes m haematocnit readings,
the two dextran solutions elicited equally large expansions of the plasma volume
but only the low molecular fraction modified the circulatory effects of Todipa
mide The results therefore support the opuuon that protection from the toxc
effects of mtravenous contrast media afforded by low molecular dextran is
conveyed by a mechanism other than an ncrease i plasma volume. This me
chamism, which has not been mvestigated further, could mvolve a counteraction
by the dextran of haemorrheologic disturbances elicited by the contrast medum

SUMMARY

The effect of low molecular weight and ordmary dextran on intravenous Todipanude
toxicity as reflected m artenial blood pressure and tissue oxygen tension was examined }1:
the cat Both dextran solutions induced hypervolemia but only the low molecular weig!
fraction had a sigmficant protective action It seems Likely that this beneftcial effect was

mediated through a rheologic mechanism
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ZUSAMMENFASSUNG
Diec Wirkung von Dextran mat nsed: Moleks ht und von \{ D:ima:l
auf die Toxentat von nt! h Tod de wie sie m

und dem Gewebs Saverstoffdruck zum Ausdruck Lommt, wurde bes der Ratze gepruft
Beide Dextran Losungen verursachten eme Hypervolamuc, aber nur die Losung mut medn
gem Molehulargewicht hatte cnen s gnifikanten Schutzeffekt. Es erschemnt ‘W‘ahrschemluh,
das der gunstige Effekt uber ewnen l hen Mechar der Ci rhalt
usse erfolgt

RESUME

Les auteurs ont étudie sur le chat leffet du dextran de faible poids moleculaire et du
dextran ordinawre sur la pression artenelle et la tension en oxygene des tissus prises comme
temoins de la tonate de 1 lodipamide administre par vowe mtra veneuse Ces deux solu
tons de dextran causent une bypersolemue, mass seule la fraction de faible poids mole
culare a un effet p 11 parait blable que cet effet favorable est
du A un mecamsme rheologique
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does not however appear to have any appreciable influence on conditions after the
mtravenous adminstration

Previous studies on the circulatory effects of Iodipamude 1njections have m
dicated that repeat njections have a tachyphylactc effect (Livporew & Sartz
MmaN) This phenomenon was also observed 1n the present mvestigatron but, with
an nterval of one hour between the mjections, the difference m effect was not
large

Several authors have found that low molecular weight dextran affords pro-
tection from the adverse circulatory effects of the mtravenous admunstration of
hypertomc contrast media (BERNSTEIN et coll » SEsSIONs et coll , LINDGREN et
coll ) This protection has usually been attnibuted to favourable rheologic pro
perties of the dextran Results obtaned by GarbEr et coll and WIEDMAN sug
gested, however, that the protection more probably denved from an mnduced
hypervolenia

In the present expenments, juding from the changes in haematocnt readigs,
the two dextran solutions elicited equally large expanstons of the plasma volume
but only the low molecular fraction modified the crreulatory effects of Todipa
mude The results therefore support the opmion that protection from the toxic
effects of intravenous contrast media afforded by low molecular dextran 1
conveyed by a mechamsm other than an mcrease in plasma volume This me
chanusm, which has not been investigated further, could involve a counteraction
by the dextran of haemorrheologic disturbances ehicited by the contrast medum

SUMMARY

The effect of low molecular weight and ordmary dextran on intravenous Todipamude
toxiaty as reflected 1n artersal blood pressure and tissue oxygen tenston was exammed 1
the cat Both dextran solutions induced hypersolemia but only the low molecular weight
fraction had a signficant pmtecu‘\c action It seems Dikely that this beneficial effect was

diated through a rheolog;
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EXPERIMENTAL LYMPHOGRAPHY IN CARDIAC
ARREST, ELECTRICAL VLNTRICULAR
FIBRILLATION AND DEEP HYPOTHERMIA

by

A Crus, M A Mexa and H Der, Castiro

The normal lymphographic and lymphatic flow patterns have been studied m
canme hearts under normal conditions Expenimental myocardial infarction as
well as tnals in human subjects have proved the procedure to he innocuous
{Cerss et coll 1966, 1967, 1968, 1969)

It 15 sometimes necessary 1 modern cardiac surgery to decrease or mterrupt
cardiac flow by modifying or temporanly abolshing cardiac contraction this
can be obtaned by complete cardiac arrest, clectrical ventricular fibnilation or
bradycardia with hypothermia  Spontaneous cardiac arrest 13 climically a fauly
frequent occurrence, and occasionally effective cardiac contraction 1s resumed
Wuth the advent of cardiac transplantation of hearts with spontaneous arrest,
which due to technical problems are subject to vanable episodes of total 1schemua,
the nced for careful evaluation of myocardial alteratuans during and after these
Raturat or technically mduced conditions 1s most urgent {BoLook et coll 1968,
Con et coll 1939, Hurnacer ct coll 1961, Lawrence et coll 1965, PouLias
;ts c;l)l 1963, SToneY et coll 1964, WALDHAUSEN et coll 1960, Wirrians et coll

>

As regards the lymphatic system, only sncreased thoracic duct flow has been
demonstrated dunng extracorporeal cireufation (Bark et coll 1965) lhe state
Submutted for publicaton 5 December 1969

30~ 0300F Acia Rad odop & Duagno s ¥ ot 10 (19°0)



464 C-G GROTH, B LOFSTROM AND G -F SALTZMAN

— Jounson J A, Vieck J A and Mever M W Vascular cffects of hypertonic solutions
Circulat Res 8 (1960), 538

SaL1zvaN G F and SunpstroM K A The mfluence of dufferent contrast media for chole
graphy on blood pressure and pulse rate Acta radiol 54 (1960) 353

Sessions R T, hiten D A and Foster J H  Low molecular weight deatran as a protec
tuve agent agamst the toxc effects of Urokon Amer J Surg 28 (1962), 455

SopiN § S, Frasuer W G, Jaconson G and VA Eeckenoven T' A Nature of adverse
reactions to radiopaque agents, prelu ry report | Amer med Ass 170 (1959) 1546

WiebmaN M P Influence of low molecular weight deatran on vascular and intravascular
responses to contrast media Amer J Roentgenol 92 (1964), 682




6
EXFERSMENTAL LYMPHOGRAPH) 1N CARDIAC ARREST 467

i

a

Fig 4 a) Lymphat ¢ morp} ology and normal flow pattern adequate myocdrd al contraction
1n the pecfused heart the myorardial and medizstina) tollecion are vible by \ormal myo-
casdial fymphat ¢ system. industrial Hlm was used

of the myocardial fymphatics during and after arrest or ventncular fibrillation
1s unknown This lack of knowledge mn cardiac pathophysiology suggested cur
unestigation of the possibilities of absorption and dramage of contrast tiedia in
the myocardial mterstital space dunng and alter cardiac arrest, electnical
ventnedlar fibnllaton and bradycardia, m an attempt to correlate coronary
perfusion and lymphaue flow rate n a heart resected for transplantation

Vatertal and Afethod The expenments were performed with the Heyman
techmque (Figs 1 2 and 3) Cardiac arrest was obtaned by means of potassum
airate solution 023 ©¢ with cross clamping of the zorta or with mtermuttent
cpuodes of ischerua (three tmes one mmute) Ventneular fibpllation was
produced by clectric shoeh and deep hypotherma (Fig 2] By an arrangement
sunufar 1o the one described by Lagendorf, the changes i lymphatc orculation



466 A CELIS; M A MENA AND H DEL CASTILLO

Fig 1 Innommate artery (1) and pul-
monary artery {2) of the recipient dog
soned to the caroud artery and jugular
vem of the donor dog The blood to the
1solated heart passes through a cail (3)
mantamed at a constant 40° C 1n water

Fig 3 The perfusing dog blood (1) 1s rawsed
by a Sigmamotor pump (2) to a resenvoir (3)
135 cm above the perfused heart The bh(:g«il
passes to the innominate artery of the resected
heart venous blood from the pulmonary artery
gaing to the jugufar vemn of the donor ammal
(5) Blood with potassium ctrate solution
025 % contamed in a sccond reservoir coupled
to the system {6) produces complete arrest
Potassum  blood may lgusAlf chan(g;;i {05
requures pass an
normal blood 2% veq turns ):hc potassium
(6} and prevents ats

mamtamned at a temperature of 38° C

Sigmamotor pump (8) ¢
blggzl to the resenoir
passage to the donor dog

-
2
b 1
/ —
3
4

Fig 2 The blood to the perfused heart (1) cooled
{15 to 18°C) by bemng passed through a co
nnmersed an water (2), the blood returning to the
donor dog (3) being rcheated while passug
through a col (4) submeiged 1n hot water, man
tamed at 40° C
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' rest Absence of flow and
i >n with coronary perfusion
collectors 0 cardiac base

Results

The shsosption of contrast medim w the interstital space with lymph drain
age and flow wdentical o the normal pattern reported previously 1s shown for
the control cases m g ¢

In condition {2}, the contrast medium was observed m the mtersaual space,
s¢ the coronary \emns and sinus were rendered sisible, 1 other words, a coronary
phicbogram was obtuined, due app: ly to blackage of the contrast medium
at the ermunal lymphatics {Fig 5, a and b) Under the condstions indicated 1n
12b) as perfusion with normal blood 15 resumed, the contrast medium rapsdly
disappears Irom the senous system and appears m the lymphatics with normal
morphologic and dyname charactensies (Fig 5¢} The dramage of the mn
tersttial space by the ymphatics 1s resumed with myocardial contracuion

In cardiac arrest or ventnewlar fibnlaton due to wtermutent 1scherua, te
conditions in {3), poor absarption or dramage of the contrast medium ocgurred
¥

Fag Ga) but 2 was overzome With te mstatement of the coronary airculation
wnd ellective myocardsal contraction {Tig 6, b and ¢}
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c

Fig 5 a) Complete coronary phlebogram by absorption and dramage through venous capllarics
No_absorpuion by lymphatics an heart with total sschemia duc to potasstum mnduced arrest
b) Venous drunage of contrist medium to the coronary sinus Total 1schem due 1o potassi
mduced arrest ¢} Norml lymphatie dramntge and flow i heatt recuperated by cotonary per
fusion, same case 1s i (b), mdustnal film was used

during potassium induced arrest with muntamed  coronary  perfusion were
studied (Fig 3)

Lymphography, m the manner described m a former work (CELls et coll
1966), was carried out with senal radiography m twenty-mne resected hearts
using conventional and mdustnal film The method employed pernutted a study
of the cardiac lymphatic system under the following eaperinental condrtions

1 Lymphography m resccted and perfused active hearts 4 experiments

2 Lymphographic changes durmng potassum-induced arrest without coronary
perfusion (a}, and after coronary flushing with normal blood (b} 8 expertments

3 Lymphographic patturns during cardiac arrest or ventncular fibnillation
mduced by mtermttent 1schemia, and durmg resumption of perfusion and effec
tive myocardml contraction 2 eaperiments

4 Lymphographic changes during electrcally induced ventncular fibriilavon
with coronary perfuston and durmg recovery to smus rhythm 7 expenments

5 Lymphography during severe bradycardia (8 per mmute) with deep hy
pothernua (15 to 18° C), mamtamung coronary perfuston with an extracardine
system and return to sinus rhythm and normothermia 3 experiments

6 Lymphography dunng potassium mnduced arrest, mamtuning coronary

perfusion with an extracardiac system (Langendordf preparation) 5 experiments
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rest Absence of flow and
n with coronary perfusion

1 collectors to cardiac base

v

Results

The absorption of consrast medwm in the mterstinal space with lymph drain

age and flow sdentical to the normal pattern reported previously 15 shown for
the control cases mFig 4

In condition (2},
1e the corenary s en
Phlebogram yag o

the contrast medium was obsers ed 1n the mterstinal space,
s and sinus were rendered visible, m other words,

a coronary
brained, due apparently to blockage of the contr:

ast medium

1schemia, 1e
lum occarred
ry crculation

conditians 1 (3),
{F1g 6a) bt ¢ 4
and cffectine my

Poor absorption or dranage of the contrast med;
"as Dyvercome with re instatement of the coronar
ocardial contraction (Fig 6, b and c)
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3

Fig 7 2) Intersutal space and lymphatic flow through myocardial collectors to base of heattin
clectnical ventnicular fibrillation ‘and coronary perfusion b) Same case as i (a) Interst tial
space lymph flow through lateral collectors cardiac nodes and mediastinal collectors demon
strated by the use of mdustral film ¢) Roentgenogram obtained 8 munutes after mjection of
contrast medium and lymph flow i heart perfused with 18° blood Marked bradycardia.

Compare this with fig Ba

In clectrical ventricular fibnllation with mamtamned coronary perfusion, con
ditons 1n (4, the morphology and flow of the lymphauc system were normal
(Ig 7,2 and b)

In bradycardia with hypothermia and with mamntamed coronary perfusion
by an extracardiac system, conditions mn (5), the morphology of the lymphatcs
was 1 accord wath normal appearances (Fgs Jc and $a) The flow 1s slow and
becomes re activated with warmung of the blood to normal temperature and a
return to normal cardiac rate

In cardiac arrest with potasstum and with mantained extracardiac perfusion,
conditions 1n (6), the absorption, dramage and flow of the contrast medum

were normal (Fig 8b)

Discussion

The relationship betwcen coronary perfusion or myocardial 1schemia and the
absorption and drainage of contrast media mjected into the connective tissuc

were carefully considered 3n the mnvestigation The anatomcal and funcuonal
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Fig B 2) Same case as an fig 7e Intersutial space and lymph flow 1o meduasumal collestors,
dustnal film was used b) Langendod! arangement potassmun wnduted cardize arrest
coronarv perfusion with extracorporeal ¢ireulanion Absorpuon of conwrast medwm
Iymphauc systemn

«tate of the lympbatic system of the resected heart that had recuperated with
corpnary perfusion, after repeated episodes of 1schemia, was also studied

It was assumed that absorption and dramage of 2 contrast medium by the
cardiac lymphaucs paman)y depends on adequate coronary periusion and sec-
ondanly on myocardial contracugn Tihis hypothesis was supported by the
foliowing facts

With adequate coronary perfusion durng potassim mduced arrest, electncal
sentncular fibnllation and bradycardia due to hypothermua, the absorption of

the comtrast mediom from the intersuual space and ns flow through the lym-
phaucs could be demonstrated
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Without coronary perfusion, the lymphatic termmals are apparently sclectively
bloched for the contrast medium, which drains through the venous system With
coronary perfusion re-established, the normal physiologic conditions of the con-
nective tissue return, the venous capillanies are closed to the medium, and lym-
phatic absorption and drainage take place

The passing of flud and particles through the lymphatic endothehum may
occur through the mntercellular fissures or the vesicles of the hmiting membrane
The mtercellular junctions, when open, form regular channels from the sur-
rounding mtercellular spaces of the connecuve tissuc to the lumma of the lym-
phatic terminals (Leak et coll 1968) We have found that in normal (adequate
coronary perfusien and myocardial contraction) conditions, the aqueous contrast
media (low molecular weight) mstilled 1n the myocardial connectine tissue,
dramn rapidly and selectively by the venous system and the large particles of
e g Lipiodol Ultrafluide dram slowly through the lymphatic system Large par-
ticles of contrast medium dram selectively through the lymphatic termmals as
these have a 3 to 5 tumes greater diameter than the vascular capillartes (CASTLEY
—Swmrrir 1965, 1967, Paten 1939) and the mteredlular junction, when open,
1s larger (Leak ct coll ) The following conditions arc obtamed when many of
these junctions arc open flow m the collecting lymphatics with low termmal
pressure, muscular contracuon, vanations m tissue pressure, with metabolic activ-
ity and accumulation of lugh molecular weight metabolites, which ncreases
capillary filtration and produces a current that carres the large particles and
opens the mtercellular junctions

It 1s recogmized that 1f the lymphatic termunals permeate the Lipiodol Ultra-
flude particles this must be duc to the fact that many junctions are open, and
that any blochage must be duc to therr being closed If absorption and dramage
comncide with adequate coronary perfusion, and blochage with myocardral 1sche-
mua, respectively, 1t must be accepted that i the first situation the junction 15
open and 1 the second mstance closed

On the basts of the previous considerations we feel that in the perfused heart,
with or without myocardial contraction, the contrast medium deposited m the
interstitial space becomes incorporated m the mnterstitial fluid formed by capil-
lary filtration and myocardial metabolsm The flwd current would thus be
established by a pressure gradient that carmcs the large particles (Lipiodol

droplets) to the lymphatic lumina, arculing through them as Iymph T;m
1ymphograpluc flow patterns of thus current, from the coronary capillanes to n;‘
mediastinal lymphatics and their venous junction, sigmfy the existence of bloo
pesfusion and probably myocardial metabohsm he non-
Blochage of the ternunal lymphatics to Lipiodol particles occux;;]:ll; Lllgcl'\la :
perfused heart which drams selectively through the venous system g
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may possibly be explamed by the absence of capillary filtration, and & pressure
gradient and flud curvent which fail to open the mtercellular junctions. The
dramage through the venous system caused by vasous factors 1s wherent m

L a +la aheenee of mtracapillary hydrostatic pressure,

In cardiac transplantation, the fesected and solated donor neart nas uec
Iymphatics sesered It has been subjected for penods of 5 minutes to spontancous
arrest and total 1schemia, and, during the time required to establish extracorporeal
arculation, to repeated episodes of 1schemia The 11l effects of these adverse con
ditions to the recuperation and viability of the transplanted organ may be at
tenuated by hypothermia at 26° C, perfusing the 1solated heart at a rate of 300
10 400 ml per munute, 1mpl st sn the reaip at a temp of 30 to
32° C and anastomosing the aorta last, 1n order to decrease the time of sschemia
(Baxnaro 1967, 1968) The hearts transplanted by Coorey et coll (1968)
are provided by individuals withun hours of cerebral death and are resected before
spontaneous arrest, they are subjected to short, repeated episodes of 1schemia that
total about 45 mumutes with normothermea and without artihcial perfusion
Transplanting a heart under these conditions poses problems for the recovery
of elfectne and sustamned myocardial contraction, these melade the viability
(Denanry 1968), rejection and mutual organ host tolerance of the transplanted
beant
One of the difficul d by this d

P P 15 the cardiac
lymphatic morphelogy and flow We feel that, as m these expenmental cases

with a perfused heart, the absorption, dramage and flow of the contrast medium
m the donor heart 1s mamtaimed dunng the Fandhng and first hours of trans-
plant as long as there 1s adequate coronary perfusion This extrapolation would
appear to be acceptable because both hearts have been resected, isolated,
perfused and revitalized by coronary perfusion after transieny and repeated
cpusodes of hypothernua and 1schermia

The fate of the lympt system m

p i organs 15 mteresting and
according to the literature (CooLey et coll 1968, Cuavez 1967) has been

studied m pulmonary re implantation and heterotopic renal autotransplantation
nta the pelis It 1s stated that dunng the first two or three v eels the lymphatic
flow 15 replaced by lymphectasia and probable lympho-yenous commumc:‘l’uons
Tymphography in the resected and perfused hearts of the Present scnes de

on trated absorption i the interstial space and flow of the contrast , dcm
to the severed mediastmal collectors dunng the first few hours e
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SUMMARY

The morphologc, dynamic and Iy mph flow changes during eardiac arrest and s entricular
fibnllation m the usual surgical procedures and heart transplantation 1n 29 resected hearts
are described Posiunve cardiac lymphography appears to mdicate satisfactory coronary per-
fuston, capillary filtration and probably d myocardial bol:

ZUSAMMENFASSUNG

Die morphologischen, dynamischen und lymphologischen Flussyeranderungen wahrend
Herzsullstand und Herz{limmern ber der gewolnhichen Operation und der Herztransplanta-
tion in 29 Herzen werden beschricben Die positine Tymphographue des Herzens schemt gute
Durchstromung und gute hapillare Tiltricrung und wahrschemlich einen befredigenden
Stoffwechsel des Myokards anzuzeigen

RLSUML

Descniption des 1ons morphologiq dy ct des debuts Iymphatiques
pendant Parrét cardiaque et 1a fibrillation ventriculaite aw cours des mterventions chuur
gicales habituelles et au cours de Ja transplantatton cardiaque sur 29 cocurs preleses. Une
lymphographie cardiaque positive parait mdiquer une perfuston coronaire satisfassante, e

hltration capillaire et probablement le mamtien du metabolisme myocardique

dif,
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SUMMARY

The morphologic, dynamic and lvmph flow changes dunng cardiac arrest and \entneular
fibnilauon 1 the usual surgical procedures and heart transplantanion 1 29 resected hearts
are described. Posine cardiac lymphography appears to mdicate sausfactory coronary per
fusion, capillary filtration and probabh mamtaned myvocardial metabohism.

ZUSAMMENFASSUNG

Die morphologischen, dynamischen und hmphologischen Flussseranderungen wahrend
Herzstillstand und Herzil be1 der gewohnhchen Operation und der Herztraneplanta
tion in 29 Herzen werden beschnieben Die positine Lvmphographie des Herzens scheint gute
Durchstromung und gute lapillare Filtrierung und wahrschemlich emen befricdigenden
Stoffwechsel des Myohards anzuzeigen

RESUME

Descripion des modifications morphologiques, dynamques et des debits lvmphauques
pendant lamrét cardiaque et la fibnllation ventniculaire au cours des inters entions ¢himur
gicales habituelles et au cours de la transplantanon cardiaque <ur 29 ceeurs preleves. Une
lymphographie cardiaque positne parait indiquer une perfusion coronaire satifaante, une
filtration capillaire ¢t probablement le mamtien do metabohsme myocardique
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SUMMARY
The morphologic, dynamc and lymph flow changes during cardiac arrest and ventricular
fibullation m the usual surgical proced and heart transpl. 1on 1n 29 resected hearts

are described Positive cardiac Iymphography appears to indicate satisfactory coronary per~
fusion, capillary filtration and probably 1 myocardial bol

ZUSAMMENFASSUNG
Die morphologischen, dynamischen und lymphologischen Flussyerandetungen wahrend
Herzstillstand und Herzf] n bex der gewohnhichen Operation und der Herztransplanta

tion 11 29 Herzen werden beschrieben Die positive Lymphograplue des Herzens schewt gute
Durchstromung und gute kapillare Tiltrierung und wahirscheinlich einen befriedigenden
Stoffwechsel des Myokards anzuzeigen

RLSUME

Description des hiftcations morphologiq d ques et des debits lymphatiques
pendant P'arrét cardiaque et la fibnllation ventriculaire au cours des wterventions chirur-
gicales habituelles et au cours de Ia transplantation cardiaque sur 29 cacurs preleses Une
lymphographte cardiaque positive parait indiquer une perfusion coronaire satisfaisante, une
fQiltration capillatre et prabablement le mamtien du wetabolisme myacardique
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15 1 Artepal pl ase 3o normal angwography of a renal
allograft 24 hows following wransplamation

changes of tejection ‘1hie pnmary renal disease had been chrome glomernlo-
aegheurs it fonrteen patients, chromc pyelonephntis in two and polycystic hidneys
10 two patuents Al hut one graft were obtamed from non livng donors The
transplants were anastomoscd to the hac vessels, generally ¢he renal artery end
0 end with the internal 1hiac artery and the van end to-ude wik the common
tliac vem Immunosuppressive therapy conusted of predmsone or ats analogues

and azathiopnine, actmomyan G was used 1n a few patrents Earlier pauents
were also treated with graft irradation

Exanunatron methods The percutancous technique with a Kufa red or thine
Walled red catheter was wsed Generally the contralateral femoral artery was
punctured and the up of the catheter placed i the spslateral common shac artery
as near as possible 1o the ongin of the ternal ihac artery Selectise wjection of
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Ohligunia or anuna 1s not an mfrequent complication of renal transplantation
of cadavenic hidneys (Cawne et coll 1963), the most common causes beng
immunologic rejection or aschemuc tubular necrosis Dhfferentiation between
these disparate states may be difficult on clinical grounds alone but can usually
be accomphshed by percutancous biopsy (hancamp Smitu 1967) Dot mire
quently, however, the biopsy matenal may be nsufficent to allow defmite
conclusions or may result m residual vascular abnormahities {Sweet ct coll
1969, ExeLunp 1970) and untoward effects m a cntcally 1ll patient When
these limitations became apparent anglography was employed to aid m the
diagnosis of these and other causcs of funcuonal fulure of a renal graft

atenal Twenty nme angsograpluc exarmmations (19 m Gamessilie and 10 1‘n
Lund) were performed m aghteen patients first and second grafts \\cr;: cxaml;r
ed m four patients The principal indication for angiography was o lguim N
anuna One patient was invesugated to evaluate the etiolagy of pcrslstcn; la)r};;cr
tenston, and (WO exanupations were made to determme the resolution of €

Subnutted for publication 16 December 1969
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Fg 4 Cortcal necrosss sccondary b vascuhitis fc d 24 days
following transplantation ) ludnry not :nlargl‘d marbed truncation of the interlobar

artencs secondary to b 1 ume markedly prolonged the
contrast medum remaining an the kadney at 12 eiond following mjection indicates presence

of renal van thrombos s

needle biopsies The Iatter were generally obtamned within 4 days of the mdlo-
graphic procedure The hidney was d the day foll

in one patient and open biopsy was performed 1 three pancms \Ia]or vessel
pleted rtejection was confirmed by  graft
ncphrcc\omy Bmpsncs were not performed 1 three natenee 1

angio-
patient
. o x ndings.

Results and Discussion

Only one angmgraphxc examinayon was normal (Fig 1) Acute rejection was
d in ten

and chronic or healed rejection was noted n
four Rejection vascubis had caused obstruction of the mterlobar artenes
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Fig 2 Acute rejection 51 days following Fig 3 Acute rejection with severe vasculitis
u I Ridney ed arteries but without marked renal edema examina
stretched and penpheral vessels unfilled, ir tion performed 7 days following transplanta
regularities 1n the arteral Jumen are localized tion and 2 days after marked dechine m func
m the pars intermedia The artenial emptymg ton  The  artenal emptying time was 3
tanc was 6 seconds Light microscopy showed seconds Renal veins not demonstrated, famt
severe rejection, with \ et h e phase

the internal 1hac artery was performed n three mstances, 10 to 15 ml of Reno
grafin 60 S5 or Isopaque Cerebral were mjected by hand In common thac
mjections, 12 to 30 ml were used, the yolume varying with the size of the artery
and the age of the patient

The films were exposed n an Elema-Schonander 14”7 X 14” cut ilm changer,
the film rate bemg 2 per second for 3 seconds, 1 per second for 3 seconds,
and an addional 3 films n 6 or 9 seconds A late exposure was obtamned to
determme the presence or absence of excretion of contrast medium by the graft
In one patient, retrograde pyelography was performed 1mmediately following
anglography, and i some mstances 70-mm seral fluorography at a rate of 3
films per sccond was performed for a more accurate estimation of the renal
circulation time The focal spot was 06 or 12 mm No comphcations from

the procedure were observed
Angiographic findmgs were compared with histologic diagnoses of percutancous
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B

n % dney
for ttose
ton use

ly leading to ohl Aedial na n B 1

e woton 1¥DD 1903, 140/, Kincatp Swizw 1967) Tubular
atiopls  segmental infarctson, cortical necrous or ulumately completed organ
infarction may develop as a consequence of vascular obliterstion

As the prmary sue of rejection 15 the vessels, angiography 15 a parucularly
ap method of d. g the reacuon fn eatlier mvestgations
angographic findings 1 rejection of human renal tramsplants have mcluded
edema, prolongation of the artenal arculation tune, wregulanucs and oblitera

34— 03004 A t¢ Rad olos & Diagus o Vol 10 (1970}



480 ] BAUDE, D I SLUSHER, W W PFAFT AND R L HACKETT

Tig 5 Chrome or healed rejection ango
gram [0 onths following transplantation
Ridney of normal size narrowing of inter
lobar ~arteries and  reduced number of
penipheral corucal arteries as well as medul
lary branches  Ihe artenal emptying time was
27 seconds Ridney functionmg althogh at
half the maxamal initial function

resuling 1n uniform cortical necrosts assocrated with renal vem thrombosis
two examunations In onc (xammation, cortical necrosis resulted from ischenua
due to renal rtery obstruction of several hours duration Signs of both acute and
chronic rejection sere noted in one patient

Anuria 1 four patients appeared to be the consequence of 1schemic acute
tubular nccrosis, although 1t was eventually assocrated with focal rejecuon
Thrombosts of the artenial anastomosis was revealed m two cxammations The
anastomosis was stenotic 1 two grafts and i1 one patient narrowmg with
poststenotic dilatation was noted at the ongn of the mternal ihac artery A
blood clot obstructed the urcteropelvic junction m one patient, this was con
firmed by pyclography

There was umform correlation of the angiographic diagnosis with either
lustologic data or clinical conclusions as evidenced by the end results .

Convimcmng evidence has been presented that the primary site of xmmunoIOglllc
rejection of renal transplants is the vascular endothehum (Roustz et cid
1963, Knupsew et coll 1967) Rejection vasculins has been characternz !
umal round cell mfiltration and fibrm deposits resuling w mural

by subinl
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e © s m conuadstacton to the noa {1 ng characterstc of m
munaloge Tejection

are stretched by edema 1rregulanties m the artenal lumen caused by subintimal
and mural cellular infiltration are present I angiography s repeated following

of therapy, the edema of the hadney may
be less marked although vascular changes may persist (Fig 3)

The artenal airculation time 1s prolonged and vanes with the seventy of the
tejection In clear cut rejection the artenal phase vaned from 2 5 to 6 seconds
Tn dhree patients with mild rejection the artenal phase was normal (1 to 2
seconds) This was determuned by the tnterval between the appearance of the
fast portion of the contrast medium 1n the renal artery and the emptying of the
penpheral artenies This method of estimating the ancna] cmpmng um: 15
obviously not very accurate but with the anguog;

P
(1njection of contrast medium 1nto the common ihac artery and a ﬁlm ralc
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b

Fig 7 Angography 1n acute tubnlar necrosis in hidney (not transplanted) exarmned 7 dajs
following onset of anuria a) Normal hidney size arterics unremarhable with emptying ume of
15 seconds b) Good nephrographic phase and filling of vemns no contrast medium 1n the
collecting system in the late films

tion of the arteries, with absence of the penipheral vasculature and a poor
nephrographic phase (ALFior et coll 1966, O Connor et coll 1967, StapLe
& Curane 1967, Brucke et coll 1968, KAunk et coll 1969, Vinia et coll
1969) In experiments with camme renal transplants, the angiographic findings
m rejection have been found to be essentially sinular to those mn climcal work
mn man (DempsTER 1955, hNUDSEN et coll 1967)

Angrographic findings 1n tubular necrosis caused by prolonged renal 1schemia
before or dunng grafting have been reported m only one patient and were
histologically unvenfied (Brucki et coll 1968) N

The angiographic findings in rejection m our materal are m agreement wud
those reported by ALripr et coll, O Connor et coll, StarLe & CnIANG an
Brucke et coll We also agree with ViNix et coll n their statement that 1t
13 possible to differentiate angiographically between acute and chrome stages
of rejection In acute rejection (I'g 2}, the kidney 1s enlarged and the arteries
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\ems may somettmes be present an such cases and, depending on the current
state of the yenal funcuon, contrast medium may be excreted

The airculation time 1 1schesmug acute tubular necross (Fig 6) was normal
or only shghtly prolonged and, with one reservaten, vaned {rom 1 to 2 seconds
In one examination, the artenal emptyng ume was 3 scconds, this was aunbuted
{ ' = Tanen < nresence of admuxed immunologic rejection In three pé\llc‘t:ls

- s

biopsy (Fig 6a) No other artenal changes were BOtea, e dlcuudd s v« -
small penpheral vessels were filled wath contrast medium A nephrographic effect
was mvariably present, although the borderhine between the cortex and medula
could be hard t6 define The renal vens were filted n late films, Presumably, as
a result of the absence of hdney funcuon, an increased concentration of the
contrast medum 10 the vems was usually observed (Fig 6b)

" 'ar pecrosis 1n

- pauent with
2 non transplanted hidney (Fig 7) 1n whom clinical ana mstowogic verification
was with the d of acute tubular necrosis. The antenes
and artenal emptying time were normal, the renal veins were filled with contrast

medium and nephrographuc effect was present although no contrast medium was
excreted

A stmilar identification of the renal vemns was noted 1n a patient with cortical
necroms following renal artery obstruction of several hours duration Penpheral
artenal lesions were also observed n this case (Fig 8) The latter findings were
similar to those described m expenmental mvestigations and beheved to be caused
manly by renal artenal spasm {Surrwoob et coll 1969)

Further compl followsng Lydney t ] to be dif d
from acute rejection and i1schemuc tubulas secross, are renal vem thrombosis
and renal fallure secondary to urmnary obstruction In renal vem thrombosis,
the blood flow 1n the kidney 15 retarded (Cruyay & Hivona 1965, KopuLer
etcoll 1966 Aremret coll 1966) but af not assocrased with or not secondary to
Tejection no vasculius 1s present The diagnosis of renal ven thrombosts may be
vertfied by renal phlebography (Arrior et coll ) In a patent with unmary
obstruction (Fig 9, a and b}, the renal vasculature was normal but a marked
nephrographic effect persisted for more than 18 seconds Pyelography performed

1y followmng phy revealed a blood clot at the ureteropelvic
Juniction as the cause of the renal staas (Fig 9¢)
Local vascular yre
ferenuated from chay
B

gulanties as the result of focal rejection need to be duf
nges that may follow needle bopsy (Swerr et coll 1969)
ercutaneons needle biopsy was performed Prior to anglography sn five of our
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~

a b <

Fig 9 hadney failwe sccondary to urmary obstruction 5 day old transplant a) “ormal
arteriopriphy No vasculiis or renal edema  the artersal emptying tme was 15 scconds
b) Mathed nephrographic phase persisung for more than 18 seconds c) Pyclography revcaled
a blood clot at the ureteropehvic junction as the cause of the renal stasis

of 2 to 3 films per second) its apphcation 1s warranted from a practical
pomnt of view and permits a determination of the artertal emptymg time within
the acceptable range of error, approximately 03 to 05 seconds

Addittonal radiographic firdings depended upon the itensity of rejection,
the stage at which the evanunation was performed, the character of the
immunosuppresstve therapy and the response to this treatment  In acute rejection,
cither no filling with contrast medium of the wmterlobar penipheral branches
and the arcuate and mterlobular artencs tooh place or the filling was mcomplete
(Tigs 2 and 3) The nephrograpluc phase was poor or absent Reduced capillary
flow presented demonstration of the veins Luttle or none of the contrast medim
was cxereted by the hidneys

With progressive rejection, the peripheral branches of the mterlobar arteres,
mcluding branches descending mto the medulla (KNUDSEN et coll 1967), 45
well as the primary mnterlobar vessels themselves, became oblterated, with
resultant cortical necrosis (Fig 4)

Response to mnmunosuppressive therapy may result m conversion of the
angiograplnc findmgs of acute rejection to those of healed or chronic rejection,
as allustrated 1 Fig 5 The kidney size m this mstance was decreased and the
caliber of the renal arterics was reduced, although the lumina remaned irregular
When correlated with the microscopic findings, this appeared partly to be du¢
to orgamzed submtimal nfiltration and mterstiial fibrosis The number of
mterlobar arteries was reduced, presumably because of obhteration of vessels
as a result of the acute rejection The arculation time was normal or shfgh}‘)’
prolonged and ranged from 15 to 25 seconds I'mnt contrast filling of the
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\euns may somehimes be present m such cases and, depending on the current
state of the renal function, contrast medium may be excreted

The arculation ume in 1schemic acute tubular necrosis (Fig G) was normal
o only shghly prolonged and, with one reservation, vaned from 1 ta 2 scconds
In one examunatian, the artenal emptying tme was 3 seconds, this was attibuted
{ ' = Vanen s neesence of admuxed immunologic 1ejection In theee patients
N A
Wesougs 5 -
biogsy (Fig 6a) No ather artenal changes were noted, the arcuale aneties a u
small penipheral vessels were fifled with contrast medium A nephrographue effect
was im anably present, although the borderline between the cortex and medulla
could be hard to define The renal veins were filled 1 fate films. Presumably, as
a result of the absence of hidney funcnon, an mercased concentranion of the
contrast medwum wn the setns was usually observed (Fig 6b)

Further venfication of the angiographic findings of acute tubular necrosss i
transplanted hidnieys was provided by an opportunity to examine a patient with
a non transplanted Lidney (Fig 7) mn whom chmcal and hastologic venbication
was consistent with the diagnosis of sschemuc acute tubular necrosis. The artenes
and artenal emptying tme were normal, the renal veins were filled with contrast
f::dmn; and nephrographuc effect was present although no contrast medium was

crete
N t?;‘:‘::fnédcnldlcanon of the renal vems was noted n a patent with corucal
actenl Iesmn‘:?g "ﬂli artesy obstruction of several hours durauon Penpheral
Sl to thoe ;trc ab dobscncd i this case {Fig 8) The Jatter findings were
msaly by vensl ;tm cl m expenmental m estigations and beheved 1o be caused

Fursher s erial spasm (SiERwooD et coll 1969)

Plications following hidney :pl

from ag
§ cute rejection and sschenue tubular necross, are renal ven thrombosts
and renal failure second:

the blood £ ary to unnary obstructon In renal vem thromboss,
ctoolt IQGGDW n the Lidney 1s retarded (Crusss & Hivona 1965, Koknier
), ALFIDI et coll 1966) but if not associated with or not sccondary to
present The d of renal vein thromt by
— may be
Obat::‘:u:;); (rcrna] Phlebography {Arrinr et coll ) In a pauent with wnnary
Sephrograt % 9,2 and b), the renal vasculature was normal bur a marhed
“nmcdna::l)y l;o'i‘lﬂttt persisted for more than 18 seconds, Pyelography performed
o%ing angiography revealed a blood clot
M:um S thecaune ot P I o clot at the ureteropelvic

, to be ddf 4

Fejection 1o vascuhitys 1s

Jecuion need to be dif-
(SwEET et coll 1969)
tography m five of our
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patients In two of these, residual vascular wrregulanties but no resultant
arteriovenous fistulas were observed (Tig 6a)

A summary of the anglographic findings n acute rejection and tubular
necrosis 1s given in the following

Acule rejection Tubular necrosis

Radney size Lnlarged Normal or shghtly enlarged

Lduma Present Absent or mild

Circulation time Prolonged (normal ~ Normal or shightly prolonged
i mld rejection)

Vascuhtis Present Absent

Nephrogram Poor or 1bsent Present

Renal veins Not filled Filled

Contrast excretion  Absent Absent

A particularly carcful techmque 15 essential 1 the mvestigation of renal
transplants mn order to be able to cvaluate changes 1 small vessels Only with
mjection nto the mternal or ipsilatcral common ihac arteries have we been able to
obtam films of good diagnostic quality Tor selective techmques the mtroduction
of a catheter mto the mternal 1hac artery 15 usually preferred The anastomosis
gsenerally lies 3 to 5 cm distally from the ongin of the vessel and although sub
mntimal mjection 1s a potentinl comphcation 1t should rarely occur Howover
antegrade sem selective mjection mto the common thac artery following puncture
of the contralateral funoral artery 1s equally successful and necessitates only a
small increase 1 the amount of contrast medium employed It has the additional
advantage of allowing more ndequate cvaluation of the proximal wtemal shac
artery A high mcidence of atherosclerotic lesions occur m uremic patients even i
young individuals Sigmuficant calaificanon of the internal ihac artery was noted
on two occasions 1n our series and in one patient there was marhed stenosts at the
ongin of the nternal liac artery with sigmificant post stenotic dalatation

Further technical refinement may be achieved with a 03 mm focal spot and
geometric magmfication {Tararo 1967 Baum et coll 1968) This has (k;ccn
particularly useful m evaluaung the penpheral vasculature of the hr nz

(TarARO 1967 Suerwood et coll 1969 LAVENDER et coll 1969 OLIN t
SaxuMa 1969) and may prove to be an important aid n the detection (l)Jf sm:;,
vussel vasculis Clanification of peripheral lesions may also be aided by su

traction techmiques
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SUMMARY

Angiography was performed on 29 occasions following 22 renal allografis 1 18 human
subgects and proved 1o be an aid 1n the dufferential diagnosts between immunologic rejection
and 1schemic acute tubular necrosis, The angiographuc fndings i the vanaus siages of
sejection 1 the presence of (wbular necrosis and 1 other comphcations follewing trans
plantation are described These were found 10 correlate with the nucroscopic and clinical
d agnoses The techmque of angiography 1 renal transplats is discussed

ZUSAMMENFASSUNG

Nierenangiograph ¢ wurde 10 29 Fallen 0
sargenommen und erwies sich als eine we
d agnostisch zwischen Abstossungsreaktion Ww o a - LI
24 unterscheden Die angiographischen Befunde watrend den verschiedenen Stadien der
Abstossungsreakt on beun Vorlegen ciner tubularen chrose und ber anderen homphka
tonen nach Merentransplantayion werden beschnieben  Die angographischen Befunde
summes 1n samthchen Fallen mut der histologrschen Diagnose und dem Yhmschen Verlaut
wberesn. D ¢ Technik des Anglographie der transplanticrien Maere wird besprochen

RESUME

Les auteurs ont prauque 29 hies apres 22 all )t renales chez
18 malsdes cet examen 5 est montre utile pour le diagnostic differentiel entre le rejet sm
munologique et [a necrose tubulaire 1schémique aigue Les auteurs decrivent les signes angio-
graphuques aay differents stades du rejet dans le cas de necrose tubulaire et dans les

J qu1 sunent la

autres
pl Les signes ) sont en € dance
avee les diagnoscs microscopiques et chinsques Les auteurs etudient la technique de
langsographte dans les transplantations renales
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CENTRALLASARETTET, BORAS, SWEDEN

HYSTEROGRAPHY IN INTRAUTERINE PREGNANCY
AND ABORTION
Report of three cases
by

Mocens Hovore

Hysterography has lost much of s s

Pregnancy with the commng of biologic pregnancy tests The procedure has,
however still been resorted to m confirming a diagnoss of tubal pregnancy or
cven cenvical gestation {MaTRACARU et coll 1966)

Heuser (1925) was the first to mject 1odimzed ol mto the pregnant uterus as

A routine measure MARTINEZ & MiLLER (1928) reported 15 cases of pregnancy
50 diagnosed, three of which terminated 1n abortion Hysterograms of tact
\nirautenne pregnancy are now obtained only acadentally Kjeiszre (1942)
observed one case 1n 2 consecutise matenal of 328 cases of hysterosalpingopelvy
graphies and GovpseraEr et coll (1950) reported two cases of carly pregnancy

N areview of 2 500 cases Sarasc (1965) reported a case leading to a false diag
L‘;Sl:oﬂ{ (;lt‘?me fibrord and put the nisk of abortion following the exammation at
3

guificance 1 the diagnosis of early

Hysteroy
Sterography may sull be of some value i dagnosing a condition of nussed
Subrutted for Publication 18 Nosember 1969
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a b

(a) and

Fig 1 Case I Intact intrautennc y Hy graf othique %
lateral (D) views

abortion Anumapa ct coll (1956) reported 13 cases m cleven of wlich a correct
dragnosis was apparently made These authors stressed that hysterography should
not be performed unless death of the embryo 1s certam, and that at least 10 to
15 ml of the aqucous contrast medim should be used to obtamn a reasonible
filling of the enlarged cavity

The hysterogram of carly mtact pregnincy generally reseals an enlarged, atonic
and globular cavity with a rounded contrast defect close to the wall and a small
cervical canal In certam mstances, including nussed abortion, the defect may
be more irregular and suggest carcimoma of the corpus, submucous and mtra
mural fibromyoma, or cndometrial polyps The changes may be difficult to mter-
pret and may be obscured by a combination of conditions or by mfection (The
reader 1s referred to Scunvz ‘Lehrbuch der Rontgendiagnosth’ 1965, DaLsace
ct coll 1959 and ErssLon 1957 )

Material This consisted of 1266 hysterographies performed durmg the perod
1964—1969 Three cases of ntrauterine pregnancy and abortion were encountes

red and are now reported

Case reports
Case I Woman, aged 23 was adnutted to the Gynecologic Department for trealment ola
palpaple orange sized ovanian ¢yst Following lelt cophorcctomy the patient had had more or

Jess continuous abdommnal symptoms adnensal infl but on
the cyst had apparently disappeared No pregnancy test was performed
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a b

Fg 2 Case 2 Infected abortion
wiews.

cblique (a) and lateral (b)

H
resealed a considerabl

enlarged flected uterus with an mtemal di
ameter of about 11 em (Fig 1) The cenvical canal was small A rounded broad based
smooth contrast defect approximately 8 cm 1 size lay at the fundus and the anterior wall
The tubes were only partly filled The appearances were hughly suggesune of pregnancy a
<iagnos s confirmed climcally and by a test The was d

Fz 3 Case 3 \lssed aboruon H

\iews

oblique (a) and lateral (b)
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v

Fig 1 Case 1 Intact H; hy, oblique

(a) and
lateral {b) views

P

abortion Anumapa et coll (1956) reported 13 cases mn eleven of which a correct
diagnosis was apparently made These authors stressed that hysterography should
not be performed unless death of the embryo 1s certan, and that at Jeast 10 to
15 ml of the aqueous contrast medium should be used to obtamn a reasonable
filling of the enlarged cavity

The hysterogram of early mtact pregnancy generally reveals an enlarged, atomc
and globular cavity with a rounded contrast defect close to the wall and a small
cervical canal In certamn instances, mcluding nussed aboruon, the defect may
be more irregular and suggest carcinoma of the corpus, submucous and mtra-
mural fibromyoma, or endometrial polyps The changes may be difficult to mter-
pret and may be obscured by a combmation of conditions or by mfection (The
reader 1s referred to ScuiNz ‘Lehirbuch der Rontgendragnostih’ 1965, Davsact
ct coll 1959 and Eresrou 1957 )

Matenal Tius consisted of 1 266 hystcrograpluces performed durng the period
1964—1969 Three cases of intrauterme pregnancy and abortion were encounte-
red and are now reported

Case reports

per1
Jess continuous

b adnexial vul vi e -
the ¢yst had apparently dlsappcartd No pregnancy test was performed
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ZUSAMMENFASSUNG
Dres Falle von Hysterographie ber intrautenner Graviditat und Abort werden vorgelegt und
dic sontgenologische Diagnose wird besprochen Es wird betont, dass ¢s wichtig 15t bevor der
Hysterographie eine Gravidatat auszuschliessen

RESUML

de tyous cas d b hie au cours de g et davorte
meats L auteur discute le diagnosuic ¢t souligne }importance de s assurer qual ny a pas une
grossesse asant de {airc une hysterograplie
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Case 2 Woman, aged 20, with a Iustory of menorrhagia and endometrius The patient had
been bleeding irregularly for two months and treated with oestrogens and 1ron The uterus
had been of normal size and not tender No pregnancy test was made

Hysterography disclosed that the utenme cavity was relatnely large with a coarse and
irregular mucosal pattern probably due to endometnitis and myometntis The tubes were not
filled (Fig 2)

Subsequently, the patient develaped fever and pain 1n the lower part of the back associated
with a bloody vagmal discharge Palpation of the uterus now suggested a pregnancy of three
months, small portions of placental tissue were protruding through the cenvix Esacuation of
the uterus was performed Microscopy disclosed matenal ¢ g of pus and f; of
pregnant decidua, no vills were visible and there was no evidence of a mole or of malignant
proliferation The diagnosis was abortion and endometnitis

Case 3 Woman, aged 32, was admutted with probable abortion mn the 4—5 months of
pregnancy Two pregnancy tests were negatine The uterus was enlarged and a fibroxd lay at

the fundus
Hysterography disclosed an enlarged globular casity with a rounded, partly iregular
contrast defect close to the wall (Fig 3) The cervix was relatively narrow with no sharp
demarcation of the mtemal onfice The appearances corresponded well to the chacal
diagnosss of mussed abortien Microscopy after evacuation revealed products of abortion

An aqueous contrast medium consisting of 200 mg 10dine/ml was employed m

these cases

Discussion

Abdommal roentgen exposures on women of ferule age are withheld as
a routne particularly within the furst half of pregnancy Cases of pregnancy will
of course appear at mtervals and give nise to various problems A pregnancy test
would have given the clue i Case 1, and an extensive use of pregnancy tests
before hysterography appears most desirable The hysterogram n Case 2 indica
ted a condition of abortion and nfection, the admmstration of oestr?gen over
a period may possibly have influenced the picture But for the patieat’s agec !h:
possibility of a villous carcinoma of the corpus mght have been considered :15l
3 was somewhat typical of nussed abortion and hysterography combimned with
negative pregnancy tests and chimcal evidence afforded valuable diagnostic

support

SUMMARY

ection with intrautenine pregnancy and abortion are

terography 1n conni
Three cascs of Dysterograpty 4 d The importance of excluding pregnancy before

cesented and the diag 15
hysterography 15 stressed
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Two pulsating subcutancous arteries proved to be too smalt for antenography 4 pol)(!:;n:
No 160 catheter was mtroduced o the dsamng vein and the contrast medium sajected
a retrograde directson (Gadlund pre - . . i
duced m Fig 15 ¢ and d Namen
whole mass was nchly vasculanzed . .

The long ustary and the findings suggested 3 cystosarcoma phylledes and the pm’c;lo-
graphic appearances consistent with a benign tumour appeared to confirm the diagnosis The
tumour was excised locally without difficuly and proved to be a bemgn cystosarcoma

phyliodes Mo local recurrence and no metastases have occurred fise years akter the opera
ton

Case 2 Woman, aged 42, adipose, had 4 weeks pror to admission noticed a non tender
tamour 1n the left breast, which had become cnlarged The mass was sbout the size of an
orange and well defined although somewhat irregular with soft altemating elasuc and firm
areas The skin was slightly streched but not adherent to the tumour The Ievel of the nipple
was slightly raised

Some subcutancous veins were isible but were not dilated, the largest Just permutting the
ntroduction of a polythene catheter and the wjecuon of contrast medmm (Fig 2) A few
gormal subcutaneous veins were filled, while the tumour’ and 1ts surroundings remamed
awasculac Needle biopsy produced pus hle flwd and operation vevealed aa encapsulated
absces. The abscnce of any demonstrable vascular connection between the subcutancous
vems and the tumour should possibly have permutsed the exclusion of a eystosarcoma The
avasculanty on the other hand obsiously suggested an abscess

Discussion

Cystosarcoma phyllodes are uncommon fibro-epithelial tumours of the
female breast that may occur at any postpubertal age although usually 1n the
fourth decade of lfe They are related etiologically to the mammary fi-
broadenomas, wath thewr maxmum frequency about ten jears earler Mose
of the cystosarcomas develop from pre-exsting fibroadenomas but there g
evidence that they occasionally may also anse de novo, without a Pprecursory
tumour The cystosarcomas may vary 1n size, the smallest may measure about
1 cm, and the largest can be enormous In spite of the term ‘sarcoma’ nine-
tenths of the tumours are chnically innocuous while the remaning tenth behaves
hke highly malignant mesenchymal tumours, leading to death from genera]

m ct Dilated and tortuous subcutaneous veins
Y of, the medwm sized and large tumours may be a
Promunent feature and are apparently due to the transit of a considerable amount
of blood These tumours age thus hughly vasculanzed, 1 fact most of the growths
observed by the author mncluding two that were malignant were found to be
nich m vessels The basic cond for ful hic (phleb hic)

eXanunations thus seem to exjst )
Phlebography 1n the present case disclosed that the tumour was extremely

s
oves, and m the vicimt




FROM THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY (DIRECTOR PROF G F
SALTZMAN ), UNIVERSITY OF UMERX, SWEDEN

CYSTOSARCOMA PHYLLODES DIAGNOSED BY
SUBCUTANEOUS MAMMARY PHLEBOGRAPHY

by

Franz PauL Prossrt

The diagnosts of tumours or tumour like conditions of the female breast
rests essentially on the Iustologic or cytologic examination of matenal obtawed
by excisional, mcisional or needle biopsy The only roentgenologic contribution
of importance to the diagnosis of these lesions 1s mammography, a method
not m general use However, one of the cases now reported mdicated that one
kind of bulky tumour of the breast 1s accessible to the angiographic diagnosis
the cystosarcoma phyllodes The value of subcutaneous mammary phlebography
15 further demonstrated n the second case n which the ‘tumour’ was chically
ndistimguishable from a cystosarcoma

Case reports

Case 1 Unmarnied woman, aged 29 years, who for 8 years had been aware of 2 lump in
the nght breast, the size of which had remained unchanged About 3 months prior to adms
sion the tumour commenced gradually to increase m size The pattent had no other symp
toms On cxamnation, the right breast was larger and more pendulous than the left A
Jobated tumour, about 9 cm m diameter, lay centrally 1n the breast The tumour was rela

oft n some parts and firm or elastic 1n others, 1t was not attached to the pectoralis

tively s these were dramed by

fascia or the overlying skin Several enlarged veins covered the mass,
2 vemn that disappeared in the upper parasternal region (Fig 1a)

—
Submitted for publication 28 August 1969
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Fig 2 Case 2 Mamman abscoss Subcutancous mam

tmary phlebography Lhe mass 1s avascular and thus
probably net a cystosarcoma

vascular and had defined borders The sharpness of its delumitauon, parncularly
agamst the thoracic wall, 15 of unportance from the prognostic and surgical
point of view, since 1t excludes an nfiltrative growth mto the surroundimgs and
facilitates planning of the op However, the features cannot
permut the exclusion of possible malignancy as mahgnant foa within such
tumours may be small and difficult to detect ¢ven on careful histologic examina-
tion of the eatire tumour 1t 15 impossible 10 53y anything about the ‘specificity’
of the anglographic features as no other cases exarmned by this method cxist

However, it appears not unlihely that other tystosarcomas may behave n a
simifar manner 1f further expenence should indicate that phlebography of
cystosarcomas 1s pathognomonic, the need for biopsy may be avoided and the
nish of dissemination in those cases that harbour mahgnant tissue diminished

Fg 1 Case 1 Cystosarcoma phyllodes a) Tumour m tle central patt of the right breast
changing 1s contour large subcutaneous veins ase present b) ¢) and d) Subcutaneous mam
mary phlebograply Dense network of antratumoral vems surface vemns radate towards larger
collecting vessels which are draned by one large and several small efferent \ems Optunal
tangential view (@) defines a sharp border of the twmour agamst the thoracic wall and 1n
dicates no nhltration 1nto the wall

30-901004 Acta Red olog a D agao ss b ol 10 (15 0}
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THE UNIVERSITY HOSPITAL, LUND, SWEDEN, AND THE DEPARTMENT OF RADIOLOGY

{DIRECTOR  FROF CLADE M \\ILLIAMS), UNIVERSITY OF FLORIDA COLLEGE O%F
MEDICINE, GAINESVILLE, FLORIDA, USA

ORAL CHOLECYSTOGRAPHY

Expenmental investigation and chnical companson of
70 mm film and full scale radiography

by
Rachar Jensew and Jurt Kavpe

In oral cholecystography com

presston spot films under fluoroscopic control
usually project the gall bladder

free from overlyng mtestinal gas It may be
necessary to obtain additional supme or prone films with the overhead tube or
ith honizontal beam and patient in the nght decubitus postion A correct
diagnosis with the conventional method can be established 3n approximately
9310 98 % of cases (Jounson & Harrer 1935, Goop & Kirgury 1937,
Orsson 1939 Wicksom & Rentznos 1935 Banir & Hobpcsow 1958, ALper
sov 1960 and others)

Fluorography with 70 mm film from the output screen of the 1mage mtensifier
may teplace full scale spot fitms 1n many roentgendiagnostic procedures {Samuer
& Starriing 1964 W out & RoEHLER 1965, Erase 1967, kavoe 1967, 1968,
CoLtarn 1969 haup: & Rerp 1969 Kavor & Siysyrx 1969, and others})
The methods has been considered diagnostically madequate 1n oral chol

Part of thus work v as carnied out at the Unnyers ¢

3 of Flonda College of Mediaane where
{(kb zcllrgdega; Vistng Asustant Professor 19671968 Submutted fo Publication 16 De
mber

ecysto-
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SUMMARY

Two cases of lesions of the breast examined by sut y phlet hy are

reported In one case the lesion contained numerous pathologic vessels and proved to be a
cystosarcoma, and m the other the mass was entirely avascular and was produced by an
abscess The significance of vasculanization and the value of angiography are discussed

ZUSAMMENFASSUNG

Zwer Falle von Lasionen der weiblichen Brust, dic mit subhutaner Phlebographie unter
sucht wurden, werden beschrichen Die Lasion s emem der Falle hatte zahlreiche abnor
male Gefasse und erwies sich als emn Zystosarkom, un zweiten Falle war die Lasion vollig
avashular und war durch emn Abszess yerursacht worden Die Bedeutung der Vashulansation
und der Wert der Angiographie werden dishutiert

RLSUML

Presentation de deux cas de lesion du sein examimnees par phlebographie mammare sous
cutanee Dans un de ces cas, la lesion contenait de nombreux vaisscaun pathologiques et s¢
revelait etre un cystosarcome phyllode Dans fautre cas la masse ctait entierement avascu
laire et etait produste par un abces L auteur examme lmteret de la vasculanisation et la
e pour le d

valeur de |

REFLRENCE

Prosst I' P, Westeivg P and Atw P O Cystocarcoma phyllodes To be published 1 \cta
radio] Ther Phys Dol
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(SRECIOR PROF GLADE M WILLIAMS), UNIVERSITY OF FLORIDA COLLLGE ot
WEPICINE, GAINESVILLE, FLORIDA, US A

ORAL CHOLECYSTOGRAPHY

Expermental iy estigatson and clinical companson of
70-mm film and full-scale radiography

by

Ragnar Jensew and Jurt Kaube

us]n 212l chalecystography, compression spot films under fluoroscopie control
M’J"D) prajece the gall bladder free from overlymng intestinal gas. 1t may be
mflffgfy to abtain additional supine or prone films with the averhead tube or
b onzantal beam and patient 15 the nght decubitus posttion A correct
Ml,’:ws;sa:uh tie canvenuonal method can be establshed 1n approxmately
01,:0\ XS‘;;(\CH“ (Jonnsan & Hagrer 1933, Goop & Kirxuiv 1937,
, Weeasoss & R

sn}]]gm i ENTZHOG 1959, Bantr & Yionosow 1999, Aupire

uorography with 70 mm film from the output screen of the image ntensifier

Wav replace ful)
& Suvratseo £ ;g:)’c spot fifms 11 many roentgendiagnostic procedures {Sanesy

Wonr & Kormurr 1965, B 1967, K.

c , Erven 1967, Kavpy 1967, 1968,
mmc muhﬁf?}; Bavpr & Riro 1960, Kecor & Swsmer 1969, and others)
s ethads has begen dered dragnostically feq 1n oral cholecysto-

Part of
} m;"‘:!‘*\":’:;u Carmed out at e Unisesity of Flonda College of Medscine, whese
cember 1963 g Aswstant Professor 19671968 Submutted for publication 16 De
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graphy and mferior to fullscale radiography (Eimer 1967, Breanc &
Hupscier 1968, Linpgvist 1969), or else the use of 70-mm fluorography has
not been recommended i expectance of further improsements m the quality
of image mtensfiers (Coirarn 1969) However, exact expenmental or
chimcal companisons of 70-mm fluorography and full scale radiography m
exanunations of the gall bladder, using geometric or electronoptic magmification,
have not earlier been presented

The main advantages of 70 mm fluorography over full-scale radiography —
the short exposure time and the low doses to the patient — are pot so important
tn cholecystography, with httle or no movement m the object and a small field
well removed from the gonadal reglon However, 70 mm fluorography in oral
cholecystography becomes increasingly interesing with the use of remotely
controlled diagnostic equipment (Jutras & Ducnerr 1958, Feppema 1960
1962, 1965, and others) and with fluoroscopic-fluorographic equipment without
mterposed full scale spot film holder (Kaupe 1968, Fenz 1969, Honces &
Kaupe)

As a lmk m a senes of compansons of full scale radiography and 70 mm
fluorography, we have mvestigated the diagnostic accuracy of the latter m
expenmental studies with a gall bladder phantom, using a small focal spot
and geometne and electronoptic magmfication, and compared the method
with full-scale radiography at oral cholecystography 1 routime chimecal work

Equipment Both the experimental and climcal mvestigations were performed
with two different types of equipment

With the use of a three-phase generator and a remotely controlled ring stand
the focal spot was 0 6 mm Spot films were obtamed from the output screen of
a 23 em/125 cm (97/5”) image mtensifier with a Plulips 70 jun camera at
60, 70, 80, 90 and 100 kV (3n chmcal work usnally at 70 to 90 bV) Exposure
contiol was automatic The 70-mm fluorograms were made on Gevaert Scopix
HD film Using a processor of roll type (Profesray), the films were dev cloped at
78° F m Du Pont D-90 for 75 seconds to a gamma of about 11 to 12 The
total processing time was 5 minutes and 15 seconds Full-scale roentgenogml;ls
were made on Gevaert Cunx RP films (acetate base) with Swemens Salir
universal screens and processed 1 Kodak RP X Omat The time of dewelopmﬂ‘\l
in the latter was one munute at 99° F The total processing tme for full scale
YOENLIZENOgIams Was adjusted to 3 muutes

Fluoroscopy was performed with a transistonized Plumbikor
at 60 to 100 KV and 09 to 2 mA Videofluoroscopy and f

cthods were carried out at 1 3 umes geometric magmification, .
fluoroscopy were also performed with 18 times geometr

n television chan
immng with both
70 mm

fluorography and
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Fig | The gall bladder phantom placed in 15 em water

Stone size
m

1% 8%

13 18 234 324

1318 234 324

10%

Fig 2 Smallest o
M mage ntens

1318 234 324

etectable stone size at videofluoroscopy with 0 6 mm focal spot and 23/125
afier at different concentrations of contrast medium 1 the pall bladder
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Stone size
mm
1% 5% 10%
5
LA
44 o] \
\|
hS
3 O 2w o]
\ c{\ /p“: 4
2 X% ® = 0 0-0-0
11 X g g gt
1318 234 In 13 18 2w 3x 13 18 234 3u
Full scaIeI 70mm Full scalI 70mm Full scaler 70mm M

Tig 3 Smallest demonstrable stone size with 06 mm focal spot and 23/12 5 cm mnge mnten-
sifier The total magmfication (M) was 1 3 geometric only for full-scale The cunes represent
for 20 mm contrast medium, {ull-scale {X) and 70-mm film (x x), for 40 mm contrast

medium, full-scale {O) and %0-mm film [CERET o)
Stone size
m
1% 5% 10%

&
&
44
3 @]
2 x ® ®
1 X

12 12 12

Full scale Full scale Full scale M
70mm 70mm 70mm

fer
lest demonsh‘able stone size wath 1 0 mm focal spot and 15 cm 1mage 1nienst

}Pg 4 Smalles he curves repreient for 20 mm mmm“dmcg“;:nx:;
full-scale (X) and 70-mm film (x), for 40 mm contrast medium, full scale (O) and 70¥

film (o)
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4

70 ram
Fg 5 Two stones m a gall bladder with high concentration of contrast medm_a) 7

Tl 13 geometnc magniication ) T0.mm film 18 geometric magnification :F) lz()-m]m‘hlhn
obtaned with 3 24 total magrufication (1 8 geometnic X 18 electronoptic) d} Full scale film

magmification and with additional electronoptic magnification (total enlargement
234 or 324 umes, respectively)

This type of 1s not lable 1n all d departments,
ora 15 cm (6”) image intensifier may be preferred to a 23 e¢m intensifier
Practtcal considerations may also require that only one type of processor be
uwsed for films of all sizes Expenmental and clinical iy estigations were therefore
€arried out also with a single phase 500 mA generator and a 1 mm focal spot
ith the least possible (15 to 12 tmes) geometric magnufication The 70 mm
films were then made on Kodzh Linagraph Shellburst (Estar base emulsion No
2474 or hodak X Omat Fluorospot film The full scale roentgenograms were
obtamed with overhead tube and Bucky diaphragm on Kodak RP-54 film,

usng medum speed screens In this senes, films of both sizes were processed
m the hodak RP % Omat mn 90 seconds

Experiments
Method A cylindnc perspex contamner {length 120 mm, diameter 40 mm)

smulated 2 normal sized gall bladder Common, mixed type cholesterol, bile
Pigment and calcium salt stones, radiographically equnalent to water, were
attached to the wall of the contamer at its greatest diameter (40 mm) and at
a dameter of 20 mm (Fig 1) Wath this placement of stones, cholesterol polyps,
or caleulr, floating 1n an ordiary gall bladder and 1n a compressed or small
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Tig 6 Gall bladder filled with small calculi, patient supine nght posterior

oblique positen 70 mm films with following magmifications a} 13 geo
metric, b) 18 geometric ¢) 3 24 total magmhication (1 8 geometric X138
clectronoptic) 1he stones aie better demonstrated 1n b) and ¢)

gall bladder were simulated The stzes of the stones 1 both rows were 1, 2, 3,
4, 5 and 6 mm

Two types of water-soluble contrast media were used to fill the gall bladder
phantom  Cystokon (Mallinchrodt Pharmaceutscals, St Louts) and Isopaque
Cerebral (Nyegaard, Oslo) The contrast media were diluted to 1 9, 5 % and
10 % concentrations The 10 G contrast medium sumulated best the density
produced 1 oral cholecystography (StarLe & McAvusTer 1965) The gall blad-
der phantom filled with the 1 5o contrast medium was barely visible at video-
fluoroscopy In clinical work, a gall bladder with such a low concentration of
contrast medium and without demonstration of stones would have to be re-
exammned

The gall bladder phantom was placed m a 15 cm high water phantom
which simulated the soft tissues of an average patient The prunary collimation
was the same as m clinical work The field was reduced to nclude the gall

bladder phantom with a narrow edge of water

Results. The size of the smallest stone observed by the authors at fluoroscopy,
ar demonstrated with full-scale radiography and 70-mm fluorography, dEandCd

ast medwm concentration m the gall bladder phanton and

upon the contr:
g i particular of stones m low

the magmfication used The perceptibihity,
contmstgwns improved by the use of magmfication techmques (figs 2, 3 and 4)
)
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=
il H
&
Fig 7 Smgle stone 4 mm 10 size J" i
at fundys of gall bladder a) /0- §
mm film obtaned with 2 3% total
magmicanon {13 geometnc 1
Y18 electronopue) ) Fall i
scale {lm, . — .
b
Clinical comparison
Watenal and Method Both full scale and 70 mm hims were employed as

a routine at the same session s 400 non-selected cases the gall bladder beng

fdled with contrast mechum and observed at videofluoroscopy A total of 325
cases were examined at Lund and recenscd eight tablets of Bilijodon Natrium
(sodium salt of sopanoic aad, AB Leo, Halangborg) The Gainesville matenal
1cluded 75 cases which were gnen 6 to 12 tablets of Telepague (brand of
wpancic acid, Winthrop Laboratones, New York)

Eacessive colon gas was elmunated by the ntramuscular mjection of
national units of vasopressin {Corems & Roor 1936, GotuLy 1969)

The authors of the present paper reviewed both the 70 mm and the full-
s ale cholecystagrams without knowledge of the concluston made at the pnmary
Touting interpretation Because our myestigation aimed at an evaluation of the
diagnostic accuracy of the 70 mm technique, the small films were iterpreted
firt a diagnosis was made, and then the full scale films were read All the
examunations 1 luded n the senes were technically of good quality and diag
?;:Sh;ally concluse A magmfying viewer (Marrsson 1953) was used with
b e 70 mm {ilms 1 order to elimnate scattered hght The findings at operaton

<came available for companson n a number of cases

10 mter

mﬁ:ﬂ;ll: A total of 322 of the 400 oral cholocystographies performed both
-mim. fluorography and full scale radiography were normal  Bihary
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Tig 8 Polypoud lesion or cholesterolosts 25 mm n size
1) The lesion could not be demonstrated n the 70 mnm
film with 13 geometric magmification b) and c) With
additional electronoptic magnification  total magnifica s
tions of respectuvely 234 (13 geometric X 18 electron {
optic) and 324 (18 geometric x 18 electronoptic) the j
lesion was well defined d) Full scale film

calculi were diagnosed mn 72 cascs, polypoid lesions or cholesterolosis m 5 cases
and adenomyosis of the gall bladder 1n one case The mterpretation of the film
of both sizes were 1n agreement mn 398 cases (99 5 9e)

There was disagreement of mterpretation n two cases (0 5 S¢), both exammed
with the 23/125 cm image mtensifier Four stones, 1 to 2 mm m size, were
not obscrved in the 70 mm films, these being superimposed upon the 12th nb
In companson with the conventional films, the 70 mm films hd been obtaned
m shghtly different projections and shghtly different degrees of compression
A further mspection of the films just revealed the stones, however Tlus Imdm%
was the only erroneous one made m relation to the 70 mm films The paftltlﬂe
later developed cholecystitis and at repeat exammation no contrast filling o l;
gall bladder was obtamed Operation took place 2 years after the wntial exanun '
tion and the stones were then about 3 to 4 mm m size In the second c;]ls:’{zll
mm polypoid lesion m the gall bladder was thought to be present m ,s‘a( e
scale films This was not seen 1t the 70 mm fluorograms The diagnos i
routine Interpretation of the {ullscale roentgenogram had been
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foamd

Fi 9 Polypoud Les on or cholesterolosss
25mu 'y 2 at undus of gall bisddey
2 The Jes on could rot be seen sods 1l e
usual 13 genmerre magmlication b)Y

Wih 238 toal magnyscaton 113 ¥
Erometne X 18 efectronopuic) the lesion

Tio el demonsurated  c) Full seale .

[ _4--‘-‘-—-—...._.,,_44_:1—-‘
¢

‘ho}“hwgram’ At the repeat feading st became evident vhat the filing defect
W3S 2 small gas bubble g

n the colon which lay over the gall bladder
Figs 510 9 preseat the findings in the campanson of 70 mm Ruorography
A 1 exammatons have
low contrast and the
70 mm fluorography

o sante qf employing magwfication techmques with
The 70 4

mm filins are reproduced 1n therr ongial size

Discussion
(Fh 15 sudent that tbiary calcult can often be diagnosed at videofluoroscopy
b B 2) From 5 Practical pomnt of view, 70 mm filming 1s sufficient for
Scumentaton yn such cases. The fluoroscapie diagnosis 1s smproved when
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Tig 10 Gall bladder filled
with stones up to 5 mm in
siz¢ m 70 mm films obtained
with I mm focal spot and 15
€m image intensificr using
about 12 geometric magnifi
caton a} Lret b) Supme
RPO film

magmificaion techmques are used, and this 1s particularly important when the
contrast 1s low In a 40-mm column of the 1 ¢ contrast medum at phantom
studies, only the largest stones (6 mm} could be seen, and then only when
electronoptic magnification was apphed simultaneously with 1 8 trmes geometnc
magmfication (total magnification 3 24 times)

The lower size hmit for a detail that can be demonstrated with 70 mm fihims
m clinteal exarmnations with a water-soluble contrast medium 1s approxunatcly
one milbmeter (Binc & Kaube 1967) Stones of this size were the smallest
tested and observed 1n studies with the gall bladder phantom It was also shown
that with the use of a2 06 mm focal spot and geometric and electronoptic
magnification, mixed-type gallstones could be demonstrated with the 70 mm
techmque to the same extent as with full-scale radiography (Fig 3) !

In a recent companson of 322 oral cholecystograms obtamed with both
70-mm fluorography and conventional radiography, Linngvist (1969) reported,
however, that in ten cases (3 5¢) the diragnoss with 70 mm films was either
crroncous or doubtful In the present comparison, only one 70-mm exanunation,
out of 400 cholecystograms, was musinterpreted and four stones 1 to 2 mrg
m size were not diagnosed On the other hand, one exammation psrformen
with the full-scale techmque (colon gas thought to be a polypord Ics:::il :1(
the gall bladder), was incorrectly mterpreted This report was correc
rev'i‘ei:[:igxfference i results between the study by LinpgvisT (]‘_?tgflzn;r:is ”:t:
present comparison must depend on a difference in e\mmmau\o:s G et
70-mm fluorography The focal spot n both myestigations \th e apparatus
Lwpgvist did not utthze geometric magnification because wi



ORAL CHOLECS STOGRAPIY 509

atutluble to Jum compression could ot be apphed because of the ';crcaicd
distance between the patient and the mput screen of the 1mage mntensifier Nor
had he access to an 1mage ntensifier permitung clectronopuic magmificaton,
the field size was also not reduced to a posible nummum by primary colhimation

rach of the these three factors is of great importance for the mprosement
of the 1mage quality 1n 70 mm Nuorograms Figs 3, 8 and 9 wdiwate that w
some cases the demonstration of small polypoid lesions or stones s not possible
v itheut magmification techmiques

Geometric f) il hes scattered rad and improves the
«ontrast and the resolution (FEpbaa 1962, 1965, Howy 1962, 1964, FEDDEMA
& BoTpen 1962} A small focal spot (06 or preferably 03 mm) 15 needed
for fication Elect puc magmfi reduces q nowe
and 1mproves the resolution because an increase m the radiation of about 372
1033 umes 15 needed for ths techmque {Hewtenayr & Enpuen 1965, hun
& vas Oviriacen 1969, FEppeva 1963) Because the field size 15 dimimshed,
this mcrease of the radiation still does not result m an merease of the integral
absorbed dose (FEppEMA 1965)

By the simultancous use of both magmfication techmques the adsantages
are added and the object 1s morcover recorded 1n nearly its onginal size

Finally a careful collimation of the ficld improves 1mage quahty and contrast
by reducing not only scattered radiation but alse unnecessary hight scatter mside
the mage intengfier (Beransavm & Licnon 1964, Fepprama 1965,
Marguenines & Recourt 1962) The unportance of a small field size and
focal spot in the diagnosts of biliary calculs 1 full scale radiography has been
well documented by Virraua (1961) The effective use of pnmary colimation
Is €ven more umpartant m a more seasitive recording system requinng a low
exposure such as 70 mm fluorography

No diagnostic errors were made 1n the senes of 75 cases examned with a
10 mm focal spot and 15 em (6 ) image mtensifier (I1g 10) However, the
smallest stones 1n tlus scries were at least 2 to 3 mm n size and thus corTesponded

to the size of the smallest stones that could be demonstrated 1n phantom studies
viath the same equipment (Fig 4)

It 1s tmportant to reduce focal unsharpness and to decrease the distance
between the pattent and the put screen of the mage mtensiier as much as
possble with a focal <pot of 10 mm or larger This 15 more effectnely
accomph hed when the wterposed full scale spot film holder 15 removed
Hopoes & haune hauoe 1968)

The smpertance of compression for equal distnibution of contrast 1n the gall
bladder { OLsson 1939) s essdent from Figs 2t0 4 The stone size demonstrated
0 films or observed at videofluoro copy was smaller when the stone was placed
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m a 20-mm column than m a 40-mm column of conirast medium Compression
should consequently be applied even when geometnc magnification 1s used to
tmprove the detectton of small stones
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SUMMARY

The diagnosuc accuracy of 10-mm fluorography m cxammation of the gall bladder was
mvestigated with the aid of 2 phantom and 1n a series of 400 oral choleeystographies Biliary
caleult and polypoid lesions could be demonstrated with 70 mm fluorography as accurately
as by full scale radiography The demonstrable stone size was myerse to the concentrapon
of the gall bladder contrast

ZUSAMMENFASSUNG

Die diagnostische Genawmgheit des 70 mm Bildy erstarher Aufnahmeverfahrens ber Unter
suchung der Gallenblase wurde nut Hilfe emnes Phantoms und n emer Sene von 400 oralen
Chalezsstographren verwertet Gallensteme und polypoide Veranderungen i der Gallen
blase houmten mut 70 mm Technih rt derselben Genawgheit wie mt Grossformat Auf
nahmes erfahren nachgewiesen werden Die demonstrierbare Steingrosse stand tm umgehehr
ten Verhaltmis zu der Konzentration des Rontrastmuttels ;im Gallenblasenphantom

RESUME

Les auteurs ont ctudic la precision diagnosuque de la radiophotographie en 70 mm dans
Ies cxamens de la vesicule biliaire au moyen dun fantome et sur une seric de 400 chole
cystograbhies par voie arale s ont pu mettre en evidence les caleuls bxll;\lrci:t les ks:::
porypords avee autie gt precnoir Ju muyenr i A radapleiagrapiie &¢ 8 B n‘i\ﬂ'ﬁ
moyen des radiographies en vraie grandeur Le dametre des calculs que lon p;ul e
cn evidence varte en sens nnerse de la concentration du moyen de contraste dans Ja vesweul

bihaire
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OCCURRENCE AND COURSE OF THROMBOSIS
FOLLOWING PROSTATECTOMY
A phicbographic mnvestigation
by

] Brcker, 8 Borastros and G T Satzyas

It was long considered that the chinical signs of acute thrombosis of the lower
Imbs were so charactensuc that a correct diagnosis could be made with a Ingh
degree of certamty In an increasing number of publicauions, however, the m-
fallibiiity of the chaucal diagnoss 1s being questioned 1t has now become obyious
fhat of the clincal evidence alone 1s used as the bass for diagnosis, a great many
€ases of thrombosis will be mused and furthermore a cons:der;blc degree of
orerdiagnosis wifl occur Effectnely performed phlebographic exammations have
been the man agents 1n revesling the inadequacy of the chnical diagnosis

Mot of the reports on phlebographic mesugations dealing prmcypally wath
the diagnosis of thrombosis have, 1t 1s true, demonstrated mcomplete agreement
Between the chimical signs and phlebographic findmgs, but they can hg:rd;" {:
aid (0 hase increaced the possiiliues of assesang the madence of thromb: o
of studving the course of a thromboss already diagnosed The rcmmr; {r:r (:;:,55(1:
that i nearly ail cases some form of chnseal mamiestation has been the 1n, dication
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for the phlebograpluc exammation Only a few mv estigations have been described
m which phlebogriphy was carried out routimely m thrombosis prone materals
(post traumatic cases) rrespective of whether chimcal signs of thrombosis were
present or not (BoresTRoM et coll 1965 1967, Berevarr & Hyeusteot 1968
Frearn et coll 1967) These materals clearly reveal that thromboss producing
no chnical signs or symptoms 1s not uncommon and that the thrombotic condt
tion may be localized ather to deep vems or to muscle vems

The subsequent course of thrombosis has been studied by phlebography by
only a few worhers, 1nd m those cases m which tlus has been done the mam
object has been to mvestigate the effect of different forms of therapy Mu &
Nisst (1959) and BercvarL & Hjerustepr (1968) <tudied the recanilization
process in deep vun thrombosis The phlebographic appearances of post throm
botic changes have been described 1in some detail It 1s considered that i most
perhaps even m all casts, the condition lewes phlebographically demonstrable
post thrombotic changes (HaEcER 1965) No conclusiy e arguments to prove such
aview seem to have been advanced however

It 1s now unnversally recognized that certam types of traumatic damage and
surgical interventions predispose to the development of thrombosis It 1s generally
a question of clderly patients who m the nature of things already run an ncreased
sk of developmg the condition It therefore seems hikely that m some of the
cases of thrombosis that have been diagnosed postoperatnely the condition
w1s present prior to the mtervention Pre operative and postoperative phicbo-
graphues for purposes of companson do not seem to have been carried out and
1t 15 thus not surprising that the views regarding the phlebographic appearances
m acute venous thromboss should be Iughly divergent (Niranper 1968, Borc
STROM et coll 1965, and others)

With these unsolved problems m nund a series of phlebographies were set up
1 connection with attempts to aclueve better thrombosis prophylais follomng
prostatectomy The problems mvestigated were (1) the thrombosis rate that 601;1
be demonstrated by phlebography after prostatectomy, (2) the location of the
thromb, (3) the extent to which the thrombi produced post thrombotic \enol;:
changes and the appearances of these changes, and (4) how often the throml
diagnosed postoperatively were present before the intervention

Matenal The total matenal consisted of phlebographies performcd on 3(11
ases It was compiled in connection with different expenmemal seru

mprove the thrombosis prophylaxis The observations 1¢
blem are to be published m another connection (BECRER

fferences at all could be found 1n the mcidence of throm
¢ serics themselves of

legs n 187 ¢
set up in attempts to 1
levant to the latter pro

il 1969) Asno d:
::0:1(; betwec)n the experimental series, cither among the
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between the different series and control groups, the matenal has been treated as a
umt

All the exammauons were made i connection with transvesical prostatec-
tomy, and the matenial may thus be considered homogencous not only m regard
to factors predisposing to acute thrombosis but also to the age distibution among
the patients

Phlebography was always performed a short ume after the operation, a
bitateral examunation was planned for all cases and 1n most nstances could also
be carned out hen no clinical signs of thrombosis existed, the phlebographies
were performed not later than one month after the prostatectomy, most examina-
tions were made withm one to two weeks In cases with climcally probable
thrombosis, phlcbography was carned out at once

A follow up exammation was performed m nearly all the cases m which
thrombosis was present at the first postoperative phlebography, the mtenal
between this and the earhier phlebography ranged from two months to two years.
It was occasionally not possible to carry out 2 second examnation

Pre-operatne phlet phy was also perf d on 110 legs in 56 cases. This
was done 1n order to gam nformation on the nadence of pre-operatively mam-
fest thromboss as well as to be able to assess the course of any thrombosis that
arose postoperatiy ely in relavion to the pre-operative status

ethods All the exammations were performed n accordance with the method
of ascending phlebography first introduced by Grerrz (1954} The method has
been used by Borostros et coll {1965) for thrombosis studies A bnef recapit-
ulatson of the techmque will be given

The patient 15 examuned i a semi crect posiion A dorsal vemn of the foot 15
punctured percutancously and 60 mi Urografin 45 9 are rapudly injected Dilms
are exposed 1n two planes and cover the crus and a part of the thigh The upper
part of the thugh 15 examined only 1 the ap proj Ths sertes 15 d

50 that two roentgenograms are exposed 1n each projection No elastic bandage
1 used

Thrombs appear as defects 1n the contrast filled vemns As ALMEN & NYLANDE
(1964) have demonstrated, not all contrast defects 1n vems are caused bR
thromb1 BorcsTro et coll have sct up entena that should be obsery dsi) £ .
a diagnosis of thrombosts 15 Jusfied We have jound these to be ade e 0‘;
have used them when diagnosing the condiuon Brefly, they imply th 3“:}\: o
trast defects should be disunctly demarcated, that they m\m}z {m‘-" dc freal
appearances 1 views tahen at varymg intenvals after contrast S genueal
that they must be visible 1n two different projections. All s ane
matenal judged to have thrombosis fulfilled these requucm:s: l;:)rﬂlcconl:;scn i

era-
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tions of space, examples of thus have not been gnven n the illustrations but views
gwvmg information with more relevance to the questions studied m this paper have
been included

Results

The phlebograms were studied first from the aspects of the thromboss rate
and the site of the thrombr The subsequent course of the discase was also
vestigated An attempt was made m a small serics to 1ssess the sigmificance of
thromb present pre operatively as 2 possible source of error n the evaluation of
thrombosis arising postoperatu ely

Thrombosis rate Climcal signs of thrombosis were present m 19 cases (10 %)
Thus rate tallies with the figures given for earher sertes m which the asscssment
had bewn made on the baus of the climical signs following prostatectomy Phlebo
graphic exanunation revealed thrombosis 1n 51 legs (14 Go) m 39 cases (21 o)
In one case, muscle vem thrombosis scemed lughlv probable but the contrast
defect did not meet all the cntena that had to be obsersed There was thus a
defimite discrepancy between chimical signs and phlebograplue findings

Only thirteen of the nmetcen cases with climical signs of the disewse were
venfred as cises of thrombosis at the phlebograpluc exammation In one other
case, a defect that suggested thrombosis ws scen m a muscle vem but 1t did not
meet all the critent necessary for 1 defimte diagnosis In five cases there were no
signs 1t phlebography to mdicate thrombosis

Climcally charactenstic signs of pulmonary embolism were observed m three
cases Two of these patients dicd and necropsy confirmed the diagnosis of
pulmonary embolism 1n both of them These two cases requre further comments
In one of them, bilateral phlebography 8 days after operation revealed nothing
to suggest thrombosis The patient died 13 days after the roentgen cxamination,
and necropsy disclosed m addition to pulmonary embolism large thrombr 1n the
femoral vems In the other case, thrombotic changes m 2 muscle vem and 2

(thrombophiebitis) were observed at phlebography 5 days after

superficial vemn and
1

the mntervention The patient died 16 days after the roentgen exanunation 1
necropsy confirmed the presence of muscle vein thrombosis addition to ll?
pulmonary embolism, but 1t also revealed wide spread thrombosis of the femoral
vem and pelvic vems on the same side

In 166 cases there were no chintcal signs of thrombosts bu "
to have ph[ebogmplucally demonstrable thromb: during the postoperatne cou;s!
In twenty four of the latter the condition was disclosed at the n;ulmcm}; i
operative phlcbograplnc exapunation In addition one other case with a1

¢ 26 of these proved
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Fig 1 2) and b
Prostatectomy c)

) Two small thrombr i muscle vems (—>) demonstrated 15 days after
and d) Total regression 6 weeks later

‘on thrombus in a chimically symptom free leg had climeal signs of, and phlebo-
graphucally confirmed thrombosis 1n the other leg

It was stated under the heading matenal that the time nterval between
OPeration and routine postoperative phlebographies vared 1 the cases wathout
chinical signs but that the fongest mterval was one mo

mth An attempt was made
to duide tus matenal in different wa

ys wto cases with early’ and late’ phlebo
Sraphies No sigmificant differences were found between these groups It should
be mentioned however that 1 two cases with negatne phlebograms 9 and 16
days respectry cly after operation, extensive deep vem thrombosts was established
later The condition was diagnosed at phlebographies undertaken later because
ol clinucal signs of thrombosis In one case the diagnosis was made four and a half
months after operation, 1a the other case deep-vein thrombosis was present jusy

over one month after the mtersention and at further phlebography a few months
later 1t had progressed

No difference n thrombosis frequency n relation o aj
matenial The average age of patients with and without ¢
Wentical 70 and 69 ycars respectnn ely

8¢ was noted 1n this
hrotabosis was almost
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Iig 2 a) Thrombus i muscle vem (=) \‘{ oL

demonstrated 13 days alter prostatectomy b) L NS

Total regression 31/2 months later P o
a

Stte and distribution of thrombosis The site and distbution of the thrombi
were mvestigated i the fifty one cases 1 which thrombosis was diagnosed by
phlcbography

In most of the cases (47 legs) thrombt were present i the muscle vens of the
lower imbs (Figs 1 to 5) and n 11 of these legs there were also thrombr in the
deep venous stems n addition to those m the muscle vemns Thus, muscle ven
thrombosis alone was observed 1n 36 legs

Isolated thrombus formation 1n one of the deep venous stems was noted 1n
only four cases (Figs 7 and 8) None of these deep thrombr blocked the affected
vesscl completely, the contrast medum could always pass to one side of 1t Not a
single case was observed m this material m wiuch all the contrast medium
presumably passed through superficial verns

In two of the cases mn which the thromby were classified as lymg i deep venous
stems thar relations to the popliteal vein were such that they were mtcrprclcd as
ongmating m all probabiliuy 1n the short saphenons ven (Fig 11)

In order to sec whether there was any relation between the site of the thrombt
and the clinrcal signs of thrombosts the cases were divided mto two groups
Chmical manmifestations were present m 10 legs with phlebographically confirmed
pure muscle vem thrombosis, while m 26 cases with pure muscle vem tI;mm
hosis there were no climeal signs at all Of the ten cases with chinical mi'ml citﬂ
tions, nine had local signs 1n the legs, while one patient died of pulmonary

embolism without having any leg signs
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Big 3 Muscle s,
months later (c
Phlsbography (a

em thrombosis (—) demonstrated 13 days after prostatectomy (b) Tuo
the thrombosed vein has aesumed the appearances seen at pre aperatie
)

Fre among the fifteen cases with deep venous thromboss with or without
thromby 1n muscle vems had climcal signs, these were 1n the legs i four mstances
and m the fifth the patent died of pulmonary embolism

Thus, i this matenal climeal signs were present three times more often 1n cases
With thrombosis of the deep venous stemns than m those m which the condition

Was confmed to the muscle vens, although even 1n the fo,

rmer they were not
<ommon

Further course of acute postop ¢ thromb Add I phleb
ere performed 1 40 cases 1n order to study the subse
Operatne thromboss that had been confirmed by phle
with thromboss, such an examination could not be carned out, erther because of
death from pulmonary emboliem, death from some other cause, refusal on the
Part of the panent to submut 1o another exammation, or fallure 1 the attempts to
perform further phlebography

The tme nterval between the repeat phleb

quent course of acute ‘post-
bography In the other cases

phy and the tion at



5
520 ] BECKER, S BORGSTROM AND G -F SALTZMAN

ki b c

Ing 4 Muscle van thrombosis (=) demonstrated 17 days after prostatectomy (b) Three
wonths Iter (c), the thrombosed veins have resumed the appearances demonstrated at pre
operative phlebography (a)

wluch thrombosis had been diagnosed vaned considerably The shortest period
was thirce weeks and the Jongest nearly two and a half years, with an average of
thirty-three weeks

The results obtained from the further phlebographics showed considerable
vanations lotal regression, with an apparently completely normal venous system,
was obscrved i sinteen legs, whide twenty-four phlebograms presented different
types of pathologic changes in the vewns These vanations seem to justify a closer
analysis

A Total regression of fresh thrombi Among the stxteen cases in which the
thromb1 had disappeared without leaving any traces there were cases both of
muscle vein thrombosis (T'igs 1 to 4) and of thrombi i the deep venous stems
(Igs 7 and 8) Total regression of deep-vem thrombosis occurred in seven cascs
I Ius frgure means that total regression of fresh thrombr in decp venous stems was
defintely more common than complete disappearance of such thrombi m muscle
vens Valves that appeared completely normal were observed m many of the
previously thrombosed deep vens (I'igs 7 and 8) The vens had in most cases
decreased m diameter after the thrombus had disappeared The ume mterval
betweun the two postoperative phlebographies in these cases with total regression
vaued between four weehs and onc and a half years, with an average of five

months The patient 1 whom this regresston occurrcd as early as four weeks after
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\he fitst cxammnation had had thrombs both n muscle vewns and 1n a deep venous
semn The thrombs had dusappeared withun \hree momhs of the ume when they
were diagnosed m 8 cases, 1 ather words half the number with total segression

Clical signs of thrombans were present @ only two of these sixteen cases
when the cond! was diagnosed by phleb phy. It was 1n both instances
a quesuon of thrumb: 1w deep veins of the lower Limb, m one of which muscle-
e thrombosss was also present

It may be worth menuomng i (hus connection that hepann therapy had
ot cascs been mstituted as s00n as & thrombus was detected Thus was omtted
i fon v eaces Bt ot regresson occurted 1 three of them

'

. >
dangesous to describe vessels that have been the seat of blood clots as compiciusy
normal The evidence can hardly be regarded as conclusive unless pre-operatine
phlcbography has been performed Thns guestion will agan be considered when

descnbing the senes  which both pre- and postoperatite eXaminations were
camned out

B Perasuing pathologic zenous changes after acule thrombossis Cases of both
muscle vem and deep-ven thrombosis were encountered among the twenty-four
legs m which some form of change was still present at repeat phlebography The
number of legs with thrombt s muscle veins was eighteen, white 10 six legs
thrombs 1n deep venous stems as well as 1 muscle vens had been demonstrated

The tume mterval between the two postoperative phicbographies vaned in this
group from three weehs o about twe and a half years, with an average of ten
months Thus, the perod was on an average twice as long as i the group with
total regression of venfied thrombons P

The persisting pathologic changes may be divded 1nto smaller groups.

{ Isregular tan wall No thrombus remnants were scen n the relevant ver
1n elesen legs at the second phlcbography although the venous walls were dcmn
uregular (Fig 3) The seventy of these changes vaned, mn some nstances th y
were 5o shght that 1t 1s doubtful whether they would have been noticed 1f l}fﬂ
not been hnown that the vemn had previously contained a thrombus. Thes “[[ .
ted ves wcre as a rule narrower than at the exammnaton when the th \c) e
dc(;ck;d Apparently x;)ormnl valves were observed 1n two cases rombus was

ersisting thrombus remnants Small e
second postoperauve phlebography (Fig 6) ";‘::’l\;[‘;:r’f: f:gl m six legs at the
decreased to a {raction of 1ts ongnal size, the ven walls were N S
naticeably wregular

1n all these cases Apparently normal v
alves were case
ously thrombosed part of a vein present in one na previ-
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a b 3

Fig 4 Musecle vemn thrombosis {—>) demonstrated 17 days after prostatectomy {b} Three
months later (c), the thrombosed vews hase resumed the appearances demonstrated at pre
operatne phlcbography (a)

which thrombosis had been diagnosed varied considerably The shortest perod
sas three weehs and the longest nearly two and a half years, with an average of
thurty three weeks

The results obtamed from the further phlebographues showed considerable
varations Total regression, with an apparently completely normal venous system,
was observed i sixteen legs, while twenty four phlebograms preseuted different
types of pathologic chinges i the vems These vanations seem to Justify a closer

analysis

A Total regression of fresh thrombs Among the sisteen cases m wiuch the
thrombt bad disappeared without leaving any traces there were cases both of
muscle vemn thrombosis (Figs 1 to 4) and of thrombi i the deep venous stems
(Figs 7 and 8) Total regression of deep vein thrombosis occurred 11 seven cases
Thus figure means that total regression of fresh thrombu in deep venous stems \~135
defimitely more common than complete disappearance of such thromb: 1 muscle
vems Valves that appeared completely normal were observed yn many of the
prevmusly thrombosed deep vems (Figs 7 and 8) The vems had 1 most cascf
decreased m diamcter after the thrombus had disappeared The tme mtena

between the two postoperatn e phlebographies m these cases with total regression
vared between four weehs and one and a half years, with an average of five

yoonths The patient in whom this regression occurred as early as four weehs after
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Fig 7 a) Deepvein thrombosis (=») dem
onstrated 18 days after prostatectonny  b)
Total regression 2 years later The valves m
the bosed area arc app ly nonmal

thrombosed vcnous segment had become noticeably larger but part of the
previously chrombotic area in the respectise vein was now free from clots In the
third case, the thrombus observed at the first examination had disappeared but
had left sgns of vein wall urregulanty A further thrombus m a muscle vern had

however developed 1n a vein that had presented no evidence of mvolvement at
the furst exammation

Comparnsson betueen pre and posioperative

phlebographies The need for
pre-op hleb pl became m 1

P gly app as the
proceeded Two questions m particular demanded an answer, viz if all the
thrombi demonstrated after the operation had really ansen postoperatvely, or if

some of them had been present eatlier, and, further, whether the condition
interpreted as total of a thromk

prethrombotic venous anatomy

A total of 110 pre operative phlebographies were therefore carned out 1n cases
1 which 1t was intended later to perform postoperative phlebography The pre-
operative examination was usually performed a week before the operation Any
thromboses detected were also examuned by further phlebographies Although
the matenal 1s small, a few obsen ations seem worth mentionng

Nunety four of these pre-operats e phlebographies could be used for a compara
tive study, as the examination senies could be followed through in these cases.
Postoperatin e thrombosis arose 1n eleven of these legs, m four of them the thromb1
disappeared completely and the vems reverted to exactly the same appearances

was a plete return to the



Ny v

Fig 5 {above) 1) Muscle vemn thrombosis
(=) demonstrued 18 days after prosta
teetomy b) TI'wo years later, no thrombus
remnants but the vem 1s nurower d has
nregular walls

Tig 6 (mght) a) Large thrombus
muscle vemn (=) demonstrated 8 days
alter prostatectomy b) Five months later
the vemn contains small thrombus remnants
(»>) and 1s narrower

As these thrombus residues nught concenably represent a phase n devel
opment towards further regression, the time mterval between the phlebographies
was mvestigated In two instances the period was short (three and s “CC;S
respectively) so that the possibility of contnued regression cannot be excludclr
In the other four cases, the period was much longer, numely three and a ha
months, just over five months, one year, and nearly two and a half years,
respectively . ,

3 Progress of thrombr In three legs, n which contrast-enarcled ‘floaung’
thrombi were seen at the first postoperatine phlebography, no contrast mcdxfuntl
was visible m the vessel n question at the sccond examunagon The filing de cc[
was 1 all these cases much larger than the thrombus demonstrated at the firs

hlebography
P 4 Rbcgrcmon and progiess of thrombr In three legs, m wluch thrombr L\cac

oth
present at the first examunation, the second phlebography mdicated ;h::( e
regresstve and progressive changes had tahen place In two of these,
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Fg 9 a) and b) Thrombus (—) 1n the pophteal vemn one month after prostatectomy ¢} and
4 Toral regresaion 6 months later

Thrambt ansing af a late stage after the operation Three of the thrombosis
cases m the matenal differed nouceably from the others and deserve a more
detarled aescrippon In all three, routime postoperatne phlebography 8, 9, and
16 days after the prostatectomy de; ated app ly normal cond One
of these pauents died 13 days after postoperatne phlcbography Necropsy
fevealed pulmonary embolism and yoidespread thrombosis of both femoral veins
In this case the mienal between operauon and death was 21 days, and the
tonnection between the operation and the thrombosis 1s thus ebvions The second
Patent deseloped clinical signs of thromboss 16 days after the fust negative
postoperatve phlebography Further phlebography carned out immediately
showed a thrombus w the pophiteal vein, and another examipation 5 months later
tndicated that no contrast medinm passed through any of the decp leg vemns. The
inten al between the intervenuen and the demonstration of thrombous was ust
oier one month and the connection between the operation and the thrombosis
must therefore be assessed as probable The third patent had chmcal signs of
thrambosis a httle over + months after & negative postoperative phlebography A
sicand phlebograpluc examunation at that tiune disclosed that no passage of
Contrast medium orcusted through the deep leg veins. As the time interval was
long it 1s niot certam whether there was any connection hetween the operation
and the thromposis This possibihty eannot howeser be excluded as the condition
may have devefoped gradually over 2 long penod without producing chnical signs




524 J DBECHER, S BORGSTROM AND G T SALTZMAN

Fig 8 a) and b) Thrombus (=) m the popliteal vesn 14 days after prostatectomy ¢) and d}
Total regression 8 mariths later Valves are visible

as before the mtcrvention (F1gs 3, 4 and 10}, and the other seven legs presented
signs of residual changcs of varymg severity

Lloaung’ thrombi were observed m two legs before the operation m one
stance 1t was a muscle van thromboss (Fig 12) and m the other a thrombo
phlebins The postoperative v enous Status was unchanged sixteen and tlurty one
days respectively after the first cxammation in both these cses Lxtenave changes
i the vems, with the typical post thrombotic appearances, were observed pre
operatively 1 four legs, m all four the condition was unchanged postoperamely
4 to 23 days after the first exammation A sumilar cnse was also obsenved mn the
sroup of postoperative phlchograplues m which no pre operative examination
was performed, the condition was stll unchanged at further phlcbography 6
months after the preceding one

In the remammng 77 legs, neither the pre operatine nor the postoperative
phlcbography revealed any pathologic changes, both the contrast filling and the
anatomuc appearances of the veins were wdentically the same m both cxamma

tions
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Fg 11 a) Thrombus (—) growng from the Fig 17 2) \usleven thromboss (—»)

small saphenous e nto the popl teal vein

at pre-op
15 da's after prostatectomy b) Total regres- b) Lnchanged cond tion 30 days after prosta
son 6 weeks later tectomy

Our matennal differs considerably from most of the earher thrombosis senes
studied by phlebography because 1 our patents postoperatine phlebographies
were carmied out irrespectne of whether they had had chmcal signs of throm
bosis or not In maost of the previous insvestigations some form of chimcal mam-
festation was the reason why phlebography was undertaben There are a few
excepuions a seres of fractures of the upper end of the femur, published by
Borastront et coll, a matenal of ibial fractures descnbed by Bemcrarr &
HjzLustepT and a matenal of mixed traumas presented by Freears et coll
The first of these series resembles the prostate matenal in our sertes as regards
madence and distnbution of the condition

The reliabulity of the phlebographic method 1n the diagnoss of thrombosis has
been much discussed 1n recent years It now seems to be generally recognized that
the method wrrespecuse of the technique employed, 15 always supenor to the
purely chinical means of exammation The technique used 1 our cases bas been
proved by GRreirz to give the best conditions for producing homogencous contrast
filling of the venous system of the lower lmbs BorcsTroa et coll have advanced
arguments mdicating that the method 1s rehiable for demons(ra(mg thrombosis.

Our group 10 which both pre and postoperatne phlebographies were carmed
out, seems to corroborate the reliability of the method Had the contrast defects
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Fig 10 Thrombus (—) at Juhctton between popliteal and femoral vemns (b) 13 days after

prostatectomy Two :’!‘:D‘n!hs la‘trr the thrombosed vemn has resumed the same appearances (€}
as at pre operaue p phy (a) Small sapk vemn widened at latest exarmnation (¢}
Discussion

The matenal on which this my estigation 1s based was sclected All the pattents
bad undergone prostatectomy  This implies that the sertes 15 homogeneous as
regards factors predisposing to thromboss, and relatively homogeneous as to age
distribution On the other hand, 1t does not throw much hight on the mamfesta-
tions and course of the thrombosing process in the wider sense Both the mcidence
and distubution of the disease nught be different 1 a matenal of another com-
posttion, also the relation between chnical and phlebographically demonstrated
thrombosis rmght not be the same as m other series
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e other hand, from those described by NyLaDiR (1968) and by HarcEr &
Muaoeg (1967). In the latter report 1t was stated* ‘acute thrombosis of the
lower Jeg appears 1 the radiograms as nonv 1sualisanson of all the deep vems of
the leg under the crural fascra’s These authors mentioned 1he ‘hnot-hole phe-
nomenon” and the ‘demvated flow phenomenon’ as other sigmiicant findings.
Mrasore believed that nenefilling of the deep crural veins 1s as a rule a transient
phenomenon caused by reactive edema, with a secondary ncrease IR pressure
which pres ents passage through the deep veins Non-filling of all the deep veins
was observed only occasionally 1 our senes, and occurred only i those cases
1 which the thromb: progressed over a long control pened 1n addion, there
Wwere afew cases with charactensuc stationary post-thrombotic changes. The other
features mentionied by NyLANDER were not obsery ed 1 our cases Dilataton of
superficial veins was not seen 1n conpection with the demonstrauon of a fresh
thrombus but was observed 1n one or tno cases after the thrombus had dis-
appeared (Fig 10)

The difference between the present observations and those of Ny LANDER must
be explamed Mirazper descnbed hus thromboses as acute on the grounds that
the phlebographies had been carrted out as soon as chinical signs were noted We
used the term fresh thrombosis’ because 1 most of our cases m which there were
no cical signs 1t could not be decided exactly when the thrombus had been
formed The fact that NvLanDER described two cases 1 which contrast-encircled
thrombr were present a few days ofter a stage 1 which no filling of the deep
senous stems was obtamed lends support to the view that a time factor might
possibly explain the discrepancy That this dfference could be the sole explana-
:‘:i‘:::‘c pl;l:bograph:c discrepancies seems unbhely however, since ZacurIs-
oy 1 E::X:bl:sgrccs closely x\uth I;«lvu\ums seres as regards indications but
our s o 1a:lo‘ur matenial m the phlebographic findings. Climical signs 1

o the immediate performance of phlebographic exanunations
but the phenomena described by NYLANDER were not observed

In all probability, NarANDER’S observations on the one hand and those of
Zacurisson and the present authors on the other, reflect differences the

P of the trve prima Is It
o e spectr u b;y ruater 1s not unlikely that pros-

d i with such a
relativel ¥
ly dramac course as those m NyLanDER’s senies. Even m the early days,

Bavir pomted out that thrombi encircled by contrast medium, such as those
dominating the present matenal, do not as a rule produce c{mu:al Bt It
scems hardly blely that the Iughly *thrombosts-minded’ chnicians n ougr“fea
would have consistently failed to notice signs of thrombosis 1f our cases hndl
passed a stage with the phlcbographic changes descnbed by Naraxper *
The Interature contams only a few reports on the course of the thrombosmng

34703004 Acte Rediolog ca Dioguors Vol 10 (1970)
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which we mnterpreted as thrombr been artefacts due to techmical factors m the
cxanunation then (1) contrast defects n large numbers would have been seen
at the pre-operative exammations and (2) dcfects obscrved at the pre operatwve
examnations would as a rule have disappeared or altered in appearance m the
postoperative phlebograms This did not occur however The number of contrast
defects m the pre operatne films was small and much lower than w the post-
operative exammations The defects scen before the operation and interpreted as
thrombt or components m a post-thrombic condition, had exactly the same
appcarances at the postoperative cxanunation carried out shortly afterwards
These observations provide support for the view that the phlebographic techmque
used by us 15 a relinble ard m the diagnosis of venous thrombosis

The system with routine postoperative phlebographies does not however
constitute a guarantee that a warnmg signal will be obtamed before pulmonary
cmbohsm Our series afforded no defimte indication regarding the best tune for
the performance of phlebography followmng operation to be sure of detectng a
thrombus

As to the merdence of thrombosis 1t may be mentioned that the number of
cases of thrombosis diagnosed by phlebography was nearly twice as lugh as the
number disclosed by clinical signs This demonstrates quite plamly the supenonty
of phlcbography as a diagnostic method A somewhat remarhable obscrvation 1s
that a certan elcment of climeal over-diagnosis seems to occur This was less
apparent m our material than the chimeal under-diagnosis Haraer consdered
however that the rish of over diagnosis 1s considerable The cliical signs are so
uncharactenstic and ambiguous that a certam degree of clinical over diagnosis
1s hardly surpnsing To this may be added the possibihty that small thromby, 1f
not larger ones, that are attached insecurely to the vessel wall may break loose
and move away out of range for a phlebograplic diagnosis without necessanly
producimg any notable clical manifestations

The appearances and site of the thrombr differed considerably m our cases
from the conditions described 1 some other mvestigations Most of the thrombt
11 our series appcared, both 1 muscle vuns and 1 deep venous stems, as filling
defects encircled by contrast medium Thus, the appearances corresponded to lhf
“loatmg thromby’ described by Bauer (1940), Linpzom (1952) and Boml:c
sTrom et call (1965) Most of the thrombi n our cases were located 1(1; mulsfcd
vems As regards appearance and locahzation, our serics resembles those ;Smour
bv Borastron ct coll and by Zacurisson The selection of the materal IleCd
series dhffered from that 1n the two latter investigations It should be emphas

tion
upon having some form of cliucal mamfesta
(hat ZacurissoN always msisted upon having o

s an mdication for phicbography The present matenial diserges radicaily,
a
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Conclusions

Our mesugations have provided further support for the view that the tech-
nuque for ascending phlcbography mtroduced by GREITZ 15 2 reliable one m the
diagnosss of thrombosts 1 the legs Postoperatnve phlebography has clearly dem-
onstrated that the climcal diag of thrombosis 1s liable Appr 1
half the number of cases with phigbographucally d ated thrombr n our
matenal had no chmical signs A certamn amount of clmical o er-diagnosis also
occurred

A negamnve phlek no defimte g that the patient will
not develop pulmonary embohsm As the intenval between the operation and the
dexelopment of thrombosis seems to vary, it 1s difficult to give any indicavon as
to the best time for performing postoperatn ¢ phlebography
Thrombosis 15 diagnosed by phlebography mn over one fifth of cases of pros-

' uscle vemns or deep venous stems of

Lic mn muscle veins or deep venous

. - o thromby’ 1n phlebograms obtatned

shortly after the mtercntion, in other words, they appear as contrast encircled

defects i the respective vens Non filing of all the deep eins was an uncommon

finding 1n this matenal, 1t was observed only i those cases i which the throm-
bosis had progressed over a long observation period

An acute floanng thrombus™ disappears without trace mn over one third of
all cases It 15 not possible to say how rapidly this takes place but 1t occasionally
occurred within 4 weeks and total regression within 3 months was often recorded

More than half the number of thrombs leave varying residual changes Small
wregulanties i the vein wall were common tn the area where the thrombus had
been situated Remnants of thrombi were sometimes seen, and 1n a few cases the
thrombotic changes had progressed Regresase and progressive changes were
sometimes present side by side m the same thrombosed region

A senes of pre operause phlebographies indicated that 1t cannot be cate-
goncally concluded that all postop ly 2
the operation
. Pre—opcm‘mc s‘tudxelsnplr:‘wslfcd further sﬂp?cr( for lhf view that thromhi may

£ S P 8! d before th -
a0 were valuable 1n the assessment of the normal anatomy of the vewns ¢ Opera

g 1 thrombs have anisen after

SUMMARY
Postoperatie thombosis has been studued 1n 519 phlebog
following prostatectomy The diagnosuc reliabitity o}f) thtc cu:::x!&mnzﬁm oy s
ion as compared
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process It has long been known that certain types of thrombosis lead to post
thrombouic conditions, especially m the form of extensive obliteration of deep
venous stems, deformation of the walls of the vemns and new formation of small
tortuous vessels It 15 also known that pulmonary embolism not seldom occurs
n cases i which the primary thrombosis has not given nse to symptoms As
mentioned above, NyLANDER noted 1 a few cases a rapid dev elopment from a
stage of non filhng of the deep vemns to a condition that could best be described
as floatmg thrombr' Harcer has maintained that a negative phlebogram long
after a thrombosis has been suggested clinically 15 a sign that the suggestion was
unfounded May & Nisst (1959) and Bercvarr & Hjermstent (1968) studied
the recanalizing course m deep thrombosis of the lower limbs after tibial fractures
and reported that the process 1s very slow No other important systematic studies
of the subsequent course of phlebographically verified thrombi seem to have been
published

Our cascs vaned greatly as regards the continued course of the thrombosing
process as far as this could be judged at repeat phlebography Total regression was
not uncommon and was observed 1n over one third of the cases Although most
of the cases m which thromb: were diagnosed recened hepann, total regression
was also observed 1n a few cases that had not received the drug In a further one
fourtht of the cases, there were no signs of persisting thrombosis but the wails m
the previously thrombosed veins were trregular Thus, 1t scems as if approxumately
half the number of thrombi in a thrombosis sertes of the present type disappear
so completely that a subsequent, 1solated phlebographic examination affords no
evidence of their having been present Regression occurred relatively rapidly n
our cases, 1n half of them within 3 months

The other cases presented a wide dwersity of changes, from small residual
thrombi to thrombr that had progressed to condstions resembling carlier, well
known post thrombotic states Regression and progression of thrombus masses
were sometimes observed side by side i the same leg

This material mcludes a group of cases m which phlebographies were also
carned out before the intervention It was naturally not our intention to m
vestigate whether such examinations have any value as a routine Phlebographlei
are too time consuming examinations to be used routinely unless pressing medica
reasons are at hand Nonetheless, 1t was considered that a senes of pre cperam;t
phiebographies mught gwe valuable mformation They established th]alt ll,t c:mnh
be taken for granted that a thrombus demonstrated at postoperative phie ography
he operation They also helped to establish that the con
f a thrombus 15 a reality since m a number of cases with
definttely established thrombosis phlebographies carned out alconsldetr;lxl:ll; 'll]f:;
after the condition was diagnosed revealed that the vascular anal

4 uts onigmal pre operative appearances

really has arisen after th
cept of total regresston o

TESUme
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d 1 1

with phlebography was mvestigated and the sites and phl

grap PF
of postoperative thrombosis are described and compared with the findigs of other imesuga
tors

ZUSAMMENFASSUNG

Das Auftreten der Postoperatnen Thrombose m den Bemen nach Prostataentfernung
wurde phicbographisch an 367 unteren Extremitaten in 187 Fallen studiert Die dhagno
stische Zuverlasslichhert der Mimischen 1m Vergleich zu der phlebographischen Untersuchung
wurde uberpruft und das Vorkommen, der Sitz und die phlebograpluschen Symptome der
Thrombose werden besprochen Die Resultate werden mit denen anderer Autoren verglichen

RLESUML

Les auteurs ont ctudic Ja thrombose post operatoire apres prostatectonue sur 519 phlebo
graplues de 367 membres infericure dans 187 cas Ils ont compare 1 exactitude du diagnosic
climque 3 la phlebographte et ils decrivent la frequence, le siege et les images phlebographt
leurs résultats avec ceux d autres auteurs

1 1 N

ques de la P P et I
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SCINTILLATION CAMERA AND RECTILINEAR SCANMER

Fig 1 Lateral santigram of left hemsphere
Nultple  merastases  (bronchogeme  carc
noma)

1967, Lokev, Terasper & Saimon 1965, Loney, TELanDer & Laxpar 1966,
Teearper & Lonex 1967)

The expected dufferences nught mainly be aunbuted to the different colli-
mation The gamma camera with 1ts non-! g coll would probabl
ghve a better representation of superficial tumours, metastases and infarcuon, and
at the same time a better representation of superficial extracerebral <tructures

Hig 2 Ap (a) and nght lateral (b) sciaugrams Gholisstoma of corpus callosum,
osuf



TROM THE DEPARTMENTS Or NEUROLOGY AND NEUROSURGERY AND THE RADIO
PHYSICAL LABORATORY » ODENSE S} GEHLS, DENMARK

SCINTILLATION CAMERA AND RECTILINCAR
SCANNLR I'OR DETLCTION OF SPACE OCCUPYING
INTRACRANIAL LESIONS

by
Mocens PEpERSEN and Jens Haase

Most authors have found no substanual difference n the diagnostic accuracy
between the two most commonly used wsotopes for bram scinullography, *Te®
and "7Hg chlormerodrin while m practice the prevailing circumstances may
mdicate the technetum sotope to be the one of choice The short half hic
(6 hours) allows a high dosc to be given without caceeding the permssible imuts
of radiation load Tlus lngh permussible dose ensures good counting statistics and
shorter examiation procedures

The gamma scntillation camera (Ancer 1963) has found increasng applt
cation since 1965 1n cerebral as well as m other satillographic procedures The
disintegrations i the whole organ under study are recorded m one field of vision
1 contrast to the recilincar scanning system wlich produces successive point by
pomt recordmng of the dismtegrations In large organs like the bram ths latter
method 1s rather time consuming

Only few studies have boun undertaken to compare the clinical results of lhlc
two methods those available being mostly phantom investigations (ANGER ¢t coll

Submutted for publication 14 November 1969
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4 Ap (a) and nght lateral {b) sc nuarams Artenenous mallormation 1 nght hemt
here

Fig 5 ap

a atd tefu lawsal (b) scnugrams \n 8 day old infarction in the lefe henusphere.
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Fig 3 Lateral antigram of nght hem phere
Temporal lobe abscess

such as the temporal muscle and 1sotope concentrating processes in the cramal
wall The rectilinear scanner, on the other hand, which 1s cquipped with 2 fo
cussmg colimator, would possess an 1dvantage that tumours m the focal
plane of the collumator can be demonstrated, while at the same time a smoothing
out cffect on more superficial 1sotope concentrations w ould be produced

All the bram scmtillograplues in our department from September 1968 to June
1969 were made with both the rectulinear scanner and the gumma camera with 2
view to myestigate whether the fast worhing gamma camera yelded the same
diagnostic accuracy as the rectibnear scnner

Method Technetium 99m pertechnetate (**Tc™) from a Plulips/Duphar

generator (molybdemum 99m ammonmum molybdate absorbed . alummium
oxide) m a dose of 100 to 150 uCi/kg, 8 to 15 mCi per study, was gnen mtra
venously Rectlncar scanning was performed first and was started 20 mmutes
after the mjection of the sotope Depending on the duration of tlus examnation,
the gamma caniera i estigtion followed 60 to 80 munutes after the mjection
No potassium perchlorate or atropine was used
The rectihnear scanner was a Prcher Magna V, with a 5” Nal crystal and 2
57 85 holc focussing collimator, Picker 2011, collecting 8 000 to 12 000 counts
per minute with a scanmng speed of 100 to 110 cm/nunute, backgmund sub
waction 10 to 25 %, total ime per study 40 to 60 mmutes The scntgrams are

prcscntcd in color script and photograpluc film m the magmtude 1 1 |
sera was a Nuclear Chicago Pho/Gamma 11T cquipped with 2

The gamma can!
11 5"'e>§ 05" Nal crystal and a 4 000 hole non focussng collimator, collectng
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Table 2

Setillogrophuc results obtaed with gamma camera and rectilinear scanner wn a group of patients stk
space-occupring werebravascular episodes

\atuze of process Daysafier Numbcr Venfied Gamma camera Scarner
cpisode —

4 O ++ + 0
0—3 4 2 1 63 1 0o 3
47 9 9 3 15 5 2 2
Infarcuon a—I4 7 + 3 ! 1 + H z
1521 3 3 2 t 9 2z 1 0
>122 6 6 4 11 3 12
Hematoma 3 3 1o 2 1o 2
Toul {\umbtg 42 27 6 +12 16 5 11
Per ceng 100 84 63 37 66 31

Table 3

S wtdlographuc rrsults obtaned usth gamma camera and rectilinar séanner sn @ group of patients wifk
non malygnant spoce oeeunyng lessons

Nature of process \umber Venfied Gammacamera  Scaner
++ + 0 4 o+ 0
Encephal ( 5 10 9 5 i ¢+ 5 1 4
Meamngocerebysl cicatrix 1 1 1 o o 1 L]
Hygroma 1 1 1 0 o 1 9 a
Wachnoid €35 2 2 6 0 2 0 1 1
Temporal lobe cyst 1 1 0 0 1 0 0 1
Temporal tobe abscess 1 1 1 5 o 1 ¢ o
Tout {\umb" 16 15 8 1 7 8 2 6
Per cens L 9 36 4 62 38

Results

Intracranial <pace-occupying lesions were detected m 105 (49 ¢ of the 21
patents forpung the senies Space accupying lesions mclude , 23
ondary neoplasms, infasctions, encephalius and mntra~
tomas The fnal diagnosis was made by opesat
studies m 92 patents of the series and in :fu‘::}:cr‘?;’(l‘::z}::sy :r neuroradiologic
by the chinical course of the disease Both supra- and mfratfn sts was establiched
Ppresent in one patient ntonal tumours were

primary and sec-
and extracerebral hema-
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Table 1
Sentillographue results obtained wath gamma camera and yectilinear scanner i supra and fratenional
tumours
Nature of process Number Venfied Ganuna camera Scanner

tdo+ 0 bt 0

Suf ralentorial
Glioma bemgn 7 7 3 0 + 3 1 3
Ghoma malignant 4 4+ 3 [] 1 3 Q 1
Glioblastoma 13 13 i3 0 [ 13 0 0
Meningioma 9 9 8 0 171 1
Metastases 14 8 13 1 0 14 0 0
Arteriovenous malformation 3 3 3 0 0 3 0 ]
Other tumours 3 3 2 0 1 0 1 2
Fotal Number 53 47 45 1 7 43 3 7
otal | Per cent 100 89 87 13 87 13

Infratentontal
Acroustic neurinoma 2 2 1 0 1 1 0 1
Metastases 2 1 2 0 0 2 0 0
Pontine glioma 1 1 0 0 ¥ 0 0 1
Number 5 4 3 0 2 3 0 2
Totd 1per cont 100 80 60 s 60 10
unts  The

100 000 counts per mnute up to a total of 400000 to 500 000 co
studies were performed using three or four projections, w hich required a total of
15 to 20 nunutes per study The results are presented m scinugrams of different
mtensity on 7 cm X 9 cm polaroud film

The cxammatons were performed by well-tramed laboratory worhers, as
routine work under defmte rules The scinugrams were assessed by the authors
together, without knowledge of the diagnosis or the climcal condsions of the

pancnt
Scintigrams wit.
actwty of the frontal cra
1ess than that of the cransal
classed + positve, while those

h pathologic acuvity of an mtensity equal to or greater than the

mal wall were classed - posiuve, those of intensity

| wall but greater than the acuvity normally scen were

with a low homogeneous activity over the cercbral

henuspheres and the posterior fossa were recorded as ncgatine drastment
The quality of the scntigrams was also Judged as regards mcorrect adj

of 1nstruments, distortion of projections and movement
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Table 2

Santillographic results ebtaned with gamma camera and rectilinear scanner 1n @ group of panents with
space-occupying cerebroascular eprsodes

Nature of process Days sfiee Number Venfied Gamma camera Seanncr
episode
+4 4+ 0 vt + O
0—3 4 2 10 3 1 0 3
7 9 9 301 5 5 2 2
Tnfarction 8—14 7 4 5 1 1 4 1 2
1523 3 3 2 10 2 1
>22 6 6 4 1 1 3 1 2
Hematoma 3 3 1 0 2 1 0 2
Lo ST 32 27 6 412 16 5
Per cent 100 8¢ 6 37 6 33
Table 3

Suntliographss rasults obtaned with gamma camer and rectilinear stamner v a group of patents wilh
ston malignant space-occutying lesions

Natwre of process umber \Venfied Gammacamera  Scanner

++ + 0 ++ + 0

Encephabs 10 9 5 1 4+ 5 1 4
Meningocerebral eicatrix 1 1 1 o 0 1 4 [
Hygroma 1 1 i 0 [ 0 0
Arachnod eyst 2 2 o o 2 o 1 1
Temporal lobe cyst 1 1 o o 1 o o 1
Temporal lobe abscess 1 1 1 [ | o 0
Tatal ‘\umbtr 16 15 8 1 7 8 2 6

Per cent 100 94 56 44 62 38

Results

Intracranual space-occupyng lesions were detected m 105 (49 <2 ) of the 2
patients forming the series Space-occupying lesions include ¢ the 213
ondary ncoplasms, farctions, encephalits and ntra- and cx?,:mi\rz and sec-
tomas The final diagnosis was made by operation, autopsy or cerebral hema-
studics in 92 patients of the senes and 1n a further 13 the dlgg);osnsr:f:::,ad;?lz@j

abliched

by the climcal course of the disea
se Both supra- and
prescnt in one pauent P fratentonal tumours were
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Table 4

Scuntillogiaphc resulls oblaned with gamma camera and rectilinear scanner W @ group of paticr Is utth
other miracranial lesions than space occupying

Nature of process Number Venfied Gamma camera  Scanner

O S R VAR |

Artenosclerotic enecphalopathy 24 22 2 0 22 2 2 20
Hygertensive encephalopathy 1 2 0 2 2 0 2 2
Transistory cerebral ischenna 7 4 0 0 70 0 7
Non tumorous epileptic disorders 26 24 ] 2 24 1 2 023
\higrasme 14 5 1 1 12 0 T
Paralysis agitans 5 2 o 0 5 ¢ o 3
Neurosis 7 1 1 5 0 [
Others 21 1 2 1 18 2 I )

Number 108 74 6 7 9 5 L
Toral {Pcr cent 100 6 2 15 8

Table 5

Posttize scuntigrams obtaned in a group of patients with other witracramal lesions than spac occufying

Nature of process Gamma camera Scanner
++ + ++ +
Choroid pleaus 2 2 2 3
Cranial wall metastascs 2 [\ 2 g
Soft tissue trauma 1 0 I} .
Mucocele 1n frontal sinus 0 1 o .
Sequelae from crantotomy 0 0 M 6
‘False positive’ 1 4 1
Total 6 7 5 1"

For the whole group of space-occupymg lesions ( Tables 1, 2 and 3) the posi-
uve santgrams were 78 (735 %) and 75 (705 So) respecin ely from thi
gamma camera and the scanner while m the group of supra- and nfratentorsa
tumours (Table 1) 80 G5 posive scintigrams were obtamed, this group ncludes

s of all grades of malignancy
lur;::lgg:rds tgc results of semtiffography n supratentorial tumours { Table lli
1t may be obeerved that a small flat suprasellar menmgioma cscaped dclecu{z;r
both by the gamumna camera and the scanner but the Ingh diagnostic accuracy

ghioblastomas, meningomas and metastases 15 notable
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Table 6
nalyus of the technical quality of scintigrams oblamned wsth respectinely gamma camyra and rechitncar
scanper
Charactenzation Gamma camera Scanncr
Unsatisfactoty 0 8
Movement 3 22
Oblque 3 9
Wrong projecuion 1 4
Ipstrumentation o 6
o Smstsfoctory @) & (49,
a1 Tust acceptatite 7{3°%) 39 (18 0,)
Table 7

Compansen of the qualities of the posstue {+ +) scntigrams obtaned with the gamma comera as uell
as the rechilinear scanner

Nature of process \umber  Camera  Scanncy  Equally
better better good
Cloma benugn 3 2 o !
Gloma maligoant 3 3 ’ N
Glioblastama 13 6 N N
Mengioma 7 ! ! s
Metastases 13 3 ! 9
Artenorenous malfarmavon 3 2 a !
Tnfarction 12 5 1 L]
Inwacercbral bematoma 1 o o 1
Encephalius 5 3 2 a
Oibes suprarentoral
space necupying lesions 1 1 1 2
Tnfratentonial cumours 3 ° 1 2z
ot {\“mm & 2t 9 34
Per cent 100 36 13 51

Santllographc demonstration of tumours of the postenor fossa 1s bnown 1o by

wifficult, especialy with *Te® because of the high concentration of th: xsoTl o
the ussues overlying ths arca The present sertes of pattents ancl dcf} > ;Dp§ m
with such tumours, two with metastases and two with an acousty mly five
The pontine glioma and one of the neurnnomas were nat diagnosed bc neunnoma
camera nor by the scanner y the gamma

Cerebrovascular cpisodes are according to most authoss (Guassow et coll
1ASGOW et co
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1967, Mouinari et coll 1967) best demonstrated by santillography 7 to 14 days
following thewr occurrence Tlus was only partly confirmed by the present
myestigauon (Table 2). The discrepancy in the results of scntillography by the
two methods obtamned from 4 to 7 days alter a cerebrovascular episode, where
the scanner scemed to gwve the best results, may be explaned by the earler
mentioned assumption that the gamma camera over-emphasizes superficial
activity and consequently hidcs underlying pathologic activity of low ntensity

Among the non-malignant, spacc-occupying lesions the group ‘encephalits’
deserves special attention (Table 3) Marhed scntiflograpiuc abnormahties,
comparable to those scen 1 malignant tumours, were present i five out of ten
patients and n a further patient less prominent but still abnormal changes were
recorded A large arachnoid cyst in the fissura Syl was famntly demonstrated bv
the scanner but was mssed by the gamma camera

In the inhomogeneous group of patents without space-occupyng lestons {Ta-
ble 4) 74 diagnoses out of 108 {G7 Go) were venfied by operation, autopsy or
neuroradiologic studies, m tus group 13 and 16 abnormal scmugrams were
obtaied respectivedy by the gamma camera and the scanner Five of these were
ducto two metastases to the cramal wall, one traumatic lesion, one mucocele and
one from postoperative sequelac, wile four and five, respectively, on revision
turned out to be due to a musinterpreted plexus chorodeus This left frve and
seven, respectively, as false positives (Table 5)

The techmeal quahties of the scintigrams are compared mn Table 6 The
gamma camera scintigrams were never without value while rectilinear scanning
m ught mstances gave completely unsatisfactory results 1f the patient moves
this 15 a difficult problem mn rectilimear scanming but hardly any problem with
the fastcr gamma camera

Sixty-seven sciangrams which with both exammation methods were - posi-
tve formed the basis on wluch to select the better method of demonstratng 2
fesion (Table 7) The representation was equally good 1n half the number of
patients wlule the gamma camera provided the better demarcation of the lesion
m 36 95 of the patients

Discussion and Conclusion

“The results usually reported 1 cerebral sontllography using *Tc® appear (})
be more or less confirmed Apart from the apparently better dcmonstmmlin 0_
ction by rectilinear scanmng m the period 4 to 7 days after a cerebral cpr
differences 1 dsagnostic accuracy were observed betweent the
no mstance did the scanner reveal a neoplasm that was not
demonstrated by the gamma camera We feel that

mfar
sode, no essential
two methods In
equally well, or event better,
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the gamma camera often provides a sharper representation of pathologic changes,
especially 1n cases of infarction  Furthermore, although not defimitely confirmed
1n the present senes of patients, the camera appears to be more satsfactory for the
postenor fossa than the rectilinear scannung system with *Te

The practical advantages of the gamma camera are obvious Much shorter
ume 15 required for each examnation, an 1mportant point n view of the fact
that the patients are often senously il and uncooperatne Gamma camera
santillography appears to be little susceptible to movement The mum size of the
gamma camera films at first sight appears to constitute a disadvantage and a
solution to this problem could be to enlarge the scntigrams In our opinion a
better method 15 however to use the gamma camera study as a screemng proce
dure, which we have done since the termination of the present msvesugation
After screerung, the leston 15 scanned coms entionally from the relevant side, using
a suitable projection, 1f possible with the focal plane of the detector at the level
of the pathologic process. The cond for the prod of a full size scinti-
gram then become 1deal

SUMMARY
Two hundred and thurteen patients were investigated with a gamma camera and a
teculnear scanner for tumours and other d No essential duff
between the two methods as regards diagnostic accuracy were apparent although the gamma
€amera appeared to possess considerable practical adsantages

ZUSAMMENFASSUNG
Zwuhundertdreizehn Pauenten mut Gy und anderen intral flen Lasionen
:Ivmdm mt G ! und 1 h rsucht. Keme wichugen
h en | htlich der d chen Zus erlassl

zwischen den beden

Wurds
Methoden beobachtet die Gammakamera erwies sich Jedoch als praktuscher 1m Gebrauch

RESUME

Deux cent treize malades attents de tumeurs ou d autres affection:
€tc examunes ay moyen d unc gamma-camera et d un scntigraphe reculigne Les aut
n oot pas constate de differences essentielles entre ces deux methodes en ce qus o e
precsion du dragnostuc mais la gamma-caméca. présete des axaoeen, oyt B
s derables. §es prabques con

$ intra~craniennes ont
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COPENHAGEN, DENMARK

ROENTGEN EXAMINATION OF THE FACIAL CANAL
by

S Brovnir and Crr Branue Pepersev

Tomography of the temporal bone usually proves of considerable value m
the invesugauon of facial palsy The method enables the detal of the bone,
meluding 1ts osseous walls, to be exatmned Advances m otosurgery have provided
a new approach for treatment of facial palsy,

and the exact localization of the
site of a pathologic process 1 the temporal bone has become an essentia) pre-
operation requisitc

1zatomy The facial, or sesenth cramal
canal, the factal canal, shortly after Jeavan,
length 15 divided 1nto three parts (kg
wntemal auditory meatus to the gemiculat
and most of the way lies just above the ac:
nerve perforins a 100 degrec bend 1n th
above the cochlea and vesubular windg

canal a second bend occurs at the Pyramidal enunence The thurd part of the
facial canal runs wicrovertically and s about 15 em length The capal
then opens out at the base of the shyj] mto the stylomasiord foramen Tty
course now descnibed 1s the normal gne <

» IEne passes through a long osseous
g the pons The fagal canal, 5 cm m
1) The first part stretches from the
te ganglon, it 1s about 15 cm long
companying acoustic nerve The facial
e medial wall of the Uympanic cavity
W and below the lateral semucirenlar

Submutced for pubhication 9 December 1969
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Iig 1 Anatamy of the facial canal
modified after Suamsaven Gem
culate gnghon nd first bend (1)
second bead (2), third part of
canal (3}, stylomastod foramen
{1), vestibular window (5), seny
arcular canal (6) cochlea (7),
carotd canal (8}, mncus (I), and
malleus (M)

Atypical courses of the facial nerve have sometimes been described (KerTer
1963) and arc of considerable surgical importance The nerve m its mtraosscous
course scnds several fibres to the salivary and Jacnimal glands and to the taste
buds, and mncrvates the stapedius muscle Lxanumations of these nerve functions
make a topographic diagnosis in lesions of the facial nerve posaible (Snuamsaven
1967} The nerve 1s abundantly supphed with blood, each part from at Ieast two
sources The canal 15 50 wide that the nerve only occupies 50 1o 70 per cent

of 1ts volume

Tomographic representation The facial canal may be demonstrated mn 1ts full
length by tomography of the temporal bone with I mm between the cuts The
best projections for a corrcct assessment of the canal are ap and Iteral pro-
jections, supplcmcnted by a half-axtal projection (Brunnes et coll 1961, Varvas-
sor1 1963)

To provide an accurate concept of the roentgen anatomy, a wire was placed ";
the factal canal of a phantom The first and second horizontal parts of the clann
are depicted i T1g 2, representng an a p tomographic cut m the cochlﬁr p! 31_'1““'
1 wiich the facial canal appears as two foramuna just above the cochlea Lhe
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Fig 2 Ap tomography of a Fig 3 Ap tomography 2 mm Fig 4 Lateral tomography of
phantom at level of cochlea more postenorly than m fig  a phantom at level of the facial
Facial canal appears as two 2 Sccond bend {1), mastod canal Second bend (1), and
forammna Just above the coch  part (2), and petrous part vertical or mastoid parts (2),
lea (3) {3), of the facial canal of the canal

medial of these 15 the end of the first part of the facial canal which contains the
geatculate ganglion and 1s often a Little wider The lateral ‘hole” consututes the
beginning of the second part of the facial canal

A cut a few mll wmore P ly (Fig 3) d the position of
the facsal canal i refaton to the vestibular window, the canal being situated Just
ahave the latter and just below the lateral scmicircular canal A lateral tomogram

d the 1 cond of the canal placed deep 1n the masoid
Process as 1t continues 1s vertical course (Fig 4)
The normal 1 e

£ pp are p d m Fig 5, which 1s an
ap tomographic cut i the cochlear plane A spiral shaped cochlea lies 1 the
centre, with the canal represented by two ‘*holes’ proximal to the cochlea The
lateral of these, contaming the second part of the canal, 15 often represented more
asa pit than a hole The second bend and the verucal course of the canal to the
stylomastord foramen 1s usually well d i by lateral ¢ graphy (Brun-
“ER 1969) (Fig 6)

The causes of facial palsy may be dmided into 1) diseases of the central
nenous system, (2) local conditions, (3) systenue diseases, with or without
penpheral hy, and (4) unknown etiology Rq logic changes

P
may be caused by trauma, inflammation,

the faciaf canal, as 1 other situations,
or neoplasms

Fractures of the temporal bone may be divided
nto longwudin;
\ere, a combimaton seldom oceurs 8! 2l and trans-
Longuudmal fractures are the more frequent
ones The s,
arc bleeding from the car, hiematotymp ymptoms and signs

anum and rupture of the tympanic
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R

Tig 5 \p tomography at level
of cochlea of a normal nght ear
The lateral meatus 15 produced
by the tymparnic segment of the
canal (1) the medial hole 1s

1

.

8

-

T -—2

Tig 6 Lateral tomography
it the level of the facial
cuul of 1 normal left car
Sccond bend of faciul canal
(1) mastord co e of fraial
cand (2} malleus {m) n
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Fig 7 Lateral tomography 1n
1 female with ncht facial

palsy after o trafiic aca
dent 2 wechs carhier Frac
ture (wiovs 10) imohes
the faal cual near te

larger because 1t contams the
gemeulate ganghion and the pet
1ous segment of the lacial nerve
(2) cochlen (3) malleus (4)

second bend moats mastod
part (3} wcus (1} malleus
(m) and tempcromandibu
lar jount (T

cus (1) tnd the tempero
maadibular joe (T)

membrane (PETERSEN 1961) Ihe facal nerve 1s mvolved i about 25 e of
cases, the vertical part of the canal nd the regron of the second bend are most
often affected (Fig 7) TIaaal palsy s usually of the delayed type, presumably
due to swdhng, blecding or ischena Treated conservatnely the prognosis is fair

In transverse fractures, hematotympanum also occurs, but blecding from the
¢ r and rupturc of the eardrum are unusual Irnsverse fractures are m 50 9o of
cascs followed by facral palsy The fractures often misolve the cochlea or the
capsule of the labyriuth, cuusing total deafness m the same way as a fracture of
the first part of the facial canal because of its site close to the acoustic nerve The
palsy 1s of the mmmediate type and the prospects of spontancous remusston are
poor

The cessation of facial function 1 direct relationslup to the trauma or the
appearance of facial palsy within 1 few days are chically important In the first
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Fig 8 Ap tomography 1 a
female aged €6 with nght
chronic otutis medsa for many
years and nght penpheral fa

aal paly for 3 months De-
struction of the spur' of the
fateral wall of atuc (1) and
bandle of the malleus as well
s of the media) wall of the
attic around the factal canal
2} Squamous cell carcinoma

)

i

Fig 9 Lateral tomography n
afemale aged 61 who 2 years
earher was operated upon for
a left paroud tumour, left pe
npheral facial palsy for 6
weeks Destruction of the mas-
toid extending into and around
the third part of facial canal
{arrow) malleus (m) sncus
(1) the facial canal {4)

7,
1 Jestrustion §/////// 77
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Fig 10 Ap tomography n
the cochlear plane of male
aged 45, with left chrome
ottis media comphcated by
cholesteatoma left perpheral
facial palsy for one week De
struction of the lateral wall
of the attic and the spur’ (2)
as well a5 of the medial wall
of the attic contarmung the sec
ond part of the factal canal
(1), the cochlea (1)

case operation 1s defumtcly ndicated while 1 the second the Pprognos:s 1s relatively

good without treatment It may prove difficult to decide whether the faci.

n an unconscious patient 1s acute or delayed

Another hind of lesion of the facial canal 1s one
factor of car operations According to Korrarz,
Tescaled lesions of the facial nerve n 37
mproved operation techniques, the incidence
operated ears 1s m these days probably about 1
1 about 10 ¢¢ of rc operations

Tumours The facial nene may be affected
The benign tumours consst mostly of neurino

%

al palsy

produced by the 1atrogenctic
an earlier myvestigation has

of all otosurgical operations With
of facial com,

plications 1n prnmarly

Ges while facial lesions may occur

by bemgn or malignant growths
mas, these usually anse from the
e factal canal 35 closely related to
¢ mdirectly (Varyassort 1969)

rally represented by squamous cell
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1ig 11 \p tomography in the cochlear plane of male, 1ged 49, vath right chrome otitis media
of § yeors wnd factal palsy of 9 days duration Destruction around the second part of facal
;an;}_‘(l 7} and Blurung of the atuc Normal fateral wall and spur’ (2}, malleus (3} and coch
ca (1)

caranoma, scldom by sarcoma, whieh anse m the vvtemal andiory canal or m
the nuddle car, erode the fanal canal and affect the facal nenve 1lag 8) See
ondary growths — such as from parond tumours (Fig 9) or rlwmopharnm
caranoma spreading mto the surrounding tssue — may hikewise resolt m de
struction of the facial nuve Metastases from primary carcmoma of the manmae
or fungs may, if located m the temporal bone, mvolse the nerve Metastases
frow the gastro-nitesunaf tract are of course rarely encountered m tlns Tegion

Zrfectron Munmguus, tubcrculosis, syphulis, herpes zoster and miections
wonauucleosts, and <o forth, may preduce facial paralysis Cessanon of funcuon
of the facial nerv e most frequently occurs after cluonue otitis medt 1 or cholesteato-
matous otiis Acute otiis media may also result m facial palsy produced by
reactive edema It 1s important m chrame ot wediy, to detenune whether 2
chalesteatama » present or not, the typieal roentgenologic charactenstics bemg
destructian of the ‘spur’, ossicles and the smooth-walled cavaty of the antrum
(Bruxner 1969) Continuation of the growth may result in a destruction of the
osseous wall of the facial canal, followed by palsy caused by pressurc or mfection
of the nceve (Mg 10) Destruction of the osscous walls of the facial canal also
occurs 1 chyome ottis medr though usually only of the medial wall of the
tympanic cavity, the ‘spur’ and the ossicle remammy mtact (Fig 11)

Discussion

Facial palsy 1s not uncomimon An cuologic (vplanation of 1ts ongin must a‘l-
ways be sought 1 every case, as it 1s upon tlus that the conrse depends 1t s al-
33

ays nnportant 0 determume whether the paralyss has been causcd by 3 reacuve
W
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nerve block or 1f the nerve fibres have degenerated, which means that confirma
tion 15 dependent on the regeneration of the latter A close clinical examination
may mdicate a p of sp but this alone 1 not enough for
establishing whether the case will improve or not The nenve exatabilty test, m
which the smallest electnic current necessary for making a muscle contract 1s
measured, 1s of considerable value, particularly when considenng an operation
fJorehess 1969)

Tomography of the facial canal may prove another valuable help n cvaluat
mg the chances of <pontancous healing by suggesung the basic disease leading to
the facral paralysis

Jovenees (1965) mentioned that the use of tomography made 1t possible to
demonstrate the exact position of a fracture 1n 21 out of 25 cases. Tomography,
together with climical considerations, may indicate an operation of decompression

Tomography will enable the eatension, localization and complication of a
cholesteatoma of the muddle car to be assessed This may sometimes make 1t
possible to determine whether the facial palsy has been brought on by a chromic
middle car operation with destruction of the facial canal, or has just been
caused by reactine edema In the first instance the pressure on the canal will be
tehieved by the removal of granulations by open operation

Normal temography m a patient with facial palsy must oby 1ously exclude a
number of possible causes and will m atself prove a valuable aid

Conclusion
Tomography of the facial canal 1s a v aluable suppl to other 1on
in the mvestigation of facial palsy Traumatic changes, tumours or mflammatory
changes in or about the canal will often be accurately dragnosed and the method
must be regarded as secondary only to the climical evaluation

SUMMARY

The anatomy of the factal canal 15 descrbed m some deta,
of the temporal bone i the diagnosis of infl
fa sal palsy 15 discussed It 1s emphasized that tomoy
this not uncommon condstion

ul and the role of tomography
fractures and negpl

as causes of
graphy 1s an essential cxamination m

ZUSAMMENFASSUNG

Dic Anatomie des Ges chtskanals wird detailliert beschr phen  nd Wert der T
tt der Tomo-
n und Neoplas-

55 Tomographic
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RLSUME

Les auteurs decrivent de fagon assez detaillee Fanatomie du canal facial et examinent
le réle de Ia tomographic du rocher dans le dingnostic de I cause nflimmatoire trauma
tique ou neoplasique de la paralysie faciale Ils wmsistent sur lmterct essentiel de la tomo
graphie dans cette affection qui nest pas exceptionnclle
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FROM THE ROENTGEN DEPARTMENT {DIRECTOR PROF ERih LINDGREMN}, SERAFL-
\ERLASARETTET, STOCKIIOLM, SWEDEN

CANNULA FOR INJECTION OF CONTRAST MEDIUM
IN CEREBRAL ANGIOGRAPHY

by

Gu~nar WESTBERG

Cerebral angiography 1s now often performed by means of a catheter passed
through the femoral artery The nved for angiographic examinations by direct
puncture of the carotid artery will however always exst

Direct puncture with a needle and the Seldinger method of an mdwellng
catheter are both connected with certamn disadvantages Plastic catheters threaded
on a needle have long been 1n use for puncture of the liver and spleen Sora
(1963) deseribed a suilar method for mtraduction of a soft cannula nto the
caroud artery by direct percutaneous puncture’ This was a step an the nght
direcuion but 1t would appear that the Soila catheter of teflon 1s too suff and
likely to cause numal damage as it 15 pushed up through the vascular lumen
Sora furthermore, recommended the use of an 1nner needle, 1 cm longer than
the catheter threaded on 1t This however tends to mcrease the difficulty of intro-
duction rather than otherwise, as the needle has to be passed a considerable
distance o the attery before the catheter can be pushed off the needle nto the
vessel

There 18 thus a need for an improved mstrument for direct puncture of the

Subrutted for publication 31 Jaouacy 1976
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cannula 15 softer than teflon although sufficiently suff 1o cnable it to be passed vp
1nto a blood vessel, without the md of a guide, if the angle of guncture 1s not too
steep, an angle of $5°, o 2 bude less, 15 suttable The needle tip has a bevel of
30° The outer cannula has an external diameter of 160 mm and an mterna
duameter of 114 mm The stylet has of an ner diameter of 07 wm and 1ts
length s 10 cm The tp of the outer cannula reaches 1o the eye of the stylet
{Rig 2)

Pro to puncture, a hole should be made 1w the shim with a larger needle or a
scalpel If thus 15 not done, there 1s a sk that the catheter up may be deformed as
W passes through more or less tough shin After the artery has been punctured,
the outer capnula 1s advanced oser the stylet and pushed into ihe Biood vessel for
a distance of one or two cenumeters before the stylet 15 withdrawn Thes ensuses
that the cannuta does not shp out (Frg 3) 1t there s any uncertanty regarding
the position of the needle, a check can be made by injecting contrast mednse
through the syylet before the onter cannula 15 removed The styler Tavmg been
withdrawn, t <hould not be re mserted while the outer cannula 1s sull m posiwon,
as there then would be a considerable nsk that it nught perforate the cannula
The resistance to njection 15 low n the outer cannula, much less than i a metal
needle of the same caliber

The mstrumentarum forms part of a series that can be built up with the aid
of Luer couplings and includes units with stapcocks, side holes, and other dle-
ments A middle picce consists of transparent tubing that can be compressed vath
artery forceps or other types of clamp A special tap, if considered necessary, can
readily be fitted to the nuddle prece

This system has been 1n use for over a year and has proved Yughily advan
tageous The value of having a soft plastic tube m the artery instead of a2 metal
needle 15 obvious, espeaially when the patent 15 Thely to be restless or when
alterausons m the posiioning of the head for different projections may endanger
the correct position of the needle The equipment has also proved useful for
retrograde mjection of contrast medium into the brachial artery for yertebral
angingraphy

The equipment 15 supplied 1 an expendable psel by AB Sylle Wermner, St
» Stockholm und
(e name Sufle Contrast fnjection Cannula ol under

SUMNMARY
Lquipment for direet puneture of the carotd artery, consisy
» ng of
Sulle mnfusion canuula 15 describenl The canla has been on they for sy 2008 ©f the
s vafue fias been proved e than 2 year and
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Fig 1 The assembled puncture instrument 1s shown at the top and the separate parts below

Fig 2 The up of the outer cannulh reaches to the eve of the : :
stylet

A:_'/

Fig 3 The outer cannula 1s mtioduced a certain distance before removal of the stylet

caroud artery The Sulle infusion cannul, which has been on the marhet for

lhas been modified and appears to offer many advantages (g 1)
"Fhe mstrumentarum consists of an ancr stylet of flexble steel wire and W

outer cannula of polythene, both m a stenle pach The wirc stylet, bifore its

removal from the pach, can without difficulty be shaped as desired The outer

some tume,
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FROM THE ROEXTGEN DETARTMENT (B\&t(‘:tok oVE nmﬂs‘aO\), LRSTA SJUKHUS,
STOCKHOLM, SWEDEN

A SAFER ENEMA NOZZLE
by

Ove MatTsson

The exammatian of the <olon by mcans of a banum enema 15 a Irequent
reenigen. procedure, generally conmdered to be withouwt nsh The anatomc
dessation of the rectum dorsally agamst the sacrum favours however lesions 1n
the ventral rectal wall §f the tp of the nozzle of the enema tube 15 pressed tightly
agamnst the vectal wall, local pressure increase may result (Fig 1, an arow n-
dicates the opesng w the tp) Pesforation of the mutous membrane will then
make ijection of the contrast medum mto the soft ussues 4 possubibty, with dire
results

Several cases of senous Injury 1o the rectum in connection with enemas ate
cogacted e fuceature In 1937 Gatsrarru descubed tranma caused by the uie
of 2 agid enema nozzfe Batron & GorosLow [1941) reparted the effects cansed
by wmcatrectly admumistered enemas Bostan et coll {1932) dexcnbed massie
fatal embobsm dunng 2 banum enema examimaton probably caused by a fissure
ot \anx peamtting the medum to enter the yorous system Cooper, Jr (1953)
described the rectal tube as a lethal wstrument. Simlar fzzal cases hase occurred
in Sweden durmg the Jast two decasles although they have not been published

Any mjury of the rectal wall made by a thermometer or cleansing enema before
or at the begnning of the cxammation may thus produce contrast filling of the

Submitted for publication 2 June 1969
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ZUSAMMENFASSUNG

Ein Gerat zur direhten Punktion der Artena carotis, das aus emer Modifihauon der Sulle
Infusionshanule besteht, wird beschricben Die hanule hat sich m emer einjahngen Probe
zeit gut bewahrt

RLESUME

L auteur decrit 1appareillage de perfusion de Sulle applique a la ponction directe de
1 artere carotide Un essa1 de plus d un an a montre Linterct de ce trocart

REFERENCE
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ROM THE ROENTGEN DEPARTMENT (DIRECTOR OVE MATTSSON}, ERSTA S[URHLS,
STOCKUOLYM, SWEDEN

A SAFER ENEMA NOZZLE
by

OvE MATTSSON

The exanunation of the colon by means of a banum enema 35 a frequent
roentgen procedure, generally considered to be without risk The anatomic
destation of the rectum dorsally against the sacrum favours however lesions m
the ventral rectal wall If the tip of the nozzle of the enema tube 15 pressed ughitly
agamst the rectal wall, focal pressure merease may result {Fig 1, an arrow
dicates the operung 1 the up) Perforation of the mucous membrane will then
make mjection of the coutrast medium 1nto the soft tssues a possibality, with dire
results

Sexeral cases of serious wjury to the rectum 1n connection with enemas are
teported 1n the Werature In 1937 Garsrairn described trauma caused by the use
of 2 nnd encma nozzle Batron & Gornsroy (1941) reported the effects caused
by meorrectly admunistered encmas BoMaN et coll (1952) described massive
fatal embolism dunng a banum enema examinauon probably caused by a fissure
or sanx permuttng the medium to enter the venous system Coorer, Jr (1953)
desenbed the rectal tube as a Iethal mstrument Similar fatal cases have occurred
w Sweden dunng the last two decades although they haye not been published

Any wjyury of the rectal wall made by a thermometer or cleansing enema before
or at the begmmng of the exammanon may thus produce contrast fdling of the

Submutted for publ cation 2 June 1969
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Fig 1 1he single opening (arrow) of a comcntional enema nozzle 15 often pressed agamst
the rectal wall duning msertion

vans As soon as a sealed commumecation between the tip and the perforated
mucous mcmbrane exists, such a situation may anse At double-contrast ex-
ammations air may also be msufflated mnto the intestinal wall m cases of defects
m the wall

The prescnt conventional design of catheter tips with a smgle outlet favours the
cffect described — local pressure mcrease buile up by close contact between the
opeing of the tip and the testinal wall Thin hard tube-lihe enema nozzles
with sharp edges that may readily damage the mucous membrane are also 1n use
Nozzles with a rounded end and a single outlet, the diameter of a lead pencil,
are often umployed, these may produce dangerous effect

The mamn pnnciple of the new catheter is a tip with a muluple opening The
rish of occlusion and pressure mcreasc are thus practically ehininated, the nsh of

Fig 2 An early model (1955) of a nozzle with a muluple opening
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Fig 3 The new dispusable enema nozzle with mujuple small holes &
thin plastic collag protects the hands of the operator and decreases the
possibility of spread of bactena from the rectum

obstruction of all openings by soft tissues must obviously be remote In 1955 the
author constructed an encma tip which had a few holes around sts pear shaped
end and was made of bakete lamnate (Fig 2} It aroused little mnterest A
disposable cheap single-opening nozzle was marheted some years later and has
been much used Two acadents that might be referred to the single opening
pnnciple have recently occurred 1 Sweden

The new cnema up 1s made of polythene The design of the up as well as the
location of the holes are paramount — the safety ies 1n the distribution of the
openings around the perphery of the end, the whole 1s streambhned to facilitate
applicanon and function as well as to elimmate any nsh of mechamcal mnury
The nozzle, which 1s dicposable, 1s shown in Fig 3 A thin plastic collar protects
the hands of the operator dunng its handiing To avod the tip being introduced
100 far into the rectum a round plate, visible through the plastic collar, 15 located
on the tabe part

Safe encma nozzles are essential for every hind of wash out enemas prior to

colon cxamunation, or roentgen diagnostic enemas The present imstrument
appears to constiute an advance
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SUMMARY

A new muluple opening t1p for 1 banum enema nozzle 1s described It 15 clumed to be
safer than those normally m use

ZUSAMMENTIASSUNG

Line neue Kanule fur den Barumesnlauf mit mehreren Offaungen wird beschnieben Sic
schemnt zuverlisshicher als die bisher benutzten Kanule zu sen

RLSUML

Description d une nouvelle canule pour lavement baryte dont lextremute comporte plu
sieurs onifices Son emplot parait moms dangereux que celus des canules utilisees habutuelle

ment
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