


RADIOTLOGICA

FOUNDED IN 13°1 BY GOSTA FORSSELL

DEN
SUBLISHED BY THE SOCIETIES OF MEDICAL RADIOLOGY IN DENMARK nVLKwanpf}

DIAGNO SIS

MEDICAL IMAGIN!

EDITOR
ERIN LINDGREN

Denmark G Thomsen S Kaae
Finland P Vitama L R Holsts

2( o \/
ocic RARIgLOGY

RS

ASSOCIATE EDITORS
ULFRUDHE ULF BERGVALL

S

-

Ao T Aakhus E Poppe
Sweden L 4G Larsson G F Saltzman

2 h d Y

A new rmethod for re
productng 2 selecied skee of varymg tnchness

Effect of mucolyuc pretreatment on gastric mucosal
coating with banum sutfate in the rat—A scaonming
electron microscopic investigation

Electrolytic destruction of fung tissue i the ebut

Ty
Diastolic relaxation and filhng of the laft ventncte
analysed by geometnic models

Heart volyme detenmnation—-A methodolopic ana
tysss

Quanttatn e fow estmations of astenovenous fistislas
with Doppler and dye-ditunon techniques

Blood Nlow ko vascutar eathesers of different size

and aumber of sidehotes~Model expenments with
flush fluid injecsions.

of pul Y
tonal chest films
.

o conven

Asp on chnical
apphcation
Protenuna followng nephroangiography —Y f

Companson between metnzoate and metnzamide 1y
man

Epsots P GrantunDG hauTssoNH and
PETERSSON C

43 LivpGRENT NEVALAENT M4kt ad SO0ER

STROM K O

44
435

S

SavuElssen L OUNT wnd BERGMN O

hyam G oand RanahesD

ErmsonU FRivan G and WeGENILS G
FoRSBERGL. ThLENU Own T and LinostgdT B

DauBor~ M and Sunpraus §

SzaMostA
HILDELLY  ASPELINP and SiGFLSSON B

HOLTASS AtMEwT HELLSTENS and TesR L

(Continued overieal)

Vol 21

1980 Fasc 4



Effects of contrast media on circul iting blood
volume—A comparative investigation of vanous sites
of injection

Duwretic urography in the assessment of obstruction
of the pelvi ureterie junction

Computer tomography lymphography and phlebo
graphy 1n metastases from testicular tumors
Selective phicbography in pancre wic ind penpan
creatic dise 1se

Abdominal angiography after intra artenal injection
of vasopressin

Comprison of three methods of me sunng liver blood
flow

Ren 1) osteodystrophy—I ffect of hemodialysis and
1a hydroxy vitimin D, on bone lesions 1ind metn
cirpal bone mass

Fviluation of the progression of rheumatoid arthrs
us—Sigmficance of age at onset and sex
Radiogriphic progression of theum itard arthnbs
redted to some chimcal und Inboratory pirameters
Reproducible positioning of the skull at tomogriphy

495

499

0.

=

st

i)

523

53

b

w
&

Barnt R KIRRORIAN G and AMit LM

NisoNA F Aurerl M
SONS

LiNH H KOLBINSTVIDTA  ROIMANNSAOG T
Liviruph and Aaius T

RFICHARDTW

BRATTC G and Nns

BousiNT and GOTHIIN]

PRITIAHON PITRANIN U RAIASAIMIN and
AHONEN A

ANDRESENT NIHISINH B and JOIANNSINA
DI CARVALIIOA  GRAUDAL H and Jorae NSt B

DE CARVATHO A and GRAUDAL §L

Eckigrpat O wnd Nitvie P

DR ROBEF ™ 4FILIG LIBRAR®

SMS MEDIC

« i OLLEQE

Auc No o ‘%O
pue ___AQe—leol

Yz,

Price W ——ny
SUBSCRIPTIONS
Acts Radiotogrc n Scndmavin outstde Scan linvvia
D ignosss tred) _ e
Oncolopy Radilion Physics Baol wy (huer} Bothsals  Sw Rr 30 Swhed
Dragnoses one vol Sw R 00 o Sw hr)0 —
one vol Sw k170 — Sw RrI%0 —

Oncology Radiation Physics Biology

Al rates include regu! it maling costs {surfuce mulb)

All commumcations regarding acdvertising, subscription
change of address, et should be sent to
Acta Radiologica P O Box 7449, 5-103 91 Stochholm, Sw eden



TOLOGICA

FOUNDED IV 1971 BY GOSTA FORSSELL
PUBLISHED BY THE SOCIETIES OF MEDICAL RADIOLOGY IN DENMARK FINLAND NORWAY AND SWEDEN

DIAGNOSIS

MEDICAL IMAGING AND PHYSIOLOGIC RADIOLOGY

EDITOR ASSOCIATE EDITORS
ERIN LINDGREN ULFRUDHE ULF BERGVALL
EDITORIAL BOARD
Denmark G Thomsen S haae Norway T Aakhus E Poppe
Finfand P Vitama L R Holst Sweden L -G Larsson G F Saltzman

Splenomegaly hyperkinetic splenc flow and portal S61 FrivamL
hypertenston in colitis

Pharmacoangiography of gynecologic tumors 571 KARLSSONS PERsSONP H and ANDERSSON K E
P hy 1n pan 579 REICHARDTW and INSE}

creatic Diagnosis and nof

resectability

A and d hy iy \ 587 SuzuxiT MaNaBeT TamT and ToBLT
carcinoma of the pancreas

Comp! of p tr catheter 593 HOEVELS] LUNDERQUISTA and OWMAN T

1z2tion of the portal vein and its trbutanes

Antegrade testicular vein phlebography and fumcular 603 LIENH H KOLBENSTVEPTA MILIER A and
lymphography in tesucular tumors BakkeS J

Pulmonary psendotumours and asbestos 615

Videodensitometry and thermodilution for measuring 621
left ventncular function

HIWLERDAL G and HEMAINGSSON A
ERILSONU  HELMWSG  PavFk k and RUNNG

Siz¢ of the subarachnomd space in stenosts of the 627 LaRsEN] L and SWITHD

lumbar canal

Carond hy of ar If 633 JoranssONT and RADBERG C

durmg operalion

Santigraphic assessment of biliary reflux into the 639 GUSTAVSSONS ENANDLRL K SUNCH und
resudual stomach after subtotal gastrectomy and KroG M

gasteojeyunastomy —r—
Abnormal axiltary lymph nodes in theumatoid arthntis - 64

ANDERSSON [ MaRsat 1, Nitssony ¢
b G and WOLIHEIMT A w

~
Vol 21 1380 Fasc 5



Facial bone santigraphy ~Vi--Prmcucal chmeat use 651 BeRGSTEOTH T CARESILLTC and LM G
1n mflammatory disonders of the maxitary sinus
Radiographic mvesupation of popliteal 657 LIDGRENP G and RaLscininoW
cysts
ot $ 10 the diag of pophteal cysts 663 LowtsP 1 HerARYSP and 7 1CiwissonB B
Frenatal rad phic d of alpha fetoy 667 ProasTF I and Stcurnl
positive malf wn eatly pregs ¥
Storage and display of information ta roentgen films 673 REichMANNS STRIDN -G and Lysoinn L
Effectof pH bufler and osmalaliy of different con 679 Nywanw U Avvsn T and § asprvan
trast medm on aortic blood pressure in the mbbit
Liver toxicuty of datnzoate and a non wome contrast 685 MARER  AtufNT and WALOTNSTROM
medwm {C29y--Cochiac angiography 1n the rabbit
SUBSCRIPTIONS
Az Rad opaa di outnde \
Duagnoars « \eds al Imagng and
Phy sl Radiot gy tred) fothyoly  SW R0 ~ SwRrdS —
Omcolyy il Radiation Thenpy
Thysi » and Baology (toe)
Dagnows ote vl Sw R M0 — Swhr ™IS —
O bogy one ol Swhr 190 —~ Sw hr.05 —

All rates inclade requlsr mahng costs (surface math

All commumcanons regarding advertising, subscription,
change of address etc should be sent 10
Acta Radiologica, P O Box 7449, §-103 91 Stochholm, Sweden



FOUNDED IN 1921 BY GOSTA FORSSELL
PUBLISHED BY THE SOCIETIES OF MEDICAL RADIOLOGY IN DENMARh. FINLAND NORWAY AND SWEDEN

DIAGNOSIS

MEDICAL IMAGING AND PHYSIOLOGIC RADIOLOGY

EDITOR
ERIK LINDGREN

Denmark G Thomsen S haae
Finland P Virtama L. R Holsti

!« ‘misnveden Lo

ASSOCIATE EDITORS
RUDHE ULF BERGVALL
[y
E Ay
Nonyay Ty erakhus"E Poppe
’;Sr’sgon G F Saltzman

82

N\

Angiography of chemodectomas of the nech
Cerebral blood flow determination by video dilution
technique 1n 2 patient with malignant chemodectoma
Ascending lumbar veins—Cathetenzation techmque
and radiographic anatomy

£t 4 El

y oflungt
cal aspects

Blood inflow and coagulation in vascular catheters—
Comparison of the effect of polysaccharide solutions
saline and contrast medm

Idiop: hypertrophic sub: t V.
Analysis of the shape of the left ventncular cavity at
the end of diastole

Heart volumes and measures of the circulatory capa
oty 10 young and middle aged men and women
Angiography of the ovarian artery in adnexal lesions
Radiologic low dose p
vimetry data

P

y and pel

F h Jost

pl y—A new
Computed tomography in staging of bladder car
<inoma

Q Doppler and ut

tn surgically performed arteniovenous fistulas of the
am

Vol 2%

—

AT

689 "BWISMAR §

697

705

71

715

72

73

73
747

3

759
763

769

1980

LantzB M T DusLINA B DONALDP J 1yt
D P and McGananl P

FORSBERG L. and GOTHLIN ]

SAMUELSSON L. and JONSSON L

DAHIBORN M CRONESTRANDR  RiINTMALMG
and SUNDELIUS §

KvaMG RANGNESD and GOTHLIN }

BackLuno L Friksov U and Hurteet ot B

KARLSSON § and JonssoN k.
OHLSENH

LINDGREN P G and HEMMINGSSON A

FrODINL HEMMINGSSON A JonanssoN & and
WickLunp H

ForsBerGL HotanT and LINDSTEDTE

Fasc 6



Phlebography in crural hematoma—Differential 713 ZACHRISSOND T LuntsP and RouvasusB
diagnosis from recent deep vein thrombosis
Double-contrast tomography of the tempotomandid- 777 WisirssoNP [ Osnitt A A and Rontis M
ulir joint—A new techmique based on autopsy spect
meh examinatlions
Vettebra) body size in lumbar spal canal stenosss 78S LarsFNI L nd Switn D
Receptor saturation in roentgen fiims 789 STRIDKR G nd RFICHMANN S
Relationship between mdiologic and cimeal findmgs 797 oF CaRvALHO A and GRAUDAL H
m sheumniod arthntis
Renaf osteodystrophy in non-dilysed patients with 803 A~DRESENT and NwrusinH [
chronie ren of falure
Notse ind nose texture in CT images before and 807 HEMMINGSSON A June B and YITERm RGUC
afler post processing
Hook reviews
SUBSCRIPTIONS

Acta Radsolopica 1a Scands outside Suand:

i iont vt } o SN Swand —

Oncology ncl_Radiation Therapy

Fhyucs and Bl gy (Blaey
Dugnm one vol Sw hr260 o Swhr T —
Oncology one vol Sw k1 190 — Sw hr 08 o=

Al rates inchude fepular mailing costs (sutface maf)

All commumcations regarding advertising, subscription,
change of address etc should be sent to
Acta Radiologica, P O Box 7449, $-103 91 Stockholm, Sweden



ACTA RADIOLOGICA

DIAGNOSIS 1920

ECTOMOGRAPHY

A new radiogrphic method for reproducing 1 selected slice
of varying thickness

P EpHOLM G GRANLUND H KNUTssON and C PETERSSON

A new radiograptuc prnciple for demonstrating 1
siice of the human body will now be descrnibed
Because the slice 1s depicted as if 1t had been excised
(ectomized) from the object the new pnnciple 15
di d hy Tts 1 basis
has been evolved and tested n expenments
simulated with the aid of a computer but phantom
expenments have not yet been camed out The pro
cedure requires at least 60 projections of the
anatomic volume under examunation The projec
tions should preferably be it digital form From this
set of 1mages a compound wmage 1s computed that
can represent any slice in the object The appro
priate posttion and thickness of the slice can thus be
chosen after the set of projections has been re
corded The thickness may range from that required
for the siice to embrace the whole body down to
Just a few mihimetres

Before explarming the princple for ectomography
three closely related methods may be brought to
mind ¢ nal tomography tomosynth and
computer tomography whose purpose 1s to produce

tmages representing one particular shice i the ob
lect

In conventional tomography the image of ir
televant parts of the object 1s blurred during the
exposure of the film while a sharply defined 1mage
18 obtamed of the desired plane the tomographic
plane (ZIEDSES DES PLANTES 1934) This is effected
% moving the ray source and the film plane accord
g 10 a geometnc relationship whereby the extent

[T

to which 1 detail 1s blurred 1s proportional to its dis
tance from the tomographic plane Close to this
plane the blumng is so shght that the viewer has the
impression of a sharp image of a shce However the
detail 1n this shee 1s distorted and as a result the
conventional tomogram 15 mfenor i contrast and
defimtion to the conventional radiographic image
(EDHOLM 1960) The 1solation of the shce 1s incom
plete and details outside 1t may stll be percepuble
n spite of the blurnng

The principle underlying tomosynthesis has been
known for some years (ZIEDSES DES PLANTES 1935)
It consists essentrally in the formation of a tomogram
by the summation of a set of component mages
each corr g to different pr of the
object A number of techniques mcorporating this
pninciple have been designed (GROH 1971 1977
MEeYER EBRECHT & WAGNER 1975) A particularly
elegant one was devised by GRANT (1972} who also
coned the term tomosynthests

The tomographic plane 1s represented 1 each of
the component 1mages In the summation process
these 1mages are translated through a distance to a
complete cowncidence of the mages of the tomo-
graphic plane The component images of a detal

From the Depart of D uc Radology R A
huset S-58185 Linkoping the Department of Electrical Engucer
g University of Linkoping S-58187 Linkoping and The De
gmr'nen'l of Mednal Engineening karolmska Instituter 5-10401

Sweden Sub 7 Jamuary 1939
-

far



118 F EDHOLM G GRANLUND H RNUTSSON AND C PETFRSSON

ontside the phine will not comncde cnactly because
suceessive images e shohtly displiced and thus
blumng of the dutul occurs—as in comventionl
tomocraphy

As the number of component images ts fimite the
tomogrim will be infenor in quality to + conven
tonil tomogmm However the method has the ad
vantage thatat ts possible from 1 single set of com
ponent imiges 1o obtun a tomogram reproducing
any desired phine of the object In order to form
tomogrim of 1 different phine 2 summation image s
produced throuch a Lirger or smaller transl wion of
the component smges

Itemtne techniques for improving the tomosyn
thesis tomogram has e been proposed by Col SHER&
HART (1975 COLSHER (1977) ind GROH (1977)

The tmage obtuned 1n computer tomogriphy nep
resents an actuad shice of the object hwang a given
thichness (HOUNSHIELD 1972 BROOKRS & D1 CHIRO
1975} This image 1s produced by the summ iion of
many component images cach bamng 1 one<dimen
stonal projection of the slice the prajection is paral
icl to the shee Before the summation ¢ xh com
ponent mmce ts madified by filtenng its spaual fre
quencies I this way @ distortion free image of the
slice 15 obtund

The pnnaple of ectomopraphy

Fctomopraphy 15 bised on 1 projection system
similhir to that used in tomosy nthests From A equil
Iy \paced tube posittons located on s honzontat ar
cle thove the patient Iying on 1 couch N images of
the object 1re progected onto a honzontil amage
detectar positioned below the couch 1nd also moy
tng tn 1 honzontl circle

In order to explin the physic f implictions of
ectomogpriphy it 1s useful first to consider the imnge
obtatned when the sy stem as used 1o produce 1con
senhionsl summibion tomogmm s 10 tomosyn
thesis and to comp ire the reproduction of 1 det nf in
the shuply depicted tomographic plane with that of
one outside ths phine Both detulds are represented
1n eaich componentimaee The component images of
the detail 10 the tomographie plane which comaide
exa tly are summed up The images of a detand
outside the pline will not comude completely be
cause their centres will be displced on a circle the
dumeter of this cirele vainang wath the distance of
the detal from the tomogruphie plane Thus the
summation image of the det ul will be blurred duce to

=== |%0°

h

Fig 1 Tomography by summ tion of compe nent images ad Fr
crple for projecting the component image  The tube (hot sce
progects the object from pcsiions ona warcular try t The ohyect
acylinder [tecntany one detwl in the tomoyraphic planc and o
at a distan ¢ above the pline [13th detads are reproduced in
the <mponent images by Left After translation of each co
ponent image thrcugh an appropnate distan ¢ the amages can
added to grve a summation lomogram depcting the te mograph
plane Right The tomogram The o mponent imases of the det
outsule the tomographie plane do not cotneide Therr centres
on a aircle of blur and form a nng The ¢ mpunent images of ¢
detud in the tomographie plane cotnunde and are added to give t
image in the centre of the tomk gram

the dispincement of the component 1m iges on th
cirele This will be referred to s the crrcle of blur
If the det ul outside the tomogr iphic plane 1s sms
m relition to the urck the component images w
not overlap If the number of component im iges 18’
the amphitude of cach 1n the summation 1mage Wi
be 1/7th of th it for 1 detul in the tomogriphic pl2®
thig 1) IF N s Large enough this reduction v
presum by suffice for the detul not to be perceine’
However 1f the detulis shghtly Jargerin refation?
the circle of blur the vanious component imiges ®
overlip In these arcas of overlip the amphtude ¢
the detaif will be greater With a further increase f‘
the reltive size of the detul three component 5”
ages may oserlip ind so on The imphtude of ¢
detul may then be so great that the nng of sts & ”
ponentim iges on the circle of blur will be per ene



Fig 2 In ectomography each component mage is submutted to
high pass filtration tangenttal to the cucte of blur (nterrupted
arrows) and low pass filtrauion 1 a radual direction to this arcle
(sohid arrows) The directions of filtration are indicated for 3
component 1mages Left Detad outside the tomographic plane
Part of the ring formed in the tomogram by overlapping com
ponent images As a result of the high pass filtration the vanous
component 1mages partially extmgish each other The low pass
filtration renders the contours of the annulus of the component
1mages less clearly perceptible Right Detail in the tomographic
plane 15 reproduced with high pass filtration This 1s reduced by
he low pass filintion

However it 1s possible to prevent this bwild up m
amplhitude

In ectomography the spatal freq of the

duced by repeated summation of this high pass fil
tered component wnage and between each sum
mation the ¢ image 1s d a small
distance m the tangential direction the value of a
Iine 1ntegral n this summation image m the tangen
tial direction 1s also zero Like each component im
ape the summation image will contan both positive
and negative components and when the vanous
component 1maes overlap they will largely extin
guish each other However In ectomography the
component mages of a detail outside the tomo-
graphic plane are translated not along a straight line
but along the cucle of blur If the number of com
ponent 1mages 1s large enough—more than about
60—the part of the ctrcle of blur assoctated with the
extinction will be so small that it may be considered
a straight hine and thas the component images m
effect extinguish each other

The effect of thuis ligh pass filtratton on the detail
1 the tomographic plane 1s quite different Because
the component images of the detail comade they
will not extingwish each other When all the images
have been summed a small detail s represented n
the summation image with full 1amplitude  The direc
tion of filtration 1s altered from one component 1m
age to the next by an angle 27/N The detail 1n the
summaton image will therefore be subjected to
high pass filtration 1n all directions

Low pass filtranon The effect of mgh pass fil
tranon on the detadl in the tomographic plane 15

component images are subjected to both gh and
low pass filtration m mutually perpendicular direc

uons before the images are summed to give the final
wnage

High pass filtration In conventional Linear to

mography the image 1s impaired by stripes caused by
the bluming of details outside the tomographic layer

These disturbimg stnpes can be eliminated from the
tomogram by submutting 1t to lugh pass filtration of
1ts spatial frequencies in the direction of the stnpes
(EDHOLM & QUIDING 1970) Analogously high pass
filtration 1s uubhized i hy to el the

d for in some measure by submtting the
component 1mages not only to high pass filtration m
the tangenual direction but also to some degree of
low pass filtration perpendicular to this direction
(Fig 2) This low pass filtration has two other de
sirable effects

The first 1s that the summation ymage will rep
Tesent a true slice instead of a plane  The projection
of the normal to the tomographic plane on a com
ponent unage will be parallel to the direction of
low pass filtration (Fig 3) In the summation 1mage
the low pass filtratton for all component tmages

crrcle of blur Each 1mage 1 dto

herefore has the effect of low pass filtration 1n the

4

high pass filtration of 1ts spatial frequencies m the
) direction of the tangent to the circle of blur The
component image of the deta then has no zero
, frequency In the tangential direction it conssts of
| both positive and negative components so that a
hne integral through the 1mage in this direction will
have the value zero If a summation image 15 pro

perpend to the tomographic plane

By a surtable choice of low pass function it 1s POSSt
ble to obtain a summation mage m which each 1m
4ge pomt corresponds 1o an tntegration over a aven
distance 1 the object perpendicular to the tomo-
graphic plane The summation 1mage now depicts a
slice with a thickness correspondmg to the length of
this integration  The image appears to be a repro
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duction of this slice by rays comcident with this
direction of integration In this connection ! 1s
useful to recall that it a comventional radiographic
1mage cach point represents an tntegrtion through
the entire exposed volume along the ray from s
source to the film plane The larger the band width
tn fow pass filtration the thinner the slice to which
the image corresponds

The second desirable effect of low pass filtration
concerns details outside the slice In conventional
tomography without filtration such a detail with high
contrast will cause a ¢ircle of blur that will be per
cenved as an annulus what ts 1ctually percened ts
the sharp outer and inner contours of this nng In
cctomography the perceptibility of the detail outside
the shice 1s already effectively reduced by the high
pass filtratton The direction of the low pass il
tration for each component 1mage 1s such that 1ny
remaming contours of the annulus will be blurred
and therr perceptibility thus further reduced

To summanze low pass filtrition has three de
sirable effects 1t reduces the high pass filtrition of
detail in the shice 1t conserts the image from 1 re
production of a tomographic planc to a disortion
frec image of a shee the thickness of which may be
chosen 1t will and it reduces further the percep
tubility of detarls outside the slice

Mathematical anah sis of the principle

The panciple was denved sntuttively more or jess
as indicated By usng appropriate mathematica)
moxdels the valwdity of the reasoning was tested and
filter functions with the desired propertics were
proposed (RNUTSSON et coll 19%0) By companng
the computed contnbutions made to the image by a
sm 4l detan! Tocated n the tomographic plane and
one located at a distance from this plane
mathematical expressions were dernved that de
scnbed vanous properties of the reconstructed rm
age Three such descniptive expressions have been
used The first provides « measure of the ampinude
with which the small detail 1s reproduced—referred
10 as the signal strength The second expression
provides a measure of the resolution of the image—
referred to as signat resolution The third expression
provides a measure of a property—referred to as
sagnal distortion These desenptine expressions
were used 10 test the effect of different filters on the
reconstructed irage

The filtration of th= component images was per

5

- N

Fig 3 The normal 13 the tomographic plane ts pre jected pa
to the direction of the low pass filtration (soltd arrows) for
component images

formed by muluplying their fourer trnsforms
the followng two-dimension il weighting functior

Flw, w..)=[sm (I!Jz.w )]x[Hcos ([-’,5 w,,”

Jaal>B,

Flo w)=0 for on]> B,

where B, and B denote the band widths i the b
pass and Iow pass directions respectively By g
tng B, and B different vilues four filters | ,—
were dimensioned

LI Fa F
B, 1 071 08 088
B 07t 041 0325

Because B decreses in migmtude from F to
these filters provide an increasing degree of lo
pass filtrution

The effect of these four filters h s been C(,vmp-n
with that of another filter whose sole purpose was
limit appropriately the baind width of the compone
mages This weighting function whose applicaty
results an an effect equivalent to that obtuned wi
convention | summation tomography W s

Flw wp=[1+cos (rw))¥[1+cos (man)]
Itwillbereferredtoas Iy

Results

The s nation of signal strength signal distor
and signal resolution with the distance of a de
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Resalution

=T
T ' !
Strength
T T -
Distortion
i
£ [

‘ F
g * F3 (N
) — — T T =T
U 8 16 24 32

Distance from tomographtc plane {uns)

| Fig 4 The vanarion of the 3 quanuives signal resolution signal - plane For ench quantity 4 curves are shown represenung conven
strength and signal distortion with distance from the onat o an with the filters FuF,

from the tomographic plane 1s represented by the The curves for filter F, are consistent with expen
curves i Fig 4 The relationships are shown for  ence of the way in which a detail 1s reproduced

« conventional summanon with the filter F, and for  conventional tomography The signal strength and
»f” ectomography wuth the three filters F~F, distortion are considerable even for details located
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far from the tomogriphn pline whereas the reso-
tunon falls off verv rapudly with the distance from
this plane

As the cunves fir the three filters F—F, show an
ectonography the re ofution 1 umform and high up
to 2 certnn distan ¢ from the tomogriphic plane
Thus the mmige fep ewerts v shi~e of a certan
thickness having the tomographuc pline as its mid
planc The thichress «f this shoe is greatest for the

~

rows show the appearance of the images with the square lows
at different i tances from the tormographic plane

filter F, which has 1 low pass component with (
narrow est band width

Within the slice some signal distortion occurs b
cause of the high pass filtmition The signal strers
1y greatest in the tomographic plane ind decrea
steaddly towards the two bounding surfices of ¢
shice Outsile the shee there ts 1 Furly Large fe8”
withia which the values for the strength resolu
ind distortion of the signab are very low  Atacers
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Ectarnography
Ectomography
C“""Z::;:;I Thin slice Thick shce
tomo!

fo F2 Fa

; 6 Lower row Images of a tube of square cross section
ented perpendicutar to the tomographic plane which passes
-ough the centre of the tube They show the difference betw een

stance from the tomographic plane the distortion

tomography and ectomography Upper row Sections through the
centre of the images

measured 64X64 pixels Each summation image was

[ the vanious filter fi begins to and
s continues unttl the distortion 1s sumlar to that
»r the conventional tomogram The reason for the
wcrease 1n distortion 1s that at this distance the
ircle of blur 1s 50 large that the component 1mages
£ small detads no longer extingutsh each other The
egion of very low distortion may be enlarged by
ncreasing the number of component 1mages

The effect of the filter functions tested was much
s expected namely to modify the summation 1m
ige so that 1t represents a well defined shice the
detail throughout which 1s reproduced with high re
solution and a certamn degree of high pass filtration
Details outside the shice are eliminated much more
completely than s the case at conventional tomo
graphy

Experiments in ectomography
simulated with a computer

The whole process was simulated 1n a computer
n which component 1mages of vanous objects were
svnthesized filtered and compounded to form sum
mation images (PETERSSON et coll 1980) These im
ages were presented as plotted perspective figures
depicting three-dimensional rehefs

Both component and the summation images

d of 64 col images It was assumed
that for each component image the rays were paral
lel and that the 64 pr for the comp
1mages were uniformly distributed over the curved
surface of a cone

Model obyects

In the expeniments 6 objects were used with 3
sizes of each making 18 objects mn all

Square A plane square of side 9/m 17/7 and 33/7
units Onented parallel to the tomographic plane

Frame A plane square of side 27/7 51/ and 99/7
umts contamng a square hole of side 9/ 17/7 and
33/7 units respectively Oriented parallel to the to
mographic plane

Rectangular prism A prism ts cross section a
square of side 9/ 17/7 and 33/7 umits  Altitude 21
units Onented perpendicular to the tomographic
plane

Tube Cross section shape and dimensions as for
the frame Altitude 21 umts Oriented perpendicular
to the tomographic plane

Oblique rectangular prism Section parallel to the
tomographic plane shape and dimensions as for the
square Alutude 21 units Onented at an angle to the
normal to the tomographic plane

Oblique wbe Section parallel to the tomagraphue
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plaine shipe ind dimenstons 1 for the frime Al
titude 21 umts Onented 2t 10 1ngle to the normal to
the tomographie pline

Filters

The filters used in the theoretical malysis of the
principle were also emploved in the expenments
simulited with a computer Thus F, wns used to
produce tmages representing the resulis of conven
ol summation tomogriphy to serse as a ref
crence for the vl stion of the four filter functions
E -1

Imases

A senes of imaiges was produced for e ich of the
fiv ¢ filter funcuions Fo-F,

Summ won images of the pline objects squire ind
frime were computed at the distances 0 1 2 10
25 units from the tomogriphi. pline Summation
images of the 12 three-dimensionf obyects prisms
nd tubes were produced with the object positioned
sa thit the tomogriphic pline pivsed through its
centre Altogether 420 1miges were produced in thrs
Wy

Results

The images were furly consistent with the
imlysis of the propesties of the images dertved by
1pplying the three descriptive expressions Some of
the plotted reliefs appear in Figs S and 6 The effect
of filtmuon s evident in Fig § showmg a square
reproduced in the tomogrphic pline and i vanous
distinces from gt both with conmventional tomo-
griphy tfilter | ) 1nd with ectomography (filters T
ind

W hen the square Jies in the tomogriphic pline the
conmvention ! tomogriphie image of this pline figure
contatns po distortton Thisimage may be tiken 1sa
reference for the evalustion of the other images In
cctomography the tmages of the square objectin the
tomogriphic pline contun some deformation duc to
the hich pass filtrion

When the square 15 1t 1 distance from the tomo-
griphie plane the image In the conventional tomo-
grm s deformed and ats resolution decrewsed In
ectonography the square 15 sull reproduced sharply
for 1 distance of | unnt from the plane wnd in the
case of filter |, ulso for the divtince 4 units For
dintances of 4 and & unts the 1mages in camentional
tomography contam 1 definite nng of blur whereas

tn ectomography this ning 1s greatly damped i ¢
images commesponding to filter ' For the distan,e
umits the 1mge corresponding 1o filter F, conta~
no more than an almost mpereeptible trice of ¢
square

A plane square 1s not of course 1 mdiographia
Iy reibstic obyect As such objects are three-dire
stonal the comentional tomographic imige 152
ways to some extent distorted  This 1s ke arly alhs
trted in Fig 6 the consentional tomogrim of th
tube contuns murhed distortion whereas the ecty
mogmms provide 1 Jargely true representation o
the obyect

Iiscusston

The properties of the ectomographic 1mage hav
been 1nlysed mathematcally and demonstrated b
experiments simulated with 1 computer T rom 1 s
of component tmages of 1n object 1 summation I
age may be recanstructed that represents 1 well d
fined shue of a given thickness while detul outsd
thas shice 1s for 2l practic ] purpose elmuinited Th
tm e of the shice s shghtly distorted due to high
pass filtrition of sts spatnal frequencies This shoul
not necessandy imply an impurment

In the expentments simulated with 1 computer th
rays have been tssumed to be parliel whereas
the practical appheation of the method the rys wil
be divergent However thepresent mafysis remamn
essentinlly sald the only difference being thit th
stice will apper 10 have been projected with ray
ceman sting from the centre of the circle descnbed b
the tube dunng the exposures

The thickness of the shice miy be vaned by chang
ing the bind width of the low pass filtration 1f the
slice ts just thick enough to cont un the object under
exwmmition tnterfenng structures in front of !
behind the obyect will not be included tn the image
which will then deprct the organ as of it has beer
cctomuzed ind exposed I the shice 1s thick enougt
to contan the whole body the ectomogram wi’
resemble 1 ordimary film with high contrast res™
lution  Lastly af the shice ts only 1 few millmetrs
thich the ectomogrm will resemble v compu =
tomogrim

I ctomography ts thus a general method enabling?
range of images to be produced from those rese™
bling ordinany radiographic imiges to those 1ese™
bling computer tomograms

There are certain simulanitics between ecit ™
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yraphy and puted hy In both method
1 large number of t images 15 & ded
o form an image of a shce having a required
hickness An element of 2 component image rep
esents a surface integral through the wradiated vol
ame In computer tomogriphy this surface 1s de
fined by the plane segment formed by the rays from
the focus to the detector (the width of the detector
parallel to the slice 1s disregarded) In aphy

con 1 film because 1t will depend on the total
dose to all the films

The component wnages so obtamned would be
digitalized 1o provide matrices 512%512 or even
1024x 1024 These matnices would then be submit
ted to computenzed Fourer transformation fil
tration and conversion bach to real images which
could then be summed up with different degrees of
transl to d rate difterent slices of the

the surface mtegral corresponds to the plane seg
ment defined by the oblique ray to an image element
and a segment of a line perpendicular to the film the
length of the segment depending on the degree of
low pass filtration In both methods each com
ponent image 1s also subjected to hugh pass filtmution
n a direction perpendicular to the surface of inte
gration As a result those component images that do
not comcide will extingwish each other in the sum
mation tmage
Ideally the implementation of the principle of ec
_tomography clearly requires a detector capable of
 recerving and digiizing two dimensional projec
| tions just as the detector array in a CT scanner
 deals with one dimensional projections Such a unit
, would consist of a two dimenstonal array of detec
tors but ro such array seems to have been pro
¢ duced Among the vanous ways of obtaining digital
; images directly one 15 to scan the patient with a
; one dimensional detector array m a direction per
; pendicular to it
¢ The ectomographic pnnciple mught also be 1m
, plemented by using an ordinary screen film com
| bmation as a detector but then the digital mages
would not be available until the films have been
exposed processed and digiized While such a sys
tem has several drawbacks 1t could be realized with
, existingequpment The exposures could be made in
an ordinary umt for circular tomography with the
tube following a circular track above the pattent and
y the films being exposed m a film changer located
, beneath the patient The dose to the patient should
be reduced by usmng fast intensifying screens and
possibly also by pre-exposing the films to ordinary
hight As the latter measure would reduce the con
trast in the 1mage 1t would offer the further advan
tage of an increase m lattude This would make 1t
casier to heep the density of the tmages within the
linear range of the film s charactensuic curve The
reduction m the dose to each film w1l decrease the
signal to nowse ratio However n the reconstructed
summation image this ratio will be higher than for a

v

object This operation could be accomplished
by means of currently available techmques with
reasonable computation ttmes The 1mages obtained
could then be presented on display umits such as
those used in computer tomography It might be
some time before this whole process 15 completed
but the patient need not be detamed on this account
As any shce of the iradiated volume may be recon
structed from the set of component images one scan
producing such a set would suffice

SUMMARY

The mathematical basis is desenbed of a new radio-
graphic method by which an arbitranly thick layer of the
patient may be reconstructed The reconstruction 1s per
formed from at ieast 60 wmages of the volume under
examinattion Each of the e images which have to be in
digital form 15 subjected to a special filtration process of
ns spanal frequencies The combimation of all the images
will form the resulting image of the layer—the ectomo-
gram The method has been analysed and tested in ex
penments stmulated with a computer
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EFFECT OF MUCOLYTIC PRETREATMENT ON GASTRIC MUCOSAL
COATING WITH BARIUM SULFATE IN THE RAT

A scanning electron microscopic mmvestigation

1 LiNbGREN T NEVALAINEN ]

A good mucosal coating with banum sulfate 1s
ssential 1n the double contrast examination of the
stomach Why some commercial barnum sulfate
preparations adhere better to the gastnc mucosa
than do other 1s sull poorly understood The process
of adhesion depends on several physical factors such
as simple electrostatic attraction of banum sulfate
particles to the gastric mucosa and probably also
direction binding between the particles and the
mucosal wall (JAMES & GODDARD 1971) The best
mucosal adhesion ss obtamed using crushed natural
barum sulfate powders containing rough particles
with japged edges having a stze from 0 5 to 30 pm
(JAMES 1978) This represents a particular type of
preparation (E-Z HD) which 1s now commercially
available for double contrast examination Both the
farge vanation of particle size and the additives used
m this agent play a vital role being kept as a com
mercial secret by the manufacturer This prepara
tion was found superior in scanning electron mrcro-
scopic (LINDGREN unpublished data) and phantom
expenments (GELFAND 1978 VIRKKUNEN et coll
1979) as well as in clinical sertes (RORMANO et coll

1978 JAMES)

In addition to the physical charactenstics of the
banum sulfate preparation the condition of the
mucosal wall of the stomach plays an important role

It 1s well known that good mucosal coating ts not
b d 1n h plenty of acid and
mucus A too thich mucus covenng the mucosa
prevents the demonstratton of normal areae gas
tncae (MACINTOSH & WREEL 1977) Hence n
seemed pertinent to analyse the effect of pretreat

Mart and R O SODERSTROM

ment of the gastric mucosa by a mucolytic substance
m order to obtain optimum conditions for the double

te of the h For this pur
pose N acetyl Lcysteine was used which 1s an
agent recommended for dissolving mucus 1n em
physema bronchitis tuberculosts and fibrocystic
disease  FOURNIER et coll (1977) have used this
substance for cleaming the mucosa 1n exammation
of the colon N acetyl L-cysteme also reduces the
minasic viscosity of gastric mucin mucoprotein
solutions The maximum effect 1s obtained at pH 9
(SHEFFNER 1963}

Material and Methods

Adult Wistar rats of both sexes were used The
rats were hept fasting for two days before they were
decapitated The stomach with oesophagus and
duodenum were prepared free and the nfusion of
the test solutions and the contrast medum was
carmied out through the oesophagus The following
nfusions were made 10 mi of 5 per cent sodmm
bicarbonate 10 ml of N acetyl L-cysteine (0 2 per
1 ml Mucomyst Bofors Nobel Pharma Sweden)
and 10 mi of a commercial preparation of barium
sulfate (S0 per cent weight/weight E-Z HD E-Z EM
Company USA) The following groups were formed
each mcluding at least S ammals (1) banum sulfate
only (2) pretreatment with N acety) L-cysteine
followed by banum sulfate (3) pretreatment with

Submtted for pubhcaton 8 May 1979
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fip 1
banum ulfate bi After treatment with € per cent natrum bicar

Rat stomachs expaned at 0 AV a) No applicatun of

sodium b irbonate followed by banum sulf e and
3) pretre stment both with sedium bricarbon e 1nd
Noacety? 1 -cysteme followed by banum sulfate
The ime of the pretreatment with sodwm bicarbo
nite wnd N wetyl Lcyvsteine was 3 min After the
mnfusion the stomach was gently nnsed with 09 per
vent sodium chlorde solution
After the test procedures the stomich w 1s opened

dong the mmor cunature and exposed at 20 AV
on Agfs Mummorn film Specimens measuring
thout € mm ~ 10 mm were tihen from the antrml
ot of the ghindulir stomach for routine histologic
prepimitions ind for scanming electron mecroscopy
The tissues for bustology were fived in 4 pereent for
maldehyde and dehydrated inan ethanolzs lune senes
and embedded in paraffin. The sechions were stamned
with pentodic acid Schiff ind mucicirmine methods
The samples for scanming electron microscopy were
fixed in a 3 0 per cent glutirmldehyde n 0 1M caco-
dylate buffer at pH 7 3 for $ 10 € divy washed 1n
S per cent suctose solunon for 1S min and postfived
m | per cent osmium tetroude in 01 M crcody late
bofTer for 2 hours The samples were dehydruted 1n
nnn, alvohol seires to 100 per cent ethanol Dehy
drated specimens were dned 0 ur and coated with
1 approumately 20 to 30 am thick laver of gold
1 a sacuum evaporator ind exammed ina JSA\ U3
scanntng clectron mi roscope operated at 1540

bonate  €) After treatment with patnum bicarbonate a
acetyl L<ystane Optimum adherence of banum sulfate i

Results

The radiogriphy of the ssolated stom ich she
th1t good adherence of the banum sulfite prey
1100 1o the mucosa was obtamed fter pretre
with both § per cent sodium bic irbonate and
mucolytic agent N acetyl I -cystemne (Fag 1)
adhesion w 1s also tmproved afler pretre tment
§ per cent sodium bicarbonate only but was po
preparations without pretreatment

The histologic examinition of the untre
stomachs of the fasted rats showed thit there w
$ 10 25 pym thich mucus layer on the intral muc
In the stomichs treated with barium sulfite ¢
the kanum sulfate panticles hid become i
1o thrs mucus layer In the stom ichs pretre ted !
with sodium bicarbonate and ™\ icetyl 1 <yt
no mucus fayer exssted on the mucosa In
stomachs additionally treated with banum sulf
the contrast medium prticles were in close €@
with the mu~osa Scinming electron miros”
showed thit all mucous membranes which were
pretreated or pretreated with N acety] T
alane hid o thick layer of mucus on the suf:
\ost of the openings of the gastric pits and
silli were covered by the mucus in the prepana”
additionally treated with barum sulfate the co””
medium was intermmgled in the mucus (£7g 7
the specimens tre ited both with wdium ticarhr
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and N acetyl L cysteine littte or no mucus was
found on the surface of the mucosa (Fig 3) When
these clean mucous membranes were treated with
banum sulfate the contrast particles were found n
tclose contact to the epithelial cell surfaces and deep
w the gastne pits (Fig 4)

Fig 2 Surface of gastnc mucosa after N acetyl L-cysteine tizat
ment and banum sulfate apphcauon Opemings of gastnic pis
and microvills covered with mucus Banum sulfate partiles ad
here to mucus Scanming electron microscopy %117

Frg 3 Surface of gastnc mucosa treated with sodium bicarbonate
and N-acety] L-cystene No banum sulfate apphcation Mucus
completely removed and gastnc pis clearly visible Scanming
electron microscopy % 1125

Fig 4 Surface of gastnc mucosa covered with banum sulfate
after treatment with sodium bicarbonate and N acetyl L-cystetne
Bantum sulfare particles seer in close contact to epithelal cell

surfaces and deep 10 gastne pits Scanming electyon microstopy
x1125

Comment

In the previous investigation (LINDGREN et coll
1978) of the adheston properties of vanous commer
cial brands contatming banum sulfate to the rat antral
mucosa it was often found that the mucus covering
the gastric surface inhibited the close contact of the
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particles 10 the mucost This phenomenon could
pirtly be anhibited by dding detergent substinces
to the contrist medium  However 1« much more
[sourible effect w s obsenved in the present ox
penments swhen the mucus wis dissolved with
specific mucolytic sgent Noacetyl I cysteme  Thes
effcet of the gent only occurred fter trotment
with sodwm bicirbonate becwse the mivmum
cffect of N wetyl I <ysteine 15 obtuned st pH 9
(SHEFINER) Some clewmng offcct on the stomach
mucos w s obsened also after § per ¢ent sodium
bic irbonte tre aitment Alone This might be duc to
the ninsing effect of the infusate s well 1 to the
neutrihs wion of the mucosal surfice The inhibiting
cffect of overliying mucus to the adherence of con
trist mediim ws previowsly  demonstrited by
MAadNTOSH & RRETE n histologic sections
MLt R & SKLCAS (1977) emphisized that the

mechinism of mucosal cotng with banum sulfite
ts simil ar to the surfice coting obt uned with punts

Fhe present results show thit when coating the
gastric mucosa with contrist particles  the surfice
to be coited must be s cen 1y possible in order
to obtun optimum dherence of the contrist med:

um  They 1l show that the remosal of mucus
from the gastrie mucosa by the specific mucolytic
igent N eyl I cystemne improves the quility of
the double contrist ex tminatton Although there ire
stll 1 number of unknown fictors such w the pos

sible unw tnted efTects of the mucolytic gent itself
1 well as the effect of removing the protecine
muius biyer from the gostie mucosa the results
supgest that this techmque might be helpful in the
chnie 3t applic wions 1o the roentgenolopie cxmin

tton of the stom tch

SUMAMARY
Jreshhy prepr ed nolsted rat stoms hs were u ed to
evimine the adherene of bunum sulfite prt les to the
mu ¢ 4 wrface by weanning electron muroscopy  The

stomchs were pretre sted with sodium bicirbon e
or 0 cornection with N acetyl b cysteme nd ¢
treated with binum sullite specnlly desgned for d

contrast examiniton of the stomih The best ke
of the contrist medim w15 obt uned when the mu,
w s pretre ited with both the 1k shine and mucolytn s
tndrcating that for the optimum wWherence of the cor
medium the mucosal surfuce must be s clean 1 poss®
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ELECTROLYTIC DESTRUCTION OF LUNG TISSUE
IN THE RABBIT

L SaMyueELssoN T OuNand N O BERG

The nveshigation of electrolysis tn biologic ma
terral goes back as far as 1809 and medical treatment
_by electrolyss was tried towards the end of the
century (HORSLEY & CLARKE 1908) In modern
nedicine electrolysis h is been used 1n neurosurgery
“and ophthalmology (THIRY et coll 1961 WILSON
1964) Tumour destruction by electrolysts was dem
anstrated 1n rats by SRINIVASAN et coll (1976) In
the following year SAMUELSSON & OLIN (1977) re
.ported on electrolysis m the rabbit lung and pro-
posed electrolysis as a possible chintcal method i
, the treatment of fung tumours Subsequently NOR
~ DENSTROM (1978) reported the first cases of elec
s trophoretic jomzation of lung metastases by a sim
tar method

Matenal and Method

A direct current usually between 6 and 12 mA and
6 to 12 V from a constant current battery-operated
+ apparatus was used The anode was the active elec
trode 1 most tests In the begnning round elec
trodes (4 mm) of stainless steel with thin 1solated
wires were used later copper and silver electrodes
However most expenments have been camed out
with platinum electrodes which were bullet shaped
with a diameter of 3 mm and an area of 40 mm (Fig
1) A 700 mm? plate of stainless steel was used as the
mdifferent electrode
In all expenments were performed on 130 rab
bits weighing between 15 and 30 kg General

anaesthesia was obtained with ntravenous pen
tobarbitone sodium A thin suction catheter was in
troduced 1ato the pleural cavity The active elec
trode gurded by a metal tube was then placed i the
lung parenchyma through a small inciston n the
thoracic wall 1e with a percutaneous techmque
The big cathode was located under the abdominal
skin The position of the lung efectrode was cheched
by fluoroscopy Post mortem the macroscopic ap-
pearance of all lungs was mspected and the size of
the lesions was measured on the lung sections M
croscopy of 50 lungs was performed

Dose response experiments were performed with
a 3 mm platinum electrode 1n dose steps of 25 5
10 20 and 40 Coulomb {C) The shape of the leston
was elliptical and the volume was therefore calcu
lated from the formula for the volume of a revoluted
ellipse V=4{3xTxa’xb where a 1s half the short
diameter and b s half the long diameter If the dose
was further increased the lesion usually extended to
the visceral pleura and lacked symmetry Three
ammals were used at each dose level Analogous
expenment was performed in the rabbit hiver to
assess the size of the electrolytic lesion 1n a denser
organ The healing of the injuries was observed
ammals surviving a 25 C lesion in the left lung for 0
4 8 32 or 64days Four ammals were tncluded 1n
each group Pulmonary angiography was performed
w14 rabbits tm order to examme the pulmonary

Submtted for publication 71 January 1980
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Fig 1 Rabbit with a plaunum electrode in the left lung The
suction tube 15 indicated by arrows

Fig 2 Electrolytc lestons m a rabbit lung The anode hole 15
surrounded by 2 green to grey layer of ussve The rest of the
lesion s black to brown in colour

vessels after electrolysis (doses 50 to 120 C) with
copper and plattnum electrodes

The temperature was measured close to the anode
with a needle thermometer to evaluate the heat
production of the anode Electrodes of steel silver
copper and platinum were used n these expenments
and for con they were lanted sub
cutaneously

Chlorine 1s liberated at the anode due to the oxida
tion of chlonde 1ons Two tests were made to deter
mine whether this very imtating gas leaked away
from the lesion First the trachea was inspected
macroscopically and in 6 cases mucroscopically as
well Secondly n 5 rabbits the ammal was con

nected to a respirator and the expired air was ¢ol
lected and analysed All air was passed through
midget mpinger bottles contaning 3 3-dimethy!
naphthidine 1n acetic acid Chlonine oxidrzes ths
agent thereby giving 1t a red violet colour its i
tensity 15 proportional to the amount of chlon®
absorbed The method can register chlorine conce®
trations from 0 1 ppm and upwards (H M Facton
Inspectorate 1966)

Results

Electrolysis resulted in the destruction of tissk
both at the anode and at the cathode The mteret
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Fig 4 Lesion ™4 hours after electrolysis with adose of 10Cand a
platinum anode Peniphery of lesion with part of the bronchus
(upper nght) and a large dilated astery (fower nght) Bleeding in
the

¥r and vascutar

as focused upon the anodic lesions since the
1 ones were only about half the size Lung
sue immediately adjacent to the anode was totally
disintegrated and had a grey colour Around this thin
layer was a thicker layer of black to brown colour
{Fig 2) The border to normal tissue was usually
disunct Bronchi within the lesion were yellow
brown in colour but this discolouration stopped ab
ruptly at the border of the lesion After electrolysis
with copper anodes the lesions were stamed blue
green due to the formatton of copper d

tissue and beginfing desquamatation of bron
chial cells karyolysis in the alveofar walls within the leston and
thrombosis in a small artery and vein at the border to normat
pulmonary tissue 1n the left part Haematoxylin eosin X653

Cathodic myury to the lung, was less extensive and
the lesions had a black red colour The lesions
around the stamless steel cathode which was placed
subcutaneously were small and healed quickly The
anodic lesion had a pH around 3 while the pH was
about 10 at the cathode

At microscopy the lesions most resembled em
bolic pulmonary nfarcts Lamunated eosinophilic
masses occurred around the central liceration
haryolysis was already seen i the acute lesion

Thrombi could be extracted from the larger ves

* sels within the lesions Practically no bleedings were
observed nenther durning electrolysis nor afterwards
Sometimes small haemorrhagic infarcts could be
noted at the penphery of the anodic lesion In 2
cases with a central injury  the whole Jung became a
haemorrhagic mfarct Two weeks after electrolysis

the lesions were fibrotic and pleural adhestons were
often found

p Ily n the b hial and vessel walls To
gether with a very marked tendency to thrombosis
this differentiated the myury from a simple nfarct
(F1g 3) Widened vessels and smaller or larger fresh
bleedings were almost always observed The early
thromb: m the venous and smaller arterial vessels
were soon followed by mural or occluding throm
boses 1n the artemes Afier 24 hours marked
Karyolysis and eosmophilia were also observed mn
the alveolar walls (Fig 4) Margmal granulocytic
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fig 5 Twenty four hour old tesion Bronchinl wall with de
squamated bronchial emthelium and haryolysi n cartilage and
muscle cefls Haematoxyhn eosin X190

mvasion of the lung tissue and focal hypernemia
were distinct In the bronchinl wlls the damaged
epithelum was sloughed off and cartilage and mus
cle cells showed karyolysis (Fig $) In many vessels
1t the border of the mmjury a sharply delincated
karyolysis in the muscle layer was 1 stnihing finding
(Fig 6) In one rabht this was asssociated with
aneurysmal widemng and rupture of the vessel
After four days the haryolysts was total and a
complete cosinophilic necrosis occurred in the le
ston The central Incerition was compressed and a
protemous exudite with varying numbers of eryth
rocytes filled the lesion and the alveoll At the
periphery 1 distinct zone of demarcation was ob
served with invasion of fibroblists macrophages
and a few granulocytes lIron pigment was found n
the macrophages After eight days organization of
the injury was in progress Fibrosis in the subpleural
region was ripd In the granulation tissue grant cells
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Fig 6 Twenty lour hour old leston The sharply delinet:
sion i the artenal wall 15 most ¢ inct in the muscle Tayer
endothehial cell of the lesion have pyunonhic nucler or have ¢
peared  Shight subendothelal cedema n the vital tissue &
vessel karyolysis 1s also apparent but less distinct 1n
tissue Hrematoxylin eosin X190

of foreign body type were found mn great numb
After four weeks the organization was complete
a rather oedemntous sear still persisted often w1
reltively wide subpleuril extension

Pulmonnry angiography revealed 1 zone o
the wode where pitent vessels were very sp
and often irregular and distorted Even large vess
exfibited distinct stenosis (Fig 7)

The dose response expenment showed that!
lesion was proportional to the dose of the curtt
Thts was true both in the lung (Table 1 Fig 8)and
the hver (Table 2 Fig 9) A dose of 20 C create
leston of sbout 500 mm? a lttl, more 1 the June
hittfe less 1n the iver

The tests of varous electrode metals shosed
plhtinum was 2 splendid materal whereas st
copper and silver had considerible drawback
Staunless steel corroded heavily when used a5
anode due to electroly tic corrosion 1 ¢ the pos "
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Fg 7a

Fig 7 Pulmonary angiography of the left lung after electrolytic
 lesion with platnum anode dose 110 C measunng 13 mm 1n
diameter No vessels filled within the lesion A farge branch of the

¢
'
metal 1ons moved from the anode to the cathode
Copper corroded even more than stainless steel and
the rabbits died when the dose was 100 C or more
probably due to copper compound poisoning Stlver
; was immediately attacked by chlonne and silver
anodes were soon surrounded by silver chloride
which 1solated the electrode Platimum worked
splendidly both as anode and as cathode matenal
, and no corrosion of the metal occurred
The temperature at the anodes made from vanous
metals increased only slightly dunng electrolysts At
* the silver anode a current of 20 mA rassed the
, temperature by 4C while the corresponding n
, crease at the platinum anode was only 1 5°C (Table
3) No imntation of the bronchs or trachea could be
observed when watching surviving animals or on
exammationt of these organs at autopsy Chlorine
* could not be detected in the expired air collected
{rom rabbuts duning electralysis although the doses
* given were as large as between 20 and 120 C and
~ produced substantial Jung lesions

[
[N
1

e 1

Fiy 7b

pulmonary artery to the lower lobe moderately stenosed (—) 1n
the lesion

Complications  Pneumothorax was a very com
mon complication About 10 per cent of the amt
mals were lost after electrolysis as the ammals
did not accept pleural suction tubes when awake
Rabhits have a weak mediastinum and may die fol
lowing unilateral pneumnothorax Infections seldom
oceurred No cardiac or neurologic complications
were observed

Drscussion

The current between electrodes 1s mostly trans
ported by the most common ions sodmum and
chloride (DAVIES 1968) The chlonde tons armving at
the anode will be oxidized to chlonne (2 CI, Cl} m
addition water 1s electroly zed and oxygen produced
at the cathode hydrogen and sodwm hydroxide (for
detals see SAMUELSSON & JONSSON 1980) Chlorme
1s a powerful odant and immediately attacks sur
roundimg tissues Sodim hydroxide also destroys
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Fig 8 Lesion volume in the lung at different electrolytic doses
Lesions were made with a platinum anode with a diameter of 3
mm Five dose steps were used y=. 6x+78 r=094+003

lung tissue but not so effectively as chlorne does
The temperature recordings at the anode showed
that heat had no part in the mnjury

In the medical literature concerning electrolysis
and chlonine gas effects on the Jungs and airways
the effect of chlorine 1s explamned 1n one of two
ways Euther it creates hydrochloric acid (DE

Table 1
Leston volume n the lung at vanous electrohne
doses

Dose Length Width Volume
©) {mm) {mm) {mm?)
05 7 5 92
25 7 7 180
25 6 5 %

5 & & 51

5 10 7 257

s u 6 08
10 9 6 170
10 [ 8 336
10 10 7 57
20 12 10 630
20 15 8 504
20 n n 699
40 15 10 788
40 14 13 1242

40 13 i1 8%

Lesion
size

mm'

100
900
700 4
500

300

100

T T T
255 10 20 40 Cou

Frg 9 Lesion volume tn the liver at different electrolyuc de
Compared with the size of the lesrons in the lungs (Fig 8}
lesions in the hver are smaller y=21 1x+382 r=098+001

REYMAEKER et coll 1953) or it reacts with wate
release nascent oxygen which 1s a powerful prc
plasmic poison (KRAMER 1967) However it 153
known to chemusts that chlonne attacks orga
matenal directly and destroys it through powe
oxidation In the process hydrochloric acid may
produced When the chlorme level in the centre

Table 2
Lesion volume tn the Iner at vanous electrohnic
doses

Dose Length Width Volume
©) (mm) (mm) (mm?)
s 7 4 59

25 7 6 132

25 6 6 1

5 5 6 151

5 8 s 105

s 8 5 105

10 1" 7 83

10 9 7 237

10 9 7 73

20 14 8 470

20 13 7 334

20 13 9 55

40 14 n 89

40 18 10 948

40 15 10 788
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Table 3
‘emperature af the anode surfuce during electrolvsis at sanous
currents
Zlectrode Current  Voltage  Temperature (°C)
netal {mA) (82} -
Subcuta  Recrat
neous
Stainless steel L] L] 358 37e
s 2 359
19 35 360
0 s 365
Siver 0 0 365 374
10 4 373
20 0 403
Copper o o 362
20 10 380 359
}Platmum 0 [ 371
20 10 386 367

an myury nises chlonne starts to diffuse nto the
surroundings The elhptic form of the resultant le
@ston can be attributed to the elongated form of the
welectrode and the spread of chiorne m the puncture
wrcanal The tissues m the discoloured area show a

ercomp. The p ef
nfect of chlonme on the vascular system was
md d with pul y phy which

showed vascular stenoses
The dose respofise expenmment showed a good
correlation between the dose and volume of the in
Jury It 1s interesting to note the small ddference
betueen the lestons produced m the lung and the
- liver the volume figures are somewhat approxi
mated The most mmportant measure 1s the short
diameter of the lesion as the ultimate wntention 15 to
7 ehmmate tumours with the method
Most vessels seemed ta dilate under the wfluence
of chlonne but no bleedings were observed duning
or after the expenments Only very small quantities
of blood came from the sucyon tube at tung
punciure  The small bleedings observed micro-
scopically wn acute lestons are probably attributable
t0 the actual puncture of the delicate lung siructure
with the 3 mm electrode The absence of severe
bleeding complicattons was due to the formation of
thrambn
However sometimes these thrombi gave small in

farcts yust outside the electrolytic lesions and 1n the
3

2 cases with a central ijury thrombi n the central
ITung vessels caused haemorrhagic infarction of the
entire lung  The thrombogenic effect of electrolysis
1s evidently both a benefit and a nsk no bleeding
occurs dunng the procedure or afterwards but
occasonally the lesion may become larger than i
tended The thrombogenic effect can be explamed in
several ways ADELSON & KAUFUAN (1971) and
KAUFMAN & BURKONS (1971) observed thrombi in
the lung vessels of vicims of a chlorne gas accident
and 1t 1s possible that this was a direct effect of
chlortne  THOMPSON et coll (1979) who used elec
trolysis as an expenmental electrocoagulation
method concluded that platelet attraction to the
anode was the cause of coagulatton The present
microscopic exammations demonstrated a destruc
tion of vessel waffs that should be more than
deq to pre thrombus formation

Chlonne reacts very fast with organic matenal
which means that there ts no theorelical nsk of
chlonne shipping ot mto the vessels or bronch
around the leston No signs of chlonne effect outside
the injuries were found

Platinum proved to be an excellent electrode met
al However platinum allergy ts known and should
be remembered Palladum can replace platinum
(SAMUELSSON & JONSSON)

In concluston chlonne locally liberated by elec
trolysis makes small well demarcated Iesions m the
lung tissue In the present expenments comphca
tions were withm reasonable imts  The results thus
indicate that electrolyss s worth further mvestiga
tion as a possible perctitaneous method for the de
struction of lung tumours

SUMMARY

Tissue o was by el ysis after
insertion of electrodes 10 the rabbit lung The anode was
the active electrode and the best electrode matenal was
platinum  The lessons formed around the electrode were
well demarcated and their size vared ;m relaton to the
charge applied Complications were few and the lesions
healed quickly Tissue WMTY occurs as the result of
chlorme liberation at the anode the basis for which 1s
chloride 10n ovidation
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IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS

IV Diastolic relaxation and filling of the left ventnicle
analysed by geometric models

G hvamand D RANGNES

The diastolic filling of the grossly hypertroptued
left ventricle with its reduced systolic size has been
reported as abnormal and restricted (STEWART et
coll 1968 SANDERSON ef coll 1977) and was re
garded by GOODWIN (1974) as the most important
pathophysiologie feature of diopattuc hypertrophic
subaortic stenosis (IHSS)

The contraction of the left ventricle 1s abnormal
reduced shortening 15 followed by nearly isometne
contraction of the non septal wall except for the part
at the valvar apparatus (Part III KvAM 1980) This
1s because a rather suff mterventncular septum
most probably contracting 1sometrically (HUTCHINS
& BULKLEY 1978) acts as a suspender for the rest of
the ventnicular wall (Part 1B KvaM 1980)

It has been shown that the overall systolic fibre
shortenimg of the contractile non septal left ventric
ular wall 1s markedly reduced but the amount of
blood expelied per untt fibre shortening 1s increased
(Part 11} Conversely n diastole the left ventne
ular expansion (1n ml) per umt myocardial fibre
lengtheming of the non septal wall 1s necessanly

markedly increased relative to the normal left ven
tricle

In this report the diastolic filling and relaxation of
THSS and control left ventnicles are analysed from
cineangiographic frames of the left ventncle The
same geometric models which were used for the

analysss of the systolic penod have also been applied
10 the present one

Matenal and Methods

The same sets of biplane cineangiographic frames
n the 30 nght antenor obhque (RAO) and 1n the 60°
night posterior obliqgue (RPQ) projections at 75
frames per second which were previously analysed
through the systolic period (Part III) have been
further analysed through the diastolic peniod

The 4 male patients (age range 24-64 years) with
obstructtve 1HSS all had elevated left ventncular
end drastolic pressures (resting values 16 28 29
and 31 mm Hg)

The 10 control patrents (5 males 5 females age
range 23-60 years) d b of d
pain but with normal coronary angiography and with
normal cineangiography had normal left ventricular
end diastolic pressures (mean resting value 9 4 mm
Hg range 7-13 SD 19 the one value of 13 mm Hg
1s considered as beng in the upper normal range)

The cine films were viewed with a standard mag
nification and the enlargement factor was deter
muned with a catheter gnd techmique (Part 1T Kvam
1980) The ECG was not recorded duning the car
dioangography

An end systolic and a subsequent end dastolic
frame were wdentified as the one with the smallest
respectively the largest ventncular area before any
dilatation or contraction could be noted The end

Submrtted for publication 2 May 1979
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Tyg 1 Ihe myowardial fibre length as 4 fraction of the end
disstolie fibre fength (FL/DET left hand scale) and the ventricu
lar volume inght hind scale) for one of the 15155 paticats and for
one control patient with nearly equal length of the diastohe
perod @ EL/EL and O ventricular volumes for the 1SS py

distolic volume (LDV) w s estimated from the b
pline cine films using 3 previously described meth
od for the THSS left ventricular cavity (Part )

For every diastolic frime from the end systolic to
the end distohic the 307 RAO Ieft ventricular are
ind ypico mid wrtic tengths were me ssured indum
plinc relhiive volumes caleulited ccording to the
e lenpth method  Then the relevant volumes
were chilculated for eich frime For the JTHSS
group the end diastolic fength with rel stionship
K for the controls the length width rdlationshup for
every dristolie frame were caleulated (Part 11)

The left ventricular modefs for both the 1HSS
heart and the normal heart hve been desenibed at
length previously (Part 11} The sime models are
uscd for calcutating the fibre Iength through the dias
tolic pertod The modifications e s follows [n the
IHSS model input vilues for FDV the end disstolic
length width relstionship K, and the end diistolic
Jeft ventricular wall thickness 1,y were used s pre
wviously descnbed  The intermediate disstohic Jeft
ventricular volume Vi, in the relev int phase of the
diastole being, analysed were used instead of the
systolic volume The same 1pplics 1o the control
model but here the mtermediate diastolic length
width relationship Ky 10 the relevant phase of the
diastole being, analysed w s used 1nstead of the sys
tolic length width rel stionship s welt

T T T
400 500 600
ms
went @ [1/DEL und O ventricutar volumes for fhe controt p
trent  The rapid filling penod lies between the thin venircal bine
broken hines for the 1HSS pitient unbroken for the control g
tient

In the previous report the systolic fibre lengt
wis calculated as the square root of the proportio
between the volume weighted systolic and end dia
tolic ireas 1€ As/Ad In the present report tt
ntermed: ste drastolic volume wesghted arey Ajy o
calculnted instead of the systolic we1r A The nter
meds ste diastolic myocardil fibre length as 1 fru
tion of the end diastolc fibre length I'LIDIL ¢
cileulited as YATTAd

The calculations were performed on 1 Nord I
computer The progrims hive been descnbed
Part it

In each patient the mitril vilve opening w#
taken 1s the frime when blood not cont uming cot
trast medium from the left awrgm first appeartd
within the left ventricular cavity (SANDIRSON ¢
coll ) This was taken as the end of the isovolumet®
rel ixation period and as the start of the ripid fillinf
period

The end of rapl filling could nerly always ¥
wdentfied as a discontininty on the curves for vi%
tricul i volume and fibre length The me w0 rates
filling (ml per s) ind of lengthemng (end dinstoh
lengths (FDI) per s) were ¢ lculited for the 127
filing period The middle p rt of these curves fite!
rectilinear regression well ind the slope of thes
regression lines wis tiken as the peik rite of il
and lengtheming, respectively dunng, the rapid 4
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Table

Values for the two groups of patients presented as mean values mng;s nnj
standard deviations The heart rate the svstolic ejection fraction (EF) the n‘n!
duastolic voliume (EDV) the diastolic and the isovolumetric relazation pznah 't
for all patients The rapid filling period and the parameters referring md :Iu
period (mean and peak rates of filling—VIRF and PRF respectoeh—an u;
mean and peak rates of lengthemng—VMRL and PRL respectt elv both in en
dastolic lengths per second) apph for only 8 of the control pantents

IHSS panents Control patients
3
Heart rate 8
(6495 SD 13 (55-80 SD9)
EF 08s o
082088 SDOO2)  (063-079 SDOOSH)
EDV m| 19 158
(103-130 SD 13) (87-189 SD 30
Duastolic period ms a3 507
(267627 SD 154) (753677 SD 127
Isovol relax per ms 133 143
{1 0-147 SD 11y (1 0-160 SD 15)
Rapid filling per ms %0 100
" (53-120 SD"8) (67-1 0 SD19)
MRF ml per s 635 578
(396-1 089 SD 309 (359-755 SD1 9
PRF ml per's w0 635
(%1 11 D34 (440-931 SD i)
MRL EDL pers 066 108
0431 225D033) (058-163 SDO3y)
PRL EDL per s 137

{0.45-135 SDO4”)

ing penod (3 or 4 pomnts or an equal amount of
xdditional pomts on either side if this yielded a
steeper slope were used)

In 2 of the control patients the transition from the
rapid filling penod which was short was more
gradual In these 2 patients the rapid filling paramet
ers were not calculated because of absence of defim
tion

Results

The curves for one of the [HSS Ppatients and for
one of the control patients with nearly equal length
of the diastolic period appear m Fig 1 The peniods
of 1sovolumetric relaxation and mapd filling are
shown The fibre lengthening 1s less marked 1n the
[HSS patient and the slope of the fibre lengthening
curve Is not as steep

(078-206 SD 0 16)

The heart rate the systolic ejection fraction
EDV the length of the diastolic peniod and the
length of the sovolumetnic relaxation i the two
groups of patients are summanzed 1n the Table
Higher EF and smaller EDV 1n the IHSS group has
previously been descnbed The somewhat larger
EDV than previously reported for the JHSS patients
1s due to the fact that a different end drastolic frame
was chosen for one of the patients the systolic
frame leading to the previously determmed diastolic
frame was not well defined i this patient The dif
ference may be explamed by this frame appeanng
shghtly later duning the contrast medwm myectron

No difference was found between the length of the
penod of 1sovolumetnic relaxation m the 2 groups

The length of the period of rapid filling the mean
rates of filing and the fibre lengthening and the
corresponding peak rates dunng this penod for the
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[HSS patents and for the 8 control patients also
appear in the Table No difference was found be
tween the length of the rapid filling period in the 2
groups nor any significant difference between the
filling rates m the 2 groups However the mean and
maximum rates of fibre lengthening are larger 1n the
control group than wn the THSS group (Wilcoxon
Mann Whitney rank sum test p<0 05)

The ventricular volumes and the average length of
the myocardial fibres through the diastolic period for
all the 4 IHSS patients and for 5 of the control
patients are given i Fig 2 The 5 patients were
chosen to give an average length of the diastolic
period ssmilar to that for the IHSS group (419 ms
(SD 128) and 413 ms (SD 156) for the 5 controls and
the 4 1HSS patients respectively) As expected the
figure shows a reduced overall lengthening and also
areduced velocity of lengthemng in the IHSS group
The transitions between the different diastolic time
wtervals 15 somewhat obscured by this mode of
presentation The penods of 1sovolumetric relaxation
and rapd filling have approximately the same length
m the individual patients but the length of the dias
tolic penod 15 different Therefore the pertods of
sovolumetric relaxation and rapid filling get a more
different length among the individual patients on this
relative time scale

Discussion

The present results do not support the concluston
of SANDERSON et coll that the sovolumetric relaxa
tion perrod fasts longer (n IHSS patients than in con
trols Their 10 controls had a faster pulse frequency
and a smaller EDV than the present controls but in
the present controls no correlation was found be
tween either of these parameters and the length of
the tsovolumetric relaxation peniod

The defimtion of the end of the sovolumetric
relaxation was the frame when blood not contaming
contrast medium first was clearly seen within the
ventricular cavity as described by SANDERSON et
coll Very simslar values for the length of the 1so
volumetnc relaxation period n therr group and the
present THSS group mdicates that most Iikely a cor
responding frame has been chosen

Immediately before the ventrcular filling the
mutral valves bulge nto the ventricular cavity the
next moment the values open up due to the blood
stream At 75 frames per second these stages cover
one or two frames On the next frame blood from

FL /DFL "
1

091

o8

o] 05 1
DIASTOLIC PERIOD

The myocsrdeal fibre length as a fraction of the !
drastolic fibre length (FL/DFL left hand scald) and the left s
tricular volume (night hand scale} along the diastolic penod

Fig 2

FL/DFL and O ventricular volume for the 'HSS patents
FL{DFL and C ventricular volume for the control patients A’
age values for the four 1HSS patients and for five of the cor
patients are shown The five controls werc sclected to havs
average length of the diastolic period as close to that of the I}
group as possible

the feft atrium  not contaming contrast medium
clearly present within the ventricular cavity 1
frame was considered to represent the end of |
msovolumetric relixation

RUTLEY et coll (1974) chose the frame ¢
medzately before the beginmng of mutral valve ope
1ng as the end of the 1sovolumetric relaxation whi
probably corresponds to the first frame descrbe
Therr filming speed was 100 frames per second an
in their patients with diseased and non diseased kk
ventricles the isovolumetric relaxation pend
ranged from 70 to 110 ms Using their definition th
1sovolumetric relaxation period among the prese!
10 control patients would range from less than 93¢
less than 133 ms The isovolumetnc relaxats!
penod among the IHSS patients would be similadh
differently registered The definition of the end &
tolic frame 15 a choice between two frames 10 snmf‘
patients This difference between the values r
ported by RUTLEY et coll and the values for
1sovolumetric relaxation period presented 11 ®
present report are regarded as methodologic ande?
real (they did not report the values for the con
and for the pathologic left ventricles separately/
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The 2 patients who were excluded because of a
radual transition from a more rapid filling penod
{lso had a faster fillng period nttially  but 1t was
fard to know where on the curves the velocities of
| lng and fibre lengthemng should be measured if
jraximum velocities are measured between the 4
lomnts on the steepest part of this early part of the
turve and mcluded 1n the statistics referred to the
jonclustons are not altered
| The present 1 has not d any

L.max were reached When stretched beyond Lmax
the developed tension upon stimulation decreased
(SONNENBLICK & SKELTON 1978) The normal
heart mcreases 1ts contractile force upon diastohic
dilatation (Starhing principle) This means that 1t
works on the ascending Itmb of the length tenston
curve Assuming that these data are relevant for the
metncally contracting heart an anthmetic example
can be made If the diastolic fibre length 1n 2 normal
ly ting heart corr to 092 X Lmax

hing which cannot reasonably be regarded as a con
equence of the systolic sitvation  That the overall
ngthening 1s reduced 1n IHSS 1s secondary to the
onfiguration of the left ventricle and the con
equent contraction pattern (Part TII)

The reduced velocity of fibre lengthenmng 1s sur
wising when the curve of the end systolic IHSS
ion septal left ventnicular wall 13 considered The
verage radws of this curve s certainly not reduced

120 the same extent as the ventricular wall of the

i\ormal heart if 1t be reduced at all According to the

~ aPlace equation a smaller intracavitary pressure

“wonsequemly may be needed 1o expand the wall than

w rdinarily 1s the case but the wall 1s hypertrophic

"lnd the stretching forces are therefore distnbuted
hrough a thicker wall

The reduced velocity of lengthening may also be 2

lymonsequence of the late systolic 1sometnic contrac
, 10n of the free wall (Part I1I) The microstructural
« hanges effected by this 1sometnic contraction (MA

WON etcoll 1974 WIGLE & SILVER 1978) may cause

then the systolic fibre length will be approxmmately
092 x (1-0 19) X Lmax=0 75 xLmax Correspond
mgly the fibre length of the systolic IHSS non sep-
tal left ventricular wall will be approximately
0 92x(1-0 10)xLmax=083xLmax as the non
septal wall of the THSS heart shortens approximately
10 per cent

In this context 1t 15 mteresting that the one IHSS
patient who had a faster although short lived peak
velocity of fibre lengthening than the other three
also had the most marked systolic fibre shortening of
the four 11 4 per cent

Conclusion The overall fibre lengthenmng of the
non septal left ventncular wall 1s reduced 11 THSS
when compared with the normal left ventncle a
necessary consequence of the reduced systolic fibre
shortemng The mean and peak velocities of fibre
lengthenmg dunng the early rapid filhng penod are
reduced in IHSS while the mean and peak velocities
of ventncular filling have been found normal No
difference was found between the length of the

d d bility of the m wall

:; The reduced velocity of fibre lengtheming may
“llSO be explamed by the IHSS myocardial muscle
klbres not shortenmng beyond their passive length
TAunng the systolic contraction When skeletal mus
(e fibres are shortened below their slack length
orces are exerted duning relaxation to re extend the
w“nbres toward their slack length (RAMSEY & STREET
(71940 GORDON et coll 1966) A sumilar mechanism
"*may explam the early rapid filling phase of the nor
Pmal left ventricle (KATZ 1930) when the wall stiff
¥ ness 1s very low (GIBSON & BROWN 1974)
© This possible mechanism may be illustrated as
¢ follows The normal left ventricle shortens about 19
per cent duning the systolic contraction (Part I
¥ Isometnc stimulation of 1solated cat papillary mus
*cle showed that the ascending limb of the des eloped
*tension curve extends from 70 to 100 per cent of an
* optimum length (Lmax) but resting tension was not
*measurable until muscle lengths of 85 per cent of

¢ relaxation peniod mn the THSS and the
cantrol groups

SUMMARY

The ventncular volumes and the myocardial fibre length
have been analysed frame by frame fram cine angiography
of the Ieft ventncle at 75 frames per second through the
drastolic pened 1n 4 patients with dopathic hypertrophic
subaortic stenosis (IHSS) and 10 control patients The
fibre length was analysed by means of geometne models
previously described (Part 111 Kvav 1980) The o
volumetnc relaxation perod lasted equally long and no
difference was found between the rates of ventncular fil
Iing dunng the rapid filling pertod i the two groups The
peak and mean rates of fibre lengthening were reduced
during the early rapid filling penod i [HSS
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‘ HEART VOLUME DETERMINATION

A methodologic analysis

N U ERIkSON G FriMAN and G WEGENIUS

[
$

e of the volume of
he heart 1s a routine procedure 1n Sweden It hasits
rynincipal value 1n the diagnosis of heart diseases and
juring the course of their treatment but it 15 also
fised for assessment m cases of hypertension and 1n
Jreoperative evaluation
« The methods most frequently employed m
%weden are those developed by JONSELL (1939) and
CJELLBERG et coll (1951) A modified technique for
1eart volume determmation was descnbed by
3ERGSTROM & ERIKSON (1965) Tt has been used for
ome time 1n chinical practice and this report con
titutes an of the reproductbility of the
mnethod

aphic deter

Matenal

Twenty men (17-38 years of age)} bemg treated
for different infectious diseases were chosen None
of them had signs or a history of heart disease and on
the day of the roentgen exammation they were afe
bnle and were up and about All had a normal ECG

Method

The examination was performed with the subject
n the supine honzontal posiion with the arms
aised (BERGSTROM et coll 1969) The central rays
of the respective roentgen tubes were perpendicular
lo one another and directed at nght angles to the
ongitudinal axs of the body (Figs 1 2) FFD (f) was

125 cm Oesophageal contrast medium was given
and the subject was asked to breathe lightly duning
the exposures A p and lateral films were exposed
simultaneously but no ECG synchromzation was
used

Each subject was exammed on 2 occastons (A and
B) on the same day one in the morning and the other
m the afterncon with a tme wterval varying be
tween 3 and 5 hours On the films obtamned the 3
d (a b and ¢) required by the ellipsoid for
mula were obtamed (Fig 3) The position of the
mud powtt of the heart was esttmated on the films
and the distance from this pont to the respective
film planes (V, and V¢ Fig 3) measured From
these measurements the magmification factor was
determuned individually for each projection The
heart volume was then calculated from the formula

(F=Vo) (-Vi)
F

T
= g Xaxbxex

Each determmation was made separately and
without access to the results of other deter
mmations

In order to assess the reproducibiiny of the
method all measurements were made on all films
from examnations A and B by one and the same
examner (G W) Thereafter forassessmgthe vana
tion of the results obtained by one examiner the

leul. from

A were d

Submutted for publication |3 December 1978
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Table 1

Heary volumes (ml) in 20 patients de
ternuncd by one and the same examner
(G W) from filims exposed on 2 oc
castons (A and B) on the same day &
= p<0 05 Coefficient of corrcdlation

0936
Mean Standard
deviation
A 840 148
B 876 17
Table 2

Heart v dume deternunasions (mi) in 18
patients abtained by one and the same
cxaminer (G W) at repeated cal
culations ¢ and 2) frcm the same film
{exanunation A) Ox not significant
Coclficient of correlation 0 96%

Mean Standard
deviation
1 838 142
2 834 158
Table 3

Heart s slume deternunanons {miyin 18

patients obtained by 2 ndependent

examners (UE and GW ) at cal

culations on the same film {examnation

B) Ax p<00l Coefficient of cor
relation 0 930

Mean Standard

deviation
UE 814 141
GwW 844 156

(GW) Fmally to estmate the vanation between
the results of different examners the calculations
from exammation B were repeted by

T 1 —%Focus
'

125¢cm

125¢cm

v
Fig 1 Examination technique Patient in supine position

175 em Veand Ve distances to respective film planes from ¢
{x) of heart

Table 4

C of each individual ralue as deterr
by 2 independent exammners (U £ and G W y1n 18 patier

Mean Standard Coefficie

dervintion of vanat

{per cent,
Vy (UE) e 1050 34
Ve (GW) 3018 1055 3s
Vi (UE) 2476 ” 150 87
Vi (GW) 337 1010 83
a (UE) 18517 1412 76
a (GW) 18 467 1480 g0
b (UE) 1467 0978 67
b (GW) 14572 0980 67
c WE) 12 500 1741 99
¢ (GW) 12 856 1346 104

Results

The results are presented 1n Tables 1 to 4 Lare

U E Both the heant volumes obtained and the val
ues for the individunl varables included in the cal
culations were then analysed statistically by stand
ard methods For statstical significance a aif
ference on the 5 per cent level was required

heart vol were sy lly obtained 1

afternoons thnn in the momings This difference®.
statistically  sigmificant (0 05<p<001) but *
numencally small No difference w s found betw’
repeated determinattons from the same films by
and the same examiner However 1 small (0
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he rulers
1g 2 Examples of a p and lateral projections with t!

:mls 1 to 4 are explained in Fig 3 The distance between the
centre of the heart (x) and the lateral film 1s measured on the ruler

L=
-
C
C
» =
C
-

1g 3 Measurement points used in calculating the diameters 1)
The point at which the nght contour of the heast intersects the

haphragm The point at which the left contour of the heart
_intersects the diaphragm 3) The point at which the nght contour
of the heart meets the contour of the supenor vena cava 4) A
“omt on the Ieft contour of the heart which les on the same
nonzontal level as pornt 3 Diameter a = the distance from -3
! Dumater b = the distance from 14 Diameter € = the distane
whetween the antenior surface of the heart as a rule the po tenor
¢ 1spect of the sternum and the postenor surface of the heart
which ss generally delinuted by the contrast fifled oesophagus
.

.
il uﬂ“uu
.

exposed on the ap fitm and 1ts distance to the ap film s
measured on the lateral film

but statistically sigmificant difference was noted be
tween independent exammers in their results from
the same films The diameter ¢ was larger when
measured by G W and V, and Vg were larger when
measured by U E

Discussion

A small and possibly real difference 1n the heart
volume was observed between the morning and af
temoon exarunations As the heart volume 1s cor
related to the blood and plasma volume (hJELLBERG
etcoll 1949) anincrease of the latter duning the day
mght explain this finding That diurnal vanations in
plasma volume occur s well documented (JOHNSON
et coll 1971) Good reproducibility was found when
one examuner repeated a determnation and the dif
ference between the results of two examiners was
small with a systematic tendency for G W to amve
2t somewhat larger volumes the U E The result
indicates that 1t 1s shightly more difficult to measure
diameter ¢ and 10 esttmate the position of the centre
of the heart than to determine the diameters a and b
This may explan the minor differences observed
between the two examiners

In conclusion the method showed good repro
ducibility No further refinement with the atm of
mproving the precision would seem reahsue
(SPERBER 1978) The method 1s simple and should be
suttable as a standard clintcal procedure
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SUMMARY

A method already 1n chinical use of determining the
total volume of the heart in patients in the supine posiion
was evaluated The rep y in the of
individual diameters and distances was good A nunor
difference was noted between the results of 2 different
examuners A discrepancy in the total heart volume of 30
ml or more between 2 determinations was statistically
significant which may be a guwide in the assessment of
volume determinations in clinical practice
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* QUANTITATIVE FLOW ESTIMATIONS OF AR1 ERIOVENOUS FISTULAS
WITH DOPPLER AND DYE DILUTION TECHNIQUES

I FORSBERG U TYLEN T OLIN and E LINDSTEDT

Arteriovenous fistulas performed according, 1o
3RESCIA et coll (1966} have become more commeon
y used during recent years The arterialized vems
ire used for haemodalysts but also for admimstra
1on of cytostatics and for parenteral nutrition
Cherapeutic arteriovenous fistulas must have a cer
ain flow 1 order to give adequate function The
nost common surgical technique at this hospital 15
he side 10 side anastomosis between the radsal ar
ery and the cephalic vein but other vessels or types
>f anastomoses may be used (LINDSTEDT 1972
LINDSTEDT & LINDHOLM 1979) Most patients ob
am adequate fistula flow but when the flow 1s too
arge cardiac failure may anse and when too low

he fistula may be useless Anglography may then be
ased for evaluation of the morphology of the fistula

GOTHLIN & LINDSTEDT 1975) Quantitaive estima
uon of the flow 1s of specral interest but the flow
measurements are reported to be difficult to perform

GOTHLIN et coll 1977) Access to a non mvasive
technique for quantifymy, fistula flow would be of
.reat value Doppler technique has been used to
prove patency of the fistula (STEPHE NSON & LICHT{
1971) and to some degree quanufy the flow by com
paring the flow velocity m the normal brachial artery
with that of the brachial astery feeding the fistuly

KEITZER & LICHTI 1975)

Matenal and Methods

Fourteen patients all males with arteniovenous
fstutas in the forearm were examuned with brachial

angiography All of the panents had radiocephahc
fistulas 13 with anastomosis side to side one end
to end Five of the patients had uracma 5 carcmo
ma of the bladder 2 malignant teratoma of the tes
ticle one Crohn s disease and one Hodgkin s dis
ease In all cases brachial angtography was carried
out with flow measurements using a dye dilution
techmque and flow rate esimation using a Doppler
equipment

Catheterization of the brachmal artery was per
formed from the gron  The tip of the catheter was
placed distal 10 the ongin of the axdiary artertes A
ruler was fixed to the arm n the area of the ar
teriovenous fistula at a level from the film corres
ponding to that of the fistula The ruler was simul
taneously exposed on the films

The subclavian vein was thereafter catheterized
also from the gron and the tip of the catheter
having two side holes was placed distal to the m
flow of the yugular vews but proximal to the entry of
the cephalic vemn

Flow determination was camed out by myection
of a bolus of indocyanme green (Cardio Green Hyn
son Westcott and Dupming Inc USA) through the
catheter in the brachial artery while venous blood
was continuously sampled at a rate of 0 § mi/s by a
motor dniven pump The venous blood passed a
spectrophotometer its signal was recorded on a
potentiometer recorder Calibration of the method

for publ 245

1979
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A O N
VONTN TN

Fig | Doppler flow velocity curve with a calibration signal The
mean velocsty 15 calculated from the distance between the dotted
Line and the base line

was made afterwards by mixing 0 1 m! of the dye
solution with 10 ml venous blood and letting the
mixture pass through the spectrophotometer Blood
flow was d g 1o a dified
Stewart Hamilton formula (LINGARDH et coll
1969) The integration of the curve was made by
copying 1t on hard paper after extrapolation to the
base hine after which 1t was cut out and weighed
The flow was calculated thus

Q=(gXDXM,4X60)/M ml/mun

where
Q =blood flow
q =mmected amount of dye (ml)
D =deflection on the potentiometer recorder
at calibration
M =weght of the cut out curve
M;=weight of 100 square units of the same paper
as the cut out curve
At the same time flow velocity measurements
were performed with a 10 MHz directional Doppler
(Parks 806) with calibration facilities
The Doppler eq used for ve flow
measurements 1s given n the previous report
(FORSBERG & OLIN 1980) and 1s summarnized as fol
lows

v=(AFxc){2F. cos a

AF=Doppler frequency (kHz)

F. =emutted frequency (kHz)

c =velocity of ultrasound i blood 1 56x10° (cm/fs)
v =velocity of flow (cm/s)

a =angle between probe and blood vessel

Before each examination the Doppler equipment
was calibrated agamst a 1000 Hz generator to make
quantitative measurements possible

Fiz, 2 Ultrasound of the brachial artery just above the |
where the Doppler recordings were received

The flow velocity measurements were perfol
with a pencil probe fixed in 45 angle by a pl
holder (Fig 2 1n FORSBERG & OLIN) in order t
comparable g y at different
feeding artery 1e the brachial artery
examined just above the elbow where the a
runs paralle] to the skin The highest veloc
registered when the probe 1s directed along the
sel over 1ts center

At this level Doppler exammation gives a
velocity curve with regular vanations due to sy
and diastole This curve 1s located above the
Ine ind a flow of di |
nitude (Fig 1} The mean distance from the base
1s measured and the mean veloaity 1s calculate:
g the formula previously presented Then m
plication with the cross sectional area of the ve
1s performed giving the volume flow The cross
tional area of the brachual artery was calculated |
the diameter measurements at angiography witt
duction for magmfication and in the last 5 pati
also from B scan ultrasound (Fig 2)

Results

The calculated flows from Doppler and dye-
tion methods appear m Fig 3 The two meth
correlated well regression coefficient beng '
However the Doppler method gives somewhatk
er values than the dye dilution method The af
ences between the two methods are more 2c¢t
tuated at high flows and flow velocities

Discussion

The dye dilution technique 1s well cs!abhshedt
was used for flow measurements of an:nm:r:}
fistulas by GOTHLIN et coll The fistula flow +&



FLOW ESTIMATIONS OF ARTERIOVENOUS FISTULAS

PPLER
] 5
0
g &
G 8@

0 E)

[} 10 30 50

DYE DILUTION

1g 3 Good correfation found between flow measurements [
um with dye-diotion techmgue and with Dopples (r=091)
Joppler measurements pave lower flow rates than did the dye-de
ston
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Fig 4 Effectofover orunderestmation of the diameter (mm) of
the examined vesse! tm per cent) holding Rlow velocities (ml/mtn)
4normally found 1 patients with artenovenous fistulas Upper
¥ curve S5 cm/s Middle curve 45 cmis Lower curve 35 confs
)0

¢

t‘measured were surpnisingly high mean 1590 mi/
¥min The flow values were also y higher
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which might distort the values more than was previ
ously anticipated
Doppler measurements with 10 MHz mught theo
retically underestimate flow velocity m the range of
20 per cent at some of the igher flow velocities
exarmned (FORSBERG & OLIN) The brachial artery
Just above the elbow 15 to be considered a super
ficial vessel and therefore the attenuation of ultra
sound mn the mterposed tissue 1s probably of minor
importance except for patients with very thick skin
The artery runs parallel 10 the skin in this area
why the probe holder of 45 should give accurate
readings Measurements performed near the fistula
were difficult to evaluate due to the marked turbul
ence n this region  The brachal vens runmng paral
el 10 the brachial ariery can occasionally disturh
Doppler over the brachsal artery but
in most cases 1t 15 possible to separate the vessels
completely The directional Doppler equipment
used could separate flow towards and away from the
probe and flow velocity measurements were not
considered accurate if flow could be registered
both directions
The cross sectional area of the vessel must be
known when calculating the volume flow from Dop-
pler determenation of flow velocity The wnfluence of
diameter variations on the calculation of volumetric
flow 1s shown in Fig 4 The diameter of the brachial
artery in the present patients vaned from 6 to 11
mm In this range the error due to under or over
estimation of the drameter of the brachral artery in
the range of 0 5 mm 1s between 10 and 20 percent In
5 patients the diff b 1 hically
measured vessel diameter and measurements per
formed with B scan ultrasound was even less
maximum 0 3 mm
A good correlation (r=0 91) was found between
the 2 of flow d some
kind of constant error 1n one or both methods One
of the 14 patents was exammed with an elec
tromagnetic flowmeter at operation for reducing the
flow through the fistula The dye-dilution measure
ments gave 49 I/min Doppler 2 9 I/mmn and elec

 than was estimated from the differences in cardiac
output measured with open and closed fistula
by these and other authors (for references see
LINDSTEDT) The higher values received by the di
rect dye dilation techmique could possibly be due to
o admixture of uncoloured blood from the shoulder
g*vegion or 1o mixture of radial and ulnar blood flow

1
3

fl 25 Vmin This would inds

cate that the Doppler method 1n this case was more
accurate Further expenence 1s warranted to decide
the accuracy of fistula flow determmnations

Both dye ditution techmque and electromagnetic
flow measurements are invastve methods and umply
acertam nsk for the patient and hus. vessels Doppler
measurement of the flow in the feeding artery of the
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fistula combined with ultrasound B scan diameter
measurement gives a totally noninvasive rapid
simple and cheap method of determining the flow
arteriovenous fistulas m the arm This mught be of
mmportance 1n a large group of patients Repeated
exammnations are possible which could add in
creased knowledge of the special haemodynamc
situation caused by an arteriovenous fistula

SUMMARY

The flow 1n operatively created arteriovenous fistulas
of 14 panents was calculated with Doppler and dye
dilution techniques Good correlation was found between
the 2 methods Differences in the results and future ex

h are discussed
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BLOOD FLOW INTO VASCULAR CATHETERS OF DIFFERENT SIZE
AND NUMBER OF SIDEHOLES

Model expeniments with flush fluid ipjections

M DAHLBORN and § SUNDELIUS

' Intersttent flushing of intra arterial catheters 1s

senerally used to avoid formation of blood clots
rom wflow of bleod nto the catheters which n
volves a sk of thromboembohism (JACOBSSON &
SCHI OSSMAN 1969 SCHLOSSMAN 1973 HAWKINS &
HERBERT 1974) Pieviously (DAHLBORN et coll
1978) 1t was demonsiraied that the rate of escape of
ontrast medium deposited 1n the catheter 1s de
sendent on several factors One of these 1s any de
viation of the catheter from the honzontal level
thus the medwm leaks out more rapidly when the
catheter 1s directed downwards than when it s di
rected upwards Converszly 1sotonic saline solution
was found to leak out more rapidly when the ca
theter was directed upwards These results are sup
posed to depend on differences mn densttres of the
flnds and blood The present investiganion was per
formed m order 1o evaluate the significance in these

respects of the size of the catheters and the presence
of sideholes

Method

A blood crrculation model was used as desenibed
previously (DAHLBORN & SODURLUND 1979) A
transparent tube of plastic matertal was ¢onnected 1n
the honzontal plane to the crrculation system QOne
or two transparent polyethylene catheters were
glued onto the mtenor surface of the tbe All
catheters were painted white on their outer surface
n order {0 obtamn a suitable background for visual
recording of the blood inflow nto the catheter with

the aid of a mull scale The cath had an
mner diameter of 115 mm and 16 mm respec
uvely Catheters with sideholes were used in 128
of a total of 188 experiments The effect of mul
tiple sideholes was evalvated m 64 expeniments
using catheters with four sideholes located on the
distal 4 em of the catheters and m another 64 ex
periments with a single sidehole bored 1 and 4 cm
respectively from the catheter ip The effect of a
smgle sidehole was evaluated usmg small Jumen
catheters only (ID 1 15 mm) while the remamder of
the experiments were performed with both large and
small lumen catheters (Table) The rate of blood
nflow into the catheters was recorded 1 all expent
ments after a single myection of the fluish fluid
Isopaque Cerebral Nyegaard (meglumine/calcium
metnzoate 280 mg I/ml) or 1sotonic salne solution
The length (L) of the column of blood m the catheter
was registered 0 15 30sand ! 14 2 3 4and Smn
following the catheter tap closure at the termmation
ofmjection In the experiments with catheters witha
single sidehole the time was determined from cathe
ter tap closure until the appearance of a continuous
blood layer between the endhole and sidehole The
catheters were directed 5 upwards and downwards
upstream and downstream Human ACD bjood was
used (900 ml blood including 135 ml ACD solution
formula A US Pharmacopeia) Pulsative flow was
used The blood pressure vaned betwecn 270/20
and 170/10 mm Hg and blood flow between 540

Submutted for publication 20 December 1979
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Table

Aumber of expertments

Inner diameter of catheter Isotonic Isopaque Total
sahne Cerebral
solution

1 15 mm without sidehole 14 14 28

1 6 mm without stdihole 16 16 »

| 15 mm with § mdehotes 16 16 32

1 6 mm with 4 sideholes 16 16 32

I 15 mm with one sidehole | cm from up 16 16 32

1 15 mm With one sidehole 4 cm from tip 16 16 32

Total 94 94 188

and 880 ml/min the pulse rate vaned between 36and
§2 beats/min in the different experiments and the
temperdture of the blood was on a phystologic level
all parameters being hept constant dunng each ex
periment Repeated expenments dunng varymg
physiologic conditons were performed to test the
accuracy of the results No systematic errors were
noted The wviscosity of the contrast medmum and
salime solution was 4 0 cP and 0 71 cP respectively
at37C

Results

At the termination of iyjection the catheter Jumen
was completely filled with the flush fld A few
seconds later the flush flixd mn the catheter tzp m
vanably became partially replaced by blood which
formed a layer below the isotomic salme solution
alternatnely above the contrast mediwm The en
trance of blood was continual Similar to what was
noted presiously (DAHLBORN & SODERLUND) no
difference 1n 1nflow mto the catheters was recorded
between ypstream or downstream directions Thus
the length of the blood column and hence the rate of
mflow was independent of the direction of blood
flow relative to the catheters Therefore all values of
inflow were included mn the graphs m Figs 1 to 4
without account to the direction of the blood flow
With Isopaque Cerebral as flush flind 1n the expen
ments with catheters without sideholes a lower rate
of blood inflow was recorded when the catheter was
inchined upwards than downwards The average
length of the blood nflow mto the small lumen
catheters at one min was 7 mm and 33 mm respec

tively (Fig 1a b) the corresponding figures us
the large lumen catheters were 12 mm and 631t
(Fig fc d} With isatonic salme solution 12
mflow of blood occurred when the catheter
directed upwards compared with downwards
corresponding average length of the blood colum
the small catheters was 17 mm and 9 mm and 44
and 13 mm 1 the large catheters (Fig 2) Thedd
ences in rate and extent of inflow between upw
and downward catheter directions were obvious
statistical analy sts was deemed unnecessary H
ever no difference in these respects was noted w
catheters urespective of size contaming conts
medium and directed upwards were compared v
those directed downwards and containtng sahne ¢
ution (Figs 1a ¢ 2b d} Flush flurds in cathet
with four sideholes almost instantly became
placed by blood Blood entered the catheter throl
all four sideholes and the endhole by a pulsat
movement and after a few seconds the layer of bl
was contnuous from the tip to the most provn
sidehole Further 1nflow took part at a rate equal!
that observed with catheters without sideholes {fi
3 4) The effect of a sidehole was evaluated onft¢
small lumen catheters The sidehole was locat
either one or 4 cm from the catheter tip Blood?®
tered the catheter lumen with a pulsative mover”
through both the sidehole and the endhole Withle
paque Cerebral a continuous blood layer betwer
the catheter tip and sidehole was recorded with
and 12's respecuvely and with isotonic saline o
tion one and 3 s iTespective of the nchnauot of
catheters The differences were obyious and 2
tical analysis was therefore not performed
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Fig 1 Inflow of blood mte small (2 b) and large (€ d) catheters
after njection of contrast medium  The blood wflow was 1

Discussion

The expenimental equipment was the one used
lpreviously (DAHLBORN & SODERLUND) It 15 de
'signed to produce a pulsative blood flow which 1s
- kept constant within an approximatively physiolog
fic range durmng the expenment The vanations of
“pulse rate blood pressure and blood flow recorded
#1n the whole senes of expenments were found hardly

creased with catheter direction downwards (b d) compared with
upwards {a ¢}

to 1nfluence the overall results the vanation in inflow
rate of blood m any subdivision of experiments be
ng only minor Stmlar to what was recorded prewvi
ously (DAHLBOPN & SODERLUND) inflow of blood
mto the catheter was different with Isopaque Cere
bral and 1sotonic saline solution n the catheter Be
cause of gravity a flud of high density will be depos
tted underneath a flnd of Iow density 1 ¢ Isopaque
Cerebral 15 located at a level below blood while

/
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Fig 2 Inflow of blood into small (2 b) and farge (¢ dJ) catheters
after myection of 1sotonic sahine solution The process was more

1sotonuc saline solution forms a layer above 1t For
the same reasons when the catheter was mclined
downwards contrast medium could casily flow out
through the catheter endhole This flow was mark
edly reduced when the catheter was directed up
wards The results regarding 1sotonsc saline solution
as expected were the opposite ones Using a cathe
ter with a larger lumen and directed downwards
flow of the contrast medium out of the catheter 1s

rapid with the catheter directed upwards (a ) compared
downwards (b d)

faciltated as 1s upward flow with 1sotontc sal
solution

The same principle should be vald regard
sideholes Theoretically a sidehole situated ont
superior surface of a catheter would allow the @
flow of saime solution and an mferror one 1!
contrast medium In the present expenments |
catheters were oriented to let the sideholes fuce?
lateral aspects 1n order to make the results stact
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Fig 3 lastant iflow of blood wto (a b) small and (¢ d) large
atheters with 4 sideholes after mjection of contrast medium

o

 comparable for the two fluids In the expeniments
Yanth four sideholes the fush flwds left the catheter
# mstantly through all five holes and 1t was not poss
fble to record any differences regarding the outflow
s“speed of the flnds However the blood column
wbeyond the sideholes behaved exactly as m a cathe
&~

S min

regardless of catheter direction upwards (a ¢) and downwards (b
d)

ter with an endhole only A difference m outflow
between the two flmds could be recorded with
catheters with ane sidehole onfy-—n addition to the
endhole—the saline solution leaking out more rapid
ly than the contrast medium The difference became
more obvious with catheters with increased dis
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Fig 4 Instant inflow of blood mto {a b) small and (¢ o) Jarge
catheters with 4 sideholes after ijection of 1sotome saline sol

tance between the endhole and sidehole This
should reflect the influence of the different viscosity
of the fluds contrast medium having a higher vis
cosity than has 1sotonic saline solution which should
leak out more rapidly

‘The expenments were performed with an artificial

union arespective of whether the catheter was directed
fa c)or downwards (b d)

equipment Intended to represent the arternal
circulation system  Because the pulsaine
pulse rate and blood pressure were hept watl
almost physiologic range the results ar¢ const
to be vahd also for chatcal purposes Flush
injections should be made frequently ¢
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vhen intra artenal catheters with a large tner
hameter and those with sideholes are used How
ver nerther contrast medium nor 1sotomic saline
olution seem to be ideal It 1s evident that flush
1gents with physical properties more akin to those of
slood would be advantageous when used i chimcal

=.ontexts A work mn progress mntends to produce and
est such agents

SUMMARY

Using an expenmental model of the artenal circulation
ystem nflow of blood into polyethylene catheters fol
owing mjection of contrast medwm and 1sotonic saline
olution was evaluated The expenments mcluded an
nalysts of the influence of density and viscosity of the
Tush soluttons as well as the effect of catheters of different

| 1zes with and without sideholes
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REPRODUCIBILITY OF PULMONARY STRUCTURES
ON CONVENTIONAL CHEST FILMS

A SzAMOSI

The description of one and the same chest film has
een found o vary between different observers and
t different occastons with the same observer (GAR
AND 1949 YERUSHALMY 1963 HERMAN et coll
975) The disagreement has been termed mter and
1tracbserver error respectively Dual readings of
1e films have been recommended (GARLAND) to
imimsh the fiequency and the significance of the

onsequences of this vanance

On the other hand the reproducibility of one and

he same pulmonary structure when several chest
1lms are exposed appears not to have been the
sbyect of any systematic analysis The absence of
i vanations 1t reproducibility when observed 15
1sually assumed to be due to technical errors and
ometimes mentioned casually Thus FELSON (1979)
tates that a film of excellent quality may show
harply defined unequivocal structures whereas
wmother film of less than optimum quality of the
ame patient the same day may show only small
rregutar structures or even appear normal Some
sbservations concerning the reproducibility are now
eported

Material and Methods

Chest films of 26 patients were analysed All pa
lents were examuned at the department at Jeast
ance the majonty several times Every exammation
ncluded postero antenor lateral and two oblique
rojections  hodakh XL1 films were exposed be
ween X omatic screens at 170 AV and 400 mA

exposure times being generally below 10 ms Focus
film dwistance was 2 m and focal spot size 1 2 mm
Stationary gnd 40 lfcm with ratio 112 was used
About one half of the patients had also chest films
from other hospitals where the kV vaned between
120 and 150 and the focus film distance between 150
and 180 c¢cm The other techmical detals vaned
However the general quahty of these films was
considered 1o be comparable and sufficient 1o dem
onstrate the relevant structure Any set of chest
films from other hospitals consisted of p 2 and lat
eral views

Each patient had one or several nodules tm the
penphery of the fungs Each nodule was observable
on at feast 3 films taken n postero-anterior and m
nght or left antersor oblique projections respective
ly The nodules were 3 to 15 mm in diameter For
each patient 1 to 9 additional films were available in
the projection which demonstrated the nodule most
clearly The films were exposed exther on the same
occasion or—in the course of subsequent controls—
at mtervals ranging from a few days up to several
years In 21 cases the noduh were benign as estab-
lished at surgery and subsequent HUCTOSCOPIC ex
ammation or as considered from their appearance
and absence of growth over a penod of at least 7
years These patients were also symptom less Five
of the patients had pulmonary metastases from
osteo or chondr The of the

Subrmtted for publication 31 August 1979
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Fig | Three views of the same pulmonary nodule (probably
bengn not operated upon} Lhe same stze on a series of films over
9 years a) Sharp borders b) indistnct borders ¢) almost invisi
ble s}and b) exposed the same day <) 10 days later Onstil later
films the nodule had the same appearance as 1n (b}

nodules visible on the chest films wns confirmed at
surgery n all of them In these cases only films
exposed the same day were compared

All available films of any individual patient taken
n the same projection (mostly p a) as the one on
which the nodule was most clearly observable were
compared with each other by simple visual inspec

ntC

tion In S cases the nodules were most evide
left or night anterior oblique view and then
were compared

The presence of any nodule was considert
established whenever 1t was clerly demonst
on at least three films exposed m (w0 "’:
different progections Films with no clear and s
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3
47y depicted structures such as nb edges or pulmo

1ary blood vessels n the area around the nodules
prvere excluded The same was true for films with
gmpparent errors m exposure or with other

Fig 2 Three views of the same hamartoma a} Very sharp bor
ders and smooth contours b) somewhat yTegular less distmt
border c) almost imvisible nodule The nterval between ta) and
(b) 5 months between (b) and (c) 3 months Al exanunation (¢)
the hamartoma was clearly observed on a lateral film and was
enucleated the next day

Observations

The radtologic appearance of any nodule was not

» aults
v

but varied y from one film to
another Usually the nodule was well outlined with
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Fig 3 Three views of the same metastatic nodules from o3
reogenic sarcoma  Left antenor oblique view  a) Upper nodule
evident the Jower one 1s difficult 1o obsenve b) the low er nodule
evident the upper one 1s difficult 1o observe ¢) both noduh are
evident Interval between exposures ! mm

maximum sharpness on one to 3 films only on the
majonty of films 1t was less well outlined The con
tour vaned also 1n smoothness and evenness (Figs 2
5) Seven films were found on which the nodule was

not visible notwthstanding that 1t was evd?
other films either exposed at the same examit-
or earlier or later (Figs 1—4) In these casesan!
ular hazy area appeared on the film at the sued
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4 Metastatic noduh from osteogenic sarcoma a) Two ewt
it sodult b only the upper one visible Interval between
posures | min Both were found and epucleated at surgery

r—————————

2

2
*
! a
1g 5 Hamartoma i nght lower lobe a) Faurly sharp border b)
ndistinct (uzzy structute on the same site lnteral between ()

J"d ®) tmen

todule suggesting a blurmng effect However no
slurring of the small pulmonary vessels or of the nib
¢ dges existed within that area The disappearance
«»f the nodules occurred on films from other hospitals
>15 well as on films from this department
3

- s
#
A o — ey
Mo
o
¥ 5
by
L -
[
Discussion

The findings mdicate that considerable vanations
may occur i the appearance of one and the same
pulmonary nodule from one exposure to the next
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Fig 6 Two views of the same normal lung Left antenor oblique
view A pulmonary blood vessel (presumably an artery to the

notwith g that the ot d chest fllms appear
to be of comparable technical quality The cause or
causes of these vanations ts at present not exactly
known

All nodult have been well above the threshold of
visibility and been located m lung regions easily
accessible to visual search 1 e unobscured by the
heart mediastinum or spme The high kV has ex
pectedly ensured their visibility even through bony
structures

Pulmonary structures which are distnbuted mam
1y along a smgle plane (e g a thickened segment of
an mterlobar pleura) are notonous for therr ability to
appear on or disappear from the chest films due to
small changes n their onentation with respect to the
central beam of radiation Simiharly structures just
1 front of or behind the hila while otherwise com
pletely well visible may at certatn phases of respira
tion be supenmposed on the central vessels and thus
elude detection However the present matenal con
sists entirely of rounded nodular structures situated
n the penphery of the lungs Consequently none of
these mechamsms can explain the findings

The sharp borders displayed by other structures
n the same area virually excludes gross technical

apical segment of the left lower lobe) distinct in (a) almost
n (b) One mininterval

imperfections  Defect anodes faulty intens:
screens or impatred mechanical contact bet
screens and films etc can thus also be disrega
as plaustble reasons for the observed vanatto
the appearance of the noduli

At visual comparison the appearance of the ¢
films has been reasonably sumular m all resp
except the nodules Yet 1t cannot be assumed
they really have been a perfect duplicate to ¢
other Minor differences in geometric projection
1n the phases of the respiratory and cardiac cycle
which the exposure took place have probably
curred alf the more 50 as no devices were st
avoid them e g respiratory phase correlator
minute vanations probably unavordable m €
day routine and hard to detect without very 6
companison may give a sufficient explanation oft
findings though possibly through vanous met
1sms

The supenmposition of a pulmonary nodule @
nb per se does not exclude good visibibity oft
nodule (Figs 3a ¢ 4a S5) On the other b
mumute variations 1 geometric projection orit
degree of mflation of the Jung can change the*
stellation and complexity of the bachground 57
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res (mainly pulmonary vessels and nbs) aganst
hich the nodule stands out Such changes ¢anin

sence detectability (REVESZ et coll 1974)

Another mechantsm which probably operates 1s
dicated 1 Fig 6 (not from the present series) On
) a pulmonary vessel 1s easily observed in the
aical segment of the left lower lobe whereas 1t 1s
most mvisible on (b) exposed at the same occa

on A famnt linear structure corresponding to the
te and course of the vessel can sull be discerned on
7 suggesting blurning  Such blurnng could occur
e to pulsations caused by the phasic pulmonary
lood flow The similanty with Figs 1¢ 2¢ 4b 5b
| striking and suggests the same mechanism causing
1e disappearance of the nodule

{While additional factors may contnbute to the
ime effect such munute vamations 1 the back
sound and unsharpness caused by the pulsat
1g pulmonary blood flow may n tt explain

pulmonary nodule with fow inherent contrast can
only be detected when its borders are sharp and thus
the contrast gradient across the observer s vetina 15
sufficiently high (TUDDENHAM 1963) If the borders
of the nodule are blurred by the transmutted pulsa
tions detection can be difficult or imposstble

Important medical decisions are sometimes based
on the presence or absence of a pulmonary nodule or
on the appearance of 1ts border Obviously 1t1s not
possible to rely ly on the y of any
smgle chest film in these respects except when
the nodule appears with maximum sharpness The
general use of devices ensunng exactly tdentical
geometnic projection or identical respiratory and
cardiac phases 1 the moment of exposure cannot
be recommended at present However 1t 1s neces
sary to be aware of the from exposure to exposure
vanability of pulmonary structures and make the
accordmngly

‘e findings
—*If this explanation 1s correct then the followmng
Jstulate can be formulated For pulmonary struc
tres within certain himuts concerming their size and
Jntrast a defimte at present unknown and some
hat varymg stattstical probabihity of becormung
lequately demonstrated at any single exposure
austs It means that mcreasing the number of ex
osures increases the probability of the radiologic
pEmonstration or conversely increases the chances
f disappearance on at least one film In practice

1s postulate seems to have vahdity for cylindnc or
gpodular structures with soft tissue attenuation and
. ﬁll(h a diameter roughly between 3 and 20 mm
. The term adequately demonstrated refers to the
¢ arying climcal context In the case illustrated n
8 2 the diagnosis of bentgn pulmonary nodule

r

SUMMARY

All available chest films of 26 patients with pulmonary
noduht (3 to [5 mm in diameter) were compared Great
vanations in the appearance of one and the same nodole
was noted On 7 films the nodule could not be detected at
all n spute of the fact that other fitms taken m the same
geometnc projection did show 1t and no technical faults
were apparent Blumng caused by pulsating pulmonary
blood flow and munute vanations 10 the background sur
rounding the nodult are considered 10 be the mam causes
of a certam from exposure to exposure vanability of the
conyentional chest film
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PERCUTANEOUS NEPHROSTOMY

Aspects on climenl apphcation

J HiLDELL P ASPELINand B SIGFUSSON

Puncture of the renal pelvis was descnbed by
ICKBOM (1954) One year later GOODWIN et coll
955) used the same techmque for percutaneous
phrostomy but 1t was not until the last years that
1e method has become widely recogrized as an at
mative to an operattve nephrostomy (VELA Na
ARRETE 1971 JONSSON et coll 1972 ALMGARD
FERNSTROM 1974 FOWLER et coli 1975 BUR
ETT et coll 1976 BARBARIC & W0OD 1977 GUN
4ER et coll 1977 HELLSTEN et coll 1977 PERI
ETTL et coll 1978 STABLES et coll 1975 1978
he indications for the p d have d

The puncture 1s made on the prone patient be
neath the twelfth nb using a lateral approach (Fig
1) The pelvocalyceal system usually can be ob
served at py after mtr of
contrast medwm and ultrasonography 1s used to
choose the proper site and angle of puncture If a
sufficient amount of contrast medum for demon
stration of the renal pelvis 1s not excreted contrast
medm 1s injected directly into the pelvis using an
ultrasonic guided fine needle puncture

The puncture 1s made with a {7<m Venflon nee

nd now mclude not only supravesical urmary diver

10n but also extraction of pelvic and ureteral stones
FERNSTROM & JOHANSSON 1976 S\ITH et coll

978b HELLSTEN et coll 1980) dissolution of
tones {SPATARD et coll 1978) brush bopsy from
selvocalyceal lesions (LANG et coll 1978) dilatation
»f ureteral stnctures (GUNTHER et coll 1978) and n

ertion of ureteral stents (SMITH et coll 1978a)

The expenences at this department are now re
sorted and a survey 1s given of the clincal useful
1ess of percutaneous nephrostomy as reported n
he hterature

Materal and Methods

Duning a 6 year peniod 1973 through 1978 132
sercutaneous nephrostomies were performed 1n 115
satients 61 males and 54 females aged between 29
1nd 82 years (mean 66 years) Their basic disorders
are listed 1o Table |

Technigue The techmque has been described 1n
detail previously (HELLSTEN et coll 1977) There
fore only a short description will be given here

dle ton (Viggo Sweden) Using conven
tional anglographic technique this catheter 1s re
placed by a grey Odman angtographic catheter (Sur
gimed Denmark) which 1s left for imitial dramage
When long term or permanent dramnage ts desirable
Qr percutaneous stone extraction ts contemplated
change to progressively larger catheters 1s per
formed The usual sequence 1s the followmg grey
Odman  Nelaton (Pharmaplast Denmark) 10F
12F 14F Foley (Bard International England) 12F
14F etc

Technical problems at wsertion or change of
catheters are usually due to kinking of the guide
wire Long thin walled needles with a blunt end
troduced over the guide wire are used to prevent
such a kinking (Fig 2)

Results
P ph Yy W
pattents and successful m 11

as dm 117
unilateral i 98 and

Submutted for publicanon 7 June 1979
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Fiz 1 Routne approach at puncture of the renal pehus

bilateral in 17 patrents In $2 the procedure was used
for permanent drama.e and in 63 patients for tem
porary dramage The type of catheter used and the
duration of drainage appear in Table 2

Permanent drainage was used in patients with
malignant disease who could be offered no further
surgical therapy The aim was to insert a Foley
catheter but this was not always posstble Six pa
tients had a grey Odman catheter for final drainage
4 of them because therr general condition did not
allow change of catheter and 2 because change was

i} 1y difficult or imp bl 1 catheters
were used in 2 patients whose renal pelves were too
small to lodge a Folev catheter (Fig 3)

Temporar drainage was used as the only therapy
in 8 patients 6 with operatne lestons of the ureter
and 2 with renal stones In 2 patients 1t was per
formed to make possible stone extraction through
the nephrostom tract (Fig 4) In 31 patients it was

immedately after it was evident that the
catheter had shpped out from the renal |
Therefore dunng the last two years an atter
repuncture was made after an mterval of 2 to
and dunng that time no such complicatio
curred

Symptomatic nfection occurred m 2 patient
of these had pyelonephnitis and got a high
fever each time the catheter was changed

Puncture of the left hemicolon occurred |
patient A fistula which developed between U
Jon and the renal pelvis healed on conser

used together with surgeny and m 22 p to-
gether with radwation or chemotherapy
tailed mformation of the dications for temporary
dramage and the therapy used 1s gvenin Table 3
Major complications 1n the form of severe m
trapelvic or extrarenal bleeding occurred m 5 pa
tients and were alway s related to a techmical difficul
ty In 3 patents bleeding occurred at repuncture
after the imuial catheter had slipped out from the
renal pelvis and 1n 2 patients i connection with
change of catheter All 3 patients in whom repunc
ture was complicated by bleeding had small mtra

Table 1
Disorders nec 2 h
Dragnosis No ¢
patice
More de Carcimoma of

urtnary bladder 7

prostatic pland s

ureter N

uterus of ovanes 1

small bowel !

colon

rectum 3
Lymphoma

Operative lesion of the distal ureter
Pyclonephnitis wath sepsis

Ureteral stone

Pelvic stone

H: of etology

renal pelves and an increased bleed dency
due 1o pyelonephnitts The repunctures were made

Total
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The duod was d

lly punc
tured 1 one patent When the patient died a few
days later autopsy revealed a localized pentonitis

In one patient the puncture resulted in a
pneumothorax which was successfully treated by an
antercostat catheter and water seal dramage

Minor complications were also encountered The
Thost common was catheters shpping out from the
Tenal pelvis which occurred 1n 30 cases 17 Foley
catheters and 13 grey Odman or Nelaton catheters

Fig  Alongihn walled needie ss mtroduced over the guide wire
and mside the catheter to prevent hinking

Fig 3 Smalt renal petvis The inflated balloon of the Foley
catheter 1s too large for the pelvis and causes obstruction of the
lower calices

Fig 4 Extraction of stone from the left renal pelvis by a nephros
tomy tract

When Foley catheters shipped out 1t was always due
to collapsing of the balloon A few of the OQdman and
Nelaton catheters were accidently pulled out by the
patients but in most cases the reason was hinking of
the catheter 1n the tissues between the shin and the
kidney In 17 of the 30 pauents repuncture became
necessary because the nephrostomy tract could not
be recathetenzed Even If the nephrostomy tract 1s

well established 1t rapidly occludes «f the catheter
leaves 1t
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Table 2
Type of drainase catheter and di ratic n of treatment (figures © whin parentheses = bilateral
nephrostonyy

Type of Permanent dramage Temporary dramage
catheter
“o of Duranon (days) No of Duration {days)
panents Fatents
Range Mean Range Mean
Grex Odman 6 () 1= 3% S ELNSH 1- 40 16
Nelaton -th 12- 30 - 7 20- 45 32
Fuley 4“4 an 17-621 1% 133y 21-350 »
Toral S_uh 63(4)
Table 3
nec percutaneous neph and th methods used
No of Indicanons Therapy
Paents
s Carcincma of unnany badder Iradiation
3 Carcinoma of unnary bladder Surgery
s Carainoma of prostanc gland Irradianon
M Carcrnoma of prostatic gland Chemotherapy
- Carcinoma of ureter Surgery
Caranoema of colon Surgery
- Lymphoma Isradianon
6 Operamve lesion of the distal ureter Percutaneous nephrostomy only
- Operatne lesion of the distal ureter Sureeny
Prel nephrs wath sepsis Chemotherapy
Lreteral stone only delnvery)
n Lreteral stone Surgeny
Pelvc stone Percutaneous stone extracuon
™ Hudronephrosis of non malignant etiology Surgeny
© Toml

Other minor complications were perforation of the
renal pelvis by the up of the catheter transient bac
tertuna transient bleeding mto the renal pelsis and
small retropenitoneal hematomas found at autopsy
or operation

Discussion

Several techniques for percutaneous nephrostoms

have been reported  Most of them are based on the

hic Seld h Some require

pccxa] de\ 1es and a certam amount of expenence
10 be performed safels (ALMGARD & FERNSTROM)

Others are time<consuming and may require general

anesthesza (BURNETT et coll ) consequently part of
the adyantage of the percutaneous approach is lost

The present technique has the advantage th
other equipment is needed than 1s normally av!
m an angiographsc department It 1s easily Jex
and mastered by those with angographic trat
and n expenienced hands the placement I‘f‘
catheter 1nto the renal pelvis 1s performed i
than 10 to 15 minutes Moreover it 1s well sur™
ultrasonic gunded puncture (PEDERSEN et coll
HELLSTEN et coll 1977)

In many cases the nature or the appearanct of
leston causing the uninary obstruction 1s pot &
when the mitial puncture 1s made Neither e
dent if the nephrostomy 1s going to be ofP‘m"
or temporary nature nor 1if temporany for b‘“‘
1t should be mamtamed The techmque repo !

il
relanely non traumatic and provides a pos<”
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choose the proper catheter after the acute episode
ver
Most of the major comphications occurred m con
~tion with the initial puncture or with repuncture
er a catheter had shipped out from the renal pelvis
wen a catheter had shpped out attempts were
de to cathetenize the tract with a catheter of a
all caliber and a gwide wire It may also be of
lue to imject contrast medium through the opentng
the skin making the tract visible at fluoroscopy If
1s not possible to find the tract 1t 1s advisable to
ut 2 to 5 days before repuncture 1s made w order
avoid bleeding
in this hospital percutaneous nephrostomy for
pravesical unnary diversion has gradually re
aced operative nephrostomy which 1s now never
wed In emergency cases but only in conjunction
1th elective operations such as pyelolithotomy and
yeloplasty Moreover the mndications have ex
inded Apart from emergency situattons per
ataneous nephrostomy 1s also used 1n patients with
latve contramdications to surgery for mstance m
anents with ureteral stones and a compheating dis
1se or an unfavourable location of the stones Pa
2nts with congenital megalo ureter are treated be
we and after neo umplantatton of the ureters
perative ureteral fistulas healed after 2 to 4 weeks
eatment with percutaneous nephrostomy m 6 of 8
atients
' In 2 patients stone extraction from the renal pel
1s was performed This procedure reported by
ERNSTROM & JOHANSSON and HELUSTEN et coll
1980) should be considered m cases where an
perative removal of the stone may become trouble
ome or potentially dangerous because of multiple
!-revmus operations However the diameter of the
tone should not exceed 10 to 12 mm
Distal ureteral stones m patients with an 1leal loop
‘nay represent a therpeutic problem since the
;mammy of the loop often does not make removal of
“he stone possible by way of endoscopy and a Dor
“nia basket SMITH et coll (1978b) described a
| echnique for removal of such stones by aud of en
 loscopy and percutaneous nephrostomy
Ureteral stnicture caused by fibrosts may also be a
problem Op S may be
ess advisable because of extensive and dense scar
“1ssue It may be possible to dilate such stnctures by
181N percutaneous nephrostomy (GUNTHER et coll
11978)
4 In patients with treteral stricture due 1o tumor
1

hy

the placement of indwelling ureteral stents has been
reported to be a successful alternative to a perma
nent nephrostomy (GIBBONS et coll 1976) How
ever 1t may be mmpossible to msert the stent by
cystoscopy For such cases SMITH et coll (19782)
descnbed a method to place the stent catheter by aid
of percutaneous nephrostomy

Other therapeutic and dragnostic possibilities re
ported include dissolution of uric acid stones (SPA
TARO et coll ) and brush bropsies from pelvocalyceal
lestons (LANG et coll )

The fact that percutaneous nephrostomy today
can be performed with a mummum of complications
wmplies that it 1s sometimes contemplated m patients
who are m bad general condition due to widespread
malignant disease In some of these patients 1t 1s
questionable whether nephrostomy 1s of any value
The procedure may not even give them a few weeks
or months of useful life but instead a prolonged
suffermg HOLDEN et coll (1979) analyzed the
rationale of operative unnary diversion n 218 pa
nents with mahgnant disease They found that a
useful life of 2 months was given to 100 per cent of
patients with local disease to 59 per cent with re
gional disease and to 43 per cent with widespread
disease They concluded that nephrostomy should
be offered any patient with advanced malignant
tumor 1n whom further therapy 1s contemplated no
matter how remote This conclusion 18 1 accord
ance with the current policy in this hospital How
ever 1t 1s easier to order a percutaneous than an
operative nephrostomy and therefore when a per

"

ymy 15 d the indica
tions should be Iy and d d

between the clmician and the radiologist

SUMMARY

Dunng a 6-year period percutaneous nephrostomy has
been used for supravestcal urinary diversion 1n 115 pa
tients and 132 individuat hidneys The procedure proved
to be a safe and effective alternative to operative nephros
tomy in patients with urmary obstruction but may be used
also m other urologic conditions
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PROTEINURIA FOLLOWING NEPHROANGIOGRAPHY

VI Comparison between metrizoate and metrizamide in man

S HoLTAs T ALMEN S HELLSTENand L TEILER

The nep y of the tr d contrast
| edia 1n common use today has been considered
41y low and almost negligible and angrography 1s
+%ywadays performed also 1n patients with severely

aparred renal function (hONG etcoll 1963 ABRAMS
mﬂl) However dunng the [ast years anincreasing
% tmber of reports of renal failure nduced by con
weast medwwm have appeared m the literature
v {CEvovetcoll 1970 BoRRA etcoll 197) PORTet

S 1974 ANSARI & BALDWIN 1976 TEJLERetcoll
P“,‘JW b MILMAN & GOTTLIEB 1977 HARKONEN &

HELLSTMND 1977 ALEXANDER et coll 1978

RUMLOVSKY et coll 1978) OLDER et coll (1976)

nd SwarTZ et coll (1978) suggest that the nardence

{ renal failure following angiography may be as high

s 10 to 12 per cent Although the renal failure m

qese materials was mostly transtent and present m

auents with diseases affecting the kidneys already

efore angiography the suggested frequency points

o the importance not to underestmate the nisk of

enal falure induced by contrast medim

Protemnuna 1s one sign of renal yury and has

ecently been d d to freq y occur foll, I

1ephroangiography with the 1onic contrast media

isopaque Coronar (meglumine Na Ca metnzoate)
nd Isopaque Cerebral (meglumme Ca metnzoate)

7 man {TEILER et coll 1977 a) and after injection of

isopaque Cerebral and Urografin 76% {meg

wmne Na-diatrizoate) i dogs (HOLTAS et coll

19782) The protemuna has been shown ¢ mawnly

oe a result of increased glomerular permeabihity and

the degree correlated to the dose of conlmst
medium High lality of the

has not been the dominating factor causing pro-
teinuna since Urografin and the non jonic contrast
medium Ampaque (metnzamide) with about one
third of the osmolality of that of Urografin mduced
the same degree of proteimuna i dogs The chem

cal structure seems to be more Important since an
experimental substance with the code name C29

hawving about the same osmolality as Amupaque in

duced significantly less protemnuria than Amipaque
or Urografin (TEJLER et coll 19772 HoLTAset coll

19782 b HOLTAS & TEJLER 1979)

At this hospital Amipaque 1s not infrequently used
for vanous angmgmphxc procedures and as a routine
for y of t it d kidneys As
proteinuna mught be a factor in the development of
renal falure after angiography and certamly mdi
cates disturbed renal function 1t was constdered of
valye to the p 1c effect of A
alsom man TFins was done as a companson between
Amipaque and Isopaque Cerebral which rs the con

trast medium normally used for nephroangtography
at this hospital

Matenial and Methods
The matenal consisted of 25 patients 17 males

and 8 females with a median age of 59 years (range
19-78)

Submutted for publication 3 October 1979
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Table

Median and range (within parentheses) of uninary albunyn concentration
before and after nephroangiography

Contrast medium ~ No of Conc of albumin in urine
patients  (gfg creatimne)
Before angiography  Maximum after
angography

Isopaque Cerebral 13 0056 22

(0 071-0 100) 039-13)
Amipaque 12 0046 12

(0 003-0 360) (0 011-235)

Angtograp/n  Selective nephroangiography and
aortography were performed with polyethylene
catheters (OD/ID 2 2/1 45 mm) With an automatic
pressure iyector (Medrad Mark 1V) 30 ml were
mjected at aortography and 10 to 12 ml at nephroan
giography When a malignant tumor was found in the
fudney an additonal imjection of 20 to 30 ml was
made into the artery supplying the tumor and

liacography and if y supenor ¢
angiography were performed in a search for hver
metastases The median total volume of contrast
medium given was 165 ml (range 30-265) The me
dian total volume njected into one renzl artery was
20 ml (range 5-80)

In 13 panents (median age 58 years range 37-75)
the 1onic contrast medium Isopaque Cerebral (280
mgl/ml) was used The median total volume given to
these patients was 165 m! (range 100-265)

In 12 patients (median age 62 years range 19-78}
the non iomic contrast medm Amupaque with a
concentration of 280 mgl/ml was used The median
total volume ginen to these patients was 150 ml
(range 30-230)

The most frequent symptom indicating the an
glography was haematuna of unknown ongin In 6
patients n each dium group a malig
tumor was found in one of the kidneys The
| diag; among the r patients
was renal cysts

Samphng and anahsis Plasma and unne speci
mens were obtained before as soon as possible after
the angrography (about 1/2—4 h) and on the day after
the angiography In 14 patients specimens were ob
tained also 2 days after angiography All samples
were frozen and hept at ~20°C until analysis The

of cr and alb was deter

mmed 1 all samples The analysis were perfor
as previously desenibed (TEILER et coll 19773)

For the statistical analysts the Mann Wht
rank sum test or Wilcoxon s test for pared df
ences have been used Differences have beenc
stdered significant when p values <0 05 have k
obtained

Results

F g nephf hy the
of unnary albumm increased to a level more th
times higher than the preangiographic concentra
m 21 of the 25 patients Seven patients 5t
Isopaque Cerebral group and 2 m the Amipa
group reacted with an increase exceeding 100t
Two patients recerving Amipaque did not react
increased concentration of unnary albumin

The maximum concentration of urinary alt
occurred the same day as the angiography #
except 2 patients who reached therr maxima the
after the angiography Unnary albumin conce!
tion was normalized the day after the angiograph
13 patients 2 days after n § patients and It
remaining 5 patients reacting with increased
bummuna the concentration was decreasmg ©
pared with the ma¥imum concentration the last!
of urine sampling

No stgnificant difference was found m the d¢¢
of 1o caused by nephroang hy *
Isopaque Cerebral compared with Amipague T
median concentration of unnary albumn bcfol‘:
maximum concentration after nephroanglﬂé'”'
with the 2 contrast medra are presented m the T4
The degree of postaagiographic albumnuna indi
by nept hy with 1 Cerebral®

p
present series did not differ significantly from
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sults of a previous senes i man (TEILER et coll
7a)
No correlation was found between dose of con
ast medium and degree of postangiographic al
sminunia regardless if the companson was based
1 total amount of contrast medium or dose mjected
lectively mto the renal artenes
Most patients had a shghtly elevated concentra
5n of unnary albumin (Table upper normal Limit
r the laboratory 0 025 glg creatimine) and mucro-
opic haematuna before angiography All patients
cept 3 1n the Isopaque Cerebral group and 21n the
mipaque group had normal concentrations of
eatinine 1 plasma before angiography 1n the pa
nts with elevated concentrations the level was
~ver higher than two times the upper pormal limit
| pper normal limit for the laboratory 115/pmolfi for
50 and 100 pmol/l for women)
,One patient m the Isopaque Cerebral group
Eacted with an increase of creatinine m plasma from
70 to 260 pmolfl following nephroangiography
wo weeks after the angiography the concentration
ud returned to preangiographic levels This patient
so reacted with massive albummnuna (98 glg
eatimine) Among the other patients the changes
» {peentration of creatinine n plasma did not exceed
! o per cent
5
A Discussion
b

o The present results show that albuminuna often

assive 1s induced by nephroangiography m man in
gh frequency not only wath the omic contrast
iedium Isopaque Cerebral which has been ob-
rved previously (TEJLER et col! 1977a) but also
ue mection of the nononic contrast medium
1 aque The degree of p hic al

such relationship was found i the present senes
The reason for this discrepancy ts probably that m
man the variation in total dose was based marmly on
yanation in the number but not the volume of con
trast medum myections selectively nto the renal
artenies When differences m degree of postangio-
graphic albummuna were found 1n dogs the volume
of single selective 1njections was mcreased 4 times
or more (HOLTAS et coll 1978a) This indicates that
single mjections of large volumes are more mjunous
to the hidney than repeated small injections

The present matenal consisted of patients with
normal or only mnor changes m renal function be
fore ang hy and no fi h i the
concentration of creatinine 1n plasma occurred ex
cept 1n one patient who had a moderately elevated
concentration already before anglography

There 15 probably only a very small nsk of renal
failure induced by contrast medium n patients with
normal renal function before angiography despite
the high freq y of p phic pro-
temurra but in patients with impatred renal function
before angiography the nish 1s probably greatly m
creased and might then tn some cases be due to
tubular blockage by precipitated protems

Ampaque causes less pain dunng intraartenal tn
Jections less changes in vascular endothelz and less
changes i renal and penpheral circulation than
fomc contrast media (ALMEN et coll 1973 1977
MLVES et coll 1978 MoRRIS et coll 1978 Nyuan
& ALMEN 1978) These properties make Amipaque
suitable as medwwm for nephr h
when special d ds are req asmp
with vulnerable transplanted hidneys The present
results show that there 1s no ncreased nsk of con
trast medum induced renal failure due to protein

Y

*“uminuna was not significantly different after injec
s#on of the 2 contrast media which 1s in accordance
e“nth results obtamed 1n dogs (HOITAS et coll
978a HOLTAS & TEILER) The postangiographic
#roteinuna had an early onset and rapid disappear
nce as demonstrated by the observation that the
¢haximum concentration of uemary albumin was
sund n the first unne sample taken 1/2 to 4 hours
~fter angiography 1n all except 2 pattents and that
+rormahization had already occurred the day after the
, #ngrography 1 13 patients
17 Indogs a correlation has been found between dose
«f contrast medium and degree of Postangtographic
C/lbummuna (HOLTAS et coll 1978a) whereas no

una c with 1onic contrast media

SUMMARY

The degree of albuminuna mduced by nephroangio-
graphy was compared following injection of the 1ome con
trast medmm Isopaque Cerebral (meglumtne ca met
nizoate) and the non lone Amipaque {metrnizamide) n
man Both induced albuminuna in high frequency but the
degree did not differ significantly
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+ EFFECTS QF CONTRAST MEDIA ON CIRCULATING BLOOD VOLUME

A comparative investigation of various
sites of mjection

Kl

"

E R BARBE G KIRKORIAN and M AMIEL

. [ncreased circulating blood volume after imjection
a contrast medium has been established by ISER1
®coll (1965) LINDGREN et coll (1968) and AMIEL

acoll (1977

jmThis effect has been directly related to the

R¥perosmolality of uro angiographic contrast media
1 imitrates varous corrective mechamsms (wa

Rt displacement from extra vascular to vascular
1ce) It 15 also possible that the magmitude of such

d$ ects could be dependent upon the site of the myec

¥ %0 i particular because of the selectve location
0smo receptors in the nght atrium  Thrs theory
‘{ght explain the differences 1n reactions observed
er mtravenous and Intra artenal injectons of con

wmst media If so 1t 15 possible that p

myected before the d Senal pt
at 3 6 and 9 mun after injection of the tracer was
used to plot the disappearance curve of active serum
albumin from the vascular bed By extrapolation of
this curve back to ime 0 mtal blood volume can be
bhshed P values of ch following

contrast med are d from inttial
circulating blood volume by senal sampling up to 10
min

The foll was d d for a com
pantsen 1 § dugs for each senes of expenments

(1) Changes m blood volume were measured as a
function of ime after mjection of the same amount
of 10thalamate (1 mlfkg 28 g 1/100 ml) at the three

1th atropine could reduce these reactions
Changes in the circulating blood volume as a func
n of time have been measured m the dog and the
sults are now presented These changes were de
rmuned m relation to the myection site 10 relation
the specific contrast medium mjected and follow
£ atropine pretreatment

Methods and Matenals

Bolus injections (2-3 s) of contrast medta (1 mlfkg
T ngection) were given to mongre!l dogs of average
eight (10-17 hg) at different sites through indwelt
g venous or arterial catheters Three injection
tes were chosen pulmonary artery ascending
wracic gorta and night atrum

The blood volume was measured using *Tcm
Welled serum albumin as tracer The tracer was

sites

(2) Comparnison of blood volume changes with
time after iyection mto nght atnum of hypertonic
glucose (30 g/100 ml) 1othalamate (28 g 1/100 mi)
xaglate (28 g 1/100 ml) and metnzamide (28 g 1/100
ml)

(3) The effect of atropine (0 04 mg/kg) upon the
albumin disappearance curve was analy sed after in
travenous mjection 10 mmn before the uyection of
labelled albumin

Then a companson was made of the mfluence

of atropine pretreatment on tothalamate induced
changes

Results

The results are summanzed n Tables 1 and 2
When the same contrast medium (rothalamate) was

Submitted for publication 10 May 1979
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used effects on the blood volume varied nccording
to the site of myection Response to injection into the
nght atnum was greater than those to injection into
the pulmonnry artery or thoracic aorta Injections
nto the two last mentioned sites caused a similar
response (Table 1)

Simtlar changes occurred after the contrist media
tested and glucose (30 g/100 g) of the same osmolalt
ty (Table 3) Metrizamide and 1oxaglate caused
changes one third as great as those after jothala
mate

The serum albumin disappetrance curve was
modified after atropme mjection the slope bemng

Table 1

Chanyes (in pur conth i carculating, blood volwme wih e
wyection of the same dose of wihal imate at diffceents ¢

Injection site T 2mn 3mn lc

Pulmonary artery 241 5% 78 1)

Thoracic zorty 242 412 617 3

Right atnum 4% %7 13
Table 2

Increase (tn per cont) in circudating blood ve lnme with tme
wyection of toxaglate (1 mifhg)

steeper At 10 min 7 per cent of serum alt hnd
disappeared before and 10 per cent after atropine
injectton Thus transfer of labelled albumin from
the vascular bed seemed to be facilitated after at
ropmne injection This effect could also explam the
smaller effect of 1othalamate on the circulating blood
volume 1n atropine pretreated antmals

Discussion

These findings which show a difference m blood
volume changes after night atrial injection compared
with those following mjection into the pulmonary
artery or the thoracic aorta are consistent with re
corded climical expenence that injections of contrast
medium before the right atrrum are more often as
sociated with complications than are tra arterial
Injections

The blood volume changes can be directly related

Injection stte 1 min 2min 3min e

Pulmonary artery NS NS NS "

Thoragic aorta NS NS NS N§

Right atrium NS %1 EETIE A
Table 3

Chunges (i per cent) i circulating blood volume after mi
of I mifkg contrast medum into rig he atrim

Imn  "mn 3mn 10
lothalamate 51 7+2 1043 13
Metnzamude NS NS 3+1 3
Toxaglate NS 241 3n 5
Glucose 307 NS NS %1 4

Fewer unwanted effects m particular ¢ardo
culr re cn be expected from the new!

to osmolality and also to the way the hyp 1
bolus reaches the osmo receptors in the right atn

ducts of lower osmolality s their mnjection &
4 with a smaller increase of the eircul

um which are partially r ble for |
the body s water balance

The blood volume chnges at steady state 10 rin
after mpection are in agreement with those reported
previously (ISERI et coll ) The changes n the pres
ent expenments are smaller than those previously
found (AMIEL et coll ) 1n those experiments larger
amounts of contrast medium (3 ml/kg) were used

Facilitation of exchange between the extra vascu
lar and intra vascular compartments may explam the
mod of media induced ch m
circulating blood volume as a result of atropine pre
treatment

Finally the companson of 1omc and non ionic
media shows that changes in ¢irculating blood vol
ume are the same with products of stmilar osmolalt

ty

blood volume

SUMMARY

Changes mn the circulating bloed volume followmm‘
tion of different contrast media and at different 1¢s>
been measured i the dog The results confirm that®
receptors in the night atrum play a role for chani®
blood volume following injection of a contrast A&
The differential response to individual agents uasm:‘(
function of their osmolality Atropine appears 10 mo
the changes
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DIURETIC UROGRAPHY IN THE ASSESSMENT OF OBSTRUCTION
OF THE PELVI-URETERIC JUNCTION

A E NILSON M AURELL C G BraTTand S NILSSON

The presence of an obstruction at the pelvi
etenic junction 1n patients with wide repal pelvesis
fficult to evaluate particularly m patients with
Wy mild symptoms Thus routine urography pro
des a static anatomc assessment of a truly func
snal condstion and 1sotope nephrography gives un
lLiable mformation when the tracer s retamed in a
rge coll system If the p: hymal fi
reduced the 1sotope excretion might be consid
ed as an mpairment to flow Evaluation of per
stent d 11 pY y 1s also dif
-ult on the bas:s of these examations
Attempts have been made to 1mprove the radio
raphic assessment by copious fluid intake after m
ction of the contrast medium (HANLEY 1960) or by
1¢ combination of hydration with a large dose of
ontrast medium and with dwretics (diuretic uro-
raphy KENDALL & KARAFIN 1968 SAXTON 1969)
erfusion examenations 1n order to measure pressure
nd flow across the possible obstruction site may be
iseful (WHITAKER 1973) but require percutaneous
suncture of the pelvis and are not alway s successful

For several years a modification of the duretic
trography has been used at this hospital to distin
wsh between wide renal pelves with or without
sbstruction (BRATT et coll 1978) The methods nsed
nd the results obtamned are described in detail in
he present report

Matenal and Methods
Twenty adults with urographic evidence of umilat
ral moderately wide renal pelves were exammed
fifieen patents (mean age 32 years range 20-55)

were operated upon because of one or several of the
following symptoms upper unnary tract infection (3
patients) hematuna (6) lumbar pamn (10) or renal
calculr (3 patients) Five patients (mean age 42 years
range 25-60) without complications or severe
symptoms were not operated upon Repeat examy
nations were performed between one and 2 years
after operatton or after the first exammation when
not operated upon

Routine urography was performed mainly 1n ac
cordance with the principles descnbed by OLSSON
{1973) which includes restriction of fluid intake The
€ luded a film d with the patient
1 the supine positton about 15 mun after the injec
tion of contrast medium and after release of the
ureteral compression

Duuretic urograpin was performed on the bass of
mstructions to the patient sumilar to those 1n routine
urography except that a normal flind mtake was
allowed Full size films were exposed with the pa
tient 1n the supmne posttion Ureteral compression
was not apphied A solution of meglumine metnizoate
(Isopaque Cerebral 280 mg I/ml Nyegaard Nor
way) was used as contrast medum Two separate
doses were given ntravenously Immediately after
the first contrast dose (0 S mifkg b w ) the patient
was allowed to walk around for one hour Thirty min
following the injection oral fluid (water or juice 10
ml/kg b w) was given followed by a second injec
tion of contrast medium (1 6 mlfkg bw) 30 min
later At the same time an intravenous infusion of
25 mlfkg bw of Mannitol solution (150 mg/ml

for 275 1979
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DIURETIC UROGRAPHY
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;g Companson between plamimetry values from routine and
uretic urography 1 20 wide and 10 control pelves The calyceal
stension at digretn, urography 1S given in per cent of the area on

v uttine urography Thus the plamimetnc value on routine film 15
X percent

\CO Sweden) was started and completed dunng
the followmg 15 mm A film was then exposed with
lhe: patient m the supime position
Plammetrn A standard plammetnic  method
hich could be used also after resection of the pel
1s was apphied The plammetry did not mclude the
vhole collecting system only one or two upper
major calyces completely filled with contrast
medium and distinctly outlined on the 15 mmn film
both at the routine and the dretic urography {Fig
) The area of the calyces was measured with a
p 1 (Ingut No 9529 11) Three
were made on each film the average
value being used for calculations
t In all patients planimetry was carnied out on the
hidney with the wide pelvis As controls a corre
ssponding measurement was performed also on the
ontralateral side in 10 patients
‘1 The calyceal enlargement dunng dwretic uro
Traphy was given in per cent of the corresponding
plantmetne area measured from the routine uro-
graphy film

»
0

Fig 3 Companison between pre and postoperative calyceal dis
tension at diuretic urography wn 15 patents

Results

On routine urography untaterally wide renal
pelves were present in all patients The shape of the
calyces vaned but the fornices could always be iden
tified On the contralateral side the pelvis was fun
nel shaped and the calyces had normal appearances
n all patients

On duretic urography a distension of the pelvi
calyceal system occurred mn all hidneys measured
In 13 kidneys with wide pelves the calyceal area on
the filn: was enlarged by 20 per cent or more (Fig 2)
These patients were operated upon The calyces of
the remamning 7 kidneys with wide pelves and the
calyces of the 10 contralateral control hidneys were
distended less than 20 per cent Two of these 7
patients were operated upon because of renal cal
culy

The degree of calyceal distension at diuretic uro-
graphy before and after pyeloplasty according to
ANDERSON & HYNES (1949) appears tn Fig 3 After
surgery the distension drminished 10 9 patients ind;
cating an improved emptying capacity (Fig 1) In 4

or, Revert Mang Livtais
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Fig 4 a) Pre and b) postoperative diuretic urography The
distension of the calyceal system at forced diuresis increased
after surgery

patients the calyces remained unchanged In 2 pa
tients with postoperative complications and local
puns the degree of wideming increased after the
operation which indicated persistent obstruction
(Fig 4)

In 2 of 5 kidneys not operated upon  the distension
remained unchanged and did not reach 20 per cent
In3 P d diuretic ur showed
an mcrease 1n the calyceal distenston from nitially
below 20 per cent to 55 80 and 100 per cent respec
tively They were later operated upon

Drretic urography provided good information on
the postoperative anatomy of the pelv: ureteric re
gion in particular its abibty to distend at forced
diuresis (Fig 1d)

The patients in the present senies did not complamn
of pain or discomfort dunng or after the dwuretic
vrography this applied also to those with lumbar
pamn

Discussion

While it 1s quite clear that the response of the renaf
pelvis to obstruction 1s dilatation 1t 1s equally true

that some wide pelves are not due to obstructie
these cases no surgery 1s needed Routime
graphy gives information on the anatomy of the
vi calyceal system and to some extent o
capacity of the urinary tract to receive and disch
unine Generally routine urography gives suffi
information about the presence of obstructio
advanced cases of hydronephrosis However ¢
graphy 1s 1n many departments preceded by am
erate restriction of fluid mtake and therefort
reduced diurests during urography may not give’
able information on the ability of the pelvt urel
Junction to allow passage of urine dunng ""ml
episodes of ncreased dwresis The shape of!
renal pelvis varies greatly and thus st may be

ficult on the basts of routine urography 10 &
guish between a moderate hydronephrosis secen
ary to obstruction and kidneys with a wide colke
ing system representing a normal anatomi war
tion Insuchcases it might also be difficult toas*
accurately the degree of obstruction by mear ,’
routine urography and hence make a logreal deet*
as to treatment
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The density (specific gravity) of the contrast
-dum excreted dunng urography 1s higher than
at of urime This may give nise to layer formation
IBBING 1933 1935 ETTINGER 1943) especially m
de segments of the urmary tract which may result
an underesttmation of the size and erroneous
aluation of the shape of the pelvis doe to ncom
ete contrast fillmg As the patients were examned
the supine position the cranial calyces were most
schivous and therefore first and most completely
lled by the contrast medium Thrs was the main
‘:ason why the cranial calyces were chosen for the
lammemc measurements

In the dwretic urography investigation the con
‘ast medium was given i two separate doses The
st dose bined with the sub up night
sitton was tended to facthtate the escape of
lme before the dwretic provocation test This
Fuence of the procedure seems to be of decisive

portance sn achteving a high techmical quality of
le dwretic urography films which quahfied for
ammetry

In 10 control kidneys the distension at druretic
" ography did not exceed 20 per cent In 13 of the 20
ses of moderately wide renal pelves a widening of
ore than 20 per cent occurred which might reflect
obstruction to flow In the remaining 7 kidneys
e distenston was of the same magnitude as i the
“L:mm\s mdicating a sufficiemt dramnage capacity
ven during forced dwresis Thus dwretic uro-
®-aphy may be useful in differentiating patients with
"1oderately wide renal pelves and obstruction Re
" uced distension at forced dwrresss after surgery n
chales mmproved emptying facilities while un
S‘hanged or increased distension may ndicate ope
Fative farlure
* Dwretic urography can be used if the paren
{ hymal function 15 moderately reduced a situa
Kion 1n which deter of 1sotope by
¥'>otope nephrography occasionally mcorrectly 1s
Z-onsidered as suggesting imparment to flow (WHIT
I" IELD et coll 1977 BRATT et coll ) Furthermore
gfwretic urography provided information on the
tFunctional pelvi calyceal anatomy which might be
’M\fﬁcuh 1o evaluate on the basis of routine uro-
y vraphy
@ In agreement with WHITFIELD et coll diretic
L*lrography was found to be a useful method n the
sAssessment of obstruction at the pelvi uretenc yunc
14
3

tion Usmg divided iarge contrast medwm doses the
concentration was sufficiently high and the filling
complete enough to allow delineation of the collect
ng system Direnc urography 1s not invasive and
does not mvolve a percutaneous puncture of the
renal pelvis The examnation is convenient {0 the
patient and can be used repeatedly

SUMMARY

Twenty adult pattents with urographic evidence of un
Jateral moderately wide renal pelves were examned by
routine and dwretc vrography Plamimetry of the corre
sponding calyx system of the two examnations was per
formed An increase in size by more than 20 per cent
followig osmotic diuresis indicated an obstruction of the
pelvi uretenc jurction m kidneys with moderately wide
renal pelves Diuretic urography may be useful to diag
nose cobstruction as a cause of moderately wide renal
pelves and to assess operative results
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COMPUTER TOMOGRAPHY LYMPHOGRAPHY AND PHLEBOGRAPHY
IN METASTASES FROM TESTICULAR TUMORS

H H LiEN A KOLBENSTVEDT F KOLMANNSKROG
K LiverRuD and T AAKHUS

Lymphography from the foot and cavography
lowed by urography have been advocated for
monstration of retropentoneal metastases from
ticular tumors (BAUM et coll 1963 MAHAFFY
4 HOPF & FUCHS 1970 ENGESET & LI1VERUD
'l MASSELOT ¢t coll 1971) The value of retro
de phlebography of the renal and left testic
T vemns was demonstrated by LIEN & KOLBENS
EDT (1976) LIEN et coll recommended ante
ade phlebography of the testicular vein during
hid t phy can some
nes give valuable information (BuscH et coll 1965
apea et coll 1966 SAYEGH et coll 1966
ULTEN et coll 1973) but 1s more time consuming
an antegrade phlebography (LIEN et coll }
Computer tomography 15 a non invasive tech
que that may be used for demonstrating the
tropenstoneal lymph nodes The absence of dis
Thing organ motion provides favourable condttions
T the demonstration of the structures in the re
opentaneal space (STEPHENS et coll 1977)

The purpose of the present feport 15 to compare
1€ ability of CT lymphography and phlebography
 demonstration of retropentoneal metastases
om testicular tumors

Funicular I;

Matenal

The series consisted of 50 patients admatted for
ialignant testicular tumor usually short after or

chidectomy 1 whom CT of the retropentoneal
space as well as lymphography and phlebography
were carried out

Thirty one patients were aged between 20 and 39
years 15 between 40 and 59 and 4 patients were
more than 60 years old The pumary tumor (23
semnnomas 27 other malignant tumors) was located
1n the nght testis n 22 and 1n the left 1n 28

Methods

Lymphography from the foot was carned out as
descnbed by KOLRENSTVEDT & KNUDSEN (1974)
and phlebography of the mfertor vena cava teft re
nal and left testicular verns as descnbed by LIEN &
KOLBENS1VEDT Urography was routinely per
formed after the phlebography In 2 patients
phlebography of the left reqal and testicular vews
was not performed because of extensive abnormal
ty of the vena cava Four patients 1n whom orcudec
1om; had ot been performed before admission were
also exammed by fumcular Iymphography and an
tegrade phlebography of the testicular vemnr Usually
lymphography and phlebography were carmed out
first CT being performed within 2 weeks

A Delta Scan 50 FS with a sean tme of 18 seconds
and a 256X 256 matnx display was employed for CT
Ora? contrast mediam (400 ml Gastrografin 18 mg

Submtted for pubicanion 28 August 1979
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Table

Dustribution of metastases in 19 patients at different exammations

Examunation Region Total No of patients
with d
Thoraco-  Upper  Lower Ihac metastases
fumbar lumbar  Iumbar
Lymphography 1 6 15 - 15
Phlebography 1 10 16 H 17
Lymphography and
phlebography 2 1 18 ] 18
Computer tomography 7 13 19+ - 19*
Al exammations
combined 7 13 19 1 19

Metastases detected only after reviston in 3 patients

1/ml) was given 45 min before the examnation and a
spasmolytic drug (Buscopan 40 mg) intravenously
immediately before the exammation At each scan
ning, sequence 2 adjacent tissue sections Were recon
structed each representing a hissue thickness of 13
mm The d between corresponding parts of 2
double sections was 40 mm  thus leaving interspaces
of 14 mm between the double sections

The retropentoneal space was divided into 4 parts
{Table) At CT the prevertebral retrocrural region at
the level of the laminar portions of the crura 1¢
where their fibers decussate antertor to the aorta
ws i as the thor: bar junction
(CALLEN et coll 1978) The entry of the left renal
vein into the infenor vena cava could be dentified at
both CT and phlebography Therefore a honizontal
line through this junction was chosen as a borderline
dividing the lumbar region into an upper and a lower

patients had abnormalities visible in
regions at CT while the combnatiol

one o
n of |

graphy and phlebography supplemented wi

graphy revealed tumor growth 1n 18

In the iltac region phlebography demonstr.
cluston of the left external and both
veimns wmn one patient (Fig 1) while lympt

and CT revealed no abnormalities

In the lower lumbar region metastase
demonstrated at CT in 1l 19 patients (Figs 1
In one of these (Fig 2) CT was the only exas

indicating tumor growth while in the

rema

q
ated

patients were 1lso d
phography and phlebography Lympho

graph

showed metastases m 15 patients phiebe_

16

In the upper lumbar region CT disclosed
tases m 13 patients while the combmed use

hH 1 1ol

compartment Metastases below the pr

hy and 1 phy showed

were considered to have an ihac locahization

Retropenitoneal surgery was performed 1n only 7
patients thus microscopic confirmation was as a
rule not avallable An assessment of pathologic
y mphographic findings was obtamed by repeat sur
rey radiography of the at nodes

11 of these Lymphography alone revi

ealed

tases i 6 patients phlebography 1n 10 (Fig &

h

In the thoracol region
were demonstrated at CT in 7 patients

(Figs |

while lymphography and phicbography

contrast medium 1n all patients Abnormal findings
were encountered at CT i 19 patients and repeat
CT was performed i 12 of these Regression of a
mass following treatment or gradual progression in
spite of treatment were both constdered suggestive
of metastases

Results

Radiologic evidence of retroperitoneal metastases
was found 1n 19 of the 50 patients (Table) All 19

1 2 of these only Lymphograph}

showed metastases by displacement of the ¢!

chyh i one patient and phlebogr iphy
clusion of the inferior vena cava it &

latter patient also had a bulging of the parasp!

tissues most evident on the nght sid

A widening of the paraspinal soft tissue
observed 1n a further patient on a Surve}

tharacolumbar regron

reveal
nother
Tk
e (Fig
g W
film?

.
Necrosis within the metastatic mass was d

strated by CT n 8 patients (F'igs la

3 6



PHY AND PHLEBOGRAPHY

COMPUTER TOMOGRAPHY LYMFPHOGRA!

—ra!

» 1 Seminoma of nght testis a) CT of lower lumbar region tumor {~+) <) Phlebography of mnferior vena cava Occluston of
¥ low ing yection of contrast medum Expandinglesiononnght  venacava both common tiac and left external iliac vems Collat
1L“ (~) lInferior vena cava night hidney or aorta not distn eral filling of ascending lumbar veins (—) and superficial vein on
" shable Cavitation 1n ventral part b) CT at level of diaphrag antenor abdomnal wall (—} d) Thoracolumbar Junction The
¥ uecrura Lateral bulge of nght crus due to cramal extension of paraspmal soft issue thickened most evident on right side
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1

Fig 4a

Fig 2 Seminoma of left testis CT slightly below renal hila
Metastatic mass on left side (—) confirmed by regression follow
ing treatment Contrast filled lymph nodes antenior to the spine
Lymphography and phlebography were normal

Fig 3 [ mbryonal carcinoma of nght testis CT of lower lumbar

regron Retroperitoneal tumor with low attenuation (—) antenior
to lefl psoas muscle

n 7 of these the attenuation values were below 20
Hounsfield units

Discussion

The results confirm the view that CT s useful 1n
revealing retroperitoncal metastases from testiculr

1%

('!"
&)
DAY

fig 4b

Fig 3

hg 4c

Fig 4 Same case as in Fig 3 ) Lymphangrography B
ment of lymph vessels mdicating tumor growth b «F
graphy of lelt testicular vein Shght lateral displacement¥
marked anterior displacement (=+) in {c)

u
tumors (KREEL 1977 MARSHALL et <ol !

SCHANER et coll 1977 STLPHENS et ol jL‘!\'
POUR et coll 1978 Makciiat ctcoll 1978

1t 1979,
“ ) Tunsb-‘*”

The assessment of metastases at C by
findings such as lymph node enlargement { ot
masses of confluent nodes (1ig 5a) wit
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{ Fig Sa

- 5 Seminoma of nght testis £ CT be\o(vu :hc ¥:19ney§ megl
Iled lymph nodes tn a mass (—) nol
1 |nrgrm‘i vena cava b) Lymphography from the foot Right
- oblique projection Filfing defects i enlarged nodes (=)
h2

ating metastases ¢) Phlebography of mfertor vena tava
\Yessmns 10 antersor aspect due to metastatic nodes

™ 6 Teratoma of left testis a) CT slightly above renal hila

73 1ze metastatic mass with varying attenuation on both sides of

!%Tine Great vessels not di timguishable Forward displacement
supenor mesenterc artery (—) b) Phlebography of inferior
14 cava Displacement to right and impression of left margin

nt of vessels (Fig 6a) and contrast filled bowel
Jhig 8 indisunguishable aoria and vena cava due to
¢ vason of surrounding fat (Figs {2 6a) or the
i esence of masses at unusual sites e g postenor to

€ pancreas or in the prevertebral retrocrural regron
(& 1b) The nodes constdered as metastattc were
fimitely larger than the bimuts set by REDMAN et

o
i

coll (1977) (1 5-2 0 cm) and MARCHAL et coll (15
cm)

Qcclusion of the left external and both common
thac veins was the only abnormality n the iiac re
gion (Fig 1) It was not possible to decide whether it
was due to tumor growth alone or to a clot second
ary to a tumor
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Fig 7 Embryonal carcioma of left testis CT cflhoracnlumbar
region Enlarged node —)
and slight bulging of left crus Lymphography and phlebography
demonstrated lumbar metastases but the soft tissues at the
thoracolumbar junction appeared normal

In the lower lumbar region the advantage of CT
compared with lymphography and phlebography
was evident in only one patient (Fig 2} In 3 of the
19 patients with metastases demonstrated mn this
region CT was imtially considered as normal The
abnormality was not observed until revision was
undertaken after other procedures had clearly indt
cated tumor growth In 2 patients with small metas
tases the abnormalities were best demonstrated by
lymphogmphy (Fig 5) and mn one the metastasis
was d d b; d lar vein phlebo
graphy durmg orchidectomy (LIEN et coll ) Due to
its low attenuation 1t was mtially considered as a
renal cystat CT

One of the hmitations of lymphography from the
foot 1s that the upper lumbar nodes are insufficiently
demonstrated (SCHWARZ et coll 1965 FucHs &
PFAMMATTER 1970 SIEBER & WIEDEMANN 1976
STEPHENS et coll ZAUNBAUER et coll 1977) espe
cally on the night side (FUCHS 1969) Thus i a
normal senes consisting of 126 patients JACKSON
(1974) reported filling of lymph nodes at the level of
L1 1n 25 per cent on the nght side and 1n 50 per cent
on the left Besides 1n many cases with

Fig 8 Teratoma of left testis CT below the kidneys ¥
mass (—) lateral to the aorta with desplacement of cont
bowel

while LIEN & KOLBENSTVEDT reported ad
phlebography of the left renal and left te
veins to be valuable for demonstration of upy
bar metastases from testicular tumors The
results mdrcate that CT 1s still more useful
In the thoracolumbar region CT was eve
supenor (Fig 7) though the paraspinal soft
! fitms m:

as ated on conv
valuable information (Fig 1d)

The mamn advantage of CT thus was its s
ability to demonstrate tumor growth 1n the
part of the retropentoneal space which 1sm
ment with previous reports (KREEL REDY
coll STEPHENS et coll LEE et coll 1978
CHAL et coll )

CT was performed by SCHANER et coff
patients with malignant testicular turor and ¢
cavitation was found m 6 of the 11 patiend
metastases However no mention was made?
croscopy Necrotic areas m a metastatic mas
also reported by MARCHAL et coll Good corrd
was found between CT and serum tumor man¢
JAVADPOUR et coll 1n 4 patients with me®
from lar tumors One patient with terd

only the lower extension of the tumor is visible due
to obstruction of the lymph flow In order to over
come these limutations BAUM et coll MAHAFFY
Hopr & FUCHS ENGESET & LIVERUD MASSELOT
etcoll and DE ROO(1974) recommended cavography
and urography as supplementary examinations

and another with chorjocarcinoma had ares
attenuation due to necrosis while ; a thid P
metastases from a teratoma underwent 5
generation after chemotherapy Only ont F“
with sermnoma and questionable teratomatd”
ments had no cavitation visible
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™Of the present 7 patients with 1on values
Jow 20 HU 2 had semmoma while 5 had other
Wlignant tumors
\‘Det.nls of vemns were best demonstrated by
‘Iebography (Figs1 4 5§ 6) STEELE et coll (1978)
4 ROLBENSTVEDT et coll (1979) reported throm
s1s of the inferior vena cava demonstrated at CT
e former emphasized the importance of intrave
s ad of contrist In the pres
patient with occlusion of the mferior vena cava
g 1) neither CT before nor after admmistraion
{contrast medium could distinguish the vemn from
metastatic mass 1n this respect CT gave less
formation than phlebography of the mnfertor vena
a In addition collateral vemns were demon
b.dited at phiebography (Fig 1¢) which were not
¢ erved at CT
o Although small metastases are best demon
ated by lymph hy and aphy 1§
essary for demonstrating details of the veins and
selopment of collaterals CT 1s undoubtedly an
rortant tool for the examunation of the ret
kvﬂ;enmneal space The ease and quickness with
afu“Ch 1t 1s carmied out and the d fort

ated by ly hy and phlebography
was necessary for demonstrating details of the veins
and collateral circulation Therefore CT has not yet
completely replaced the other exammations A
larger number of patients 1s needed before defimte
directions for the use of the other exammations can
be given even though 1t seems probable that they
will be restricted to patients m whom CT 1s normal
or uncertain

SUMMARY

Fifty patients with testicular tumor were subjected to

hy ly hy cavography and

retrograde phlebography of the left renal and testicular

vewns followed by urography The yield of computer to

mography in detecting metastases of the hiac lumbar and

regons was Gt d with that of the

other exammations and was parucularly high in the upper
part of the retropentoneal space
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SELECTIVE PHLEBOGRAPHY IN PANCREATIC
AND PERIPANCREATIC DISEASE

W REICHARDT

.

J
"‘“’)elecuve phlebography of the pancreas in vivo
" s first reported by GOTHLIN et coll (1974) Pan
o 220G veIns were acoidentally found avalable for
mek—Ctlve cathetenzation mn cases where portography
. ars performed for examiation of the iver Most of
sl cases were d using the
” L:mach to the portal vern Later on when more
o nwieSt Was paid to selective cathetenzation of por
@ vem tributanes (LUNDERQUIST & VANG 1974
oY ? NDERQUIST et coll 1977 1978 HOEVELS et coll
3978 REICHARDT et coll 1979) the percutaneous
0 M nshepatic approach was preferred as it faciluated
catheterization procedure Pancreatic phlebo
m‘,‘iphy was found to be a useful diagnostic method
a m:mcma of the pancreas (REICHARDT et coll 1978)
bined with blood hing for hormone
say—in endocnne tumours of the pancreas
NGEMANSSON 1977 LUNDERQUIST et coll 1978}
In recent years several new methods for evalua
>n of pancreatic morphology such as endoscopic
de chol graphy (ERCP) ul
asuund and computer tomography have been de
foped and improved These have now with the
«ception of localization of sslet cell tumours re
aced angiography as the domunating d

n detail previously (REICHARDT & CAMERON 1980)
and only a short summary IS now given

The vemns of the pancreas may dram to all the
mam portal vemn tnbutanes adjacent to the organ
The dorsal aspect of the head of the pancreas 1s
mainly dramed by one or two postenor superior
pancreaticoduodenal vems ending into the portal
vem (Fig 1 in REICHARDT & INGEMANSSON 1930)
Sometimes also z dorsal pancreatic vein 1s found
emptying into the confluence of the supenior mesen
teric vein and the splenic vein (in the followng text
called confluence) The dorsocaudal part 1s often
dramned by the postenor nfenior pancreatico
duodenal vem to the supenor mesentenic vein or
to the first jejunal vemn

The ventral aspect of the head of the pancreas 1s
dramned by the antertor supenor pancreaticoduode
nal vein which empties nto the supenor mesentenc
vem after having joined the gastrocohc trunk The
vems of the ventrocaudal part of the head are col
lected 1n the antenor infertor pancreaticoduodenal
vein which ends n the supenior mesentenic vemn
or—together with the post wf vewmn in the first
Jequnal vein The mam vems of the head are con

diologte method 1n exammation of the pancreas
The present report constitutes an analysis of the
rorphologic abnormalitites observed at selective
hlebography i patients with pancreatic and
enpancreatic disease and a discussion of its clinical
alue

Anatomy of the pancreatic veins The phlebo-
raphic anatomy of the pancreas has been described

w0 K1y

nected by coll Is which run m the
ventral and dorsal furrow between the head of the
pancreas and the duodenum forming a ventral and a
dorsal arcade The body of the pancreas 1s drained
by the transverse pancreatic vemn which ends 1n the
inferior mesenteric vemn the superior mesentenc
vein or the splenic vein Some veins of the body

Submitted for publication 16 August 1979
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often run to the left gastric vetn The veins of the tail
of the pancreas usually dram to the splemc vein

All the mentioned vens of the head of the pan
creas nd their closest branches towards the
duodenum as well as the mam part of the transverse
pancreatic vem are situated on the surface of the
organ The mtrapancreatic vems are small and con
nect the main stems on the surface Veins of the tail
and body draiming to the splenic vemn are mainly
intrapancreatic

Material and Methods

Since 6 years selective phlebography of the pan
creas was performed 1n 67 patients (26 women 41
men) with proven disease n the pancreaticoduode
nal regton The age ranged from 21 to 85 years

In 50 patients the indication for examnation was
possible mahgnancy of the pancreas Forty three
patients were referred with obstructive jaundice n
2 patients a tumour 1n the region of the head of the
pancreas was found at cholecystectomy and the
pattents were referred for evaluation of resectabil
ity Five patients with chronic pancreatitis were
examuned because scintigraphy of the pancreas
ERCP or ultrasound had suggested malignancy The
final diagnoses mn this group were carcinoma of the
head of the pancreas in 35 patients carcinoma of the
extrahepatic bile ducts m 9 chronic pancreatitis in
5 and retropancreatic malignant lymphoma n one
patient The diagnoses were confirmed at micro
scopy 1n all patients with tumours and by the chimcal
course during at Jeast 14 months observation in pa
tients with chronic pancreatitis Laparotomy was
performed n 2 patients with pancreatitis

In 17 patients the exammation was performed for
diagnosis and localization of endocrine tumours of
the pancreas The final dragnoses i this group were
gastrinomas (4 pattents) glucagonomas (3) nsu
limomas (5) 1slet cell hyperplasia causing hyper
glycerma (2) and somatostatinoma (1) In one
patient the tumour could not be classified by im
munocytochemistry but was classified as D, cell
tumour at electron microscopy One patient had no
1slet cell tumour but multsple submucosal lipomas of
the duodenum The diagnoses were confirmed at
surgery in all patients but one with a Zollinger-Ell
son syndrome who refused surgery

The tumour size was defined n situ and i the
operative specimen If no resection was performed
the size was estimated at laparotomy

Percutaneous transhepatic puncture of the
vemn was performed with a 25 cm long
sheathed with a polyethylene catheter (0D
ID 10 mm Surgimed Denmark) The pt
techmique was introduced by WIECHEL (197
has been described previously (GOTHLIN ¢
HOEVELS et coll) The pancreatic vems
catheterized using a 0 9 mm guide wire with
tip and the catheter was pushed over the gud.
mto the vern A detailed description of the tc
of selective 1zaton of the p:
given elsewhere (REICHARDT & INGEMANSSC

For exammnation of the main stems of the
vern system and the parenchyma of the liver
contrast medium (Isopaque Coronar 3704
Nyegaard Norway) was mjected at 1 rate
Sixteen films were exposed (5 films/5 s 8
films/6 s)

Pancreatic phlebography was performed
ual imjectron of 2 to 10 m! of contrast medwu
pending on the size of the vessels—and §
films/s) were exposed

When the examnation was performed
onstrate or to rule out a carcinoma of the
the pancreas the cathetenzation was himuted
area of interest As a rule only one of them
of the head—the ant sup or post sup
creaticoduodenal v d In §
both the ant sup and post sup vems mn3r
post sup vem and the dorsal pancreatic vems
one case the ant sup post sup and trand
vems were examimed

In patients with endoctine tumours cather”
tion of the veins of the entire pancreas was 2%
for blood sampling Only phlebographses of i)
of the pancreas containing an tslet cell tum
hyperplasia will be discussed 1n the followng

Results

Carcinoma of the head of the pancreas 11 f
patients with pancreatic carcinoma the
phlebographies could not be evaluated du¢ ®
travasation of contrast medium i 2 paten
mcomplete filing of pancreauc vens due *
adequate position of the catheter 3 I i
neither the ant sup nor the post sup
duodenal vemns could be entered with 1

he ca'®
f’
At the expected position of their onfice an e
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Fig | Female aged 49 years with a 7 cm ron-resectable car
cinoma of the head of the pancreas Imjection mto ant sup
pancreatt oduodenal vem 2) A p view Occlusion of multiple
vemns of the head of the pancreas (=) Irregulanty of vews n the
tumour area {+») No flow of contrast medum to post sup

pancreaticoduodenal vem which probably 15 occluded by lat:ml
view Antenor  displacement of sup mesentenc ven near the
confluence (+»} Vems posterior to portal vem are occluded (—)

Fig 2 Male aged S0 years with 2 5 cm non Tesectable careinoma
of the head of the pancreas Injection into post sup pan

creaticoduodenal vein Occluston of postenor pancreatc vems
) No demonstration of mam antenor veins
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Fig 3 Male aged 70 years with a non resectable carcinoma of the
head of the pancreas a) Injection into sup mesenlenc vem
Severe stenosis of the confluence with a pressure gradrent of 13
cm HO Collateral flow via veins (—) and
vems of the transverse colon (=) b) Injection mto post sup
pancreaticoduodenal ven Only filling of the collateral veins on
the surface of the pancreas

Fig 4 Male aged 69 years with an islet cell tumour (malignant
glucagonoma) of the tail of the pancreas 4 cmn diameter The tait
15 widened the vems are shightly dilated and displaced The
splenic ven is irregular

ty of the vessel wall could be felt when catheteriza
tion was tned Laparotomy n these cases revealed
irresectable carcinoma 6 to 10 cm 1in diameter

In 20 patients with carcinoma of the head of the
pancreas 4 to 10 cm in diameter stenoses and oc
clusion of verns of the head could be demonstrated
(Figs 1 2) Widened collateral pancreaticoduodenal
vems were found 1n 6 patients (Fig 3) In all these
cases severe encasement of the portal vein system in
the region of the confluence was found and the
widened pancreaticoduodenal veins were collateral
pathways between the supenor mesentenic and por
tal vemns Small pancreatic collaterals were only
wdentified n 2 cases

In one patient small pancreatic vems were prob
ably occluded At surgery a tumour 3 cm mn diameter
was found

Patent pancreatic veins were found wn all 5 pa

Fig 4

tients with tumours 2 cm (4 cases) and 1 cm (i€
in diameter respectively However abn¥
veins were demonstrated n 4 of the cases whet
tumour was associated with inflammntory les”
or around the head of the pancreas (Table) '
patient only pancreatitis with abscess formatot*
found at surgery but at autopsy 4 months later?
large carcinoma was found

Islet cell tumonrs Fourteen patients with slet
tumours and 2 patients with slet cell hyperf
were exammed The tumour size ranged fre?
than 1 to6cm A cyst 10 cm in diameter in lht"‘
the pancreas adjacent to an slet cell tumof
found in one patient P

No phlebographic abnormalities were found i
patients with sslet cell tumours 2 cm or fuss 4~
ter norn 2 patients with ssiet cell hypoplasit

nf
Displacement of the vems was obser
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5 Male aged 51 years with chromic pancreatitis multiple
4 lesions of the pancreatic duct and enlargement of the bead
szhe pancreas a) Ectatic parts of the duct and cysts are filled

T contrast medism after ERCP b) fnjcction into post sup

!
ts with 1slet cell tumours 4 5 and 6 cm in diame
respectively and in the patent with the 10 cm
cyst In the patient with a 4 cm large malignant
na widened pancreatic vems and an i1
Alar splenic vein were demonstrated n addition
4)
"tam reatirs  Five patents with chrome pan
l:mus m whom the clinical course ERCP ul

Table

| Tebe graphic find nys 14 panents with carcnoma of the pan

et Yerdomndiameter associated v ith inflummators lesiwoas

“ise  Surgery Phicbography
Ry
r
* Pancreantis abscess in Stretched slender vemns
and around the pancreas  No occlusion
A cm tumour found
4 months later
o Entarged head 1 cm Slender irregutar veins
¢ tumour Surroundedby  abrupt changing their
- pancreatitis course No occlusion
¢ Layer of fibrotic tissue Difated irregular veins
' on the surface of the on the surface Normal
pancreas A Yomtumour  intrapancreatic branches
' A cmtumour surrounded Tany irregular veins n 2
¢ by fibrosis 3emarea Otherwise nor

\ mal and patent v eins

J

pancreaticoduodenal vem lrregular vems partly stretched and
displaced by cysts (—) Patent collaterals to ant sup pan
creaticoduodenal vemn (+)

trasound or pancreatic scintigraphy were sugges
twve of a pancreatic carcinoma were examned

The veins were slender and irregular and changed
their course abruptly Collaterals between the ant
sup and post sup pancreaticoduodenal vems were
patent m 4 patients The vemns were stretched 1n
regions where ERCP disclosed cysts {Fig 5) Inone
patient the post sup vein was occluded but small
mtrapancreatic veins were patent adjacent to the
portal vein at the estimated positson of this vein (Fig
6) Atlaparotomy a pseudotumour of the head of the
pancreas about 6 cm in diameter was found Muit
ple fine needle biopsies revealed no carcinoma A
shunt between the tail of the pancreas and jejunum
was performed and the patient has been well without
signs of malignancy 18 months after surgery

E of the 1l was d d
n one pattent  The vessel was uregular and a slight
stenosis was present (Fig 7) In one case the splenic
vein near the confluence was shghtly stenosed In
this patient pancreatitis was present in the entire
pancreas

Slender vemns either stretched or kinked were
also demonstrated in 2 patients with carcinoma of
the head of the pancreas surrounded by pancreatitis
and in one patient with carcinoma of the head of the
pancreas and pancreatitis of the body

Peripancreatic disease Nime patients with car
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o

Fig 6 Male aged 37 years with chromic pancreatitis At

Y (6 cm 1n diameter) of
the head of the pancreas was found The postoperative clinical
course revealed no signs of malignancy after 18 months a) Injec
tion 1nto ant sup pancreaticoduodenal vein The vens of the
head are slender irregular displaced Small veins near the post
sup pancreaticoduodenal vein are patent (—») post sup vein
probably occluded Right gastnc vein +) muddle colic vemn (%)
b) Injection wnto the pancreatic duct during operation Severe
stenosis of the major duct in the head displacement
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cinoma of the extrahepatic bile ducts (proximal to  adequate demonstration of the vens of the P
the pancreas) one patient with submucosal hpomas ~ was obtamed The veins of the pancreas umrr;
of the duodenum and one patient with retropan and without morphologic abnormalitites m7f'-l‘
creatic mall lymph were | with carcinoma of the extrahepatic bile du¢ts i
In one patient with cholangiocarcinoma no  of these the choledochal vetns were widere
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rtuous and in another occluded (Fig 8) The post
1p ven was dilated and tortuous choledochal vemns
ere present in one patient Displ d and hed

Fig 7 Male aged 67 years with chronic pancreatitts confirmed at
laparotomy needle biopsy and the postoperative course of 14
fmonths ) Imection mto post sup pancreatcoduodznal vetn

Immegular slender vems but patent ¢ollaterals to ant sup pan

creaticoduodenal vem (—) b) [njection into ant sup panac eall

coduodenal vem post sup pancreaticoduodenal vewm 15 filled

) Severe wall uregularty and stenosis of the region of the con

fluence

laparotomy had disclosed a tumour mass in the head
of the pancreas No abnormality was found at needle
biopsy durnng operation  The phlebographic findings
confirmed an expansive lesion m this regron but
argued agamst a large pancreatic carcmoma as col
laterals between the antenor and posterior veins
were patent Percutaneous needle biopsy guided by
phlebography revealed mal lymph con
firmed at a second laparotomy

Complications Extravasation of contrast medium
occurred n 3 pattents without causing discomfort to
the patients Two examinations were tmpossible to
evaluate

In one pauent with chronic relapsing pancreatttis
abdominal pain and anaemsa occurted after the
phlebography probably due to bleeding Serum
amylase was normal but hver laboratory data

enpheral branches of the duod
1 emns were found n a patient in whom Japarotomy
. asclosed submucosal duodenal ltpomas (Figs 9 10)
™"y Patent but stretched veins of the head of the pan

“Feas were demonstrated m a patient 1 whom prior

.

hol The patient was treated conservatively

In one pattent with 1slet cell tumour a subcapsulfar
haematoma of the liver 7 cmX 12 vm w dvameter
developed but no specific treatment was required

In one patient with rslet cell tumour abdorminal
pam and fever followed accidental puncture of the
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Fig 8 Male aged 44 years with carctnoma of the gallbladder
causing obstruction of the extrahepatic bile ducts mn the hilum of
the Iver {njection into post sup pancreaticoduodenal vern Left
antentor oblique veiw Normal vems of the head of the pancreas
Obstruction of the choledochal vemns (—)

gallbladder The condition was normalized after 2
days

Intraabdomtnal bleeding which required emergen
cy laparotomy occurred mn 2 patients Both examina
tions were performed before 1974 when expenence
with percutaneous transhepatic puncture was stll
Imited

Discusston

When selective phlebography of the pancreas was
introduced {GOTHLIN et coll ) the hope was ex
pressed that this method could be useful m the diag
nosts of carcinoma of the pancreas since this tu
mour1s apttonvade the veins early The previously
reported mumimum size of carcinoma of the pan
creas diagnosed by phlebography was 3 to 4 om
(REICHARDT et coll 1978) These pnmary results

Fig 9 Male aged 21 years with multiple submucosal |
the Hypotone

were disappointing but confirmed 1n the pres
creased matenal

The diagnostic phlebographic cnotena fo
creatic carcinoma were tregular stenoses ar
struction of p: 1c veins with coll ! fl
the present matenal venous occlusion was the:
nating dagnostic finding The interruption of
between anterior and postenior branches was
evident

Irregular stenosts alone may however a
observed in patients with chromic pancreatitis
laterals were only demonstrated in 6 of 35 12
and m these cases due to stenosis of the s
mesenteric vein or the confluence and not &
obstruction of pancreatic veins Small pane”
collateral vems probably due to occluston of
creatic veins were only observed twice

The explanation 15 probably to find 1 the’
creatic vemn anatomy (REICHARDT & CAMEF
{1) The mam veins of the organ are runnng @
surface (2) the intrapancreatic veins are f'":
small and (3) usually the head of the pat™™
drained by 4 main vemns in 4 directions and “'rc
uons also exist to the veins of the body ””
cinoma occludes a pancreatic vetm WS f""“‘“:‘
be taken over by another one since no yalves
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10 Same case as i Fig 9 Injection into a) ant sup pan
ati oduodenal vern and b) post sup pancreaticoduodenal vein

|
5
\e phlebographic anatomy also explams why tu
“Jurs smaller than 3 to 4 cm probably cannot be
monstrated as the phlebographic appearance 1s
minated by the mam veins on the surface of the
an These vems superimpose on the mmor n
pre
pancreatic branches and 1t 1s improbable that any
rlusmn of these can be observed Only when the

)
% hour 1s growng to the surface of the organ can

demonstrates stretched patent veins indicating an expanding le
sion without obstruction of pancreati, vens

abnormalities in cases with carcinoma of the head of
the pancreas are occluded vems in the area occupted
by the tumour which as a rule result mn absent flow
petwveen antenor and postenor pancreatic vens In
patients with chronic pancreatitts the veins are ab-
normal n vanous degrees but generally patent
Even if occlusion of vemns occur a discrepancy be
tween the localization of an occlusion and the paten

* lusion of the main t hes be d As
© contrast medium 15 myected against the blood
% ,w sometimes a false impression of venous occlu
#'3n1s obtuned However usully a proper evalui
% of the whole series allows a differentiation be
seen ocel and flow ph
e In patients with chromc pancreatiis the vems
aere abnormal with iregulanity abrupt changes of
it eir course and slender appearance The veins were
a¥retched m cases with pancreatic cysts and abscess
gven n patients with severe infl; y lesions

cy of ad smaller vems allows a differentiation
between chronic pancreatitis and a large carcinoma
In recent years computer tomography and ul
trasound have been developed and at present im
proved to high sensitivity and specificity m evalua
tion of the morphology of the pancreas Together

with ERCP perc 1c
graphy and percutaneous fine needle biopsy these
hods will t the diag) n pattents with

obstructive jaundice and suggestion of pancreatic

ol1e vems were generally patent
ohf The post sup pancreaticoduodenal vemn wis
nt cluded in one case and a thrombotic wall 1regu
¢ !tnity in the region of the confluence was observed in
)Imolher These findings were m discrepancy to the
catent intripancreatic vems and therefore arguing
w{;aumt pancreatic carcinoma as the cause of the
Mfmrphn)ogxc abnormalities
WJ The phlebographic findings thus allow differentia
it on between pancreatic carcinoma (larger than 3 to
m‘a cm) and chronw pancreatitis The characterstic
‘1‘

y and allow the differentiation between
pancreatic carcmoma pancreattis and extrapan
creatic lesions in the mayonty of cases

In rare instances when differentiation between
pancreatic carcinoma and pancreatitis cannot be ob-
tammed by these methods pancreatic angrography
and phlebography may give valuable information If
a specific tumour marker n pancreatic carcinoma,
could be found detection and localization of the
tumour by pancreatic venous blood sampling and

determunation of the tumour marker might be poss;
ble



TN

522 W REICHARDT

When the diagnosis of a pancreatic carcinomn 1s
established anglography ind portogriphy are useful
for evalvation of resectability of the tumour
{REICHARDT & IHSE 1980) Selective phlebography
15 1n these cases wrrelevant

As expected the vilue of selective phlebography
in endocrine tumours for detection of morphologic
abnormalities wns limited  Most of the endocrine
tumours are too small to be detected with this
method The value of phlebogriphy in endocrine
tumours 1s nimost exclusively to document the ven
ous tomy In order to allow a correct interpretn
tion of blood sample analyses An interesting finding
was dilated sfightly wregular pancreatic veins in one
patient with a malignant glucagonoma  Theorettenlly
this finding could be due to a pharmaco angro
graphic effect of glucagon but in 2 other patients
with glucagonomn pancreatic phlebography ap
peared norma!

Pancreatic phlebography was useful in the dif
ferentiation between pancreatic and extrapancreatic

pancreatic disease 1s possible but of no el
portance

SUMMARY

Pancreatic phlebography w s porformed tn 67 p:
with proven mflammatory or tumour dise 1se in the:
of the pancreas The findings are desenbed and th
nostic value of the method 1s discussed
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ABDOMINAL ANGIOGRAPHY AFTER INTRA-ARTERIAL
INJECTION OF VASOPRESSIN

E Bousen and J GOTHLIN

(«Vanous drugs have been tested wn order to en
nce the mformation about pathologic conditions
- visceral angiography Vasodilating drugs (RAHN
N CALLOW 1965 BOUSEN & REDMAN 1966 REUTER
Te REDMAN 1972 UDEN 1972 GOLDSTEIN et coll
1 76) and vasoconstricting drugs (BOUSEN & RED-
N 1967 KAHN et coll 1967 KAPLAN & BOOK
N 1972 EKELUND & LUNDERQUIST 1974
7™ wkiNsetcoll 1975 and others) have beentested
nictors epmephnne norepinephrine
m ,1 angiotensin have been most widely used and
1gve proved to be of some value in diagnosing hver
tastases and pancreatic tumors Vasopressm 15
% “mher vasoconstrictor which has been exlenslvely
‘ed for control of bleeding from the
lct (BAUM & NUSBAUM 1971 and others) but also
; diagnostic purposes (BOUSEN & GOTHLIN 1969)
dno systematic analysis of the diag ful

to 10 mun with the patient supine m the same or
almost the same projection The amount of contrast
medium rate of injection (8-10 ml/s) and the senes
used were the same FEach angiographuc senes
covered a penod of 16 seconds 2 frames per s for
4 s one frame per s for 4 s and one frame every
other second for 8 s {8/4 4/4 4/8) Imection and
exposures were recorded on a Myngograf makimng
possible assessment of the transit ume of contrast
medim through the artenes and of the appearance
time of the vens The analysts of the results

cluded companson of the attenuation capacity of the
contrast medium (1 e the radiographic contrast of
the medmm as observed on the films) and the de

tailed nformation on the artenes and vews n the
2 sentes  The accumulation of contrast medium in
normal organs as well as those with lesions was

+ this drug n visceral angiography has appeared
nce vasopressin has been used as a diagnostic

ol for several years at the department in Lund

was found of interest to analyse a senies of patients
determine the value of the drug when adminis

(~red ntra artenally immediately before angio-
-aphy

i

Matenal and Methods

:’! A senes of 123 patients was examned with cehac
1" supenor mesentenc angiography compnistng one
¢ ‘hal senes and another senes within 2 min after
Hitra artenal bolus injection of 05 te 10 U of
sathetic lysine vasopressin (Postacton Fernng
weden) The mterval between the 2 senes was 5

Results

On 3 occasions the arterral blood pressure was
contmuously recorded dunng the examination A
slight elevation (10-20 mmHg) was observed imme
diately following mjection of the drug returning to
control level in 10 to 15 mun

Arterial emprying time 1e the time lapse from
the end of the mjection of contrast medium to the
last frame 10 which 1t could be observed withn the
artenies was recorded Individual vanations were
observed but generally a delayed transit of the
medium after imection of vasopressin was recorded

Submutted for publicaton 27 December 1978
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Fig | Angiography of the celiac axis a) Before and b) 30 s after
nira artenial injection of 1 1U of vasopressin 1n a patient with
slight stenosis of the celiae axis with comequent widening of the

1 artenies After i the flow in the

Table 1

Mean empiving, ime of arteries before and after iyection of
0510101V of vasopressin

Artery No of Control Emptying Dift
cases  semes  tmem
s after
vasopressin
Common hepatic ” og 25 17
Intrahepatic 9 1 58 37
Splenic 24 15 >63 >48
Intrasplemc 24 21 >89 >68
Pancreatic head 27 15 51 36
Pancreauc tail %6 18 S8 40
Left gastric 2 23 69 46
Gastroduodenal r 09 35 6
Right gastro-
epiploic 11 30 >106 >76*
Superior mesen
tenc 10 08 19 [}
Jeyunal 16 39 62 "3
lteal 12 39 >82 >43
Middle colic 16 53 67 14

Contrast medim often remarming i the artenes on the last film
of the senes (1 e more than 17 s after end of Inyection)

Edl

IS

y
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b

splemic and hepatic artenes s slower ndicated by the et
reflux mto the aorta Artenies mn the pancreatic head are &
affected by the drug thus more vessels and a higher co
cffect are observed

(Table I) The artenial emptying time w s inc
by more than 4 s i the splemic and intras
artenies in the left gastric night gastroepploc
ileal artenies The smallest changes were nolé
the common hepatic the mun stem of the suf
mesentenc and tn the middle colic artenes

The nght gastroepiploic artery reacted £
strongly to vasopressin than did the feft £
artery The reaction mn peripheral hepatie a
and arteries of the he1d of the pancreas was ST
with an increase 1n artenal emptying, time
355 Onthe other hand 1n cases of stenosisd
celiac irtery the peripheral arteries of the ¥
of the pancreas reacted less to vasopressit thy
the hepatic arteries (I'g 1)

The artertes of the tail of the pancreas remd-
filled with contrast medm shghtly fongef
those of the head approaching the spler' *
1n that respect The width of the lrger 3"‘"”1
common hepatic splemic  supenor mmr1
usually did not change apprecibly after >
pressim The smaller irteries on the other B2
a rule appeared thinner (Figs 1 2}

ofd
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£ " Angiography of the cehac axis performed & b) before and
d) 30 s after intra artenal injection of 1 1U of vasopressm i a
{tient with 1o obsenved abnormaliies Exposures at the same
ne after start of jection After vasopressin marked reflux
the sorta reduced fiow wn all splanchmc antenes parhicutarly
¢ the gastnc and splenic anteries The attenuation of medium is
gher n hepatic pancreatic and phrenee artenes Intrahepatic

ANGIOGRAPHY AFTER {NJECTION OF VAS

OPRESSIN 525

and pancreatic artenes are thinner after vasopressin shight reduc
tion in diameter of splens. artery Normal portal vein 1s observed
10 s after start of myection in the control sertes {b) After vaso-
pressin splenic and mam portal vems not observed but pentph
eral portal branches indicaling intrahepatic shunting {—) The
wall of the duodenal bulb s better visible
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The morphology and hemodynamics of the veins
were often imposstble to define because the transit
of the contrast medium was often too slow for the
film series used The attenuation capacity of the
medium was frequently too low to allow 1ssessment
of transit ume The appearance time of the veins
(measurcd from the start of injection 1o that moment
when contrast medium was first observed n the
veins) was wcreased by 2 to 3 s in the portal sple
nic and coronary veins while it was 1pproximately
unchanged in the supenor mesenteric Jejunal 1leal
and colic vems (Table 2) In the cehac vascular
system the change in artenal emptying time after
vasopressin was more marked than the change tn
venous appearance time

In some cases intrahepatic arterioportal shunting
was evident after celnic imjection of vasopressin
(Figs 2 3) The splenic and superior mesenteric
veins were often invisible after vasopressin but
vems from the large and small bowels often ap
peared 1n normal time and with the same contrasting
effect as mn the control series

Reflux of contrast medium into the aorta wisregu
larly observed after the drug mjectton indicating
tncreased perpheral resistance  The contrasting
effect of the artenies increased after vasopressin
A detailed analysis of the film (Table 3) revealed en
hanced contrast manly in the hepatic and splenic
arterial system 1nd 1n arteries supplying the head
of the pancreas ind duodenum Less informition
was obtained on the gastnc arternies  Informtion
on the 1rtertes within the pancreatic tail and tn the
bowel vaned markedly from case to case

The degree of lation of

(Tible 4) was 1in most patients lowered after vaso
pressin  Increased accumulation seldom occurred
in the hiver and duodenum and only exceptionally
m the remaning organs As could be expected
decreased accumulation was most often observed
n the spleen and the gastromtestinal tract with the
exception of the duodenum

An analysis of the diagnostic value of vasopressin

in patients with lestons 1n the upper abdominal
organs was made with the following result

Liver Metastases | and h

were found yn 20 patients In 13 of these the informa
tion regarding vascular abnormalities ind extent of
the lesions increased (Fig 3) in 3 cases it was un
changed and in 4 decreased  After vasopressin the
formation increased especially in patients with
hypervasculanty of the hiver causing dilution of the

Table 2

Mean appearance time (in seconds) of contrast medum
before and after tgection of 0 5 to 1 6 1U of vasipres «

Vemn No of Control  Vasopresyn ¢
cases senes senes

Portal 1 82 104
Splemic 4 74 98
Coronary 3 64 75 !
Supertor

mesenterte 5 76 68
Jeyunal 14 92 92
leal n 86 86
Colic 15 86 92

Table 3

Changes i information of arteries supplying abdomta
tures after iyection of 0.5 to 1 0 IU of vasopresun

1 ith control series (+ gamn 0 no change = decreat

mation}
Arteries ta No of  Percentage change

cases
+++ o+ 0 -

Liver 65 22 4 23 &
Spleen s6 7 38 23 1
Pancreatic
head 65 3 43 17 15
Pancreatic
tat 64 14 30 25 7
Gallbladder 40 7 EX I
Stomach 57 3 "o
Duodenum 63 6 48 25 18
Small bowel 27 4 X T«
Colon 26 0 3 461
Right daphragm 65 5 »ooTon
Left diaphragm 65 12 6 7 5 .

Table 4

Chanses in accumulation of contrust medium afterint
tryection of 0 5 to 1 01U of va pressin

Organ No of Percent ige change
cases

+ 0
Liver 5 14 w8
Spleen 51 3 " »
Pancreas 6 6 55 o
Gallbladder 39 ] 59 o
Doudenum 64 n 8
Smull bowel » 5 3 o
Large bowel 24 8 i P
Stomach 60 0 8
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/nlms! medium (Fig 4) The induced reduction

 flow caused increased attenuation of contrast
dium and matous

m Improvement in information was therefore
ost marked m cases with reversed blood flow in

4 ¢ gastroduodenal artery 1rrespective of whether

# not this was combined with stenosts of the celac
15

3
i
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Fig 3 Hepatoma Angiography of the hepauc artery a) before
andb c)30s after itra artenal mjectron 6f 0 5 [U of vasopressin
In the artersal phase the pathologic vessels as well as demarca
tron of the tumour appear more evident after vasopressim due to
less dilution of medwm  which 1s diverted toward the tumour
In the phase after )

portal vems are visible {~») Dehneation of the tumour more eva
dent n thus phase

Pancreas Sixteen patients with pancreatic dis
ease (p itts 8 8) were d
before and after vasopressin mjection In 10 cases
the information on the leston was mmproved in 3
cases 1t was unchanged and 1n 3 patients with pan
creatitss 1t was decreased As m hver disease 1
creased mformation was obtamed after vasopressin
when stenosis of the celiac artery was observed or
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Fig 4 Diffuse hepatoma of nght lobe of liver and stenosis of
celiac aus a) Cehac angtography gastroduodenal artery not
filled b) Superior mesentenc angiography reversal of flow due
to stenosis of celiac avs and hypervasculanty of Iner Displaced
ntrahepatic artenies and abnormal vasculanity of upper part of the
nght liver lobe indicate a large Iiner tumour ¢) After intra artertal

of 11U of 30 s before repeat angio-
graphy of the supenor mesentenc artery the tumour vessels are
better filled and the tumour more evident The medium 1s diverted
from the supenor mesentenic and splenic artertes to the liver
through wide collaterals which are only slightly affected by the
vasopressin

when collateral circulation due to e g increased
hepatic blood flow was present (Figs 1 4)

Intestines In 2 patients with carcinord tumours
fewer vessels were observed after vasopressin but
the abnormalities were better demonstrated (Fig 5)
In 4 patients with regional enterocolitis or ententis
vasopressin induced a marked decrease 1n the vas
culanty of the diseased area (Fig 6)
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Discussion

No systematic nvestigation appears o
made of the effects of vasopressin when &
tered as a bolus intra artenially at qascerd »
graphy in man The benefits of ustng u\so-w
tors at visceral angrography are dcbalab’ta:
use of epinephrine has becn advocated ¢
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a

§ Carcinoid tumour n distal ileun a) Supenor mesentenc

normal artenes better visible marnly because of less contrast

reraphy by After 0 5 1U of P repeat
mdyand occluded ileal and sleocolic artenes (—) The ab-

REDMAN 1966 KAHN et coll CEN & ROSEN
SCH 1969 MILLER et coll 1969 HAwKiNs et coll
1 others) as has the use of angiotensin (KAPLAN
BOOKSTEIN EKELUND & LUNDERQUIST
IKIESER 1975 NOVAK & WEBER 1976 and others)
The senes used (8/4 44 4J8) did not fully cover
srolonged venous phase In calculations of circula
m times an error of about one second may exist
1e dose of vasopressin chosen (0 5-1 0 IU) was
1sed on mibal test angrographies ustng 01 to 20
J The best result scemed to be obtamed with 1 0
]
The most marked slowing of the flow after vaso
essin admuustration occurred i the splemic left
stne night gastroeprploic and ileal artenies with a
srresponding delay of app tme m the
ortal splemc and coronary vems This is i ac
nrdance with findimgs w animals (BARR et coll
75) The relatively small effect on the left gastric
tery as compared with other gastric artenes may
= explained by the position of the catheter tip Its

[T

n the bowel wall and tumour Marked reflux to the

aorta

exact posiion related to the ongin of the left gastnc
artery «ould not be defined with certainty with the
projection used but 1t seemed reasonable to assume
that the uip was beyond the ongim n most cases

Artenal emphing time  After vasopressin it
vaned between different vascular regions The
smallest changes followmg the drug were n the
larger arteries which may be due to the fact that
they are closer to the flushung effect of non contrast
filled blood from the aorta However this is not in
line with the relatively small change 1n emptying
time of the colon artenies and the almost changed
appearance tme of the colon veins 1tis well known
that vasopressm has a marked effect on smooth
muscles especially n the colon but why the m
creased penpheral resistance should be less in the
vessels of the large bowel 1s not clear

An estimation of artenal emptymng time symilar to
the present series has been presented for epine
phrine (BOUSEN & REDMAN 1967) Certan similart
ties exist (dose response vanations not considered)
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Fig 6 Acuve granulomatous entenus with marked =l‘n“f:
m the ileum a b) Supenor mesentenc angiography ’: 7
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peat angiography after intra artenal ingection of 1 [

sin Marked constriction of all artenes of the small s
marked reduction of flow especially where the 7127 e
process 1s most intense {c) Contrast medium passes

colon veins (d —)
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drug induced slowmg of the circulation in the
ipatic spleruc and pancreatic regions and 1n the
3penor mesentenic artery the reflux to the aorta
{defimte difference m the response of the jejunal
'4 sleal vascular regions existed decreased artenal

vasopressin caused a diverston of blood from the
supenior mesenteric artery via collaterals to the
hepatic artery (Figs 1 4) Since the accumulation
of contrast medium 1n the liver after vasopressin
1s fow the use of the drug in the detection of less

1ptymng time after hrine d after
“Sopressin
No obvious differences n the venous appearance
e after the admustration of epinephrine and
wsopressin were found
*Lner The mcrease in emptying time of the proper
’pauc artery after the admmustration of vaso
Bssin was 37 s (mean value) with no evident
l:mgta i the calibre of the artery As contrast
sdmm d longer in the h anteries
# the attenuation capacity of the contrast medim
s increased the information on the artenes was
yreased in two thirds of the patients (Table 3)
e accumulation of contrast medium n the liver
s decreased 1 half of the cases This finding
initely speaks in favour of a markedly decreased
w which 15 also n agreement with the expen
intal results of vasopressmn nfusion (HANSON
0 BARR et coll ERWALD & WIECHEL 1978)
ere an mmal drop n hepatic blood flow was
owed by an mcrease 1n flow above control level
& vasopressin angiographic series was performed
hin a period compatible with this inital phase
[ hepatic artenal escape from vasopressin
luced vasoconstriction after tnfusion of vaso
ssin has been described The hepatic blood flow
'leufated from the ncreased width of the hepatic
tery was a mean of 134 per cent after probably (the
ise 15 not clearly stated) 02 IU of vasopressin
:fused for 20 mun 1n man (CoNN et coll 1973) The
esent authors support the view that the biphasic
tsponse 1s due to decreastng portal blood flow and
ortal venous pressure with a consequent auto
gulation of hepatic artenal flow This 1s supported
y expenmental work by COHEN et coll (1970)
he early appearance of penpheral portal vein bran
es mndicaung an artenal portal shunting as ob-
wved 1 some of the presem cases speaks i
wour of an autoregulaion which does not exclude
w© bility of artenal
3 Increased 1nfi regarding p ves
! Is and the extent of lesions was obtaned 1n 65
rer cent of the cases  This does not differ much from
}’sulls obtamed by previous authors who advocated
he use of epinephnne and angiotensin At stenosis
fthe cehac artery or hepatic hypervasculanization

lanzed 15 probably of little value

Panereas The artenal emptying time 1 the head
of the pancreas was somewhat less increased than
m the tail The gain m formation was greater mn
the head than 1 the tall while the accumulation of
contrast medium was decreased throughout In
amimals vasopressim  when infused reduced the
pancreatic blood flow while one expenment demon
strated unchanged pancreatic venous outflow after a
single myection of 20 mUfkg body weight of vase-
pressin (SCHAPIRO & BRITT 1972) The increased
information obtamned on lesions m two thirds of the
present patients was the result of the large amount
of contrast medium diverted to the pancreas the
improved demonstration of abnormal vessels pro-
bably collaterals and the almost total absence of
disturbing gasinc vessels Compared with angio
tensin and epmephnne vasopressin seemed to give
some increase m nformation as to the artenes but
probably the same amount of information regardmng
lesions The combination of secretin and epme
phrine may give further vascular details (UDEN
1976)

Spleen lesions others than ruptures or aneu
rysms are rare {EKELUND et coll 1975) The effect
of vasopressin i tumours of the spleen has not been
tested The very slow flow of contrast medsm
through the splenic artenes increased the informa
tion because of better artenal detatl particularly
since the accumulation of contrast medum was
markedly decreased in most patients

Intesunes The arterral emptymg time of ileal
artenies was much longer than that of jejunal arte
nes Several patients with regional enterocolitis and
entenuis mcluded 1n the matenal may have markedly
nfluenced the results The appearance time of the
corresponding  vems was unchanged however
which may perhaps be attnbuted 1o the opening up
of shunts by vasop It should be
noted that mn the gastnc and splenic systems with
a hugh penpherat artensal resistance the appearance
:l;lslgfc\;e:;s wasddelayed but not to an extent which
e spond with the delay 1n arteral empty

Superior 1c blood flow
dye dilution techmique fell far below the 1

d by a
evel of



532

200 ml/min 1n humans for several mm after bolus
injection of 0 125 to 1 01U of vasopressin (NORRYD
et coll 1975) which has nlso been reported by
ERwALD et coll (1976 determined by calculation of

h m the total splanct oxygen uptake after
intravenous vasopressin infusion) This marked de
pression of the flow also explains the decrease of the
portal flow found i dogs (NYLANDER 1967 SCHA

PIRO & BRITT)

It 1s interesting that abnormal vessels 1n carcinoid
tumours were more clearly demonstrated as well
as the extent of the leston The vessels m inflam
matory disease seem to be more sensitive to vaso
pressin than normal or neoplastic vessels thereby
admtmstration of the drug can add to the differental
diagnostic potential of angiography

Comphications

One patient referred tor examination because of
bleeding after gastnc resection followed by wound
infection began to bleed severely upon myection
of vasopressin In the control series an aneurysm
was found at the site of ligation of the gastroduode
nal artery The increased artenal pressure caused
by injection of contrast medium combined with the
penpheral vasoconstriction probably caused high
perfusion pressure m the gastroduodenal artery
with ensuing rupture of the aneurysm The patient
shocked but the bleeding was controlled by blood

fi and d p No other com
phications occurred

It may be stated generally that intra artenal ad
ministration of vasopresstn mncreases the amount of
information obtained about lesions n the pancreas
and Iiver with the exception of pancreatitis and
avascular liver processes It may also contnibute to a
differ between and infl y
disease 1n the intestines It may be of specral value
1 celiac stenosis by diverting blood from the supe
nor mesenternic artery to the hepatic artery

An advantage of vasopressin compared with other
vasoconstrictors 1s that its activity after bolus injec
tion lasts longer giving the examner reasonable
time for the angtographic procedure

SUMMARY

d as a bolus diately be

d the infor

Vasopressin

fore <elective visceral

E BOUSEN AND J GOTHLIN

mation obtained in hepatic and pancreatic die;
drug may be helpful 1n differentiating betweer
matory and malignant lesions in the ntestines
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COMPARISON OF THREE METHODS OF MEASURING LIVER
BLOOD FLOW

H PIRTTIAHO U PITKANEN M RalasaLMiand A AHONEN

An accurate method of measuring liver blood flow
of importance both for practicat and theoretical
isons hepatic flow estimations may for instance
useful for constdering a porta caval shunt opera
n and for the relationship between drug dispost
n and hver blood flow A techmique of measunng
¢ bload flow with dynanuc *#Tc™ sulfur collord
ns descnbed previously (PIRTTIAHO & PIThA
N 1977) bas been compared with two

Methods

Indocvanne green disappearance method  After
cardiac catheterization the venous catheter was
placed m one hepatic vem and the artenal catheter
left 1n the ascending aorta After withdrawal of
blood for plasma blank mdocyanine green (0 5 mg/
kg body weight} was given as a fast mtravenous
mjection 1n the left arm Artental and hepatic vemn

thods of exammung hver blood flow by n
yanme green (Cardiogreen) disappearance and
Xe wash-out

Materal

In 5 patients (4 men one woman mean age 36
ars) undergoing standard cardrac catheterization
= correlation between *Tc™ sulfur collord and 1n
cyamine green flow values was eval d Seven

bload were drawn simultaneously at 1 2
3469 12 15and wsome cases 18 and 21 mm
after the ijecuion Hepannized blood samples were
centnifuged at 3000 rpm for 20 mmn and assessed
immediately by a Hitacht 10} spectrophotometer at
awavelength of 800 nm agamst each patient s plasma
blank Indocyanine green coucentrations were plot
ted agamst time on a semiloganthmic graph and the
half ime of mdocyanme green (T/2) was read from
the Imear part of the curve The disappearance rate

flerent patients (4 women 3 men mean age 53
ars) admitted to the hospital for diagnostc liver
sts were examined to ascertan the relationship
tween flow values obtamed by ¥*Xe clearance
d *Fc™ sulfur colloid methods All cardiac pa
nts had normal liver function tests (amino

alkalme phospt bilirubin 45 min
‘omsulphatalen retention test) and none of them
w mcompensated heart failure  All liver patients
W disturbances in Iiver function and pathologic
ser parenchyma mn needle biopsy specimens All
tbjects were hospitalin patients the flow examma

ns were undertaken on the basis of an informed
msent

{K) was calculated from the equation A=In
2/ T/2 Estmated liver blood flow was calculated
according to CAESAR et coll (1961) from the
formula ELBF=kxBV/E where BV 1s the est
mated blood volume and E the hepatic extraction
efficiency of indocyamne green calculated as the
difference between estimated artenal and hepatic
venous plasma zero tume concentrations and expres
sed as a percentage of arteral plasma zero ume
concentrations Because of techmical difficulties the
determmation of E was not possible m all cases It
was therefore not taken into account n calculations

Submitted for publication 8 June 1979
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Table 1

Luer blood flow esumated with indocyamne green and *Te™ sulfur collowd n cardiac patients

Case Age and Diagnosis Blood Indocyamne green "Te™ sulfur collord Relatne
No sex volume differen,
(ml) v Flow T Flow percent
(min} (mi{min) {mm) {mlfmun) (mn|
] MM AS + Al 5 300 280 13144 270 13383 09
29 12667 18
M "M AS + Al 4 550 255 12376 267 11830 73
3 M Al 5750 280 13000 275 13230 08
266 13703 26
4 S4F ASD 4450 ” 90 10635 283 10903 1"
s M CMP 4950 750 13712 225 15746 53

AS=aurtic valve stenosss  Al=aortic valve mcompetence ASD=atrial septal defect CMP=congestive cardiomyopathy
Hf ttmes obtamed from measurements with gamma camera Other half times measitred with external scintillation counter

Table 2

Linerblc dfin estmated sith ®Tc™ sulfur collord accumutation and *¥Xe clearanc e in In cr panents

Cae Ageand Diagnosts Blood * Te™ sulfur collord MXe Rel.
No sex volume diff
(mi) T  Flow TP Flow ipe
(min} mlfighg/ () (ml/100 gf
mn) mm)

6 S9F Chronic active hepatitrs 3600 230 688 135 370 30
7 66 F Chronic active hepatatis 3950 700 790 104 480 244
R BF Primary billary cirrhosis 4050 210 775 08y 540 179
9 SR Primary bihary cirthosis 4850 237 814 07 60 90
10 34M Fatty degeneration of iver 6300 700 594 208 240 404
" 6 F Faity degeneration of iver 3780 193 952 o9 560 9
" 63\ Faity degeneration of hiver S470 77 867 045 1oo "a

of Inver blood flow resulting in somewhat overests
miuted flow values Blood volume was estrmated

as a function of tme The platesiu of the time:
ty curve was calculated and the nctivity of ¢
|

from the nomograms of Amensham Radioch 1]
Centre (1967) based on the weight and length of the
subjects

WTem sulfur collord mcthod Estimation of liver
blood flow by dynaque Tc sulfur colloid scans was
performed as described previously (PIRTTIAHO &
PITKANEN) In bnef a dose of 72 MBq was ijected
rapidly into a cubital vein and the accumuiation of
the 15otope nto the liver was recorded 1n 20 seconds
mcrements by the memory of the computer con
nected to the gamma camera (Radicamera Selek
trontk Denmark) When calculating the flow a
square of 2 cm x 2 cm within the liver image on the
computer display was defined by a light pen and the
accumulation of tsotope to this area was determined

ql subtracted from it Plotting
ences on a semilog graph gave a two phased
with a steep imtial part and a more gently $
later one The latter part of the curve was &
lated to zero and half ume of 1sotope accum
1o the liver was assessed The estimated Ine
flow was then calculated according to DOBS
JONES (1952) with the formuls given prev
Measurements with the gimm camera #¢%
formed on the day of other flow measurem!
the following d1y
In some of the cardiac patients lver blood
was esttmated also by imyecting oFem sulfur ©
fiately after indocy green i ‘l‘
cathetenization and measurng 1ts accumub
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i 1 Relationship between estimated liver blood flow (ml/run)

£d on the mdocyanine green disappearance methed and the

#° sulfur collord accumulation techmque y =1 24¢-270
88 p<0 0l n=7

o liver by a single channel pulseheight analyzer
5 11B Wallac Turku Finland) connected to a
i1tal ratemeter (SC 25 Wallac Turku Fmland)
‘e detector was placed aganst the night laterat
zst wall at the site of maximum dullness mn liver
reussion  The calculations for Liver blood flow
re carned out as previously described
In some cases the actwvity of ¥Te™ sulfur cotlord
blood specimens drawn for indocyanme green
¥aasurements was measured with 2 gamma counter
T KB 1280 Ultrogamma) The blood specimens
Vere hemolyzed with Zap Oglobin  before the
rFeasurements The hepatic extraction effictency of
£Tc™ sulfur collord was calculated as described
# Liver size was measured from the liver scans ac
zhrding to the method of RoLLo & DELAND (1968)
s» described by PIRTTIAHO & PITKRANEN Relative
+LBF was calculatd by dividing absolute ELBF
sAith estimated liver weight and expressed as mlf100
3 lver
' *"\e clearance method About 370 MBq of ®Xe
socommerz Berhn DDR) i physwologic saline
was yected rapidly mtravenously followed by
',I ushing with 10 ml of saline The removat of the
¢/ acer over a region of the liver selected with a hght

1

Fig 2 Correlation between relative liver blood flow values (mlf
mmf100 ) obtamned by the “Xe wash-out method and the
dynamic #Tc® sulfur collond accumulation technique y=0 8x
4623 r=067 p>005 n=7

pen 1 the antero posterior position was measured
with a gamma camera (Radicamera Selektronik
Denmark) interfaced with a small digrtal computer
(Nova 1220) The channel width used was 10 sec
onds and the whole measunng ttime 10 min The fast

of the two [ hiver clearance
curve was used for the calculations of hver blood
flow the slow component origmating from ex
trahepatic tissues (DARLE 1970 MACKENZIE et coll
1976) The estimated hiver blood flow was calculated
accordmg to the formula ELBF=AXk where A s
the partition coefficient between blood and the liver
tissue and k the disappearance rate constant of the
fast component The value of the parttion coeffi
cient ts dependent on the fat content of the liver
tissue (ANDERSEN & L.ADEFOGED 1967) The coeffi
crent value of 072 was used corresponding to a
twer fat content of 4 per cent (DARLE)

Results

Tables 1 and 2 give the relevant data for the car
drac and liver patients respectively The correlation
of hver blood flow values obtamed with dynamic
#Te™ sulfur colloid scans to those measured with
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mdocy e green ind ™ Xe 1y shown in Figs 1 ind
2 The men ELBF m cardine patients was
12582119 ml/min with indocy wune green and
1299453 ml/min with *'Te™ sulfur colloid  The
mean rehitve difference between these flow values
wis only 21 per cent The flow estimations with
Fixe nd T sulfur collord differed more  the
mein rehitive FLBE bung S7£27 ml/100 g/min with
the former ind 78211 mi/100 g/min with the ltter
techmgue  The rehive diffuience between the e
sults of these methods was 23 1 per cent

The extriction efficiency of indocy inine green
wis mensured in ces [and 4 to 70 7 per eent ind
72 8 per cent respectively  The oxtriction efficen
¢y of P!T¢™ sullur colloid was 78 por cent {(cise 2)
nd 79 pur cent (Case 4 mn the two mesured € ises

[hscusston

in the present mvestigation liver blood flow was
estimated with three different techniques e wch inde
pendent from the others Indocy wine green 1s s
moved from the blood flow only by the Tiver nd
excreted mto the e mostly i unchnged form
The first liver blood flow meosurements using this
substince employed the constant tnfuston method
wnd 1 modificition of Fick s principle but CAlSAR
ctcoll have shown that wlysis of the phismudis
wppewrince curve after 1 single mection gives
newly adeaticd results ' Te™ selfur colloid 18
phirocytosad by hepatie reticnloendothelnl cells
only mnor mmounts appeanng an the spleen ind
bone marrow  The cluamnce rite of particulate mat
ter by huplter cells hiis been shown to me wure hver
bload flow (DOBSON & JONIS) tnd the results e
buen closely comparable to those obtuned by direct
flow mensurements (Razzan & WAGNER 196!
CARTIR & ANRENEY 1964) Morcover the results
of uxtern il me surement of 1sotope tccumul won in
the Tiver hive been closedy compimble with those
obt uncd by repeted blood s impling (TORRANCE &
GOWINTOCR 1962) Radio ictive mire gases such i
INe hve been used in the mesurement of blood
flow in vanows orgins including the Iner  After
entering the blood strexm ™\ s distnbuted be
tween blood ind ver tissue nd wshed out by the
venous blood  The speaific blood flow {per unit
weight of tissuc) < be determined from the rite of
wsh-out AMost mmal cxpeniments have been per
formed by mjecting "¥Xe into the portal ven or
hepate artery (REES ot coll 1964 DANIELSON &

KARIMARK 1970 MACKINZIC o2 colt) tho
intrvenous inyectton his been shown to givecl
comprible results (I ARSOV et coll 1973) Al
backin the "¢ method 1s the fict that the
cocfTictent 1y dependent on the hipd content
orgwmn which 1s often bnormal in Iver disea ¢
the methods mentioned  the one wsing inda
green has been v stly used  nd it en therel
comsidered 15 1 stindird or reforence ma
mesuring hyver blood flow

The present investiion reve thed 1 goad e

tton between flow v ilues estimated with ™T¢
fur coliod wnd those obtined by the indow
green clorinee method  mdicwng thit &
byver sewnmng with **Te * sulfur collord » ay
tool i ex imuming lver blood flow Tt his
wdv it e of bang ¢ sy to peform ind offene
discomfort to the pitient Accordmg to pr
experience the reproducibility of the method:
furly Lood (PIRTTIAHO & PITR ANIN)

The centriction efticieney of indocy e
Wwas not iken into ccount i the present @
tions of estimated hver blood flow  The twor
which 1t w s mie tsured gave the me o resalte
per cent which 1s closely compaimble to the
reported by Carsar et coll The extriction ¢f
cy of ' Te™ sulfur colloid w s of the stme
magmtude  Thus lthough not tiking e
efficicney into ceount may led to underest
the liver blood flow the cfiect on the mutud
tionship between flow  mesurements wil
docy mine green ind ' Te® sullur collord s sr

Comprison of the flow mesurements &
two ivotope methods yrckded 10 uns sl icton
relion This may be ¢ wised by the dependet
lipd concentrition of the pirtition coeffics
%\e which his been shown to be positineh
reltd to the £1t content in the tissties (ANDIRY
LADE FOGE D) Three of the pitients hid Fu &
ertion of the hver nd the partiion coufti®
072 nught have been too smil On the othert
findms. 1 more v il partition cocfhicient nol|
sible without the iy sis of the st fitty @
of the Tiver This f1ct v muyhe thy mest s
disads mtice wsocnted with the o of Y
roubine estimitions of Iiver blood flow

In conclusion resuilts of Iner blood flov 2 ~
ment with H*Tem sulfur collond e CI““:J
prrible to those mesured by the estibh .
docyamine green mcthod  while e e
urement 1ppered 10 be less sitnfton
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SUMMARY
Liver blood flow was measured by dynamic **Tc™ sulfur
llod and ind: green

ce 5 subjects and by **Tc™ sulfur collmd accumula
n and ¥Xe wash-out 1n 7 subjects Results obtained by
“Tc™ sulfur collord and imdocyanmne green methods
re closely comparable whereas the flow values estt
ited by the two 1sotope methods did not comelate well
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RENAL OSTEODYSTROPHY

Effect of hemodialysis and la hydroxy vitamin D, on bone lesions
and metacarpal bone mass

] ANDRESEN H E NIELSEN and A JOHANNSEN

I'he radiologic bone abnormalities 1 patients with
onic renal failure are highly complex consisting
ssteomalacia osteosclerosis metastatic caleifica

1 and osteits fibrosa cystica with subpenosteal
orption (RESNICK & NIWAYAMA 1976) VitaminD
sstance 1n uremia may be explamed by a defecl
ydroxylation of vitamun D ly

months range 6-72) were evaluated radiographical
ly at the beginning of dalysis and durmg the follow
up period The patient s diets contamed 60 to 70 g
protewn 20 to 30 mEq sodwm and 500 to 600 mg
calcum per day They were dialyzed for 8 to 10
hours thce weekly using aonem 13 5 pm thick

neys (MAWER et coll 1973 BRICKMAN et coll
4) With the chemical synthesis of le hydroxy
slecaleiferol (Ja« OH vitamin D; HOLIC et coll
3) a new possibiity for the treatment of renal
eodystrophy was mtroduced The treatment with
OH witamun Dy 1s of chintcal value m children
1 adolescents with severe renal bone lesions
IELSEN et coll 1976 HENDERSON et coll 1975
HANNSEN et coll 1979) but 1its effect on bone 1n
ult patients with renal osteodystrophy are less
dent (PILRIDES et coll 1976 JunoRetcoll 1976
ELSENet coll 1977)

The present report describes radiologic bone le
ns and metacarpal bone mass during chrome
modialysts and duning treatment of hemodialyzed
ults with la OH vitarmin D, and p hate binder

b (Rhone Poulenc RP5) The
dialysts unit was supplied with distilled water and
the dralysate contained 3 0 mEq/l of calcrumand 1 2
mEq/! of magnesium No phosphate or fluonde was
added to the dialysate Eaght of the 20 patients were
treated with la hydroxy vitamm Dj; for 6 months
The time mterval from the beginming of dialysis to
the begmning of treatment ranged from 8 to 57
months with a mean of 30 months

1aOH vitamin D; (dissolved mn propylen glycol)
was given ietially m an oral daily dose of I ug It
was adjusted monthly according to the serum con
centration of calcium 1 order to maintamn calcium
within the upper normal range If hypercalcemia
developed the dose was reduced but the treatment
was never discontinued In order to control hyper

h 1

Matenal and Methods

Twenty patients (8 males and 12 females) aged 18
54 years with chroms¢ renal failure (due to con

was given
for 2 to 3 months before the start of 1o HCC treat
ment and was conunued dunmg lo HCC treat
ment with changes i dosage accordmg to vanations

n serum phosphate None of the patients recerved
oral calcium 1

or antic Isants but
nital renal disease polycystic hidney disease one panen! recetved 5 mg predmsone daly for
salgetic pathy chronw gl phntis 1h d arthntis

wome pye) hnitis or hroscl ) treated

1th hemodtalysis for more than 6 months (mean 28

Submitted for publication 11 May 1979
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Radiography of the skeleton except the nbs and
the shaft of the long bones of the extremities was
performed and evaluated blindly with regard to
rarefaction of the spine subpeniosteal erosions n
tracortical cyst formations and acro osteolysis The
presence and extent of calcifications in soft tissues
and vessels were also evaluated The cortical area of
the second left metacarpal bone (D —d )/D? was
used as an index of bone mass measunng the outer
diameter of the bone width (D) and the diameter of
the medullary space (d) at the midpoint of the shaft
at nght angles to the long axis of the bone as de
scnibed by DEQUEKER (1976) The results were ex
pressed both in absolute values and as per cent of
reference values from cases of stmilar age and sex
given by GARN et coll (1971) The intraobserver
vanation coefficient on (D -d?}/D wns 1 6 per cent
and the mterobserver vanation coefficient 2 4 per
cent

Results

At the beginning of the dialysis 11 of the 20 pa
tients were considered to have a shight degree of
osteoporos:s of the spine Only one patient had sub
periosteal erosions and one acro osteolysis No cyst
formation was found Calcifications in the soft tis
sues appeared 1 10 patients The metacarpal bone
mass was subnormal compared to the reference val
ues given by GARN et coll

Dunng the penod of dialysis the mmcidence and
degree of osteoporosis of the spme icreased A
significant increase 1n the frequency and the degree
of subpeniosteal erosions occurred Soft tissue
calaif were h 1 1n 3 patients but in
creased in 11 One patient developed intracortical
cyst and acro osteolysis developed in one patient

Per cent

10

90 ]

[ 20 a0 60 4

Metacarpal bone mass (D?~d?)/D? corrected for nomul&:
ton in per cent of nital value n 20 chromic heme
patients duning dialysis ® males O females

asteaporosis of the spine at the beginmng
tr and 1n § porosts developed
the dialysis la OH D, treatment did not ch
mcidence and degree of osteoporosis St
erosions appeared in 6 patients at the beg
the treatment and were unchanged at compld
the treatment in 4 cases tmprovedin2 C
cyst developed dunng dialysis and disappear
ing la OH D, treatment None of the patiet*
acro osteolysis at any time Duning treatmett
tissue calcifications increased in 2 patients &
creased 1n one (Table) Metacarpal bone m®
creased significantly (0 12% per month pd
Wilcoxon test) before la OH vitammn Dywaf

and decreased 1n one In all patients the pal
bone mass was reduced dunng the whole pertod of
dialysis (Figure p<001 Wilcoxon test) and yearly
(p<0 05 Wilcoxon test)

The most common stte of subpenosteal erosions
was at the medial end of the clavicles and the termi
nal tufts of the hands Vascular calcifications oc
curred most often in the abdommnal aorta (12 pa
tients) the thac artenies (13 cases) penarticular
calcifications most frequently at the humero scapu
lar joint (7 patients) In a few cases the calaifications
were localized to the mterphalangeal joints in the
hands and feet

All 8 patients treated with 1o OH vitamin Dy had

no i change occurred dun%
treatment penod |

Discussion
amildé

At the beginning of the dialysts only
he fol*

of renal osteodystrophy was found In
penod an increase in the meidence and
subperiosteal erosions tn soft Lissue caletfi
and 1n osteoporosis of the spine occurred &‘““
significant decrease in the metacarpal bone ™
The radiologic features of renal osteody
are well documented n patients with 5“‘:
failure (JOHNSON et coll 1967 WELLER®! ¢
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Table

‘al data radlogic evaliation and metacarp i bone mass in 8 hemodials ed patents at the begirning of diah sis (1) before 12y and
after (3} 1w OH vitanun Dy treatment

Age at Duration of  Osteoporos:s Subpenosteal Soft tissue (‘D——d plisg
start of dialysis of the spine erostons ; ; :
treatment  before _— —
treatment 1 2 3 1 2 3 1 2 3
{manths)
-7 23 + + + - ++ 4 - - - a7 076 073
3 n + + + - + + - + ++t 080 080 080
34 57 - + + + +HF+ b + - - 08 079 077
51 21 -+ o+ -+ & +  +4+ 44 085 082 078
40 % + + + + - + ++ th g 082 079 080
51 8 - + + - - - + b4 b 091 091 0%
3 51 -~ ++ o+ - ++ 4+ -~ ++ o+ VT2 065 063
27 43 -~ + + - - - - 079 072 073
s 36 08 078 078
/

i

‘EMA et coll 1972) The subpenosteal resarption
ne of the most common skeletal abnormalities
EMactcoll 1978) and can be dwnded wio sub
osteal imtracortical and endosteal resarption Of

o subpenosteal resorphion 18 3 neady patho

pfmome sign of hyperparathyroidism (GENANT
ot MY 1975 In the present senes 8 of 20 pauents
Sub}r"’) developed subperiosteal erosions dunng dia
b This 15 10 accordance with tne findwngs of
CM{EN et call (1970) who observed a relation be
, (&1 the duraton of dialysis and the developmenm
! Lubpenosteal bone resorption
i ittle information 15 available about the effects of
OH vitamin D, on the radiologic bone lesions m
*"jents with severe renal farlure Previously re
l’ﬁsslon of rachitic lesions was observed 1n chil
n and adolescents (NIELSEN et coll 1976

swons mcrease or are unchanged durning chromic
hemodialysis whereas both the present and prev:
ous results (HENDERSON et coll NIELSEN et coll
1977) seem to indrcate that treatment with 1o OF Dy
and phosphate biader may prevent the progression
of radio] broch and ¢ bone
1e5100S OF Sven ymprove them 1n patients on chrome
hemodialysis

SUMMARY

Radiologic bone lestons 1n 20 Iong term hemodialy zed
patients with chronic renal fatlure are descrhed Dunng
chronic dialysis the bone lesions increased Treatment of §
patients with la OH D, for 6 months prevented progres
s1on of the bone lestons or improved them

5 NDERSON et coll JOHANNSEN et coll ) and of ACKNOWLEDGEMENT
mlﬂy"JpEnosteaI €rosions tn some adults (DAVIE et coll la hydroxy vitamin D; was kindly supplied by Leo
76 JUNOR et coll PIERIDES et coll ) foll Ph Products Copenhagen Denmark
OH vitamn D treatment An mprovement of
becular  bone remodelltng  and  biochemical
R 3
anges has been found most evident m EFERENCES

patients
th marked histologic and boch by )

's (NIELSEN et coll 1977} In the present series the
4+ hologie signs of renal osteodystrophy progress

qtf during dialysis became stationary or showed a
U‘\dency to regression dunng treatment with 1o

Adroxy vitamm D; However n 4 of 6 patients the
'%Ypeamnce of the subpenosteal erosions was un

vanged at completion of lreatment
n‘, The present results imdicate that uremic bane le
o

BRICKMaNA S Suprrarp D J Jowsey] SINGER F
R BavLink D J Marovey N Massry 8 G
NORMAN A W and CoBuRn ] W 125 dihydroxy
<holecalesfasol Effect on sheteta) Yesions and plasma
parathyroid hormone levels i uremic osteodystrophy
Arch mtern Med 134 ((974) 883

CoHEXM E L CoMEN G F AHAD V and Kave
}l,\alem‘l’%;n?l os(;odyjrmphy i patents on chrome

halysis 0]
{5701 IZ»;Y radiological study Clin Radio] 21

DM 3 W CramersT M HUNTERT O PrecB
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EVALUATION OF THE PROGRESSION OF
RHEUMATOID ARTHRITIS

Sigmificance of age at onset and sex

A DECaRvALHO H GrauDaLand B JORGENSEN

present report 1s part of an mvestigatton of
ognosis and progresston of rheumatod jomnt
e based on radiography of all imb jonts the
ihiac jomts and the cervical spine of each ind1
m a group of patents with rheumatoid ar
Previous reports on the prognosis of
1atoid arthntis have been based on chmical
ation and radiography of selected yoints How
for many joints the extent of joint mvolvement
rheumatoid process 1s not known
= tadiol PP of rh d jomt
:ment 1s complex In order to provide a stand
lescription a sconng system has been used mn
smologic investigations (University of Man
ter) Further a more elaborate grading system
linical use has been evolved by LARSEN (1973)
modified by LARSEN et coll (1977} The prog
s of each jomnt 1n terms of the percentage of
s presenting the grades 0 1 2 3 4or5 respec
y atagiven tume after the onset of the disease
aeen described elsewhere (DE CARVALHO et coll
" In order to compare varous clinical and lab
ory s With the radiat
latter should preferably be expressed numencal
The aim of the present report 1s to evaluate the
sresmion of theumatoid arthntis and to relate the
ologre progression to the age of the patients at
onset of the disease and the sex

i g

Material and Metheds

The series consisted of 188 patients with definite
or classical rheumatotd arthntis (ROPES et coll
1958) who had been treated n an arthntis chnic and
followed for 3 to 12 years No seronegative patient
had psonasis only two men and one woman both
seroposttive had psonasts The chinical exarmnation
of the patients was performed by the same physician
(H G)

During the period of observation radiography of
all hmb jomts the cervical spine and the sacro-siac
Jomts was carned out on at least two occasions
giving a total of 429 examinations In another 232
examnations some but not all jomnt regions were
examined and n some cases films were not available
at the ttme of the analysis The average mterval
between the two examinations was 3} years

At least two projections of the joints were used
with the exception of the tarsus which was
examined only in the lateral projection All films
were evaluated by the same radiologist (A C ) with
out knowledge of the clmcal findings According to
the system used (LARSEN et coll ) the joints were
graded by a companson with standard films Six

grades were defined denoted by the figure 0 to 5 as
follows

Submutted for publication 21 June 1979
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>

Fig | Development from grade 2 to grade S 1n the same knee

Grade 0
Grade 1

Grade 2

Grade 3

pormal findings

shght abnormality including penarticular
soft tissue swelling juxta articular osteo
pororsis  possibly with shight narrowing
of the joint space

early bone erosion and distinct narrowing
of the jont space In weight beanng
Jomnts  a distinct narrowing of the jont
space without evident bone erosion was
also classified as grade 2

medium destruction marked narrowing of
Jomnt space and bone crosion also of
weight beanng joints

DE CARVALHO H GRAUDAL AND B JORGENSEN

severe destruction only mmor [
the articular surfaces left
mutilating changes with compk!
struction of the articul ir surfuces
The appearances of grades 2 to 5 1n the samé
at different occasions are dlustrated i Fre | )
Special problems occurred 1 the evaluationd
sacro ihac jomts and the cervical spine "
these regions will be discussed separately e
Jomts were divided to 20 groups {Table L
compnising joints with uniform progressio?
disease (DE CARVALI{O et coll ) '
Only distinct joint abnormahties comresp”

Grade 4

Grade 5
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Table 1
Relationshup between ace and sex and imohement in dyfferent joinz
groups

Age at onset =4} years Women

—_——

Degree of p< Degree of P<

dwvergence divergence
Shoulder 0 03 [ 09
Elbow -2 e o 06
Wonst 0 01 0 04
CMC1 [ 015 +2 Do
CMC 25 0 03 +1 03
MCP1 0 025 +1 ot
MCP-S -1 Q025 +7 00°5
Fingers PIP -5 0 02 +1 02
Fingers DIP2-5 +3 00008 +t 0
Thumb 1P jomnt 0 05 +3 00005

- Hip 0 0y E 006

knee E 005 0 07
Ankle +1 009 0 03
Tarsus 0 0975 0 008
Midtarsal joints 0 06 0 04
MTP1 Q Q25 +1 oS
MTP2-5 0 09 0 02
Toes PIP2-5 o o5 e [
Toes DIP2-S +7 0005 0 01s
Hallux 1P jomnt 0 03 -1 02
CMC C: 1 jomt MCP- yomt PIP

Proumal mterphalangeal jont DIP Distal interphalangeal jount 1P

jomt MTP M

1least grade 2 were taken nto account because
ade 1 by defi corresponds to

eal jont

terest group and a control group the differences n

snormaliies For statistical purposes the weight of
was attached to grades 0 and 1 while the weights

_» 1104 were used for grades 2 to 5 respectively
or each mdividual group of joimts the mean weight
£ all Jomts was cal J for each

the pr of the disease in the two groups
could be evaluated If the degree of mvolvement was
plotted against the duration of the disease a curve
was obtatned which flattened with increasing time
The degree of involvement was found to be an ap-

his mean was termed the degree of involvement of
1 groups of joints concerned As regards the
|7 Toups of patients a mean degree of involvement
+as calculated for each group of joints dat

pr Jy linear function of the square root of the
durauon of the disease (Fig 2} As regards a gnen
group of jonts differences between two groups of
patients may be evaluated statistically by means of

3 1€ s7me time after the onset of the disease For this
_‘urpose the duration of the disease wns dwvided wte
g ¢ enods ech of one year when the duration was J 1o
" 13 years With longer durations the penods were 14
" 015 161017 181020 and 21 10 25 years A general

- tew of the progression of the disease 11 a group of
¥ omtsigroup of patents was obtained by plotting the
* fegree of involvement against the duration of the
T Anease

“ When the patients had been dnided wnto an m

Iipear reg analysts In each group of jonts/
group of patients the vanance of the degree of in

t dep on the d of the disease
and may be described as a fmear function of the
latter A typical example 1s given n Fig 3 This
linear relationstup was estumated by means of the
program GLIM (NELDER 1975) The two regression
hines which denote the progression of the discase 1n
two groups of patients were assessed by using the
estimates of the vanances as if they were known In
Figs 4 and 5 the regression hnes are drawn The
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VARIANCE
2

0 1 4 S 16 25 36
YEARS

Fig 2 Average degree of nvolvement of all joints 1n the seres of
patients as a function of the square root of the duration of the
disease Linear relationship

usual statistical test for identity of two regression
lines with known vanances has a x? distnbution with
two degrees of freedom This test allows for the fact
that the number of examinations in each peniod var
1ed Certain conditions for the use of regression
analysis were not fulfilled Thus the same patient
appeared several times duning the period of observa
tion and rheumatoid arthntis can only become
worse or go nto remission but on the whole

diol do not disapy More
over the degree of involvement 15 descnbed by
means of a discreet variable Although the method
applied seems to be reasonably safe 1t was felt
that the progression 1n each group of joints n
two groups of patients had to be compard also by
viewing the graph directly This was expressed on a
scale ranging from 0 to 4 0 signifying no difference
and 4 two completely separate courses An equivo
cal result was also denoted In each case this was
done by companng the graphic distnbutions (Fig 4)
with the degree of divergence in order to avoid p-
values created by extremely margmnal issues that
were obvious when viewing the graphic representa
tion of the distnbution Such results were denoted
equinocal The degrees of divergence 2 and 3 appear
in Fig 4 The sign + means that the relevant factor
was related to distinctly more severe involvement of
the joint 1n question as compared with the controls
(Table 1) whereas the opposite ts denoted by the
sign — (Fig 5)

abnor

N "
+ + +

0 10 20YE

Fig 3 Change of the vanance as a function of the duzation

disease for a typical group of jomts/group of patients Th

ance may be descnibed by a linear function of the durabes

disease

Results

The relation between age and sex and thed
of mvolvement was not the same for differentf
of joints If a patient was more than 40 year
the onset of the disease a relation was evide
tween the higher age and more severe involit
of the following jomts the distal nterphal”
Jomts 2-5 of the fingers and toes and the anhk)
A distinct relation existed to less severe mv
ment of the elbow jomts and of the met
pophalangeal joints 2-5 In the other groups ofx
no relation to the age of the patient was found !
knee jomts the finding was equivocal since ¥
gression lines intersected each other

The mvolvement was higher 1n women w tht
lowing groups of jomnts metacarpophalangeal ¥
2-5 the distal interphalangeal jounts 2-5 of th
gers the interphalangeal yoint of the thumb 28
Joint between the trapezium bone and the bast
first metacarpal bone In the other jonts no &
difference 1 the progression was found In e
Jomt the finding was equivocal with intersect™
gresston lines

The size and composition of the groups a7
Table 2

Discussion \
Its which €

The method apphed gnes resu -
e a5 for a com¥’

reproduced and used as the basis
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- 16 25 36
k ¢ 4 YEARS

- Degree of divergence a) 2 and b) 3 between * groups of
s,

GHT

0 1 4L S 16 25 38

a YEARS

g S Rehmm between sex and degree of mvolvement Women
a)+ 2mnthe Jonts 2-5

£ results from different centres as 1t is founded on
rell-defined classification cntera and a relatively
smple statistical method An analysis shows that
1e importance of the factors tested differs i each
roup of joints
The age at the onset of the disease 15 of less
nportance for the long range prognosis if the latter
estimated on the basis of the radiologic progres
ton 1 most hmb joints The more favourable prog
osis found for elbow jomts and metacar
wophalangeal joints at a late onset of the disease
1mght be due to a smaller stress on these joints in old

WEIGHT
4

WEIGHT
4

0 1 L g 16 25 36
b YEARS

{p<0025) and b) + 3 i the interphalangeal jomt of the thumb
(p<0 0005} + Women @ Men

people As regards the distal interphalangeal joints a
defimtely less favourable prognosts was found to be
associated with a late onset of the disease In elderly
patsents the distal interphalangeal jomnts of the fin
gers are most frequently also affected by osteoar
throsts In the present series erosine lesions alone
were recorded and 1t 15 noteworthy that lesions m
the distal joints of the toes were also found The
Joints of the hand and fingers in women seem to have
a less favourable prognosis than in men No other
difference was found as regards the prognosis The
results cannot be directly compared with those of
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Table 2

Stce and composution of the groups (cf Table 1)

Age atonset Women
24] years
Percentage of examinations 493 £03
Percentage of pauents 521 793
Number of radiologic examinations 661 661
Number of examinations determening
¢ach point of the regression lines
Larger group
Mimmum 10 15
Maximum 28 40
Smaller group
Mimmum 3
Maumum 0 12

other reports which have based the prognosis on
the clinical find estimated fl I state or
exammations of selected groups of joints

It has been reported that the prognosis 1s better
for patients who are under the age of 40 at the onset
of the disease (SHORT & BAUER 1948 DUTHIE et
call 1964 SHORT 1968 FLEMING etcoll 1975 1976
KEITEL & UHLE 1976) but the opposite view has
also been advanced (RAGAN & FARRINGTON 1962)

It has also been stated that the prognosis 1s better
for men than for women (SOILA 1958 BYWATERS et
coll 1960 DUTHIE etcoll SHORT)which however
has not been confirmed by RAGAN & FARRINGTON
or SHARP et coll (1971)

It 1s possible that an evaluation of the prognosis
mayv differ 1 short and long obsernvation penods
The prognosis for the funcuonal state depends on
several factors and not only on the anatomic state of
the jomts

SUMMARY

The hmb joints of 18R patients with rheumatoid arthnitis
were classified according to the LARSEN sconng sy stem
The mean degree of mvolvement was approximately a
linear function of the «quare root of the duration of the
disease A muld course n the elbows and metacar
pophalangeal joints and a severe course in the distal
terphalangeal joints of the fingers and toes were related to
age over 40 yedrs at onset of the disease A severe course
n most jomnts of the hands occurred 1n women
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\ RADIOGRAPHIC PROGRESSION OF RHEUMATOID ARTHRITIS
RELATED TO SOME CLINICAL AND LABORATORY PARAMETERS

A DECARVALHO and H GRAUDAL

i1

 p¥hether a relation exists between some chnical
_d laboratory parameters and the progression of
\ umatoid arthritis as evaluated radiologically has
#an mvestigated The bastc method of evaluation
s described previously (DE CARVALHO et coll
" 300
‘um‘l'he Iiterature contains reports on the possible
ation between chnical and laboratory parameters
« o1 the functional state or the course of the disease
msimdividual jomnts and groups of jomts However
‘m::smllar report taking into account all hmb jotnts
.“‘ duated by umiform cntena seems to have been
waplished

s 1!

51 Materral and Methods

'““;TﬂThe matenal conststed of 188 patients with defi
>

€ or classical rheumatord arthntis (ROPES et coll
. #98) who had been treated and followed m an ar
e LIS chime for 3 to 12 years The patients were
amimed chinically by the same physicran (H G )
e laning this period radiography of all limb joints was
I rformed at least twice giving a total of 429 examt
¥ stions and of some but not afl jounts 1 232 exanu
1! wions The average mterval between two examma
M)»Dns was 3 5 years In connection with the radio
js~aphic examination several laboratory parameters
n ere determined The radwologic evaluation was
W rformed by means of umform critera by the same
*idiologist (A C ) who was without knowledge of
e clinicnl and laboratory parameters A classifica
on mto 6 grades according to the sconng system of
ARSEN (LARSEN et coll 1977 DE CARVALHO et
oll 1980 a) was used for all limb joints Previously
1€ basis of the formation of the groups of Joints and

I

the statistics apphied have been explamed (DE CAR
vAaLHO et coll 1980 a b) The factors with possible
relation to the progression of rheumatord arthntss in
the mdividual groups of joints appear m Table 1
The latex fixation test the Rose Waaler reaction
and reactions for organ non specific (ON) and
granulocyte specific {GS) anti nuclear antibodies
(ANA) were performed at Statens Serumunstitut
Copenhagen Positnve latex test corresponds to ab-
out 5 TU/ml of the international reference prepara
tion of rheumatoid arthnitis serum (ANDERSON et
coll 1970) The Rose Waaler reaction was per
formed as a sensiized sheep cell agglutmation test
modified as described by BICHEL et coll (1947) and
changed in 1973 into a mucro titration giving concor
dant results Test for ANA were performed as de
scnbed by FABER & ELLING (1965) and ELLING et
coll (1967) Human thyrotd tissue as the antigen was

replaced 1 1975 by rat liver for the determination of
ON ANA

Results

Subcutaneous nodules at least on one occasion
were associated with a shghtly more severe progres
ston n the metacarpo phalangeal and metatarso
phalangeal jomnts 2-5 and in the mterphalangeal jomt
of the big toe A relation evsted to less severe
involvement 1n the carpo metacarpal jomnts 1-5 but
not the progression any other jont {Fig 1)

A high (=41 mm/h) or a very high (=91 mm/h)
ESR {(Fig 2) on at least one occasion was related to
more severe degrees of involvement n all joints

Submitted for publication 21 June 1979



Table 1

Facters imestivated n rlanon to course of rheiomatord ar
thets i each jount grenp

Group with positive findings Controls

Presence of subcutaneous nodules at No nodules
lea tonce

ESR 41 mm/h at least once ESR <41 mm/h

ESR 291 mm/h at least once ESR <91 mm/h
Rheumatod factor present Latex test or  Rheumatord factor ab-
sent

Rose Waaler test positive at least once
Latex 1est and Rose W naler test both
postuive at least once

Both tests negative or
only one test positin e

Titre of the Rose Waaler test > 160 Titre <160
at least once
Tutre of the Rose Waaler test =610 Ture <640

at least once

ON ANA present (+ ++ +++)
at least once

ON ANA ++ + at Jeast once

ON ANA absent

ON ANA absent +or
++

GS-ANA present i+ ++ +++) GS ANA absent

at] ast ofice

GS ANA +++ atleastonce GS ANAabsemt + or

++

The positisity of the rheumatoid factor defined
by erther a posmsve latex test or a posiive Rose
Waafer reaction on at least one occasion w15 clearly
related ta a severe progression (Fig 3} However
the distal terphalangeal jomts of the fingers and
toes 1nd the interphalangeal jomnt of the thumb were
exceptions No relation seemed to exist between the
progression (n those jomnts and posivity of both the
latex fixation test and the Rose Waaler reaction and
this was 1lso the case with the metacarpo phalangeal
joint 1 and the carpo metncarpal joint 1

The high utres of the Rose Waaler reaction were
clearfy related only to the more severe type of pro
gresston in the ankles and in all metatarso phalangeal
Jonts 1-S but not to the progresston in the other
jomts {Fig 4)

Positne ON ANA was not evidently related to the
progression n the groups of joints (Fig 5) except
the metacarpo phalangeal jomnts 2-5 and the
metatarso philangeal jomts 2-5

Strong positivty of GS ANA (Fig 6)on one occa
sion was clerly related to severe degrees of in
volvement 1n most groups of joints except the distal
interphalangeal jonts of the fingers and toes the
metacarpo phatangeal joint 1 and the metatarso

A DE CARVALHO AND H GRAUDAL

phalangeal joint 1 Positivity of GS ANA wz
related 1o the degree of involvement in the by,
carpo meticarpal jomt 1 and the wnist

The composition of the £roups of patients i
controls and the number of examinations perfa-
appear from Table 2

Discusston

To the more severe prognosis of rheumatod
tor positive rheumatoid arthritis compared wit
seronegative 1s well known The present die
cate that this statement 1s vahd for any lr},
with the exception of the dital mterphdls
Jomts of the fingers and toes and the interphd
1omt of the thumb

The general absence of a positive relat
tween the nodules and more rapudly pros
Joint volvement mught be surprising (DLT¥
coll 1964 SHORT 1968 KEITEL & UHLE 9¢
may be explained by the fact that as a rule i
are associated with high ttres of the rheur
factor In the present series more progresss
thritic disease was related to the charactensti
rheumatord factor positvity and not to high
This means that there may be a dissocration
progressive jomt disorder and the extraas
nodules The shight refation of nodules to ther
rapudly progressive mvolvement of the mel.
phalangeal and metatarso phalangeal jointc
gests that such a dissociation 1s not complete

High or very high values of ESR on atlet
occasion was evidently refated to more sci¢?
grees of radiologic progression which &%
agree with previous reports (BROWN & Dt
1958 JACOBY et coll 1973)

The shight or absent positve relation off
ANA to rapidly progressing joit mvoh”
seems to be i accordance with the fact ¢
ANA typically occurs n systemc
erythematosus and often 1 the pauct articul
of juvemle chronic arthntts 1n which disex®
gressine erosnve joint disorder 15 unﬂﬂ"’”
nodules ON ANA 15 more clearly relted "
volvement n metacarpo phalangeal and D€
phalangeal jomts than un other ornts ANA |
refated to extra rticular features of thes™
thrrts (WARD et colt 1964) but no previots®
tion about the relation of ANA to the P
Joint involvement seems 10 be available
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IGHT

16

1 4 8 25 YEARS
elation betw een the progression i the proxamal wter
2 jowts 25 of the fingers and the presence on at least
sion of subcutaneous nodules (+) Controls (@) Degree
snee 0(p<04)

1 L 9 16

25 YEARS

Relation between the progression i the proumal mter
1geal joints 2-5 of the fingers and high ESR =91 mm/h (+)
\;ast one occasion Controls (@) Degree of divergence +

1

S ANA behaved quite differently It occurs
1ly n rheumatoid sera (67% ELLING et coll )

present data suggest that a strong reaction for
ANA mny be related to a serious progunosis as
irds jomt erosions

pncermng individoal groups of jomnts some of
nare related to the factors analysed in a way that
ers from other yjoints Thus the distal nter

langeal joints seem to constitute a particular
up n which the course of the disease 1s related

553

WEIGHT

1 4 S 16 25 YEARS

3 Relation between the progression m the proximal mter

S*Agahngea\ jots 25 of the fingers and posiwity of the

rheumatoid factor (+) Controls (@) Degree of divergence +2
(p<0001)

WEIGKHT

25 YEARS

Fig 4 Relaton between the progression m the prowimal wnter
phalangeal jomts -5 of the fingers and a high titre of the Rose
‘Waaler test (+) On at least one occasion Controls (#) Degree of
drvergence —1(p<02)

1 4 S 16

neither to the rheumatord factor nor to GS ANA A
more severe progression of their involvement s m
stead related to a late onset of the disease (DE CAR
VALHO et coll 1980 b) These jomts are rarely se
verely mvolved grade 3-5 after 11 to 12 years of
drsease occurring n the fingers 1n 8 per cent and n
the toes n only one per cent (DE CARVALHO et coll
1980 a) This mvolvement 1s not associated with
psonasis and represents probably not erosive os
teoarthntis sinee 1t 1s related to a very mgh ESR
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WEIGHT

WEIGHT

=ttt +

1 13 9 16 25 YEARS

Fig 5 Relation between the progression m the proxmmal mnter

phalangeal joints 7-5 of the fingers and positivity of ON ANA {(+)

on 4t Ieast one occasion Controls (®) Degree of divergence 0
p<0?

The interphalangeal joint of the thumb behaves stm
larly to the distal interphalangeal joints and 15 also
rarely severely involved after 11 to 12 years grade
3-51n 12 per cent (DE CARVALHO et coll 1980a)

Regarding the po ph 1 joint of the
thumb and the joints of the big toe the course 1s
related to the rheumatord factor and not to GS
ANA but their degree of involvement follows the
common development (DE CARVALHO et coll 1980
1)

1 3 9 16 %

Fig 6 Relation between the progression sn the prows
phalangeal joints 2-5 of the fingers and strong posiistiy !
GS ANA (+) Controls (®) Degree of divergence +?(p

In spite of a relation to both the rheymato!
and GS ANA some joints are seldom sev
fected In the hips the ankles and the |
interphalangeal joints of the toes lestons of
to5occurin 17 16and 6 percent respective
11 to 12 years (DE CARVALHO et coli 1980z
marhable relation exists between 1 severe |
ston in the hip joints and positivity or strong|
ty of GS ANA and between a scvere progre
the ankle jomts and very high Rose Walert

Table 2

Compasition of gr wupy of patients and sumber of examunations

Factor Percen Percen No ofra No of examinations determining
tage of tage of diologic each point of the regresston kines
examma  patients ¢
nons nrela of the ske Larger group Smuller grovp

ton to leton —_
controls Min Max Min M

Nodules 4 a1 661 1 34 10

FSR 231 mmih 72 686 661 15 38 + ”

ESR 91 mm/h 185 16 661 20 4 s 10

Rheumatond factor present %04 914 661 2 48 t 7

Rose Waaler and latex

Test positive 838 84 661 m 43 i !

Rose Waaler titre >160 566 530 661 » 3 9 !

Rose Waaler ture 2640 399 378 661 13 1 3 g

ON ANA present 213 292 558 14 35 3

ONANA ++ %3 s 354 8 » >0

GS ANA present 95 89 a7 14 28 ' .

GS ANA +4+ S44 160 149 1 9 N !
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SUMMARY

n 188 patrents followed for 3 to 12 years the radiofogic
irse of theumatod arthritis was assessed i 20 jomt
ups A severe course in most joints was refated to the
sence of rheumatoid factor and to high values of the
R Granulocyte specific antinuclear antibodies were re

d to a severe course in most joints The presence of
lules the Rose \\dnlcr titre and the presence of organ

1 specific were g lly unre
/ dto the course of the disease
/7
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REPRODUCIBLE POSITIONING OF THE SKULL AT TOMOGRAPHY

O EckeErpALand P NELVIG

hen a radiographic examination has to be re
ted 1d 1 proy and exp vanables
desirable for compartson with previous examtna
s At radiography of the skull cephalostats of
erent kinds are m current use especially m
ntology where repeat examunations are fre
wm At h and staadardized p on
ordmary skull table also results in a reproduct
vy suffictent for many clhinical purposes The

Frxation of the skull Three different positioning
and fixation methods have been tested 1n clmucal
practice A conventional head fixation device with
ear rods n the external auditory canal (cephalostat)
a vacuum adhered device with head pads (Fig 1}
and a pillow and fixation with nbbon The methods
will be briefly commented upon and a description
will be given of a2 simple ontentation system m as
sociation with the third method

Ity of the rep bility of the temp
ular joint at transcramal oblique examnations
been discussed by FROHLICH (1967) WEINBERG
70) BERGSTEDT & WICTORIN (1971) ECKRERDAL
LUNDSBERG (1975) and PETERSSON (1975) For
-aoral reproduction several kinds of wthties
st which on different ambition levels guarantee
sroducible radiographic 1mages
in chinical tomography of the skull a simple com
‘table and preferably reproducible p and
ation method ts needed The ddficulties in ob
mng proper postiomng and fixation increase
1en the are time- as for
ample I association with petrous bone radio
aphy (ROVSING 1970) Another problem 1s the
tricted area n relation to the examination table
thin which the tomographic plane may be local
d At the polytome this plane may have a distance
23 cm from the table Such facts interfere with
ease n positioning of the patients The vibra
s which are generated even in the best of tomo
aphs must also be constdered when desigming a
ad fixation system Every change of movement
rection will provoke vibrations

The cephal. with ear rods has been used for
patients 1n sitting posiion The expenences have
not been wholly satisfactory The patients have felt
discomfort from the rods due to the vibrations
especially when the tube makes rapid changes of
direction as 1n elipsoid and hypocyclod move
ments If the fixation has been of long duration the
patients may have changed position despite the
fixation The chinical result and hence the reproduct
bility did not correspond to the sophisticated design
of the fixation and the scales of the cephalostat The
same reservation could be made for the vacuum
adhered device which has been tested on patients
n supine or prone position This utility also may be
reset at identical scale values at repeated examina
tions However no means exist for deciding and
preserving the relation between the skull and the
cephalostat as when ear rods are used The prect
ston of the scales does not correspond to the destred
reproducibility It may also be noted that the metal
constructions of both types of cephalostats may be
disturbing in several respects also when estimating

Subnutted for publication 2 May 1979
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the positioning of desired tomographic layers The
comfort of the patient may also be questioned In
this respect the latter cephalostat 1s to be preferred

The third method for positionmg and fixation was
used with the mtention of preserving the comfort
of the patient and to obtain a reproducibility suf
ficient for most chinical situations A vacuum pillow
(ORTAP Scand 1an AB Helsingborg) was used
It proved to be valvable for choosing a suitable
thickness of the pillow 1n order to individualize the
head positiomng The pillow was formed with a
raised periphery 1n order to sustain and fix the skull
However arelable decision of the reference planes
of a skull partly hidden by the pillow was difficult
to make more so if the patient s hair was thick In
order to facilitate the determmation of the sagttal
reference plane the patient was provided with a thin
latex cap (Fig 2) on which the sagittal midline of the
head was marked When the patient was placed on
the pillow 1t was easy to determine the head onenta
tion despite the fact that the skull was partially
hidden With the aid of a perspex scale (Fig 2) 1t
wAs possible to choose the desired angle of the head
Other onentation planes were used to assure a three
dimensionally reproducible posittoning

The reproducibiity of the posiioning was tested
with a head and neck phantom prepared with metal
indicators placed in front of the auditory canal on
each side of the skull The phantom was examined
10 umes Between these 1t was withdrawn and the
pillow air filled The onentation followed the clim
cal procedure The exposure was made with ar
rested tube and the central ray at 0 The resulting
difference between the 10 examnations of the
phantom is mven 1n the diagram (Fig 3) The largest
angle deviation between these repeated examina
tions was 4 9 The mean deviation was %1 65

Discussion

An exact reproducibility 1s not obtaned even if 2
cephalostat with ear rods 1s used (ELIASSON 1974)
He obtained better results when Iight-cross onenta
tion of the head was used SAAGIUS evaluated the
relauon of morphologic well-defined pomnts i the
skull to the image of the ear rods of the cephalo-
stat He found a mean deviation between repeated
exammnattons of 4 8 mm which was considered to
be caused by elasticity in the lateral part of the
external auditory canal and the fact that the rods
often have a smaller diameter than the canal

Fig 1 Head fixation device intended for patients n p
ton

s 4

Fig 2 A patients head with a thin latex cap witb
marked and fixed by the vacuum pillow The o
checked with the aid of a perspex scale

b
Fig 3 Difference between 10 examinations of the F
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The vacuum pillow method has proved con
 ment in chinical use The precision may be com
ired with that on an ordinary skull table The
'llow increases the attenuation as well as the sec
dary radiation shghtly but the quality of the
ages 1s not appreciably impared The small
duction 1n quality 1s well compensated by fewer
satisfactory examinations caused by small move
nts by the patient because of uncomfortable posi
\ g and fixation

SUMMARY

Jescription of a method for obtaimng sufficient repro
sthility in odontologic examinations using a vacuum
ow

\eguest for reprints Trocent Orof T cherdnd The tnsu

: of Postgraduate Dental Education S 55256 Jon
nng Sweden
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SPLENOMEGALY HYPERKINETIC SPLENIC FLOW AND PORTAL
HYPERTENSION IN COLITIS

LEIF FRIMAN

Portal hypertension 1s most often caused by liver
thosis which gives nise to intrahepatic obstruction
venous flow leading to the developmem of ve
ug collaterals which may cause hife threatening
morrhage In liver cuthosis with ebstruction of
venous flow the portal flow 1s decreased the
ceral venous blood flow 1s to some degree di
ed from the hiver through portocaval shunts in
se cases with decreased portal flow the hepatic
eral flow 15 usually ncreased (REUTER et coll
75 FRIMAN 1979) This fact can be explained by
capacity of the hver for autoregulation of the
enal hepane flow (HaNsoN & Jounsox 1966
JCk et coll 1972)
Tt 1s not so well known that increased visceral
dod flow can be a cause of portal hypertension
AIMPEL et call (1972) descnibed a man 38 years of
¢ with capillary hemangiomatosts of the spleen
W portal hypertension They considered the 1n
€ased splenic flow to be the cause of portal hyper
fAsion No collaterals were evident at

sence of the expected decrease mn portal pressure
after the splenectomy could be explamed by the
portal sclerosts which may complicate all forms of
portal hypertension (PITLIA et coll )

WILLIAMS et coll (1968) analysed the splenic
blood flow m cirhosis and portal hypertension by
tssue clearance of radioactive xenon from the
spleen They found the splemc flow to be agreased
which they considered to contnibute to the elevation
of the portal pressure However they were of the
opinon that the level of pressure increase was mamn
ly determined by the rise i the hepatic resistance

The splemic blood flow m 19 patients with en
farged spleens mostly caused by hematologic dis
eases as myelofibrosis polycytemia etc was anal
ysed by GARNETT et coll (1969) using xenon tech
nmgue They found increased flow i all cases and
they postulated that the spleen acts as an artenio-
venous fistula causing an abnormally high blood
volume i these patients The total spleme blood

phy
1 no curhosis only fibrosis of portal tracts was
und at repeated liver biopsy

A similar case was reported by PITLIN et coll
977) It was 2 63-year-old woman with heman
omatosss of the spleen and portal hypertension but
th large portocaval shunts A splenectomy was
2rformed and only a shight reduction in the portal
ressure was recorded At autopsy a portal sclerosis
as found probably caused by the hyperkinetic
plenic flow leading to portal hypertension The ab

5 B0t

flow d for 8 5 to 55 per cent (mean 22) of
the cardiac output The portal pressure was not
measured

VIAMONTE et coll (1970) performed balloon oc
clusion of the splemic arery mn one patient with
portal hypertension and found a significant decrease
In the wedge hepatic venous pressure (WHVP)
However they found that after 30 hours the portal

From the De;
Westberg) s,
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partment of Duagnostic Radiology (Director G
$-11783 Stock Sweden
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pressure rose to the value before the occlusion
They supposed that the cause was 1n arteriovenous
shunting which may occur at the interruption of the
arterial splenic blood flow

In cnses with ulcerwtive colitis the incidence of
liver currhosis 15 1n most series about 2 per cent
(MisTILIS 1975) The chse of this cirrhosis 1s not
quite cler nd could be ¢l ssified 1s eryptogenic
These patients may develop g1stric 1nd oesophagent
virices but also virices at 1n ilcostomy stoma
(MISTILIS)

The vasculanty and the blood flow of the Iner
and spleen were preoperatively evaluated in patients
with extremely large spleens hypersplenism and
haemorrhge during 1975 to 1978 and the results are
now reported

Material

The matenal conststed of 4 men aged between 32
and 47 years {(mean 41} il with extriordinary
splenomegly Three patients (47 44 and 42 ycars of
age) had 1 long history (19-30 years) of ulceritive
colitis a colectomy hid been performed 9 to 14
years before the angiography

The fourth patient 32 years of age had symptoms
suggesting colitis between 6 and 16 years of age He
wAs 1lso (re ated for cohitis duning this period  Since
the age of 17 he had no symptoms indicating colitis

All patients had hypersplenism with thrombo
cytopenn They had all great vancosity 1t vanous
locations  manly oesophageal but also umbilical
hiaemorrhowdal and splenorenal Two patents had
episodes of bleeding from the vanices

Splenectomy wns performed in all the cases and
the syndrome of hypersplemsm disappeared s well
1s the bleedings The splemc wemghts vaned be
tween 740 nd | 130 g (me 1 933) and microscopy of
the spleens showed mainly congestion and hyper
plasia of the pulp and reticulum

The 32 yuar old man w s first operated upon with
ligation of the splemic artery and the left gastric ven
The bleedings ceased for more than one year How
ever new bleedings appeared due to varicose collat
erals and splenectomy was performed

None of the patients were alcoholics Luver func
tion tests were normal but someumes ASAT and
ALAT were shightly elevated Liver biopsies were
performed 1n 3 cases wnd at microscopy unspecific
mflammation and early or shight cirthosis were re
vealed

Methods

The recordings were performed before spl
tomy

Portal vein pressure was mensured At um}
portogriphy in 2 cases In one case the 3y«
man the pressure was measured 1t operation
1t the ligation of the splenic artery and latkr;
splenectomy

The wedge hepatic venous pressure (WHY
measured 1n 2 cases tecording to KROOK (19

Celine angiography was performed with
Isopaque Coronar which was injected 1ta
of 99 mifs (8§ 3-11 4) Supenor mesentenc
graphy ws performed with 60 mlatame .
104mlis{9 4-11 1)

The film series were progrimmed s o
celinc angiography 2 films/s for 4 s 1 filmfsi
and [ film every third s for 15's supcrior mese
angiography I film/s for 8 wnd 1 film every thr
24 s The mjections 1nd LXposures Were reg
with 1 Mingogrf

After the nngiogriphy with contrist medi
1sotope angiography was performed  Throut
catheters cither in the celiic or supenior mese
artery or i both separately 110 to 125 MBg’
sulphur colloid was ingected The activity
istered with a gimma camert and 1mages
taken with a formatter The registrations
formed during 20 to 40 s and onc or two
second were tahen Finally an ordmary Iner
scan was obtained

Dinensions of vessely were esimnid by
ing the dinmeters The proper hepatic the g
left hep tic the splemic and the superior me
arterses were measured one ¢m from the
The splenic the supenior mesentenc and
portal veins were mensured one cm from theee
ence ‘

Arterial flon As a parameter for the arters)
velocity in the nver spleen and intestine thet
tying time of the rteries was dclerml"l‘d e
teninl emptying time for a regron W1s defined 3
time elapsing from the end of the ingection ¢
artenes had emptied /

Venous flon  As a1 parameter for the \eno/uﬁv|
velocity the tme from the start of the I
miximum filling (maximum contrastng effet! \
splemic supenior mescnteric nd port il sewé
recorded s

Spleme st.e was calculated according 1 v
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[

Slenic flow and portal hypertension Ulcerative colitis since
349 colectomy 1963 Cehac angiography a) artenal phase 4 0's
4 ©)late venous phase .0 | s after start of myecton of contrast
Fledm Superior mesenteric angiography b)artenal phased7s
/d d} venous phase 15 4 s after start of injection A wade splenic
nery early fifling phase (a b) and steal from the supenor mesen

.
g

¥ teoll (1969) as the radiographic area of the spleen
' heasured as the product of the length and width

" Luer sie was estimated and classified as normal
ot enlarged

tenc ndicate hyp flow in the large spleen At
celiac imjection the venous return was diverted from the Liver and
directed to large collaterals as margmal veins of the remaming left
mesocolon (>} At supenor mesentenc tnjection venous return
mannly through the portal vem to the liver (—) Hepatic artenes
are not widened ta b}

Results
All recordings were performed before the splenec
tomy or the ligation of the splenic artery In the
32 year old man  first operated upon with & ligation
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Fig 2 Same patient asin Fig 1 Isotope angiography followed
for 21 s a) celiac b) supenor mesentenc iyecion €) Liver
spleen phy 1Smin aficr anteriorreg
stration After the celiac injection very little activity an portal
vewn and liver After supenor mesentenc injection activity in
portal vein (—) and liver Homogeneous isotope uptake i both
the normal sized hiver and the enlarged spleen No recorded
activity 1n the skeleton (¢}
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the splenic artery and later with splenectomy the
pservalions after the ligation are reported sepa
nely

Portal pressure
Ihe portal pressure was in 2 cases measured at
cal portography and the values were 2 9 and

7kPa tespectively

In the 32 year old man the portal pressure was
st measured (1976} at the ligation of the splemc
rtery The pressure was 4 1 kPa and at the moment
fbgation of the splenic artery an instant decrease to
7kPa occurred Two years later the splenectomy
as performed At this operation the pressure was
bout the same as immediately after the hgation (2 6
Pa) When the splenectomy was completed 1t de
reased to 19 kPa Tn the remainung case the portal
ressure was not measured

The wedge hepatic veaous pressure measured m
ipatients was 0 8 and 1 8kPa respectively and the
ortal pressure recorded at umbilical portography
1d at operation was 3 7and 4 1 hPa

Splemc sice
gAll spleens were extraordinary large (Figs 1a 2¢
¢} the splenic area being 298 to 448 cm (mean 387)
d the splemic weight 740 to 1130 g (mean 933)
he splenic area and weight was taghly carre
fted (r = 095) 1n 3 cases However 1f the 32 year
1d man was included the correlation was weaker
=067) He had after the higation of the splemic
riery many artenial collaterals which were higated
st and thus the spleen was relativelv empty of
Nood when it was extirpated In the other cases the
plenic artery and vemn were ligated at about the
ame time
]
é Splemic circulation
Mean circulation ttime The artersal emptying ime
“ f the spleen vaned between 18 and 22 s (mean
21 The maxmum filling of the portal vem oc
= between 12 4 and 18 4 5 (mean 15 0)
In all cases except one an ordinary contrasting
* of the portal vemn occurred at celiac angto
h ¥ Inthatcase a47 year old man (Fig 1) very
rge shumts evisted 1n the hilum of the spleen to
EI0S 10 the Jeft side of the abdomen These vems
“ere probably marginal vems of the colon left at
colectomy (Fig 1c) Most probably there were also
shunts 1o the fefy renal vem In this case the portal
‘e was only famtly filled at celac angrography

In this patient 1sotope angiography of the cehac
and supenor mesentenc artenes obviously showed
the difference between the 2 circulation systems At
the celiac 1sotope angiography a great loss of flow
was recorded from the splemc vem and no flow
appeared m the portal vem (Fig 22)

At superior mesentenc mection on the other
hand no visible diversion of flow from the fiver was
recorded but a markedly increased flow in the portal
vem (Fig 2b) These 1sotope angographic findings
are completely i accordance with the flow direc
tions found at the anglography performed with con
trast medium (Fig 1)

The 32 year old man was re examined 2 years
after hgation of the splemc artery Very large artenal
collaterals from gastnc pancreatic and duodenal ar
tenes had developed to the spleen (Fig 3a ¢) The
emptying time of the splemic artenes was before
Tigation L 8 s and after 7 t s The maxuwoum fillng of
the portal vemn occurred at 12 4 s before and 169 s
after the ligation (Fig 3b d) and the contrasting
effect was also decreased

Dumnensions of vessels The dameter of the
splemic artery vaned between 11 and 16 mm (mean
13 3) and the diameter of the splenic vein between 14
and 25 mm (mean 19 8} In all cases except one the
47 year old man with large shunts in the hlum of the
spleen the vein was wider than the artery In this
case the vein and the artery had the same diameter
(14 mm) dicating early loss of flow from the splemc
vean {FRIMAN)

Superior mesenteric circulation

Vean circulation ime The emptying time of the
mesentenc artenes vaned between 6 0and 9 8 s

In all cases a gh contrasting effect of the portal
vein occurred at supenior mesentenc angiography
The maumum filing of the portal vem occurred at
1541025 4 s (mean 19 8}

Dunensions of vessels The diameter of the
supenor mesenteric artery vaned between 10 and
13 mm (mean 10 8) and supenor mesenteric vein be
tween 14 and 19 mm (mean 16 3)

Luersie
The liver s1ze was estimated as normal m all
cases However in one case the 44-year old man
computed tomographv performed one hour after the
angiography demonstrated a rather small liver and
revealed large areas consisting of venous siructures
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Fig 1 37 year-old man Extreme splenomegaly hyperhmetic
splenic flow and portal hy pertension Splenic artery hgation 1976
Treated for coliis between 6 and 16 years of age Cehac angio
graphy a) before Digation of the splenic artery artensal filling
phase 1 * s after start of injection b) venous phase after 12 45 )
after hgation artenal filing phase after 35 s d) venous phase
after 16 9s The splenic artery widened early filling phase (ayand

(Fig 4) These findings explaned the ncorrect
estimation of the ver size with other methods

Hepate arculanon
Mean circulation ime  The emplying time of the
hepatic artenes was 32106 6s(mean 5 1)
In the 32 year-old mun the emptying time of the

almost all contrast medium passes to spleen hyperke st
flow After double figation (=) of the splenrc artery st
kinetic flow through dilated arterial collaterals oser u:
duodenum and pancreas to the spleen (¢) Astentl ﬂ‘u\‘ld
obtamed 2 3 s Jater The portal vein (~) 1s namoRs? ¥
contrasting effect 13 Iess after higation (d) than before tt

hepatic artenes changed from 5 8 s pefore t0d
fter the higation of the splenic artery
Dinmtensions of vessels The diameter of the T
hepatic artenies varied from § mm 10 7 mm .
5 8) and the left hepatic arteries varied from 37
S mm (mean 4 0}

ber
The transserse area of the night and Tef 4%
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g 4 ddycarold man Extreme h

T
plenic flow and portal hypertension Ulcerative colitis since
950 colectomy 1967 Supenor mesentenic angiography a) ar
‘;rml hase 43 s after start of ijection b} venous phase after
273 Stea) 1o a widened splensc artery (—) from the supenor

rtenes vaned between 267 mm and 47 4 mm
(mean 34 6)

The diameter of the portal vein vaned between 24
ad 23 mm (mean 25 5) and the transverse area
between 452 mm and 615 mm (mean 512)

1 the 32 year old man the transverse area of the
hepatic arteries was 267 mm before and 44 7 mm
after the higavon of the splenic artery corresponding

values of the portal vesn area were 615 mm and 380
mmt (Fig 3b q)

ta) indicating hyperkinetic spleni. flow
Hepatc artenie are not widened In (b) a portal vem aneury sm
¢~} and a dilated porial vem (++) ¢ d) Computed tomography
The portal ven ancurysm {-+) The left kidney 15 compressed by
the enlarged spleen

Luver spleen scuttigrapin

A high splenic uptahe corresponding to the
splenomegaly was encountered in ali cases (Fig 2¢)
The 1sotope accumulation 1n the Iner was ho-
mogeneous 1 3 cases In the 43 year-old man a
defect was observed caused by a wide umbilical
vem This vem was seen 1 the venous phase of the
angiography both with contrast medium and with
1sotope (Fig 5)
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Fig 5 47 year-old man Extreme splenomegaly hyperkmetic
splenic flow and portal hypertenston Ulcerative colitis since
1962 colectomy 1968 a) Liver spleen scintigraphy Defectin the
Iver uptake The defect was caused by a wide and tortuous um
bilical vein (~+) demonstrated at celiac angiography with contrast
medium (b) and with 1sotope angiography (Fig 6)

No increased skeleton uptahe occurred 1n any of
the patients (Figs 2¢ 5a)

Discussion

Spleen An interesting observation was made by
ITZCHAR & GLICKMAN (1977) who found several
cases with splenic vein thrombosis without enlarge
ment of the spleen This means that obstruction of
the splenic venous blood flow does not necessanly
tead to spenomegaly This 1s 1n accordance with the
everyday radiofogic observation that splenic venous
constriction or obstruction caused by pancreatitis or
carcinoma seldom 1s assocrated with an enlarged
spleen Splenomegaly 1n Laennec cirrhosis probably
depends on other factors than venous stasis exclu
sively As reticuloendothelial (RE) cells are de
stroyed 1 Laennec cirrhosis RE cells will appear
in other organs e g the spleen and the skeleton
Thus the sp! ly can be expl d by a com
pensation of the RE cells destroyed in the cirrhotic
Iner An increased accumulation of isotope ts nor
mally recorded in the spleen and the skeleton
Laennec curhosis f the scan ts performed with
»Te™ sculphur collord which is handled by the RE
cells

The recorded activity of the sheleton was not
increased n these 4 cases However the 1sotope
uptake 1n the large spleens was markedly increased

B Ty
i ,
\
o
o .

— |

The scintigraphic findings thus differ from the

ngs n ordinary Laennec cirrhosis The

splenar

ly 1n these cases could be caused by the Jong(

tion of the inflammatory process of the
The spleens were very large m
(740-1 130) the area of the spleen was

colon
mean 9
n mez

cm? (298-467) In portal hypertension depe
manly on Laennec cirthosis the area was nt
210 cm? and mn 7 cases with normal portal pres
the area was 1 mean 101 cm? (FRIMAN)

The volumetric splenic flow was ncreased
present 4 patients compared with patients '
Laennec cirrhosts and normal cases The para™
for splenic flow velocity the emptying time of
splenic artenes was in mean 2 1 s whichissh

than previously reported (in mean 2 6's

Boust'

REDMAN 1966 FRIMAN) The splenic artery &
ter was 1n the present imvestigation In m:aﬂ,l
mm In Laennec cirthosts it was in mean 971

and as the parameter for flow velocity #as

sher

the volumetnic splenic flow in these extremely B

spleens has to be more than twce that
Laennec cirrhosts

‘The transverse area of the portal sem
(n mean 512 mm?®) was more than twic!

1 ord®

nthis g™
¢ the I

i}
verse area of the patients with Laenne¢ crrrhos

mean 220 mm?)
The maxmmum filling of the portal vé!
angiography n these 4 cases oceurred

1 ot &'
atn e
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8 & Same case as in Fig § The 1sotope anglography was
Cillowed for 47 s fn the first frames 15010pe in the catheter ()
2 Inch1s washed out and later the umbihcal vein (~+) s filled with

wlope and clearly distingmshable due to its supecficial location

2
.5 0sand in cases with Laennec carrhosts (FRIMAN)
twas in mean 147 s Corresponding values for
'nammum filhng of the portal vemn at supenor
JResentenc angiography were 19 1 sand 17 55 Con
cquently the portal flow 1n this group with extraor
dmary splenomegaly 15 more than twice the flow m
Jhe group with portal hypertension due to Laennec
L 1Thosls SHIMPEL et coll and PITLIK et coll have
discrbed portal hypertenston due to wncreased
Splenic flow m patents with splenic heman
domatosis  These patients with extraordmary
‘sill:ﬂcmega[y and hyperkinetic splemic flow also
2 ¢ increased portal flow which seems to be at
€33t partly responsible for the portal hypertension
:;u‘;ral respect the increased portal flow per se can
Wer obstructive changes as portal fibrosis in the
Or i what respect the coliis itself 1s respons

]
Ibk for the abnormatities wn the hver seems difficult
todecide

mﬁ’;‘" The observations of the fiver regarding the
on between (1) portal pressure and wedge

hepatic venous pressure (WHVP) (2 artenal and
portal venous flow and {3) scimtigraphic findings
differed from ordinary Laennec cirrhosis

Ad 1 In 2 cases both the WHVP and the portal
pressure were determined WHVP was normal (0 8
and 1 8kPa) and the portal pressure was markedly n
creased (3 7 and 4 1 kPa) In normal livers and in
Laennec cuthosss the portal pressure and WHYP
usually are of the same value These findings are 1n
accordance with MISTILIS who ¢clatms that in most
cases of colitis with cirrhosis there are obstructions
at a presinusoidal level leading to high portal
pressure and normal WHVP

Ad2 In Laennec liver cirrhoss usually the portal
venous flow 1s decreased and the arterial hepatic
flow increased which 1s explamed by the capacity of
the liver for artersal autoregulation In the present
cases the portal flow was not decreased nor the
arteral flow increased

The arterial emptying time of the hepati¢ arteries
was in mean 5 1 s and i cases with portal hypesten
sion due to Laenncc cirhosis it was mmean 32's
(FRIMAN) The transverse area of the hepatic ar
teries (mean 35 mm?) was about the same as in cases
with normal portal pressure (mean 37 mm?) and
these values should be compared with the cases with
portal hypertension due to Laennec cirrhosis {mean
82 mm? FRIMAN) Consequently the artenal hepatic
flow was not mcreased due to the fact that the
portal flow was not decreased

The autoregulation of hepatic artenial blood flow
can be illustrated by one of the cases the 32 year
ofd man He was first operated upon with iigation of
the splenic artery resulung in instant decrease in
portal pressure (from 4 1 to 2 7 kPa) At the same
operation the left gastric vemn was ligated The
bleedings ceased for mote than one year Two years
later a repeat angiography was performed The
transverse area of the portal vern had changed from
650 to 380 mm?® and the maximum filling of the portal
vem from 124 10 16 9 5 both findings tndrcating a
decreased portal flow This decrease was compen
sated by an increase of the hepatic artenal blood
flow The transverse area of the hepatic arteries
changed from 27 1o 45 mm? and the emptying time
from 5 8104 2 s ndicating increased arterial hepanc
flow (Fig 3)

Ad 3 The 1sotope uptake i the hiver was normal
without defects except in one case (Fig 6) Inthis
case a defect was caused by an anglographically
demonstrated wide and tortuous umbilical ven
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The present resuvits as well as those previously
reported (NEBESAR & POLLARD 1966 FRIMAN)
demonstrate that superior Ic

gnes the highest contrasting effect of the portal
vemn particularly m portal hypertension The celiac
system sometimes has such a great loss of flow
through shunts that the portal vein does not fill at all
or 1s only famntly filled at celiac angiography

Conclusions

Pauients with a long history of colitss may develop
extreme splenomegaly with hypersplenssm and por
tal hypertension (1) At angrography hyperkmetic
splemc blood flow was demonstrated (2) The
hy perkinetic splenic blood flow increases the portal
blood flow (3) The portal pressure 1s increased and
portocaval shunting develops probably pnmarnly
depending on increased splenic blood flow and sec
ondanly depending on ncreased hepatic resistance
(4) The sncrease tn hepatic ressstance 15 caused by
abnormalities considered as shight cirrhosis prob
ably due to the Jong duration of the icrease 1n portal
flow (5) The scintigraphic findsngs differ from those
tn Laennec cirhosis  the uptake m the hver 15
homogeneous and no uptake mn the skeleton 1s re
corded (6) Splenectomy cures both the hyper
splenism and the portal hy pertension
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aemign and malignant lesions  both vasoconstnctors
ABRAMS 1964 BOUSEN & REDMAN 1967 KAHN
tcoll 1967 KAPLAN & BOORSTEIN 1972 EKE
LUND & LUNDERQUIST 1974) and vasodilators
RHAN & CALLOW 1965 BOUSEN & REDMAN 1966
TREED et coll 1968 RFDMAN et coll 1969 Dan
ORD 1970 UDEN 1972) have been used successfully
0 vanous vascular regions

Selective angiography of the mtemal thac artenes
35 a well established method for diagnosing gyneco-
ogic tumours (AL TEMUS 1968 1969) Whether the
ase of vasoactive drugs can increase the mformation
obtamed by anglography of such tumors has not
been estabhished ERELUND & LUNDERQUIST used
angiotensin for vasoconstriction dunng angiography
of the mternal ihiac artery in 6 patients In 3 of these
the drug was found fo have sigmficant vascular
Sffects but mereased dragnostic mformation was
questionable

Some vasoconstrictor drugs probably with dif
“ferent modes of activating the vascular smooth
Fmuscle cells and the vasoditator bradykinin were
given dunng selective angiography of the internal
e astenies 1n a senes of women with various kinds
of pefvic tmor and the results are now reported

¢

Material and Metheds

w;‘:!:hsenes consisted of 62 women without pre
i 1story of gynecologic tumor or with a non
““lp O(r’r]\anc but palpable pelvic tumor Preopera
Sdcc):v ¢y were examued by uitrasound and by
Theal ¢ angiography of the intemal 1hiac artenes

Rgiographic method and the results of these

X have been presented previously
UKARLSSON & PERSSON 1979)

The systemic blood pressure and pulse rate were
contiuously recorded durnng the angiography
using a polythene catheter OD/ID [ 57/f f4 mm
wmserted nto the left femoral artery with the up
placed at the aortic bifurcation  The catheter was
connected to an Elema Schonander FMI 34 pres
sure recorder and a Mingograf 800 Blood pressure
mjection ume and exposures were recorded In all
cases the exposure rate was 2 films per second for
2 s one film per s for 4 s and one film every other
second for 8 s The amount of yected contrast
medium and the myection ime were also the same

Approximately 10 min after the fivst yecuon of
contrast medium 1nto both the mternal diac artenes
the drug to be tested was imected mnto the nght one
After 30 to 40 seconds another bilateral internal
ihac angiography was performed The branches of
the left Whac artery served as a control to those of
the night artery 1n which the drug had been ingected

The transit tine was measured as the ime interval
between the end of the mjection of the contrast
medum and the last film on which the medium was
observable in the most penipheral branches of the
internal ihac artenes

The drameter of the pelvic artenes was measured
on the films using a scale lupe with 10 times magni
fication

The drugs tested doses and number of patients
are given m Table |

S 1sig ¢ was

d by means of

Subrmitted for publicaon 20 July 1979
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Student s t test Values of p<0 01 were considered
significant

The effect of the repeat angiography on the transit
ume without vasoactive drugs was tested in 10
patients (Table 2} No sigmificant changes were
found

Results

Prostaglandin Fy, Sixteen patients received 250
or 500 pg of prostaglandin Fx (PGFxn) None of the
patients was premenopausal Four had myomas 5
had benign cysts and 5 malignant ovanan tumors
Two patients had leiomyosarcomas of the small
intestine

After the admunustration of PGF,  a decrease in
the diameter of the utenine artery on the side of
myection was found 1n 2 patients one with struma
ovarn and one with myoma The reduction of the
diameter was 0 5 mm and this reduction was bilate
ral in the patient with myoma

An ncrease m the diameter of the utenne artery
of less than 0 5 mm at the stde of injection occurred
in 2 pattents one with a myoma and one with a
simple cyst In these cases the transit time was
mcreased to the same extent as 1n other cases which
received PGFy

PGF, caused a significant increase i transit time
on the side of injection (Table 3) On the contra
lateral side a significant increase m the transit tume
was found 1n the utenne and vesical haemorrhordal
arteries (p<0 01) The mean increase of the transit
ume on the side of injection was 144 per cent and
on the control side 67 per cent

The increase in transit time was the same 1n the
various vessels of patients with myomas ovanan
carcinomas or bemgn ovanan lesiens por was any
difference observed between large and small tu
monrs

Both systohc and diastolic pressures increased
after the admunustration of PGFy the mean increase
for both being 11 mmHg with a maximum after a
mean of 21 seconds The mavimum increase was
observed in a hypertonic patient the systohc and
drastolic pressures increased by 55 and 45 mmHg

respectively
One of the patients who recetved 500 ug of PGFy,
pl d of mid abd ] pam Jrately
after injection The pam ceased completely after
about 30 to 40 seconds No other symptoms were
reported
& hsinevasopressin Thirteen patients 2 of whom

S KARLSSON P H PERSSON AND k E ANDERSSON

Table 1

Drugs tested doses and number of pitients

Drug Dose Noof
patieats
Prostaglandia Fy, 250 g 5
500 pg 1
Vasopressin 051U 7
05 U [
Noradrenahn 25 pg 3
50 pg 4
Oxytoem 51U u
Methylergometrine 250 g 6
Bradykinm Spg 2
10 ug 4

were premenopausal received 025 or 05 JU
vasopressin  Four patients had myomas 6!
ovarian carcinomas and one a bemgn cyst 1
had small psulated h
After the mmjection of vasopressin a decress
the drameter of the uterme artery on the sidedl
Jection was observed i 3 patients In 2 of t¥
the decrease was less than 05 mm In onep
menopausal woman with myoma the decrease’
1 5 mm (Figure)

After myection of vasopressin the ncrez
transtt time was highly significant or significan
all arteries on the side of mnjection whens
was sigmficant (p<0 01) only mn the wmfenor g
and nternal pudendal artenies on the ¢
side (Table 4) The mean increase tn transit &
the artenal branches on the side of injection was
per ceat and on the control side 80 per cent

The inerease i transit time was not depender!
malignancy or on tumor mass Howerer a &
ence was observed concerning the Increas
transit ime of the utenne artery [n patients ¥
myoma the mean merease in the utenine anten !
3724197 per cent whereas it was 128151 per®
in the other patients However this difference ¥
not statistically significant

The systemic pressures increased after the at
istration of vasopressn The mean systohe press
increased by 9 mmHg and the diastolic by St
a maumum being obtamed after a mean
seconds

The patients did not report any subject
tions after the iyection of vasopressin

e 1o
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Table2

Change 1 transi tme {in per cent) dunin~2 selectne anoworanhies of the interma’ thac artenes perf med
with ar interval of 10 mur (10 patients) o starusr cullv siompreant chan~es

Artery Right Left

Mezan+ SEM Range Mean=SEM  Ranee

1 Supenor gluteal 88 —%0-100 135 c-10
2 Inferor glisteal —50-100 AR 0-33
3 Internal pudendal 128 -0-33 1326 -33-33
4 Oburztor 618 —43.50 176 [0
§ Utenme 76 =11-30 LE-ad —30
6 Vesical + medial T3 0-20 113 —20-100
haemorrthoidal
Table 3

Chan,e i ransit ime {2 per cent) after injection of prostaglundin Fa 750 0r 500 pg tnthe ri ke internal
hac artery of 16 patients The tncrease in transit nme was sigmficant (p<0.01) or highlv st mitcant
{p<D 001) or the side of injection O the control s Je it was sigruficant wn artenes 5 and 6

Artery

513

Right Left
Meon £ SEM  Range Mean+ SEM  Range
U Supenor gluteat JLES —37-%8 Szt
2 Inferor gluteal 07236 —50-600 9x.6
3 Internal pudendal 147433 — 14357 §3+35
4 Obturator 15950 - 20167 91:.9
5 Utenine 116330 -33-300 89:77
6 Vesical + mediat
haemorrhordal 861 9250 828
Table $

Change in transit time (in per cent) after in ection [ 8-lvsine vasop esstr 0.5 or 05 IL 11 the nght
internal thac artery of 13 panenrs The tncrease in transit fme was sigmficant or htohly siomficans on
the side of injection OR the control side 1t was significant in arteres * and 3

Artery Right Left

Mean+SEM  Range Mean £ SEM  Range

1 Supenor gluteal 343 ~17-s00 62x33 ~T1-460
2 Infenor gluteat 123237 L0167 B3 1050
3 Internal pudendal jea ] 13-600 66+t -7
4 Oburator nax6s 0600 109242 -3
5 Utenne ~18£s5 o4 100 108215 050
6 Vesi al+ medial

hacmorrhowdal 17728 o320 61226 —29-200

Noradrenalin Seven patients recenved 25 or 50

8 of noradrenabin Two had y one had a
and ¢ had benign cysts All pa
Te premenopausal

In 4 patrents (2 with mvomas one with cvstadeno-
fibroma and one with a sumple cyst) a decrease of
less than 0.5 mm of the diameter of uterine artery
was noted on the side of myection In one woman

ats but one w e
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a

The large myomatous sterus 1s rotated and the night utenne artery
1s stretched over to the left (=} a) Before and b) after administra
tion of 0 § IU vasopressin

with myoma a corresponding decrease of the dia
meter of the utenne artery was also obsenved on the
control side

Noradrenalin consistently increased the transit
ume on the side of mjection (Table 5) However
this increase was statistically sigmficant only n the
obturator artery The transit time was not changed
on the control stde On the side of myection the
mean increase m transit tme n all branches was 78
per cent A shght and not n

After imection of oxytocin a sigmficant decrs
in transit tme was found in the internal pude™
artery on the side of mjection and n the g’
supertor and vestcal haemorrhoidal artenes o1
control side The mean decrease on the side of 1
tion was 7 per cent and on the control side 6/
cent (Table 6)

The blood pressure consistently decreased &
systolic pressure by a mean of 30 mmHg and?
i lic by a mean of 20 mmHg

blood pressure occurred both systolic and diastolic
pressures mcreased by S mmHg or less
No subjective reactions were reported after the
d ration of noradrenal
Onocn Fourteen pauents 4 premenopausal
were ginen 5 U of oxytocin At operation one
woman was found to have a normal gynecologic
status Sesen patients had myomas and § had bemgn
cysts One woman had bilateral and inoperable
carcinoma of the ovanes
After the admimistration of oxytocin the diameter
of the utenne artery increased on the side of injec
tion in 2 patients and decreased i one This change
was less than 0 5 mm and not correlated to age or
type of tumor

The maximum change was observed afterar®
of 30 seconds The maximum decrease 1 5}
pressure was 70 mmHg and m diastolic pmsurf‘
mmHg

No subjective reactions were noted after t
ministration of oxytoctn .

Metlnlergometrine S1x patients 3 prementi=
sal received 200 pg of methylergometnne 'ﬂ"";
of these had myomas 2 had bemign cysts and
large ovaman carcmoma  After the 1njecte?
methylergometnine no changes i the diametet
the utenine or other arteries were observed -

Methylergometrine caused no significant ﬂ“;
1n transit time  nesther on the side of mJ“"“”ﬁ
on the control side (Table 7) The mean ¢h>

pe 3t
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Table §
Change m transit hme (i per cent) after wyection of noradrenatin 2.5 or 50 pg 1n the nght nternal
ihac arters of 7 panients The increase in transit ume » as Iughly sigmficant i artery 4 on the side of
injection No sigmficant changes on the control side

Artery Right Left
Mean = SEM  Range Mean +SFM  Range
1 Supenor gluteal 48416 —27-100 527 —25-9
2 lofenor gluteal 0426 —79-150 2£8 =339
3 Internal pudendal 111435 —12-250 -9+8 ~33-25
4 Obturator 127312 100-150 8x13 -79-50
5 Utenne 65123 —9-150 ~5%7 -33-21
6 Vesical + medial
haemarrhosdat
Table 6

Change m transit ine (in per ceny) after ijection of ovytocin 51U wn the nght wternal thac artery of
M patients A sigmificant decrease in transit tune was found w artery 3 on the side of wjection and n
artenes 2 and b on the control side

Artery Right Left
Mean+ SEM  Range Mean * SEM  Range

1 Supenor gluteal 18474 —66-150 =737 ~67-0
? Inferor gluteal —~1429 ~60-40 14x19 —~60-150
3 1internal pudendal ~2247 —60-0 813 —60-100
4 Obturator =3+ —60-33 6130 —~40-150
3 Utenne 32 ~67-100 9423 —57-185
6 Vesical + medial

haemorrhoidal ~7+8 —45-87 1916 —50-25

Ul vessels on the side of snjection was —4 per cent
nd on the control side ~6 per cent

The effect on systemic blood pressure was negh
ie a slight increase of 2 to 4 mmHg of both the
ystofic and o bewng ded

None of the patients reported any subjective reac
ta0s after the admmistration of methylergometnne

Bradylimin - S1x pauents one premenopausal
fecewved 5 or 10 pg of bradykinn  Two had myo
mas 3 had benign cysts and one had bilateral 1n
operable ovarian carcinoma
‘hf’:“dﬂmm caused an crease 1n the diameter of
less Ihcnne arteries 1n 3 pauents The increase was
Yo 8" 05 mm and occurred on the side of yec
myomane|0r these patients postmenopausal with
meters G?:’? had a measurable increase n the dia
atengs o ¢ infenior gluteal and internal pudendal

the side of the being
mm

After bradykinm admimistraton a highly sigmifi
cant decrease n transit time was recorded n all
artenies but one on the side of myection while no
significant changes were found on the control side
(Table 8) The mean decrease 1 all vessels on the
stde of myection was 60 per cent and on the control
side 25 per cent

After bradykimin  the venous phase was en
hanced but this did not increase the diagnostic 1n
formation On the contrary 1n the artenial and capil
Tary phases nformation was fost to some extent

A small but consistent decrease in blood pressure
was recorded In the mean the systolic pressure
decreased by 8 mmHg and the diastohc by 6 mmHg
The maxumum decrease occurred after 25 seconds in
the mean

No subjective reactions were reported after the

ation of bradykinin
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Table 7

Change i transit fime {1n per cent) after wyect

ton of metinvlergometnine 700 pg 1a the nght intérnaf

ihac artery of 6 pattents No signtficant changes neither on the side of imyection nor on the control sule

Artery Rught Left
Mean + SEM  Range Mean+ SEM  Range

1 Supenor gluteal —66 -330 -7+5 =790
2 Infenor gluteal -7%5 -33-0 34 ~10-0
3 Internal pudendal 14513 -20-75 8%1s —9-75
4 Obturator 1919 0-50 <749 =330
5 Utenne ~15+9 -38-0 ~18+3 —23-10
6 Vesical + medial

haemorrhordal ~1%9 -33-20 —10x10 —29-0

Table 8

Change 1n transy time (1n per cent) after injectu

on of bradykimn 5 or 10 pg n the nght internal thac

artery of 6 patients The decrease in fransit ume was highly sigmificant for all but arten 2 on the side
of ingection Mo sigmificant changes on the control side

Artery Right Left
Mean+ SEM  Range Mean + SEM  Range

1 Supenor gluteal —62+9 —100--40 —18£32 ~100-—40
2 Infenor gluteal -50£14 -100-0 -3£27 -100-100
3 Internal pudendal —64+7 —84-~40 -3£17 ~75-33
4 Obturator ~6846 —84--50 -7 ~73-33
5 Utenne ~60+8 -84-20 ~39%27 ~84-33
6 Vesical + medral

haemorrhoida)

Tal Thel n n, these P53
Discussion (Table 2) refore any change m

In order to obtamn maximum information from an
angiography the senes must be performed m at least
2 projections In the present senes the tube was
tlted 6 n the second angiography and a vasoactive
drug was injected mnto the nght internal ihac artery
whereas all other parameters (amount of contrast
mediym myection time exposure rate) were un
changed It was hoped that the branches of the left
internal iliac artery could serve as a control How
ever several of the drugs caused a systemuc effect
as reflected in the blood pressure recordings and
1n the changes i transit ime on the control side

The mtenval between the 2 pelvic angiographres
was at least 10 min In a control group where no
drug was tnjected at the second angiography hittle or
no chinge 1 transit time was observed and no
change 1n the diameter of utenne or other artenes

meters after drug admunistration was regarded #!
drug effect The present results resealed that?
vascular reactions to the drugs used were the 7
tn normal vessels as 1n vessels supplying the pel
tumors It has been shown that in certam I
newly formed vessels do not differentiate 1af0 3
rioles and venules (BILLING & LINDGREN 194 ™
rematn embryomc in type and 10 a large extentl
smooth muscle cells in their walls As such &
should not be able to react to vasoactne dnf*
normal vessels a difference might be visible d
pharmaco angiography (ABRAMS ERFLUND LS
1972 ERELUND & LUNDERQUIST) In ¢ P
cases no such differences were found and ﬂ“[ .
the drugs used increased the dragnostic inform3 "":
PGF,, caused a marked contraction of the ¥¢
and increased the transit time up 10 60 w['GF
This was somewhat unexpected findmgs 3 17
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doses of 10 to 80 ug has been found to be a potent
stor when used for supertor mesenteric and
temic angiography {DENCKER et coll 1972 LEGGE
77} However the cuculatory effects of PGFxu
m to depend not only on the vascular region
t also on the concentration of the agent used
ALtk & MCGRIFF1976) Thus PGFa, nfused into
brachtal artery caused constriction at Jow and
atation at high doses (ROBINSON et coll 1973)
fferences 1n reaction to prostaglandin between
nous vascular regions or a biphasic action (vaso-
atation at low doses vasoconstniction at high)
ght explam the contractile effect of prostaglandin
nd m the present series m which the dose was
proximately 10 times higher than that used pre
usly visceral ph (DENC
Retcoll LECGE) Isolated human vessefs from
umbilical (PARK et coll 1972) cerebral (Toba
76) and penpheral (MIKRILSEN & ANDERSSON
78) circulations are contracted by PGFa It may
argued that the increase n transit time 10 the
nne circulation can be caused partly bv a con
sctile effect on the myometnium  Afthough such an
fect cannot be excluded 1t seemed to be of minor
tportance as the constrictor effect was even more
arkedin ¢ g the infenor gluteal artery on the side
mgection An effect on the systemic circulation
as reflected by the consistent increase m both
stolic and drastolic blood pressures
8 lisine vasopressin w the doses used was the
st potent of the vasoconstrictors but this effect
s not particularly marked on the utenne vascula
e Amarked increase in this vascular region could
“e been expected as it 1s well known that vaso-
essin has not only a direct contractile effect on the
enne vessels but also contracts the myometnum
SRERLUAD & ANDERSSON 1976) This 1s particu
2ly marked 1n the non pregnant uterus As the sig
ficance of the increase n transit ime was stmilar
tthe utenne artenes and 1n the other branches of
€ mtemal thac artery the vascular compression

st be of less importance than the direct effect
athe vessels

n‘gs;’mssm caused an increase w systolic and
ohe blood pressures 1t also increased the
’:l’:“!_r!;me of the artenal branches on the control
o IS increase was significant 1 2 of the 6
sels examined

::::;’:""“"" as could be expected caused a
The mcr::ﬂlﬂn but only on the side of imjection

'S¢ transi tume was highly significant in

RE TS

only one of the 6 arteries This may be explaned
by the small doses used which had practically no
effect on the blood pressure No difference n re
sponse was found comparing tumor vessels and nor
mal vessels

Oxvtocn was found to have almost no effect on
the vanous vessels Although it 15 well hnown that
oxytocm has a contractile effect on the non pregnant
myometnum (JOELSSON et coll 1966} 1he transit
time 1n the utenne artery did not mcrease (Like
vasopressin  oxytocin had a tendency to mcrease
the transit tme in the utenne arteries in patents
with myomas more than in those with other tumors
but this difference was not obvious and not statisti
cally significant )

The decrease m both systolic and diastolic pres
sure after injection of oxytocin was consistent and
significant  This confirms the results of MAYES &
SHEARMAN (1936) who reported a very rapid and
significant £1) 1n the blood pressure after intra
venous administration of oxytocin 1n doses varying
from 2 to 5 IU Ths decrease n blood pressure
may explam the decrease in transit time which was
observed mn a few artenes on both the side of in
jection and the control side

No effect of metinlergometrine could be demon
strated This 1s 1n line with the findings of GARRETT
& MOIR (1958) and GARREYT (1959) who found that
the non pregnant uterus has a low sensitnaty to
methylergometrnine  much less than the puerperal
uterus The direct effect of methylergometnne on
the blood vessels of the non pregnant uterus 1s small
(KOFLER 1972) and 1ts vascular effect 15 generally
neghmble (CLARK et coll 1978

As n other vascular regions bradyAmnin caused a

fatation of most t of the
mternal thac artery but only on the side of injection
1t has been suggested (WEBER & NoOvak 1976) that
bradykmn improves the demonstration of vessels
affected by local mflammation and thit the com
bined use of bradykinin and a vasoconstnctor may
be helpful m certain cases to differentiate between
mflammatory and malignant lesions Only one pa
uient m the present senes who received bradylamn
had a mal; tumor and pathol vessels were
not better demonstrated after the bradyksnin myec
tion

The present results thus suggest that the vaso-
active drugs 1n the doses tested do not increase the
diagnostic nformation obtamed by selective angio-
graphy of pelvic tumors in women
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SUMMARY

Angiography was performed before and after intry
artenal admimstration of prostaglandin Fy 8 lysine vaso
pressin oxytocin methylergometnne noradrenilin and
bradykinin n 62 women with various pelvic tumors 1t
18 concluded that the use of the vasoactive drugs in the
doses tested did not improve the angiographic dignosts
1n unselected cases of female pelvic tumors
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PERCUTANEOUS TRANSHEPATIC PORTOGRAPHY
IN PANCREATIC CARCINOMA

Dragnosis and evaluation of resectability

W REICHARDT and I IHSE

The prognosis for patients with pancreatic carct
q

pancreatic veIns 1 pancreatic carcinomas have been

1s poor The results of p d

my according to Whipple have been discouraging
OSTER et coll 1967) Therefore a renewed mte
in total pancreatectomy has ansen and promis
. have recently been reported (BROOKS &
ULEBRAS 1976 IHSE et coll 1977) Only surgery
« ¢ure patients with pancreatic malignancy How
a proper selection of patients 15 necessary as
surgery 15 not meaningful once the tumour

1as grown outside the pancreas (I4st et call ) Cur
vdugnostic methods such as ultrasound com

d with the findings at anglography Special
attention was paid to the dragnostic accuracy and
prediction of resectability of the lesions

Materzal and Methods

Duning 1973 to 1978 35 patients with microscopt
cally confirmed carcinoma of the head of the pan
creas were d with per transt
tic portography and selective phlebography of the
vems of the head of pancreas at this Department of

er phy sc phy pic retro
ade cholangiopancreaticography (ERCP) percu
"eous transhepatic cholangiography (PTC) and
phy have d the possibihities of
an t P morphol dia
nosis (OKUDA et coll 1974 GOLDSTEIN et coll
94 CLASSEN et coll 1975 SHEEDY et coll 1977
USBAND et coll 1977 TRILLER 1978)
Freviously Suzuki et coll (1972) and TYLEN &
'NESIG {1973) found a correlation between angio
rhy {extent of artertal mvolvem: nt) and op

Bl

D Radiology As the hods and cnitena
for evaluation have been descnibed in detail else
where (GOTHLIN et coll 1974 REICHARDT et coll
1978) only a bnef summary 1s now given The portal
vewm was punctured using a 25 em long needle coated
with a polyethylene catheter (OD 16 mm ID 10
mm Surgimed Denmark) Contrast medium was
sected wath the tip of the catheter placed in the supe
nor mesenteric vemn In cases nvolving the con
fluence the splenic vein was also examned Forty

'Yjand survival time  BURANASIRI & BAUM (1972)
‘Er'o‘;(:“; have emphasized the 1mportance of the
Phase of coehac and supenior mesenteric
'ography 1n the evaluation of pancreatic carct
iog SO;‘umx enhancement 1s improved 1n direct
Phy compared with the venous phise of
m;rpholc + and more detailed mformation about

8¢ abnormalities 1s thys obtaned
© result of percutaneous transhepatic porto-

Braphy (PTP) and selective phlebography of the

ml of [ Coronar 370 mg I/m] (Nyegaard
Norway) was mjected at a rate of 8 ml/s 16 films
were exposed (S films/5 s 8 films/4 s 3 films/6 5)
After selective cathetenization of the pancreatic
veins 8 films were exposed (2 films/s) after mjection
of 2 to 10 m! of contrast medwm The amount of
contrast medium was adjusted to the size of the
vessel and the injection was made by hand

In 33 of the pahents a selective anglography was

Submutted for publicatton 31 May 1979
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Tig 1 Carcinoma of the head of the pancreas a) Selective phle
bography of the anterior supenor pancreaticoduodenal vern
Occluston of the vens of the head The lines represent the shape
of the obstructed common bile duct at PTC b) PTP Injection
nto the superior mesentenc vemn Stenoss of the confluence with
apressure gradient of 6¢cm H;0 <) PTP Inyection into the splemic
vein Stenosis of the confluence with a pressure gradient of 10 cm
H O The tumour was not resectable

performed including injection into the coelinc and  of contrast medium 1n order to improve filling oft¥

superior mesentenc artenes In 31 patients 25 mg vems The cnitena for evaluation of the angiog™

Tolazohn was injected directly into the supenor  findings were those described prcuously(L“
1c artery diately before the QUIST 1965 BOOKSTEIN et coll 1969 BURASE

Table 1

Rud: logic diignosts tn 33 patients s ith pancreatic carcinoma

Carcinoma  Sugges Pan Athero- Post Normal No ﬂdtqul":
ton of creauts matosis operative examunatio
carcinoma ab-

normalities
Angrography 28 0 0 - 1 2 o

Selectne s
phlebography " 4 3 0 [ o



PERCUTANEOUS TRANSHEPATIC. PORTOGRAPHY T

AN

-5

c

BAUM) and include  Arteral displacement artertal
Stenosis and occluston tumour vessels accumula
Yion of contrast medium within the tumour venous
displacement and venous stenosis and occlusion
Ta 34 of the patients obstructive Jaundice was the
;n:un Symptom and percutancous transhepatic cho
ngography was performed before angiography and
:::'Zifaphy One tumour was detected at elective
mmau:’slccmmy In 30 patients exuirpability of the
#as estimated at laparotomy and the find
i8S Were compared with those obtained at angio-
im'r:zrand phicbography In 2 patients the radiolog
ts were compared with autopsy findings one

Fig * PTP i three patients with carcinoma of the head of the
pancreas Varying exfent of venous mvolvement was observed
a) Cireular stenosis of the portal vein confluence and splemc vem
with irregulanity of the wall of the vessels b) Marked stenosss of
the supernor mesentenc vem close to the confluence ¢) Impres-
sion of the supenor mesentenc vein shght stenosis

and two months after examination respectivelv
One 70 year old patient was not operated upon but
pail with a hepatically applied endopros

thesss

Results

Angiograp/n  In 28 of the 33 patients the tumour
diagnosis was made at angiography (Table 1) Arte
nal encasement imited to small intrapancreatic arte
nies or tumour vessc]s was evident n 12 patients and
m 11 the gastroduodenal artery was also mvolved
E of other ext

IC arteries was
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a

Fig 3 Carcinoma of the head of the pancreas Al angtography
indication of non resectability a) Venous phase of angiography
considered as normal b} PTP revealed impression of the superior

found tn 5 patents and an additton 2 had hver
metastases

Evaluation of the venous phase of the angio
graphy disclosed venous lesions in 7 patients while
1n 3 venous mvolvement was suggested In 4 cases
no adequate venous filling was obtamned

In 5 patients the diagnosts of tumour was not
made at angiography No abnormality was found in
2 In 2 patients the vascular abnormaltties were er

ly dered as atherc and 1n both

selective phlebography indicated tumour growth In
one patient sten of the gast denal artery
was the only finding but was not of diagnostic value
because of previous resection of the stomach Selec
tive phlebography disclosed abnormalities sugses
five of pancreatits The patient died 2 months after
angiography and a tumour 2 em tn drameter at the
papilla surrounded by pancreatitis was found at au
topsy

Portograpin and selectn e phlebography In 21 of
the 33 patients correct diagnosis was made at selec
tive pancreatic phlebography (Fig 1) and 1 4 the
veins of the head of the pancreas were found to be

mesentenc vein At surgery a tumour 5 ¢m in Jiamesd ¥
resected radicality was doubtful Lymph node mctastzer®
present

obliterated suggesting tumour growth (Table I
3 cases the vemns of the head were irregular §
and erther stretched or tortuous indicating pan
tis (REICHARDT et coll REICHARDT 1980) 'y
cases the selective phlebography could nol
eval d due to extrava of contrast me
and tn 3 due to inadequate filling of the pnncn‘
vens

Infiltration of the superior mesenteric vem &
vein or confluence was found in 4 patems € 4
for wfiltration were circular stenosts with iree ™
ty of the wall of the vessels (Fig 2) or W™
thrombus A marked stenosts 1n 12 cases mdic
tumour growth adjacent to the vessel

Smooth local impression of the vein $as found ¢
7 cases 1 2 the mvolvment of the vems “"
doubtful In 8 cases no mvolvement of the &
the superior mesenteric or the splemic velr d
found

Evaluation of resectabiin
with encaser of the g
tumours were regarded as non resc
graphy In spite of this resection was ¢!

Including P> ;
1uadenal anen !

clable ot 35
formedet
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o

of these cases buf

th t m 3 surgery was not radical and

© Patients died within 6 months after surgery One
PAlient m whom radicality was doubtful died 10
months after resection No recurrence was found at
2utopsy

The portography reveated i

Fig 4 Carcinoma of the head of the pancreas a) Simultaneous
coehiac and supenor mesentenc artery mgection Stenosis of the
smaller pancreatic arteries Short shght stenosis of the gastro-
duodenal artery atats ongin_b) Venous phase of angiography No
venous volvement c) PTP Slight impression of the supenor
mesentenc vemn At surgery a tumour 5 ¢m n diameter was
resected radicality was doubtful

patients the resection was difficult and the blood
loss during operation marked  All patients died with
n 20 months after surgery

In all cases the portography demonstrated the
morphologic abnormalities of the portal system

n aled venous n
“patents Five of these tumours were d but

more d ly than did the venous phase of supen

M 3 mstances not radically In 2 patients with tu
'r’“’"fs of about 5 cm diameter resection was per
ormed with doubtful radicality (Figs 3 4) Inthese $

or 103 y (Fig 5) In 12 cases the
portography disclosed mvolvement of the portal sys
tem undetected at angiography In 4 of these 12
cases non extrpability was already mdrcated by en
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Fig 5 Carcinoma of the head of the pancreas a) Venous phase
of superntor mesentenc artery injection Compression of the con
fluence dilated tnbutanes of the supenor mesentenc vemn b)

casement of extrapancre itic arteries or liver metas

tases In an additional 3 patients the gastroduodenal
artery was encased In 5 patients the mmvolvement of
the veins demonstrated at portography was the only
sign of non extirpability

Discussion

For diagnosts of a pancreatic carcinomn several

—
R
1
] 1
y v
; »
—_— 4 4
b

PTP Injection into the supenor mesentenc vein reseakd
placement of the vein marked stenosis and thrombus {~

the proper method to evaluate the extirpabilty
operatively A clear correlntion between 1ngiog
ic findings operability and survivil time has¥
demonstrated (SuzUKIetcoll  TYLEN & ARV

Table 2

Carcinomas of the head of the pancreas with venons im he®
but without artenal abnormahies mdicatmg n o resectit

methods are avatlable such as ultrasound p
tomography scintigraphy ERCP PTC and angio
graphy In the myonty of patients the diagnosis can
be cytologically confirmed by fluoroscopicaily gurd
ed fine needle biopsy (TYLEN et coll 1976 HAAGA
& ALFIDI 1976 HO et coll 1977 GOLDSTEIN et
coll 1978 EVANDER et coll 1978) As most of the
patients with carctnoma of the head of the pancreas
are admitted with obstructive jaundice transhepatic
cholangiography combined with fine needle aspir
tion biopsy 1s the first dingnostic step at this hospi
tal Assoon as the diagnosts of a carcinoma 1s estab
tished 1t 1s of importance 1n planning the tre itment to
determine the extent of the tumour and its extirpa
bihty The size of the tumour can be estimated by
ultrasound graphy and hy
and these methods are also useful for the detection
of lver metastases  As invasion of the large vessels
adjacent 1o the pancreas 1s a hmiting factor for radh
cal surgery angiography and portography should be

Case  Porto  Angio-  Surgical findings
graphy graphy
venous
phase
4 ++ + Tumour of about 10 cm dime!e?
not resectable
2 (o) Not rescctable liver mefa tas?
++ - Tumour of 4 cm drameter rest
not radical
4 ++ - Not resectable
s + +) Tumour of 7§ m dismeter €<
not radcal
6 e - Movable Iner metastases
7 + - Tumour of § cm dumeter e

radicabty d abtful Iympb node
metastases

*+ stenosis

+ mpression or displacement
+} uncertain involvement
) no adequate filling

- no sbnormality
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order to improve the results of radical surgery a
wreful selection of patients based on a proper pre
ratnve evaluation of the extirpability of the pan
eatic carcromas 1s of utmost importance
Previously 1t has been suggested that mvolve
ent of extrapancreatic artenies s indicative of
nextirpability of the tumour SUZUKI et coll
denal

ond that even em of the g d
ery or several p 1c arteries
operability

TYLEN & ARNESJO found tn 26 patients with n
olvement of the gastroduodenal artery only 6 re
ctable tumours and none of these 6 patients lived
ore than 12 months In the present senes 11 pa
ents had of the gastr ! artery
2 of these the tumours were resected tn one case
1¢ resection was not radical and the patient died 6
wnths after surgery The other patient had a very
light stenosis of the gastroduodenal artery at uts
ngin (Fig 4) possibly caused by atheromatosis
These findings argue for non resectability 1n cases
ith obvious tumour encasement of the gastroduo
enal artery It has not been reported to date If
ncasement of the mam stems of the portal vemn
ystem 1s a reliable indication of non extirpability
n most of the present patients involvement of the
rge vems was combined with abnormalities tmdi
aung non resectability at angiography such as en
asement of the gastroduodenal artery or other
Mrapancreatic arteries In 7 patients (Table 2) with
‘enous involvement without artenial abnormalities
ndicating non extirpability the tumour was regarded
435 non resectable at laparotomy Three of these
»atients were operated upon with resectron In 2 the
eséclions were not radical and in one radrcality was
loubtfut and furthermore lymph node metastases
Aere present
Strgery was not radical n any patient with evt
dent mvolvement of the vems In all cases with m
nor displacement of the vessels in which resection
“asperformed the operations were techmically diffi
::[: :;‘ds complicated by mtraoperative bleedings
wiih Sma]‘l:?:es surgery was regarded as radical but
argin (2 mm) These results suggest that
fz;:';ls :wnh Stenosts of the man stems of the portal
sum‘;s CTI‘: are not suitable candidates for radical
(1974 who r\: contradicts the results of MARIONS
the veins 1y wll:cr:]ed atleast 2 cases with stenosts of
¥ 4 ocahiseq :rcn resection was considered radical
Srved 2t pon, pression of the portal vemn 1s ob-
ography radical surgery may be at

e may be

d but the proced ly diffi
cult

The present results indicate the usefulness of por
tography m the evaluation of resectability of pan
creatic carcinoma The method should be used as a
supplement in patients 1n whom angiography does
not give unequivocal information about non resect
ability

Resection of tumours encasing the gastroduodenal
artery was formerly regarded as worthwhile in low
nsk patients (TYLEN & ARNESI®) As regronal intra
arterial infuston of cytotstatics has been reported to
dimimish pamn (GAZET 1973) palhative resection no
Tonger seems to be d further h g
the need for a proper preoperative evaluation of
resectability

The drag of p 1c can be
made at selective phlebography of the pancreatc
vems However i mostcases the diagnosis is easy
er to obtamn with other less invasive methods and
phlebography cannot be recommended for diagnos
tic routine use A number of cases will stull remain
where the differentiation between carcinoma and
pancreatitis 15 difficult and m these cases selective
phlebography of the pancreatic vemns can be of value
(REICHARDT et coll REICHARDT)

SUMMARY
In 33 patients with carcinoma of the head of the pan
creas both hy and h

y d with selective phy of the
pancreatic veins were performed The tumour diagnoss
«as made m 28 patients by angiography and mn 21 by
phlebography Correlation was found between extrapan

creatic artery encasement nvolvement of the mam stems
of the portal vein system and non resectability of the ty

mour In 5 patients venous imvolvement demonstrated by

was the only indi ofnon bility of
the tumours
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ANGIOGRAPHY AND PANCREATODUCTOGRAPHY IN RESECTABLE
CARCINOMA OF THE PANCREAS

T Suzukt T ManaBe T Tantand T TOBE

In the past decade various radiologic approaches
wh as angiography  pancreatography and cholmn

ography have been employed m attempts to
hieve early detection of carcinoma of the pan

¢as However the clinical value of these methods

articularly in an early stage of malignancy has as
tnot been clearly determined

In a previous report (SUZUK! et coll 1979 a) the
recise location or extension of a pancreatic tumor
ould not be satisfactonly established without com

ned il of both phv and pan

reatoductography which were also of considerable
Tportance tor the selection of the proper surgical
Tocedure such as total pancreatectomy Although
be diagnostic value of these types of procedures has
®en evalyated separately no assessment of their
ombined use seems to have appeared especially
9 carcimoma of the pancreas in a resectable
tage Therefore an evaluation was made of the

cr y or distal p: y These 18 pa
tents at a resectable stage are the subyect of the
present evaluation
The chmical diagnosis was confirmed at micro
scopy In 15 patients the tumor was located i the
head in 3 m the body of the pancreas Tumors
focated tn the ampulia of Vater the termmal bile
duct or the duodenum were all excluded from the
sSeres
In addition to conventional ¢cehiac and superor
1c hy map pr oblique
projections with superselective or pharmacologic
techmque were used (SUZUKI et coli 1979 b} En
doscop grade p y was per
formed with an Olympus JFB 2 duodenofiberscope
under fluoroscopic control Patients in whom cannu
fation of the pancreatic duct was unsuccessful were
excluded from the senes urespective of the endo
scopic detection of duodenal mucosal lesions or can

ombined use of and d

p p
*2phy for determination of the size and extenston of
LPancreatic tumor when sull resectible as weli as

;“eaiwumem of 1ts value for the surgical manage
4t

of the bile duct Laparotomy was
carmed out 1n all of the patients within three weeks
after the radiologic examinations
The smaller intrapancreatic arteries such as the
duodenal b hes of the d ar
tenes evenif clearly demonstrated at superselective
or pharmacologic angiography were frequently dif
ficult to evaluate Similarly at endoscopic retro-

Matenal and Methods
p:;\ecuw. angiography and endoscopic d
mom'oaucmgmphy were successfully performed
PeTatively in 51 panents with of the
pancreas g,

grade pan hy the small branches of the
main pancreatic duct were sometimes difficult to

ghteen of these patients could be oper

ated
UPon using the Whipple procedure total pan

evaluate Accordingly the of vascular

Submmutted for publication 3 December 1979
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Table 1

Radiofogc findung s in 13 resectable carcinomas of the pancreas

Case Size of Vascular Ductal Capsular Stagnation
No tumor stenosis or stenosis or mvasion of pancreatic
(cm) obstruction  obstruction secretion
1 15x10 - - - -
» 17x17 - & - .
3 20x15 - + +
4 20x15 + + - +
5 10x17 - + +
6 25x12 - + + +
7 30x1S + + + +
8 30x” - + + +
9 30x20 + - + -
10 40%x35 + - + +
1] 40x40 + - + -
(4 42x30 + + + -
13 50x%30 + + + +
14 50x40 + + + +
15 55x35 + + + +
16 60x60 + + + +
17 65x40 + + + +
18 70x60 + + + +

invasion by tumor was based on evaluation of the

absence of vascular and ductal tumor masen®
radiol results were divided into four groups |

vessels down 1o the level of the pancreat |
al dorsal pancreatic pancreatica magna 1nd trans
verse pancreatic arteries and the splemc and
superior 1cveins The of ductal
invasion was based on abnormalities of the mamn
pancreatic duct The ndication of tumor invasion
w 1 considered to be stenosis or obstruction of these
vessels or of the duct Displacement  stretch
mg poohing of contrast medium or penpheral de
fects were not used as diagnostic cnteria in the pres
ent series because such abnormalities are not al
ways specific for mahignancy

Based on the combined evaluation of presence or

Table 2

Cempans ¢ frascular and ductal morph 1y in resect
able and unresectable carcin ma of the pancreas

Radiv e Resectable Unresectable  Total
proup cases cases

1 ] o 1

2 5 o 5

3 > " 4

4 10 n 41
Total 43 3 51

no vesse! or duct abnormalities indicating tym !
no vessel but duct abnormalities (3} vessel &t®
duct abnormalities (4) both vessel and ductat"!
malities The radiologic results were correlateds?
the findings tn the resected specimens such3ss
and capsular invasion of the tumor and stagn*
of secretion 1n the distal pancreas

Because retrograde cannulation of the ¢
ledochus was not possible n all of the &%
concomitant ey aluatton of the common bile duct**
not performed

Results

Of the 18 patients with resectably tumors 02‘:‘(
classtfied as belonging to group 1 5 to group
group 3 and 10 to group 4 Accurate duga®™®
these lesions with pwncreamduclogmph) aloné :“
obtuned n 83 per cent with angiography 310":‘ .
per cent while combimation of the methoc
creased the diagnostic accuracy 10 94 per cent "

Measurements of the resected spectmens she
that the size of tumors n centimeters F4nE -
15%10 to 70x60 on cut sections the ml‘:‘“a
diameter ranging from less than 2em (S tume s

'
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Table 3

Incidence of capsular involement and stagnation ef pancreatic secretion in resectable and unresectable
carcinoma of the pancreus

Radiolopc Resectable cases Unresectable cases

group
No of Capsular  Stagnation of No of Capsular  Stagnation of
cases wnvasion  pancreatic cases \nvasion  pancreatic

secretion secretion

1 1 ¢ L 0 - -

2 s 2 5 0 - -

3 2 2 o 2 » 0

4 10 9 9 3 3 3

Total 18 13 13 33 33 k1t

mtermediate group of 2 to 4 cm (6 tumors) to
ore than 4 cm (7 tumors)
Lesions 2 ¢m or fess in size belonged to the
sgraphic groups 1 2 or 4 while all lesions of
wore than 4 cm n diameter belonged to group 4
hose ranging from 2 to 4 cm n size belonged to
230r4
The ndication for total pancre itectomy for car
ma of the pancreas 1s closely related both to
mor mfiftration of the capsule of the pancreas and
stagnation of secretion in the distal pancreas
ich were assessed by combined evaluation of the
uctal and vascular morphology
Five tumors did not snvade the capsule one
{ and 4 and 3 1n group 2 The remairung 13
11 of which had vascular invasion dem
nstrated at angiography snvolved the capsule of
e glang
. Stagnation of secretion 1n the distal pancreas dpe
0 obstruction or stenosis of the mamn pancreatic
, bY atumor m the head was not demonstrated in
cases qne ym group 1 2mgroup2 onen group 4
thelatterone the sectretion in the distal part of the

belonged to group 3 while 31 belonged to group 4
The former 2 tumors onginated from the region of
the uncinate process None of these tumors be
longed to groups 1 or 2 Thus the diagnostic accura
cy of pancreatoductography and angiography in the
unresectable senes of tumors was 94 and 100 per
cent respectively The preoperative findings 1n the
resectable and unresectable senes are hsted m
Table 2

All the unresectable tumors had a marked exten
sion outside the capsule of the pancreas Stagnation
of pancreatic secretion was also revealed 1n all le
sions except N the two timors ongnating m the
uncinate process

The incidence of capsular involvement or stagna
tion of pancreatic secretion i both resectable and
unresectable carcinoma appears in Table 3

Discussion

1t has been widely accepted that angiography and
pancreatoductography are the most effective proce
dures at present in the diagnosis of carcinoma of the

was dramed bv an Y pi
umor ey n;am pancreatic duct bemng obstructed by
mm&“vn vement The remaining 14 cases all with

wvasion of the main pancreatic duct on
Pancreatod; also of
hese results are summanzed

duct the

Wibited

) graphy
P3N reatic secretion T
@ Table |

g:';vperam: angiogriphy and pancreatoducto
““g ?:w:n-. suceessfully camed out n 33 patients
of the p: on

but no report has attempted 1o correlate
these two approaches especrally with regard to the

diagnosis of the tumor at a resectable stage
In this senes of 18 resectable carcinomas of the
pancreas the findings at preoperative angiography
ol di r“)’

and end

were lyzed P ductography demon
strated tumors as small as 2 ¢cm 1n diameter es
pecially when located adjacent to the duct On the

other hand angiography was more useful 1n dentify

Whom enher by pass op or

Yy 4
Ferolomy was performed Of these 33 cases 2

mg ansimg tn the uncinate portion or the
subcapsular region of the pancreas which was fot
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i

ac at pancr d

bgraphy even when the
fesions were too advanced to permit resection
(SUZURI et coll 1972 1979a)

The diagnostic possibility to demonstrate relative
Iy small tumors at angiography has been evaluated
by several authors BOOKSTEIN et coll (1969) re
ported 8 lestons less than 5 cm tn diameter at the
ume of surgery one with normal pancreatic vessels
another 3 with nonspecific abnormalities The re
maining 4 lesions were confidently diagnosed as
malignant the smallest being 15 cm in diameter
According to RANNIGER & SALDINO (1969) the
tumor size n the angiographically dragnosed cases
of pancreatic carcinoma vaned from approximately
251055 cman diameter The same range was also
present n cases with normal angiography In Ty
LEN 5 (1973) senes 6 patients had tumors 110 4 em
1n dixmeter In 4 of these encasement of small ar
tenes i the head of the pancreas was demonstrated
According 10 MACGREGOR & HAWKINS (1973) 2
patients with carcinoma of 1 § cm in diameter in the
head of the pancreas were correctly d d an

cinoma of the head of the pancreas to improse
dismal results after the Whipple procedurs k-
ever long survival has not been attatned even
total pancreatectomy except mn pattents wit
tumor growth outside the capsule of the panr
Almost all patients 11 whom vascular 1nvohen
was revealed at angiography had macroscopy. ¢
cerous 1nvaston of the capsule of the pancreas.
order o attain a long survival after surgery tve
seem important to carry out total pancreatect.
before vascular mvolvement 1s manifest at preo
five anglography

It has been pointed out that stacnation of s
tion n tumor of the head offers optimum cond
for transductal or transly mphatic metastatic s,
in the pancreatic tissue penpheral to the &
{NAKASE et coll 1977) implying that toul g
€re y should be ind d for carcimor
the head when assocsated with stagnation of
creatic secretion In the present sertes almos
tumors with mvasion of the matn pancreatic d«!

glographically both patients were treated by the
Whipple procedure
In the present series as far as the vessels up to the
level of the pancreaticoduodenal artenies and the
superior mesentenc vein are concerned the smallest
tumor which could be disclosed by angiography
measured 20 cm x 1 5 cm (in the head of the pan
creas) while the largest tumor not identified at an
prography was 3 0 cm i diameter (in the neck of the
pancreas) Both these tumors were diagnosed by
pancreatoductography
HaLL et coll (1978) made a prospectine evalua
non of endoscopic pancreatography 1n the diagnosis
of penampullary tumor Two tumors of the head of
less than 2 ¢m were diagnosed at pancreatoducto-
graphy 3 of 13 resectable carctnomas were not de
tected
In the present serties the diagnostic accuracy of
phy and p ductography tn a resec
table stage of carcinoma was 66 and 83 per cent
respectinely By combined evaluation of these pro
cedures the dragnostic accuracy was improved to 94
per cent suggesting that the vascular and the ductal
abnormalities d d are compl: y In
fact the smaller tumors onginating in the vicimty of
the pancreatic duct could be assessed by ducto
graphy while those mn the uncinate portion were
1dentfied by angiography rather than ductography
Total pancreatuctomy has been attempled for car

p phy had evidence of stagna &
the distal part of the pancreas In thts respect !
pancreatoductography provides a heipful tod
di on total pancr y Thus for
uon of the proper surgical procedure tn an ¢
stage of pancreatic carcinoma both the ductl?
the vascular invasion demonstrated at preopr
radiography has significant importance

SUMMARY

and hy west §
formed 1n I8 patients with resectable carcinoma of
pancreas The presence or absence of v incular and 2
temor mvolvement was evaluated Accurate df¥
was obtamed m 83 per cent at pancreatoductog™
alone i 66 per cent at angiography alone white cor™
1on of the methods fesulted t 94 per cent accw™
Tumor involvement of the capsule and secretion siﬁ
ton 10 the distal part of the pancreas are of IMpeA3"™
the surgical management and the survival after rf";‘
An mproved result after surgery may be ot }
combined evaluation of the y ascula und dyetal PR
gy as demonstrated at preoperative r diograrhy

ks Fint D
\fediat S8

A
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COMPLICATIONS OF PERCUTANEOUS TRANSHEPATIC
CATHETERIZATION OF THE PORTAL VEIN
AND ITS TRIBUTARIES

J HOEVELS A LUNDERQUIST and T OWMAN

The direct approach to the portal venous circula
n by percutaneous transhepatic puncture and
thetenization 1s by now a widely accepted radio
aphic method which has been used for (1) Dia
10sti. and therapeutic procedures i patients with
mhosis of the liver portal hypertension and bleed
& esophageal vances (2) selective venous blood
umpling and hormone assay for diagnosis and loca
tion of endocrine gastro-intestinal and pancreatic
imors (3)portal spleno mesentenic and pancreatic
bl phyn th ! of tumorr bility
! patients with carcinoma of the extrahepatic bile
ucts or the pancreas and for evaluation of (4) the
lagnostic effectiveness of portal phlebography
atents with malignant lestons of the hver
Previousty the tech aspects of per
Tanshepatic portography and pancreatic mesen
fn¢ and gastro esophageal phlebography have
¥ descrbed (LUNDERQUIST & VANG 1974
‘-';;THLN €t coll 1974 LUNDERQUIST & TYLEN
S HOEVELS 1978 HobveLs et coll 1978
REICHARDT et cof) 1978) The purpose of the pres
(x‘r\:\ FEPOIL 15 10 assess the type and rate of complica
s of these procedures 1 a large senes

Techmque
As patenc
any kind of

of 1] P
he portaj and splanchme venous systems

Y of the portal vein 1s a prerequisite for

gy

celiaco mesenteric angiography was performed first
In the majonity of cases the concentration of the
contrast medwm n the venous phase of superior
1c phy was enh d by selective
myection of 25 mg of Tolazolin hydrochloride n the
superior mesentenc artery In elective examna
tions a platelet count below 50x10°/1 and a pro
longed prothrombin time were considered as con
j ons to the per transh 1€
catheterization of the portal vein However n se
vere acute variceal bleeding the portography and
obliteration of vances were performed m spite of
prolonged prothrombin time n patients m whom
other methods had farled to stop the bleeding
Percutaneous transhepatic portography was per
formed from the nght mid axillary Ime after pre
d with 10 mg d: and 0 5 mg atropin
After local anesthesia a 25 cm long stylet fitted with
an at fluoroscopy discermble catheter (OD/ID 1 6/
10 mm Surgimed A/S Olstykhe Denmark) was
mserted under fluoroscopy parallel to the table top
towards the area directly cramal to the estimated
posiion of the hiver hilum The stylet was im
mediately removed and the catheter slowly with
drawn until blood was freely aspirated After 1den
ufication of a branch from the portal vein by mjec
tion of contrast medium a guide wire with a shghtly
curved soft tip was introduced through the catheter

Submutted for publication 26 February 1980
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Table 1

Indication for percutaneous transhepanc cathetert ation of portal s enous system and tvpe of exammnate n
(440 examinations n 398 parients)

Indication ¥ ! T p Pan
transhepatic  splemc obliteration creatie
P p P of phlebo-
varces graphy
Cirthosis portal hypertension
esophageal vanices 198 140/165 3 -
Possible pnmary or metastatic N
hver tumor 10 - - -
Possible malignant Ieston in
porta hepatis or hepatoduo-
denal igament 28 1218 - 5
Perampullary carcinoma 37 18/25 - 9
Pancreatitts 5 5i5 - 5
Localization of hormone pro
ducing tumor of pancreas a5 15145 - a5
Localization of hormone pro-
ducing tumor of bowel or
mesentery 17 17 - -
Total 440 2071270 Kt 84
splentc and p were d for of tumor

resec(abxluy The diagnosis of such a carcinoma was made with one or several other methods 1 ¢

hy ERCP computer

combined with fine needle asprration biopsy and cytology

and manipulated into the main stem of the portal
vem The catheter was then pushed over the guide
wire 1nto the mamn stem of the portal vein

A cramally (1 e upwards medially) directed punc
ture was avoided as this results 1n an intrahepatic
angulation of the catheter rendenng manipulation
of the catheter for selective procedures difficult
or impossible In the majonty of cases the cath
etenzation of the portal vein was achieved after
2 to 5 puncture tnals but in single patients 6 to 10
punctures were needed n order to find a portal vein
branch The catheter was not completely withdrawn
from the Iiner before a repuncture was performed to
Iimit the number of puncture holes in the hiver cap
sule and thereby reducing the risk of bleeding into
the abdomnal cavity Portal venous pressure was
recorded using an open manometer m portal hyper
tensive patients The technique of percutancous
transhepatic puncture and cathetenzation of the por
tal vein and s tnbutanes 1s described n detail
elsewhere (HOEVELS HOEVELS et coll )

Selectine cathetenization of the left gastnc and
short gastnc vemns was performed when these ves
séls participated in the collateral circulation to gas

tro-esophageal varices Following selectineme
of contrast medium into those veins they were®
Iiterated by of various ds v
Bucrylate (1sobutyl 2 cyanoacrylate  LUNDER™”
& VANG 1974 LUNDERQUIST et coll 1977 197

Cathetenzation of the splenic intestinal 2047
creatic veins for demonstrating the morpholog -
blood sampling was performed using ‘&
shaped guide wires (LUNDERQUIST et coll |
REICHARDT et coll 1979 REICHARDT & 1‘_‘
MANSSON 1980) It was regarded esseatial 103
cathetenzation with the catheter alone as ths*
found to ncrease the nisk of myury to the walldf
blood vessels

When the examination was completed a5
piece of gelfoam was wyected through the cale?
beneath the liver capsule in order t0 5¢
puncture tract

Material

fro !

The senes included 406 patients nmgms! . ,«

to 83 years of age In 8 of these !‘”"[ o
cathetenzation of the portal vein fafed Al
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40 examimnations were performed n the remamng
98 patients one examination n 366 patients 2 n
3 3m8and 4 m one patient
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dually in main stem of portal vem b) Subintimal deposit of con
trast medmum around tip of catheter

portography ndicating occluston of portal vemn
branches or hematoma of the Iiver)
Extravasation of contrast medium

mto  the

The g, for per
atheterization of the portal and splanchni. vems
nd the type of examination m the patients i Whom
he procedures succeeded are given m Table 1 In
he 8 pateents 1 whom the examenation failed the
ndications were liver cirrhosis portal hypertension
ud esophageal varices in 4 cases posstble liver
Tetastases m 3 and an endocrine tumor of the pan
Teas in one case

tr 1C

Complications

The complications accounted for were exclusively
T‘:‘\a\td to mechanical injury to the hiver tissue the
lymx)d vessels bile ducts or gallbladder respective

nthe majonty of cases the lesions were detected
:;3::“;290}1)' dunng the examunation (s € extrava
leakage of contrast medium  submtimal ingection
oF the 1y medwm subcapsularly and on the surface
nferor ‘:f puncture of the gallbladder or of the
the nght "b“dcava displacement of the hver from
"D:Abdum‘a “c;mmz\l wall because of massive 1
of the “:“ teeding) or on films after completion
contrast m:‘énﬂ\IOH {area without accumulation of
um 1 the parenchymal phase of the

3 ¥y or retro
pentoneal space occurred in 35 patients following
penetration of the wall of the portal mesentenc or
splanchnic vems by the tip of the catheter The
patient usually expentenced pamn which ceased spon
taneously within 15 to 30 mun Subintimal injection
was observed i the mam stem of the portal vein
{Fig 1) left man branch of the portal vemn splenic
or mesentenc vems In 32 cases without causing
symptoms

Serious lesions which were related to the per

transhep p and cathetenization
in general became chinically symptomatic shortly af
ter the Compl d ding sur

gical intervention (re  massive ntraabdomunal
hemorthage massive bile leakage to the abdominal
or pleural space) usually occurred within 48 hours
after the p: h e

Clically relevant complications in the total ma
tertal of 448 examinations (440 successful and 8 un
successful puncture attempts of the portal venous
system) occurred m 41 exammnations (9 29%) and
consisted of 23 cases (5 1) of mtraabdommal
hemorrhage and one uncontrollable external bleed
ing from the puncture site Of these three mortalities .-
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. N K

Fig 2 Supenor mesentenc and celac angiographies followsng
muluple unsuccessful puncture attempts of the intrzhepatic por
tal venous system a) Venous phase of supenor mesentenc an

grography  Occlu 1on of the main stem of the portal vein com

Lo -

:
bined with multiple collaterals 1o the bner in the her ; M
hgament b) Celiac angiography Large preudaatealiyn,
feft Iner lobe ©) Late phase of hepat angwgrar
feakage of contrast medium from pseud wncurys™



PERCUTANEOUS TRANSHEPATIC CATHETERIZATION OF THE PORTAL VEIN

T2 3 Hepatw Large fusiform p

597

patients blood clots were found at the puncture stte
on the liver surface or i the abdommal cavity No
other bleeding source was found and spontaneously
ceased hemorrhage from the puncture tract was
thought to explain the intraabdomnal blood Severe
bleeding from a hepatic aneurysm into the abdom:
nal cavity necessitated ligation of the feeding artery
m one case m which angiography had not been
performed to demonstrate portal vemn patency An
grography after multiple unsuccessful transhepatic
puncture attempts showed occlusion of the portal
vein ind hemorrhage from a large pseudoaneurysm
1n the left lobe of the lner (Fig 2)

Clinical suggestion of bleeding mto the abdominal
cavity was present 1in an additional 14 patients
Seven of these received blood transfusion whereas
in the remaiming 7 cases no therapy was needed

In the vast myjonty of cases a small (<4 cm X 4
cm) subcapsularly located region was observed
adjacent to the puncture catheter without accumula
tion of contrast medium i the smusoidal phase of

ys
~} m the central part of the nght liver lobe following per
Utaneous transhepatic portography 6 and 2 weeks previously

sred because of uncontrollable hemorrhage
Table 25 Two patients had bleeding into the right
space and 6 leakage of ascitic flud mnto the
pleural space In S cases bile effusion occurred
o the nght pleural space and 1 4 unimtentional
uncture of the gallbladder Three of the patents
#1th mtraabdominal hemorrhage belong to the first
7 cases n the present series and at that time a
= puncture catheter (OD/ID 2 2{1 4 mm) was
sed This catheter was subsequently replaced by a
“mower catheter (OD/ID 1 6/1 0 mm)
One patient with hver curhosis and severe
lopathy died from bleeding from the p

the hi portography This was regarded as
caused by a small subcapsular hematoma

Hepatic angiography was performed i 32 patients
at yntervals ranging from 1 to 8 months after a per
cutaneous transhepatic portography In one of these
casesa0 Scm x 2 0cm fusiform aneurysm (Fig 3)
had developed or froma l artery of
the nght lobe of the the kver 1n 5 patients a small

b lar Jesion ) was seen

Repeat transhepatic portography m patients with
portal venous hypertension or a suggested endocrine
tumor of the pancreas respectively demonstrated a
leston 10 the night lobe of the lLver w 12 cases
probably a hematoma One of these patients was
operated upon 6 months later because of an n

fr“ and generalized gastromtestinal hemorrhage
%0 palients with extrahepatic cholestasts due to a
Perampullary careinoma died because of ntraab-
al bleedg n the latter 2 patients the exam
mz.“m‘::i performed in combination with per
for draums ranshepatic intubation of the bile ducts
g8
‘::?Zﬁ\girmy had 1o be performed 1n 7 patients
hese hd s l;‘nlmabdommal hemorrhage Four of
ofthe wm‘h er cirthosis of the hiver or obstruction
umor 12 €patic bile ducts because of a malignant
of the l"; patents an approximately 2 ¢cm long tear
¥ capsule at the site of the puncture with

Contimyo,
us hemarrhage was found and sutured 1n 4

and a large orgamized hematoma of the
liver (Fig 4) was confirmed However hepatic
surgery was not considered necessary

Total occlusion of the supcnor mesentenc vein
was found n one patient Thrombi in the extra or
intrahepatic branches of the portal vein were demon
strated 1n 18 patients all of whom had curhosis of
the liver and portal hypertension

Total or partial thrombosis of the portal vein after
selective occlusion of the left or short gastnc veins
i patients with hepatofugal blood flow to gastro
esophageal vanices has been reported from this
chme (BENGMARK et coll 1979) However throm
bus formation 1s probably not induced by the
puncture and cathetenzation of the portal venous
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with of the adjacent wtrahepanc pod *

fig 4 ap r phy and

phiebography n a patient with thsulinoma Normal portography
b) Repeat portopraphy 6 months later Large space-0ccupying
lesion subcapsular 1 cranial and lateral parts of right hver lobe

system but relnted mrunly to the alteration of the
hemodynimics in the portil and splinchmc veins
resuling from the sudden occlusion of portal sys
temic collaterals Therefore this complication 1s not
constdered 1n the present context

Sepsis following the transhepatic portogrphy in
pauents with non dilated bile ducts was not ob
sersed Temporary slight rise of temperature after
the examnation was not considered a complication
High fuver imdicating seeding of bacteria or toxic
agents into the blood circulation or signs of cholan
gitis were only observed when portography and
transhepatic drunage of the bilinry tract were per
formed simultaneously in patients with difated bile
ducts because of extrhepate stasis In such cases
the complication was not attnibuted primanly to the
portography but to the combrned access to the portal
and bile duct systems In patients with longstanding
bihary stasis and percutaneous transhepatic bile
drainage a high sk of 1symptomatic bihary infec
tion exists (HANSSON et coll 1979} which may re

branches Compression of portal vemn branches in |I\trhﬂ‘2
mass lesion At operation an organized hematoma but &
was found

sult in bactenal seeding nto the blood circuls
when portography ts performed

Unintentional puncture of the gallbladder |
curred 1n 4 patients resulting m temporan F-
under the nght costal margin n 3 cases In ¢!
maining pattent an exploratory laparotomy had®
performed because of possible gcncmhlcd k
peritomtis A perforation of the nech of the gl
der with contmuous bile leak was found
cholecystectomy performed

Discussion

The direct percutaneous approach to the fuetf
vanious diagnostic and therupeutic methods 15 \""
ly used Although procedures such as fine r¢¢
aspiration biopsy  percutanious (mni*‘:“
cholangiography and percutancous noa s |
bule duct intubation for drainase 1re rtsﬁl‘d“!:
low nish methods 1 v tmiety of importint ‘_‘r“‘
tions are on record (LFyINSON et coll 197
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Table 2

Complications of percutaneous transhepanic access 1o portal ven and us tributartes (n = 448)
Puncture and catheter: ation of portal vein successful in 440 cases unsuccessfilin 8 cases

attempls of portal vein

TERet coll 1976 JULER et coll 1977 JaIN et coll
1977 TYLEN et coll 1977 OKUDA et coll 1978) A
uncture of the liver for bile duct intubation or por
oeraphy imphes the sk of damaging the lver
sarenchyma the bile ducts and the vanious venous
ind artenal hepatic vessels A review of the fre
duency of vascular lesions of the hiver due to non
*reical bile duct ntubation showed that aneurysms
:}:g‘*wnal venous and arterto hepatic venous fis
Huwe\‘ry develop (HOEVELS & NILSSON 1980)
omn (r I: the vast majonity of cases these lesions
i u‘l’h e climcally irrelevant confirming the re
L 1ger authors (WALLACE et coll 1972 HEL
aly 76 Moskowrrz et coll 1978) Theoreti
P same type of vascular tnjury 1n the liver
| 8 transhepatic portography may occur
€Ver reliable data are not avaglable from this
» Angiography after the portography was per
10 32 of the 440 examinations only and
strated an Intrahepatic aneurysm in one pa

uent
!‘ahemasnd a probable subcapsular hematoma n 5

Com
Pt plications reported following transhepahc

u
been "l: and cathetenization of the portal vein have
fepentoneal hemorrhage (VIAMONTE JR et

No of Procedure after complication
cases or outcome
Patients with cirrhosis and portal
hypertenston (n=202)
Intrasbdomunal hemorrhage 9 Exploratory laparotomy n 3
G
plus bleeding from puncture site 1 Lethal
Rught sided hemothorax 2 Dranage
Ascitic leakage to nght pleural cavity 6 Dramage 1n 3
Patients with extrahepatic cholestasis
{n=68)
Intraabdominal hemorrhage 8 Lethaln2 exploratory
laparotomy m |
Bile effusion i nght pleural cavity 5 Drainage 1n 3
Patients without extrahepatic cholestasis
(n=178)
Intraabdomnal hemorrhage 6 Exploratory laparotomy tn 3
Unintentional puncture of gallbladder 4 Exploratory laparotomy in 1
Combned {1 ¢ and bile duct
for dramage

In one of these cases bleeding resulted from a hepatic aneurysm after unsuccessful puncture

coll 1975 1977 SCOTT et coll 1976 WIDRICH et
coll 1978) perforation of visceral veins (VIAMONTE
JR et coll 1977) bleeding caused by madvertent
puncture of an intercostal artery {PEREIRAS et coll

1977) perforation of the night flexure of the colon
(WIDRICH et coll 1976 BURCHARTH 1979) ascitic
pleural effusion (GUNTHER et coll 1977) night sided
hemothorax (SCOTT et coll 1976 GUNTHER et coll

1977 DeMERetcoll 1978) fatal hemorrhage from a
tear in the inferior vena cava (DEIMER et coll 1978)

and from hepatic puncture wounds (SCOTT et coll

1976) and perforation of the duodenum (WiDRICH et
coll 1978)

Three patients nt the present senes died shortly
after the transhepatic procedure One of these who
had cirrhosts of the hiver and severe coagulopathy
bled nto the gastromtestinal tract and from the
puncture site through the skin and subcutaneous
tissue Therefore the transhepatic portography was
regarded as a contnbuting factor to the uncontrolla
ble The r 2 patients died
because of massive intraabdommnal hemorrhage fol
lowing the portography m combination with per
cutaneous intubation of the bile ducts for dramage
A large hepatic artery was punctured i the area of
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the hilum of the liver n one of these pauents prob
ably being the bleedmg source At autopsy large
masses of clots were found mn the abdomen but 1n
none of these cases was a myor lesion of the hver
parenchyma or hepatic vessels found Puncture of
segmental hepatic artenies was observed n several
additional cases without subsequent chnical comphi
cations Occlusion of the punctured artery or the
formation of a pseudoaneurysm (Fig 3) may how
ever be the sequelae of this type of vascular trauma

The significance of subintimal injectton in the por
tal vein or its marm tributaries remains unknown No
symp d b portal vemn throm
bosis due to the lesion occurred The possibility of
tocal thrombus formation at the site of the intimal
lesion cannot be ruled out

The nisk of large hepati. hematomas 1s evident

relevant pl of b e
hemorrhge occurred in 24 cases wath fatal outcore gt
Complications involving the night pleural space o¢n~
m 13 patients collection of ascitic fluid 1 6 bie o
m 5 and bleeding in 2 Laparotomy was needed m 7o
due to intmabdomunal hemorrhage The gallbladders
unmtentionally punctured in 4 cases Furthermore 3v-
ety of minor compheations of httle chmcal signifi. £
such as extravasation of contrast medwm subintinl s
Jection of contrast medium and munor intrahe 1
hematomas were observed
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ANTEGRADE TESTICULAR VEIN PHLEBOGRAPHY AND FUNICULAR
LYMPHOGRAPHY IN TESTICULAR TUMORS

H H LiEN A KOLBENSTVEDT A MILLERand § J BAKKE

The radiologic diagnosts of retropenteneal metas
tases from testicular tumors has been based on the
combmed use of lymphography cavography anduro
graphy (BauMet coll 1963 MAHAFFY 1963 HOPF &
FUCHS 1970) Retrograde phlebography of the left
renal and testicular vems has also proved useful
(LIEN & OLBENSTVEDT 1976 LIEN 1980)

Funicular lymphograp y before orchid y1sa
direct method for demonstration of the regional
lymph nodes of the testes (BUSCH et coll 1965
CHIAPRA et coll 1966 SAYEGH et coll 1966
WAHLQVIST et coll 1966 MAHAFFY 1969 HULTEN
el coll 1973) Most patrents with testicular neo
plasms referred to ths hospital have had therr
volved tesng before ad However
::: ihll have both testes and i these a umilateral

1970“3’ lymphography has been performed since

At funteulyr |
wth
teul

the teat ymphography the spermatic cord
or vees teular lymphatics and the adjacent tes
nmm“;‘lm exposed When lymphography has
be pe ffox:nee:d antegrade phlebography may easily
medium oy by mjecting water soluble contrast
cules a;\ 0 a vew of the cord Because of diffi
(N & :!cnat:d with the retrograde approach
Phltbogm HOLBENSTVEDT 1977 LIEN) antegrade
memdep‘y was mtroduced 1n 1974 Previously
Perfomed ,esllcular vein phlebography had been
G"Smhmo; pattents with vancocele {LANE 1955
ViSSiLgy Juge [TOPALOW 1959 MouCHA 1960

%2) but no mention has been found of

this procedure in cases of tumor of the testis except
for a prelminary report based on 5 pattents (hOL
BENSTVEDT et coll 1975) The present report con
stders the value of antegrade testicular vein phlebo-
graphy and fumicular lymphography m the demon
stration of metastases from testicular tumors Nor
mal as well as pathologic phlebographic and lympho-
graphic appearances are described

Anatom

The veins of the testis eprdidynus and scrotum
are composed of a deep and a superficial system
(JAVERT & CLARK 1944)

The deep system drains the testts and epdidymis
and forms the pampimform plexus which lies 1n front
of the vas deferens in the upper part of the scrotum
At the superficial abdominal ring the plexus term:
nates wa 3 or 4 vewns whach pass upw ards through the
ingumnal canal within the cremasteric fascia and
unite at the deep abdomunal ning to form the internal
testicular vern which most commonly terminates i
the infenior vena cava on the nght side and in the
renal vein on the left A small vein accompanies the
ductus deferens and empties into the internal ihiac
vem via the vesical vemns The external testicular
vein drains the cremaster muscle and lies superficial
to this muscle m the ngmnal canal 1t jons the
nferior epigastne vemn and may communicate with

Submitted for pubhication 21 November 1579
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the superfictal system of vems near the superficial
abdormmnal nng

The superficwal system of verns drains the dartos
and scrotal skin formung antenor and postenor
scrotal vemns (AHLBERG et coll 1966) The former
most commonly drains 1nto the femoral vemn while
the lalter passes 1o the external ihac vemn

These 2 systems can be profoundly altered by
operation for example hernia repatr tn childhood In
accordance with most reports the seins referred to
tn the following as the testicular veins are tdentical
with the internal testicular veins

Testicular hmphatics 4 1o 8 channels accom
pany the testicular artery and vemn and dran nto
pnmary regonal nodes which are located on the
spsilateral side of the lumbar spine somew hat more
distal on the nght than on the left side (CHIAPPA et
coll ) A crossover of testicular lymphatics to the
contralateral lumbar nodes also occurs somewhat
more frequently from the right side to the left
(BUSCH et coll HULTEN et coll )

Matenal

Dunng the penod January 1974 through De
cember 1978 antegrade testicular vem phlebo-
graphy was performed 1n 29 patients who underwent
orchidectomy 16 on the nght side and 13 on the left
Nineteen patients were aged between 20 and 39
years 8 between 40 and 59 and 2 patients were
more than 60 years old Twenty-one patients had

and 6 other tumors while 2 had
benign lesions

Funicular lymphography was carned out m 26 of
these 29 patients

“Methods

Under tnt p did anesthe
sia n the operating theatre the urologist injected
05 ml 11 per cent Patent blue violet dye into the
testicular parenchyma posteriorly Local anesthetic
(Xylocan Exadnin 0 5 per cent) was then ijected as
for an sngumnal herma operation  An oblique incision
was made 2 cm above the inguinal ligament The
external oblique aponeurosis and the underlying
cremastenc fascia contaming fibers of the cremaster
muscle were divided 1n the line of incision exposing
the spermatic cord surrounded by the thin internal

Table 1

Findinss at antegrade testicalar e phleh sgraphs and,  furs:
homphe s raphy

Sidcof  Antegrade phiebography  Funiculas ymphogz»

examina

ton Metas- Normal Totd  Metas  Nomal Ta:
Lases Tases

Raght 5 n 16 4 ”

Left € 7 13 4 6

Total " 18 29 8 3

——e M W B

Table 2

Ivmphosraphy phlebographs and wrograph in % patens
tume r of she testicle

No of ped
with
MELASSRY

Examination

Dunng operation

(1} Furucular lymphography [ 6 cases) £
(2) Antegrade testicular vein phlebography n
3) Combination of (1} and (") 1

After operation
(4) Lymphography from the foot 10
(5) Cavography tincl ihac sens)

6) Retrograde lef renal and testicular

vem phlcbography 7
(M Urography 9
(§) Combsnation of (4) 5} (61 and (7 10

Combrnation of all examinations (1-8) It

spermatic fascta Within the cord he the tesuat
lymphatics and the p m venous plexus P
ticular attention was paid to hemostass The #0%%
was covered with stenle towels and the pa¥”
allowed to wake up before being transported ‘0“;
department of diagnostic radiology on tie movel!
operating couch Here under strict aseplic condt
trons without further anesthesia 2 fomeular M
phography was performed by slow myection (IJ:
per hour) of 1 5 to 3 m! Liptodol Ultra Flud ‘0“:
I/ml) Films were exposed tn the supine POS]U‘:!Z:"
ap and lateral projections Next one of the d:
vems of the spermatic cord was ssolated ﬂ:’n;
polyethylene catheter nserted A scalp vett st/ ofs
used i 4 patients thereby obviating the use .
catheter Leakage was prevented by stk l'gﬁm
After a test imyjection under TV fluoroscopy !
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Fig 1 Semino;
heular
frosecton Duplication of the testicular vein Tributary from the
wteral abdomunal wall at the level of the ilac crest b} Lateral
PrEjectian. Antensor course of the testicular vein

ma of the night tests Novmal phlebography Tes
lymphatics visible after fynicular lymphography a) A p

™l Urografin 60 per cent was injected manually and
single exposures made m both a p and lateral pro
‘ections When considered necessary oblique films
“efe obtamed In cases with stenosss of the testic
Uar vem sersal films were exposed to demonstrate
the collateral circylation

hen the radiolog, was completed

:‘nc couch with the patient was moved back to the
Perating theatre where orchidectomy was per

omed after diviston of the cord at the mntemal ab
domunal rng

Except for 2
Categ benign fe.
SRammations (|
Qays

Patients m whom microscopy indt
sions  the other routme radiologic
LIEN) were performed after 5 to 7

Retropenton
onfimagon
ey fitms
1Rt megyy

eal surgery allowing mucroscopic
Was performed 1n 2 cases only Repeat
of the abdomunal nodes containing con
T % ere exposed tn all patients with mabg

605

Fig 7 Serunoma of the nght testis Normal phlebography a)
Ap projection b Lateral projecton Postenior curve of the
testicular vein before entry into the antenor part of the inferior
vena cava

nant testicular tumors In one patient the testicular
vein was re-examined via the retrograde approach
Cavography was abnormal in 6 pattents and 1n 3 of
these repeat cavography was performed Phlebo
graphy of the left renal vem was abnormal in 7 pa
tients and repeated m 2 and urography was abnor
mal 1n 9 patients and repeated 1n 5 of these

Regression of a mass following treatment o
gradual progression in spite of treatment were both
considered suggestrve of metastases

Complications Extravasation of contrast medium
around the testicular veins occurred in 4 patients 2
of these had tumor induced phlebographic abnor
malities at a ligher level The extravasation caused

only shght d t No other pl oc
curred that could be attributed to the radiologic

s 1n with the n
particular no p perative wound 3nf de

veloped
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Fig 3 Semmnoma of the nght testis Normal phicbography a)
Ap propection Retrograde filhng of the mght renal vein The
lymph vessels curve medaally in the upper part by Lateral projec
uon Postenor course of the testicular vein which empties into the
postenior part of the infenor vena cava The lymph vessels tum
forwards before entening nodes situated antenorly

Results

Antegrade testicular vein phlebography was suc
cessfully performed in all 29 patients Metastases
were d ated in S of 16 on the nght
side and 1n 6 of 13 on the left {Table 1)

Fumcular lymphography was successful tn all 16
patients on the nght side and revealed metastases in
4 of these On the left side 1t was successfully per
formed 1n 10 patients and metastases were demon
strated 1in 4 It was ful m 3 p and

2 b

Fig 4 Benign lesion of the feft testis Normal phiebogashy 1
Ap projection Duplication of the testicular ven Filngd!
sem in the lesser peivis which 1s connected with the hegort
plexus b Lateral projection The vein in the lesser pehvs id
a dorsal direction (—) Postenor curve of the upper pat
testicular ven

entered the infertor vena cava in 10 pateents o
Jomed the junction between the right renal ven#d
infenior vena cava i one In 6 patients the testict'?
vem entered the vena cava antertorly In onf

these (Fig 1) the vein had a straight course whies
5 the vein curved postenorly at the levels of L3ad
L4 (Fig 2) The testicular vemn had a postrl“‘f
course with a corresponding postenor entry o

infenior vena cava i 4 patients (Fig 3) Inthe®
patient 1n whom the testicular vemn ente!

2 of these had metastases demonstrated at antegrade
phlebography

The yield of all different examinations in demon
strating metastases 1s histed m Table 2 Exam
nations i1n connection with operation revealed sec
ondary tumor growth in 1] patients while a com
bination of the different postoperative examinations
showed metastases n 10 of these

Normal phlebographic appearances on the nght
side were found m 11 patients The testicular vemn

the junction between the nght renal vem and Bt
mferor vena cava the course was more Jatera 28
usual e
Fave patients had duplication or triplcation © s
night testicular vein The only trbutary filled “:5“
vem from the lateral abdominal wall (Fig 1) "
4 cases joined the testicular vein at an acuie a%
the level of the ihac crest (Table 3)

On the left side normal phlebography W
7 patients The length of the renal vein

as fowd?!
from ¢
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51: S Seminoma of the left testis a) Ap protection Lateral
f :
(o]

ymph node with fifling d pl
testcular vem (e») demonstrates further lateral extent of the
tumor Filling of tnbutanes of the lateral abdominal wall with
1o a capsular vein on the convexity of the kidney emptying
o the renal vers via the adrenat vein 6—) Filting of a segmental
lumbar vem slightly above the gliac crest b) Lateral projection
Astenor displacement of upper part of the testicular ven Filling

entey of the testicular vein to the left margm of the
mfenor vena cava ranged from 45 cm to 70 ¢m
(verage S 9 cm) Two patients had a postenor curve
ofthe testicular veun m the upper part (Fig 4) Inall
7patients the testicular vemn was duplicated or triplt
Cated The frequency with which tnbutanes were
filled 2ppears in Table 3 A vein in the lesser pelvis

Table3

il
"8 of tributary veuns tn 13 patients without retropentoneal
metastases (nght 1-left 7)

of a collateral vein which runs in a postenor durection in the lesser
pelvis (—) c) Retrograde phiebography Injection 1nto the testicu
lar vein Regression of the tumor after radiation therapy indi-
cated by more mediat location of lymph nodes and testicular vein
A slight displacement of the upper part of the Ve remmns
ndicating that the tumor masses have pol completely disap-
peared

was dtobea 1on with a lower
branch of the infenor mesentenc vemn (Fig 4)

Phlebographic findings in panents with metas-
tases Trnbutary vemns were more frequently filled in
cases with retroperitoneal tumor growth (Table 4)
Dupl or tnpl was ed on the
left side 1o all 6 patients and on the nght side sn 4
of 5

Displacement occurred n 9 patients alwaysina
ventral direction  Seven of these had additional lat
eral displacement (Figs 5 6) and one medial One
patient had ventral displacement only (Fig 7) Im
pressions occurred tn 5 patients and were alwavs

Ve
No of patients with (illing
Rightside  Lefside
l::rﬂ ominal wall teburagy 4 ’
; Sork near renal hulum - !
emay fiae !
ommmcanon o infenor
lﬂﬂlhl?nc

d with displacement Displacement only
was found n 4 patients Occlusion existed n 2 pa
tients 1 one on the right side with collaterals emp
tying into the supenor mesentenc vein (Fig 8) and
i the other on the left with collateral aircutation
through perirenal and lumbar veins

Normal {ymphography Nodes situated n the
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lumbar regions were n all cases the first lymph
nodes to be filled at funicular Iy mphography

On the nght side (11 patients) the Iymph vessels
followed the course of the testicular vein in the
fower part and cunved medially i the upper part
(Fig 3) However anintermediate loop towards the
hilum of the right kidney was observed in 2 patients
(Fig 9)

The number of contrast filled nodes ranged from |
to 12 All pattents had nodes i the mudhine and to
the nght while 5 pattents had nodes on the left side
m addwion The former nodes were siuated an
tenorly (Fig 3) and had a shghtly more ventral pos:
tion than those filled at foot lymphography m 2
patients  Contrast filled nodes lateral 1o those
demonstrated at Jymphography from the foot were
not found

On the left side (6 patients) the lymph sessels and
the testicular vein had a similar course m all patients
except it one 11 whom the vemn was situated more
medanlly than usual

The number of contrast filled nodes ranged from 1
to 12 Two patients bad nodes which were sttuated
more laterally than those demonstrated at Iy mpho-
graphy fromthefoot Inanother patient alateral node
was partially filled at fumcnlar Iymphography and
well filled at the additonal foot Iy mphography

Lymphographic findings in pauents with metas
tases Qbstruction of fymph vessels with collateral
crrculation and displacement of vessels and nodes
were encountered 1 all 8 patients (Figs 5 6 8)
Filling defects were also frequently found (Fig 5)

All pattents had displacement 1n both ventral and
lateral directions  and the first nodes filled at fumcu
lar lymphography were 1n all cases more lateral than
those filled by the pedal route However a sull
further lateral extent of the tumor was demonstrated
at antegrade phlebography in 4 cases (Fig 5)and at
urography m one In the remammng 3 patients the
most lateral extent was demonstrated by fumicular
Iymphography (Figs 6 8)

Discussion

The results support the view that antegrade tes
ticular vemn phlebography 1s useful mn the demon
stration of metastases from testicular tumors (hoL
BENSTVEDT et coll ) It revealed metastases n one
patient 1n whom no abnormality was found at all
other examinations (Fig 7) and showed the most
tateral extent of the tumor in 4 of the 8 patients with

Fig 6 Teratoma of the nght testis a) Funicular lym-hg®
Latersl displacement of Ivmph vessels and nodes Obstaxst
the upper part with stretched and uregular collateral b
grade phlebography The testicular vemss displaced bteys
laterally as the lymph nodes o filling of tributary vezs

Table 4

Filling of tnibutary vens tn Il patients wa) retroper ™
metastases (right S-left 61

\em o of pauents w1427
—_—

Rightsid Left it

Lateral abdomunal wall tnbutary

Ascending lumbar

Lumbar

Renal capsular

Adrens)

Uretenc

Network near renal ulum

Internal ihac

Communication 10 supenor
mesentenc

Commurication to infenor
mesentenc - -

W W e e e

LT PN

well as

abnormal fumicular ly mphography as s

2 patients with metastases and techmeally ¢
cessful funtcular lymphography

[
Fumtcular lymphography has the ads anta®
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i

b
2 7 Embryondl carcmnoma of the nght testis a) A p projection

Pplcation of the testicular vem below L3 level but no abnor

.:‘; visble b} Lateral projection Anterior displacement

ﬁrm“: of metastasss at the fevel of L3 and L4 (=) Surgery
edthe finding All other examinations were normal

:‘:d::n’;a“ medium 15 retamed within the lymph
my :reduclwn of the tumor during treatment
il l:l’: ore be easily demonstrated 1n follow-up

(Fig 5) However this can also be obtaimed by

Fig 8 Seminoma of the nght testis Occlusion of the testicular
vein at the level of the (hac crest (—) with runoff of contrast
medium inte the portal yenous sy stem via the supenor mesentenc
ven Occlusion of Iymph vessels in the lumbar region with dis
placed tortuous and nrregular collaterals demonstrating further
extent of the tumor

Antegrade testicular vein phlebography was easy
to perform and far less ime-consuming The only
extra equipment needed 1s a movable operating
couch or facilities for radiography 1n the operating

E‘:ghsgm:hy from the foot even though the nodes  theatre Thus most hospitals possess the equipment

e e!!M‘ce pedal route did not demonstrate the  necessary and this procedure should therefore be

ot L as well as those filled by the I considered when orchid y for mal tumor
1s planned

Fu
. r:lncular lymphography demonstrated the most

'CUI::c:emrfOf the tumor i1n 3 patients but was
Rt 11 qoo o technically unsuccessful in 3
0nsllm::mll:cs a surgical microscope and 15
ﬂbem_lcclid ccause the oily contrast medium
mph vegee) It very slowly to avoid rupture of the
S Use in Toutine work has therefore
suoned (FUCHs 1969) The additional

n
, obtained seems not to justify further use
¢ exXamination

¥en que.
OMatio,
Bargy

LI

Normal phlebographuc findings No mention has
been found in the literature about the varying course
of the nght tesucular vein in the lateral view (Figs
1-3) A knowledge of this course 1s important so that
the normal curved appearance 1s not mistaken for
displacement caused by a tumor

A shight posteror curve in the upper part also
occurred on the left side m 2 patients (Fig 4)
Otherwise medial left testicular veins generally had
a more ventral position as compared with the lateral
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ones and this comncides with the previous report
on the retrograde phlebography (LIEN & KoL
BENSTVEDT 1977} In this investigation duplication
or tnplication was encountered in 33 of the 75 pa
tients n whom retrograde filling exceeded 5§ cm
while 1n the present series dupheation or tnplication
exsted in all of the 7 normal subjects The ven was
duphicated 1n the entire course :n 3 of these and only
m the middle and lower part in 4 The different
frequencies may be explained by non filling of the
lower part of the testicular vein at the retrograde
examnation

The tributary vein from the lateral abdominal
wall which was seen on the nght side 1n 4 patients
{Fig 1) and on the left side in 2 was filled also
at retrograde exammations (JACOBS 1969 LIEN &
KOLBENSTVEDT 1977) being the most frequently
filled tnbutary i the series of LIEN & KOL
BENSTVEDT In one patient the left internal iliac vein
was filled directly (Table 3} This occurred when the
contrast medium at the first attempt was yjected
nto a thin vein of the spermatic cord probably the
ductus deferens vein Network near the renal hilum
was found in one case on the left side and communt
cations to the inferior mesentenc vein also 1n one
case on the left side (Fig 4)

Phlebograpiuc findings tn patients wih metas
tases Ventra) and lateral displacement of the tes
ticular vemn was the most frequent abnormality as
also found at retrograde exammnation (LIEN)

Tributary vems were frequently filled 1o cases
with lumbar metastatic spread (Table 4) The tribu
tary filing also included veins of the renal capsule
the ascending lumbar segmental lumbar adrenal
and uretenic veins which were not demonstrated at
any of the 18 normal phlebographies Only 2 pa
tients had no tnibutartes demonstrated (Figs 6 7)

In cases with stenosis of the testicular vem the
lateral abdominal wall tnibutary played an important
role 1n collateral circulation by transporting the con
trast medium to the renal capsular vemns (Fig 5)
The latter empty into the renal vein and also com
municate with the adrenal vein which on the nght
side terminates in the inferior vena cava and on the
left side enters the left renal vein most frequently
confluent with the inferior phrenic vein (ANSON et
coll 1948) The veins mentioned establish a ning on
the convex border of the kidney which corresponds
to the 1arc vemeux pen renal reported 11 autopsy
cases by TUFFIER & LEJARS (1891) They held this
ring to be constant (Fig 10) and emphasized the

H H LIEN A KOLBENSTVEDT A MILLER AND S J BAKKE

Fig 9 Semmoma of the nght testis A p projecton Lo
vessel runs 1n a loop towards the rleum of the nght kedney b’
termng medially and dustally

rrd
Fig 10 Pepyenal venous nng on the left side (aneEJ::,: o
LEIRS) Lateral abdominal wall tnbutary (=) gon

adrenal vemn () and renal capsular vewns (@)

potential value of these veins 1n collateral circulat®
11 renal ven occlusion

The perirenal venous ring on thi
Mlustrated ;n Fig 11 In this case the 2p

e nght side "
sular vert*
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b

“li l;nID;nunslrauon of the penrenal venous ning on the right

o tr graphy after myection 1nto a capsular vem Demon

Toon of e lateral abdominal wall tnbutary () the testicular
{*)and the adrenal vean =)

?;I‘ltdl:e Connections n both directions have been
¥ Tetrograde mpection
lu:;‘::fe from the testicular vern to the ascending
n via the segmental lumbar veins also took
Place (Fig 5y
ocg::::ier,a‘ flow to the superor mesenteric vemn
testcular ""0“"' patient with occlusion of the nght
““eihganoem (Fig 8) In a functional anatomic
tion EN:R'“CIU‘]'“E both radiography and dissec
S ofthe o (1951) found connections to the
Porta e “;:t)slenor abdominal wall to be important
WerE pateny ‘_lc_hmmmumcanons which normally
the juxta posit €5€ venous connections were due to
Plexuses 1 1on of visceral and systemic vascular
The demayp o embryo and were most promement to
Uves of the subcardial vews 1e the ad

teng gq,
n;
ng gy 3dal and uretenc vers The communicat
ng most ¢4 ly dof Iple fine

t Is O Iy with d 2
to 3 mm were found EDWARDS stated that these
veins infrequently possessed valves and therefore
could conduct blood tn either direction

BRAMWIT & HUMMEL (1969) reported a case with
obstruction of the infenor vena cava by a Wilms
tumor n which the superior mesentenc vewn was
filled from the nght ovanan ven On the other hand

1co gonadal with flow 1n the
opposite direction were demonstrated by L HER
MINE et coll (1972) n 3 patients with curhosis of the
Iner Inthesecases the night gonadal vein was filled
from the mesentenic vemns following mjection mnto
the coehiac artery The present patient with occlu
sion of the nght testicular vemn and collaterat flow
mto the portal system via the supenior mesentenc
vemn had no additional collaterals filled

In 2 patients with narrowing of the upper part of
the testicular vein on the left side a vein was filled
which ran in a dorsal direction 1n the lesser pelvis
(Fig 5) A similar vemn was found in one patient with
a normal phlebography (Fig 4) Due to its dorsal
course this vein was thought to communicate with
the lower branches of the infenor mesentenc vein

Thus porta systemic connechions between the left
testicular ven and the vems dramning the lowest part
of the gastromntestinal tract also seem to exist This
corresponds with the experiences of SPANNER
(1940) who at autopsy found communications from
the left gonadal vein to the left colic vein and to the
upper and lower sigmowd branches of the inferior
mesentenc vein

Normal Iymphographic findings The normal
drainage of the testis to lumbar lymph nodes may be
disrupted by mguimal or scrotal surgery (BUSCH et
coll ) Collaterals may therefore be formed which
empty mto ingumal or ihac nodes Lymph vessels
from the medial part of the testis and epididymus
may normally enter the medial external 1hiac nodes

(CUNEO & MARCILLE 1901) Neither ihac nor ingw
nal nodes were found in the present senies

Dufferent opinions exist regarding to what extent
fymph nodes primanly filled at funicular lympho
graphy are filled at a later lymphography from the
foot (CHIAPPA et coll SAYEGH et coll HULTEN et
coll ) In the present senes only 4 of 18 patients had
nodes contrast filled at funicular lymphography but
not beng filled by the pedal route (2 from the right
side with antenor nodes and 2 from the left side with
nodes situated laterally)

Lymphography in patients with metastases All 8
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patients with retropenitoneal tumor growth demon
strated at funicular lymphography had larger
metastatic masses which were also demonstrated by
phlebography and foot lymphography The particu
lar value of funicular lymphography wn detecting car
ly metastases (CHIAPPA et coll ) was thus not con
firmed

The most frequent indication of metastases was
obstruction and displacement of lymphatics with filt
ing of collaterals often appeanng as a reticufum of
stretched tortuous and irregular Iymph vessels (Figs
6 8

Demonstration of the most lateral extent of the
tumor 1n 3 of a total of 26 cases was the most impor
tant additional information obtained at funicular
lymphography It appears that this procedure no
longer ments a place in the routine examinations of
patsents with tumor of the testis

Conclusion

Antegrade testicular vein phlebography was easy
and quickly performed It demonstrated metastases
n one patient 1n whom all other examinations were
normal and showed the most lateral extent of the
tumor ;m most cases It should be considered when
orchidectomy for malignant tumor of the testis 1s
planned

Funicular lymphography demonstrated the most
lateral extent of the metastases in 3 patients but was
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PULMONARY PSEUDOTUMOURS AND ASBESTOS

G HILLERDAL and A HEMMINGSSON

Exposure to asbestos 1s a well hnown cause of
Jlevral kestons With the massive exposure which
xeurred 1n the mfancy of the asbestos mdustry
ensive pulmonary fibrosts developed and as a
ule also extensive pleural fibrosis appeaning as
wdhesions at autopsy The increasing awareness of
he dangers of mhaling asbestos dust resulted in
prolectine  measures  and considerably smaller
mounts of inhaled dust It was then realized that
late reacuions coutd occur n the pleura one or more
decades after €xposure to even mtnor of

smokers The mnterval between the first exposure to
asbestos and the detection of the ntrathoracic lesion
was long 21 to 70 years with a mean of 37 years

Only 1n one patient {(Case No 3) were chest
symptoms the reason for radiography of the chest

The reasons in the other patients are given in
Table 1

Methods

asbestos The most common of these lesions appear
35 plaques 1n the panietal pleura progressing slowly
over several decades (BOHLIG & OTTO 1975 HiLL
:::I;L 1?78) Other manifestations are diffuse thic
an Ei :r éhe parietal and visceral pleura (SOLOMON
mesotta R 1976) and benign pleurisy and mahignant
LhICl(mmmmzx (BECKLAKE 1976) Locahzed fibrous
. und:{ﬂflhe visceral pleura with involvement of
‘Pitudotunl:mg lung parenchyma causing a mass
poried our) does not seem to have been re
Previously Dunng the last few years this

eyt
b Y 1 some cases leading to thoracotomy has
- PPeared at thys hospital

Matenal

”0: l:::\lenls Wwith pseudotumour of the lung 9
Ne ) Thcn to have been exposed to asbestos (Ta
o s emaining patient (Case No 4) demied
N Mul had been working as a builder The
Rngng £ e all men with a mean age of 62 years

8 from 46 10 g3 > were smokers and 4 ex

Ci radiography of the chest was per
formed 1 all cases computer tomography with a
Delta scanner 50 FS 1n Cases Nos 3 7 and 8 Bron
choscopy was carnied out in 9 of the patients and
cytologic exammation of the sputum m all 10
Fine needle biopsy was performed n 7 cases
Thoracotomy was carned out in 5 patients n one
patient who died of myocard:al infarction the le
sions were observed at autopsy (Table 2)

Results

The rounded mass was located 1n connection to
the basal part of the left upper lobe 1n 7 patients n 5
of them the lingula In one patent the basal part of
the nght upper lobe was mvolved and in 2 cases the
night lower lobe In 2 patients the costodiaphrag
matic sius on the same side was obliterated (Fig 1)
but 1n the remaming 8 1t was normal Pleural plaques
were present 1n 8 of the 10 patsents (Figs 1 2 4) At
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Table 1
Cuse hustors dara
Case  Qccupation Asbestos Latency Reason for Time from
No cxposure lime chest previoys
{years} {ycars) radiography radropraphy
not showing
pseudotumour
i Repairman worked with 5 27 Health survey dycars
nsulation
2 Builder 34 40 Check up of 4 months
pleural plaques
3 Builder 2 pal Chest pam 1 year
4 Builder Denies 41 Screening because 3years
£xposure of hypertension
s Plumber s assistant mixed dry 43 Health survey S years
asbestos powder with water
6 Factory worher 52 70 Check up for asbestosis 2 years
7 Electnc factory worker n 39 Health survey 5 years
snsulated machines
8 Electrician used asbestos 16 31 Investigation of brasn 6 months.
at umes tumour
9 Radio factory worker in 2 21 Chech up of pleurat 3yeurs
sulavion with small asbestos plates plaques
10 Plumber insulation with 7 35 Health survey Not hnown

asbestos

Time from first exposure to asbestos untl the pseudotumour was first scen
Time from probable exposure (from first year of working in the bulding trade)

Table 2

Find nys as thoracotomy or antops)

Case  Pleural Panetal Visceral pleura Lung parenchyma
No adhesions pleura
I Almost totally Thickened Grossly thickened Parts of Itngula almost completely
adherent over lingula atelectatic
b3 Small adhesions  Plagues Thickened over Iingofa  Tip of lingula folded and
and surroundings atelectatic
4 None Many caleified Grossly thickened Small atelectasis under the plaque
plaques dorso medul part of
left upper lobe
5 Only overapex  Many small plagues  Thickened over border  Anterior segment of nght upper lobe
between night upper atelectatic
and night lower lobes
6 None Widespread calofied  Thickened esp over  Probably atelectatic close to plaque
plaques Jeft upper lobe medially  Asbestosis in parenchyma
9 None Widespread plaques  Lateral part of left Partly atelectatic near visceral
upper lobe locally plaque
thickened
bronch y normal d were found 1 all 1 the remaming 7 Computer tomograph

patients Sputum cytology was normal in all but one
1n whom the findings strongly suggested adenocar
cinema Fine needle biopsy suggested a tumour i1n 2
cases and a hamartoma in one and was inconclusive

the mamly pleural nature of the mas:
ment of the parenchyma (Figs 3b 4

pleural plaques (Fig 4¢ d)

The $ patents who underwent thorac

y dsclost!
s with msebe
gy and a0 &

otomy ¥



Fig 1a

Fig 2a

Fy
‘:‘ ¥ Small pleural tesions on the nght side left sinus obliterated
2mass outstde the left hulum

Fg o
e despread pleural fesions with caleifications A rounded
Smterorly at the upper teft hitum

the
© 07 autopsy case all had thickening of the vis

<

,::"E"WH overthe mass and parts of the underly
g were at

Pathologe ¢ atelectatic (Table 2) The final

diagnosis 1 al|
all u
SCIfic chr these cases was un

*® Underly g lung parenchyma

mie fibroys pleunisy with svolvement of
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Fig 1b

Fig 2b

Discussion

The patients all had 1 common an occupational
exposure 10 ashbestos with the exception of one
(Case No 4) who denied this However being a
builder he might well have been exposed without
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knowing 1t Eight of the patients ncluding the one
who denied exposure also had pleural plaques of
the type typical of asbestosts Thus asbestos s the
most likely agent to have caused the lesions They
were located 1n the visceral pleura with involvement
of the underlying lung parenchyma in the 5 thora
cotomy patients and the one autopsy case

Exposure to asbestos may cause vanous pleural
mamfestations of which paretal pleural plaques
diffuse thickening of the panetal and visceral pleura
(SoLoMON & WEBSTER) bemign exudative pleunisy
and diffuse malignant mesothelioma are the best
known (BECKRLAKE BoHLIG & OTTO)} Localized
fibrotic lesions of the visceral pleura with mvolve
ment of the underlying lung parenchyma causing a
pseudotumour should be added to this Iist as evt
dent 1n the present cases These lestons can reach a
considerable size i a short length of time (e g
Cases Nos 2 and 8) n contrast to parietal pleural
plaques which typically progress slowly over a
number of decades (BOHLIG & OTTO HILLERDAL)
They can be difficult to localize at ordmary chest
radiography and even at fluoroscopy A malignant
tumour s often suggested The diagnosis may be
further confused by the results of cy tologic examina
tions as illustrated by Cases Nos 2 5 and 6 due to
the fact that mesothelal cells are often very difficult
to assess (ELLIS & WOLFF 1977)

Atelectatic pseudotumour of the lung was first
descnibed 1n connection with therapeutic pneu
mothorax (GALY 1955 ROCHE & ROUSSELIN

Fig 3 A mass on left side No pleural plaques CT Thd
broadly adherent to pleura antenorly ‘

view of similar pseudotumours occurmng in
tion with exudative pleunisy when part of the
parenchyma becomes atelectatic due to the pre<e™
of pleural ar or fluld This part then bece?
kinked upwards or downwards and adheres ol
pleura which later becomes fixed by fibrosss &
when the lung re expands this part remans atded
tic A wirtually asymptomatic but sometues 99
large effusion on one side or the other is kno¥?
occur in some patients exposed to asbestos (G£*
LER & KAPLAN 1971 MATTsoN 1975) The it
sudden appearance of the lesions m the P
cases and the small adhestons around them 1
that they probably represent sequelae of such
pleuntis or an asbestos pleunsy with a small ¢
date

The pseudotumours reported in the Nteratureh®
been located manly (n connection to the lower fot :
(BALMES & THEVENET 1956 BEnARD et coll 1
CHOFFEL et coll 1977 Duroux et coll ‘
FAHDLU & DERRICK 1965 KRETZSCHMAR 19:9
MAGGI 1969 MONOD & DURET 1946 MonoD Wm
OUDET et coll 1956 ROCHE et coll 1965) f""‘w
to the present patients In most of them the HF:’C
lobes were mvolved especially on the left S:‘u
MATTSON & RINGQVIST (1970) described alcswur
the hingula 1n 8 of 42 patients with pleural p]alqad,
and 1t seems probable that the lingula is partic®
susceptible to these abnormalities

Pleural plaques have previously been mst

1957 HEINE 1967) In 1971 HANKE pubhsh:ia

ket
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%4 3) Bilaters]
#dully below g
~ljust abor

pleural plaques b) Six months later A mass
¢ night hilum  ¢) Computer tomography at a
“ethe hila Pleural plaques on both sides d)Compu

e £ases for pulmonary malignancies (GALATI
MSEN & HALKIER 1965 SWEETMAN 1977 Ti
MUS 1963) but nowadays such mustakes should
oge :chur Asbestos 1s however a cause of bron
L &arg pleural tumours (BECKLAKE 1976
obleny wthI'O) and pseudotumours add to this
present (he;g computed tomography which 1s at
lung (Mu"“est method for detecting noduli n the
“hﬂhrrlcs et coll 1977) it can be determined
nihe pleu:ns on ordinary chest films are located
ora p!aqu':r m the lung (PUGATCH et coll 1978)
l“hmqug(](k: are also easily observed with this
Nareg o II-:L 1976 PREGER 1978) If as m case
Tssery Alcification is located withim the mass
Probably benign (AveRs & HuaNG 1978)

ter tomography at the level of the mass which 1s located pos
tenorly homogeneous broadly adherent to the pleura and with
calaification

Other ble differential di are localized
mesothelioma and malignant mesothelioma (HUTCH
INSON & FRIEDENBERG 1963 RATZER et coll 1967
WANEEQ et coll 1976}

Conclusion

In patients exposed to asbestos and with or with
out pleural plaques who develop a leston of a
possibly tumorous nature the possibility of a pseu
dotumour should be considered The best method
to obtain a certain diagnosis 15 the use of computer
tomography If the lesion 1s located i or 1 direct
connection with the pleura thoracotomy should be
considered only in special cases
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SUMMARY

Ten patients we described i whom a localized reaction
in the visceral pleura developed comparatively rapidly
involving parts of the underlying lung parenchyma form
1ng an atelectatic pseudotumour The lesions were mis
taken for pul Y y leading to th y
in 5 patients It 1s suggested that these lesions can occur
many years after exposure to asbestos and that they are
sequelae of benign pleurisy Computer tomography 1s of
great value in these cases and may obyiate thoracotomy
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VIDEODENSITOMETRY AND THERMODILUTION FOR MEASURING
LEFT VENTRICULAR FUNCTION

U ERIKSON G HeLmius K PAavEK and G RUHN

Using videodensitometry it 1s possible to deter
1ine the ejection fraction of the left ventricle meas
te 1s function and if the left ventncular end
ustolic volume 1s known also the stroke volume
nd cardiac output (BIORK et coll 1974)

As the method 15 relatively new 1t seemed of
alue to compare t in ammal expenments with
¢ well established physiologic method of thermo
lution which has been employed for determining
fiventncular function (KAROVIC & BOSKA 1969
MGROFF et coll 1970 PAVEK 1974)

Matenal and Methods

*‘: [Sh:w (male fine wool) weighing 42 kg and 2
; Ti: hOgs weighing 17 S and 17 1 kg were used
i) gli =:p Was premedicated with chlorat hydrate
ks 'zl ody weight given itravenously Follow
It g”(n ravenous injection of Pentotal in a dose of
& body weight it was intubated with a cuffed

nd
N Otracheal wibe Ventilation was assisted with an

pressure recording and another was placed 1n the
ascending aorta 1 to 2 cm above the aortic valve
The thermustor was mserted through the second
catheter and was placed just distal to the tp of the
catheter The indicator fluid (0 9% NaCl or Uro-
grafin 609%) at room temperature was njected into
the left ventnicle with an automatic Contrac syninge
(Contraves Switzerland) The injections were
tnggered by the R wave of the ECG for a delayed
start and the injection tume was adjusted so that the
fluid was given dunng one diastole The ECG and
the mjection time were registered simuitanecusly
with a Mingograf 82B direct wnting recorder
(Stemens Elema Sweden) The injection of contrast
medwwim was controlled by fluoroscopy and was
registered simultaneously with the ECG and the
densitometer curve on an OD X40 video tape re

corder (Qude Delft The Netherlands) The thermo-
dilution curve was registered at the same paper
speed which permutted direct compansons between
d 1c and ther 1on cunes (Fig 1)

0gsirom res, 1 Tiath
bou 177y pirator (0, 25% N O 75%

'
Pe:‘:bdﬁgs were anaesthetized with Immobilon +
arbtal 0 g3 g/kg body werght and bated

The wvideod: ry was camned out with a
Philips videodensitometer (Phulips Medical Systems
Sweden)

AV
‘“:;Z‘:‘Lﬂ t:dotmcheal tube Ventilation with air
The egy vemnh an Engstrom respirator

Carong ey ‘:'(cle was catheterized from the nght

Holes by e*‘: ared Odman catheter with side

Stheter yas Shn hole and the distal end of the

M and 1o faped lke a pigs tail Through the

CUheier s emoral artenes respectively one
S mserted mnto the carotd artery for

When  thermodil and  videod 4
were performed at the same time contrast medium
(Urografin 60%) at room temperature was used as
mdicator and when thermodilution was performed
alone physiologic salime was used instead The
amount of indicator substance was 5 to 12 ml and
the injection time was less than 0 8 s

Submitted for publication 0 July 1979
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Fig 1

Example of simultaneous thermodilution (TD) video
densitometry {(VDM) aortic pressure (AP) and ECG recordings
i a dog The densitometric measurements were made 1n the left
ventricle and the thermodilution determmations n the aortic
arch

Apnoen 1s an absolute requirement n cardio
videod ry During all mpections—
both n thermodilution with phystologic salne and m
simulttneous thermodilution and videodensitometry
with contrast medium-—the resprrator was shut off
for about 30 s Only exceptionally did the injections
cause arrhythmia A catheter position in the left
ventricle not prod mtral was
chosen

The thermodilution curves were recorded with an

P

U ERIKSON G HELMIUS K PAVER AND G RUHN

an infusion of 300 mi of Rheomacrodex for Inere
ing the cardine output further measurements y-
made

The sheep was examined 3 times with inten jie
30 min The effect of the anaesthesia on the ag
g1s vilues was controlied before each examnay
pertod PO 1n arterrl blood vaned between ¢
and 92 0mm Hg PCO between 46 8and 4 Omnf,
and Ph between 7 42 nd 7 49 During each examre
tion perod 4 to 7 injections of contrast meduma?
5 or 6 saline inyections were given

In all 3 antmals the amount of sndicator substas
was vined between 5 and 12 ml in order to ot
optimum recordings with both vidcodensitomen
and thermodilution

The left ventricular end diastobc ol
(LVEDV) was determined by the areakng
method using the formula

LVEDV=(8/3m}X(A /L}=0 85x(AYL)m

The area of the left ventricle in diastole (4 ¢n)
was determined plammetnically either from 1o
tape or from cine film recorded under sals
conditions A lead square with an area of [6¢
and 1 ruler with mm markings were used as e
ences nd were reproduced on the film on the ™
plane as the left ventricle The distance from i3
aortic valve to the apex {L. cm) was mtasureduﬂh
the ruler

As the ejection fraction (EF) = the stroke yolure
(SV)/LVEDV the cardiac output (CO) 1 fkm®

UV writer (Atlas Copco Sweden) ly a
thermodilution computer calculated the numencal
values for the cardsac output (I/min) The computer
had been precalibrated with measurements in a cir
culation model where the flow was determined
volumetrically The ejection fraction was calculated

from the successive steps in the thermodil
curve analogously with calculation from the video
densitometer curve (ERIKSON et coll 1978)

Procedure The first dog was examined over a
period of 30 min During this time the heart rate was
60 to 70 beats per min Eight saline injections fol
lowed by 8 mjections of contrast medmum and
finally a further 6 injections of salme were given
during the examination period

The second dog was first examied under the 1n
fluence of anaesthesia alone and 6 imections of
phystologic saline and 8 myections of contrast
medium were given into the left ventricle After

can be calculated from the formula
CO=LVEDVXxEFxheart raté
Results
In thermodii the 2 indicator substances

saline nd contrast medium were compared ¥
respect to the ejection fraction and c1rdia® O?F::
obtained (Figs 2 3) Mean values "bmmei l.L(ir
patred myections with the same 1mount of m dlcfor
and at the same injection rate and with a ttme "
ence of Jess than 4 min were compared T ZIrrs
cator substances gave similar measuremen! rts‘iﬂﬁ
Determinations of the ejection fraction W l\‘w
of videodensitometry and thermodilution welmhuhff
pared (Fig 4) A tendency to a somewha
value at videodensifometry was found spect
A similar comparison was made with 1€
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::‘»«: Companson between eyection fraction (per centy deter  Fig $ Cardiac output determinations (1fmin) under the same con
The o), yedeod ¥ (VD) and {TD)  dutionsasm Fig 4 Symbols asm Fig 2
Py o erminatons were made simultaneously Symbols as m
the cardyg,
€ output {Fig 5) Markedly lower values
we Discussion
"l:lf:und at videodensitometry
endg, @ the area length method the left ventricular Radiographic contrast medmum and phystologic
n lhei;}lnhc volume was 75 mi 1n the sheep 46 ml saltne were found to be equwvalent as indicator
st dog and 55 ml before and 57 m! after the b m thermodil The

o
Macrodex infusion 1n the second dog change 1n cardiac output which could result from the
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dicator ngection itself was not greater with con
trast medwm than with saline The increse in
cardiac output that 1s usually 1scnibed to vasodila
tation due to the contrast medium did not affect the
present results as this effect did not occur during
the recordig of the thermodilution curve

The difference between videodensitometry and
thermodl mn the ton of the e
fraction reflects the fact that the thermodilution
curve 1s flatter in its descending part than the video
densitometry curve The reason for this may be that
the videodensitometer measures over the enure
ventricle while the thermodilution values are ob
taned at one single pont outside the ventncle

The thermodilution method and the videodensito
metry are based upon different assumptions

(1) The videodensitometrically determmed ejec
tion fraction 1s based upon measurement of the step
by step decreasing total amount of contrast medium
1 the left ventricle The video signal 15 integrated
from the entire ventricular surface 1nd 1s independ
ent of mixing of contrast medium and blood In
other words the ejection fraction s a ratio There

The great difference n the determunations oft.
cardine output between the 2 methods g5 Somewt,
more difficult to explain  The most uncertan s
the videod. isthecd s |
tion of the left ventriculr end diastolic vol e
However the values obtamed with this mepd ;
seem reasonable i view of the size of the eyer
mental amimal and the fact that volume deteme,
tions of casts using the area length method wdy
that determiations of the end diastolic bt
mclude a source of error of about 10 per
(LAHDE 1976) The end diastolic volumes obta!
mn the amimals seem to indicate a considerable eme
in the cardiac output determinations by the thems
dilution method A few experiments gave valuestw
or three times higher than the predicted If thee
values were reasonable this would mean that i+
end diastolic volume of the left ventricle would bes
large as the whole heart Another cause of the emr
of measurement might be that the measurertt
point m which the thermistor 1s located does notgne
representative values In the thermodilutton mebol
the temperature 1s only measured at one pot Ft

1
nc deter

fore any consistent error i the of the
successively decreasing amount of contrast medium
has no effect on the resulting value of the ejection
fraction For the same reason no absolute scale 1n
the videodensitometric curve 1s required

(2) The ejection fraction determined with the
thermodilution method 1s based upon curves ob
tained at measurement n the ascending aorta This
method demands that the ratio between successive
steps 1s representative of (=the same as) the ratio
of volume averaged temperature 1n the left ventricle
dunng consecutive end diastoles In other words
the thermodilution method requires that the tem
perature 1n the ventricle at end drastole 1s homo
geneous and that the same temperature 1s measured
1n the ascending aorta durning the following systole
In case of mcomplete mixing 1t 1s assumed that a
sample which 1s representative of volume averaged
temperature 1n the left ventncle dunng end diastole
will arrive at the aorta and will be recorded dunng
the following systole (PAVEK et coll 1970)

A part of the thermodilution indicator can be
deposited 1n a slow exchange compartment of the
ventricle and this would result 1n a flatter and pro
longed curve The volume of the ascending aorta
with 1ts additional mixing capacity would have the
same effect A slowly decaying curve will result in
alow ejection fraction

a source of error may be that the receplet
1s located near the wall of the aorta The vt
densitometric method records the indicator oier®
large area (in this case the progected surface of the
left ventricle) and shouid yield more representatié
results

SUMMARY

In ammal experiments contrast medmum and ph)’!fo"‘“‘
saline were found to be equivalent as mdicator sUbsi™®
mthermodilution The erection fraction 1s dczermmcd“ﬂh
approximately the same accuracy with thermodilution ®
with videodensitometry The cardeac output on the o
hand 15 smaller when determmed wath videodes™
metry than with thermodilution The results ndicat¢ L
thermodilution gives too high values
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SIZE OF THE SUBARACHNOID SPACE IN STENOSIS
OF THE LUMBAR CANAL

J L LARSEN and D SMITH

Stenosing lesions of the lumbar spine giving rise to
surologic symptoms and signs may be divided into
categonies stenosis of the lumbar spinal canal and
¢aosts of the Jateral recesses which can be re
irded as synonymous with narrowing the interver
bral foramna this 15 not drscussed in the present
Jmmunication
The two types of stenosis may occur independ
atly or m combination but then not necessary at
1€ same level Stenosis of the canal 1s best dem
"strated i vivo as constriction at myelography
ch for this purpose must be performed with the
tharachnodd space distended 1 e the patient must
¢ either the sitting or the standing position
Stenosis of the lymbar canal can be present at
2‘]\: 35 2 congenital malformation 1t can be de
du]s;“;:‘:l appearing  dunng childhood and
e loo ; oritcan be acquired The symptoms of
al 1ge Co nﬁt usually mamfest themselves until
he atquxredo: icting opinions exist as to whether
Rt o orms also have a congenital/develop
976 Tro pr:r not (for discussion see VERBIEST
Mhethern “assenl w‘r)slrk was updertaken to find out
up by el l::s;l € 1o establish such a relation
0 yythons dge phic ¢xamination of patients with
Gl g g monstrable stenosis of the lumbar
Stbarachnong scomp:m: the size and form of the
Pace In these patients

Matenal and Methods
The matep,

Smptom al consisted of 83 patients referred with
S of spinal stenosis Tow back pamn or sc1

atica They were exammined with conventional films
of the lumbo sacral spine and with functional lumbar
myelography (SORTLAND et coll 1977) According
to the myelographic stze of the subarachnoid space
the patients were classified into 3 groups (1) Antero
posterior diameter at any level and 1n any position
<10 mm (2) antero postenior diameter 11 to 14 mm
and (3) antero postertor diameter 15 mm or larger

If the subarachnord space was locally deformed
by disc prolapse measurements at that Ievel were
not taken mto account and the patient was clas
sified by measurements at non deformed levels

All the patients 11 group 1 had symptoms consist
ent with those descnibed n spinal stenosis (VER
BIEST 1954 SCHATZRER & PENNAL 1968 WILsON
etcoll 1971 WEDGE et coll 1978) Chmically some
patients 1n group 2 had a possible spinal stenosts
while non of the patients i group 3 were referred
under that tentative diagnosis

Lumbar myelography was performed with hon
zontal beam projectton With the patient on a tlt
table stretcher films were exposed in several differ
ent degrees of rotation including the prone position
followed by y y as advised by
SORTLAND et coll This consisted of lateral films of
the patients sitting 1n neutral position maximum
extension and maximum flexion of the lumbar spime
one ap film with the patent erect was also
exposed

The contrast medum used was Amupaque 6 75 g

Submutted for publication 14 December 1979



628

J L LARSEN AND D SMITH

Fig !

Fig 1 Man 71 yearsold Distnbution of contrast medium during
1 hin upnight position and flexion  Almost complete block at the
L3/LA level with only a small amount of contrast medium behind
L3 and n the distal part of the subarachnoid space

(Nyegaard & Co Norway) In the first part of the
senes a concentration of 250 mg I/ml was employed
corresponding, to an injected volume of 13 I ml As
thss did not always result 1n satisfactory demonstra
tion of the upper part of the lumbar canal the con
centration was decreased to 200 mg I/m! with an
sncrease of the mjected volume to 16 3 m! It was
also found advantageous to let the patient make
small rotatory moyements on the stretcher or to use
the Trendelenburg posiion for a few seconds after
the first part of the examnation to facihfate mixing
of contrast meditm and CSF

When a total intraspinal block existed a high lum
bar puncture was employed sometimes the patient
was kept sitting n ventral flexion for one hour or
more after iyection of the contrast medium Even
this did not always produce filling distal to the block
(Fig 1)

The factor of magnification was estimated by
measunng a lead marked ruler placed on the patient
1n a vertical plane parallel to the film and the spme

Fig 2a

Fig 2b

Fig 2 Twoap films of the same pattent a) normal presiez
dunng Valsalvas maneuver Greatly duminished e e
diameter of the subarachnoid space and increase 1 E522
betw een the space and the lumbar pedicles The contrast P2
1s squeczed cramally by the Valsalva manemer wid

better delineation of the upper Jumbar space {LA disc prokr®)

1n some patients this measurement was related oL
known enlargement at CT and tomographt
magnification factor varied around 0 7 for the 12
and 08 for the ap projection The size of ¢f
tients only caused minor sarations ]

The smallest sagrital drameters were determ™
at the disc levels and at the middle of the 240
mediate vertebral bodies The transverse d™
of the subarachnoid space was measured Just M"“
the ongin of the root sheaths at the namowesti™®
This level was found to be more appropnat® Ih“:;
fixed level related to the vertebral bod) “nd
would not take into account vanations of tht .
sheaths These are sometimes high i refation ®
vertebral body and longitudmally onented EL
tively they emerge lower with 2 more iranst
direction

The cross sectional image of the sumﬁfh‘:’;:f
space vanes from patient to patient and fmmk‘o .
level but will frequently be most narro% pofl":
This may cause difficulty tn defining the oS
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Tiz 3 a) Mean samttal and b} transverse diameters (in mm) of
e sub, d space taken at d: vertebral body

Table 1

Age and sex distribution of the 83 patients

Sex Mean age and range
Female Male  Female Mate
g"’"i’ ) 8 10 54008-73) 5413274
G“"'P’ 9 i 43501870 4410 5-70)
oup 3 17 17 PY0ED 4410106)
2 Totg) 34 59

‘::i]":: ﬂ;ﬁhfhs‘:"f:mhnmd space 1n the lateral film
direction of th, yer of contrast medium in the
by hee e beam This difficulty was diminished

Ping the kV between 75 and 85
“rc‘m‘::;s not always possible to make exact meas
ot\c\clsr m the upper part of the lumbar canal
such patients could not be excluded from

u 2 13 js 15
b

hetght and below the orgn of 1he root sheath respectively in the
three groups {(1=8 =8 3=0)
Table 2

Number of disc levels affected i each of the I8 patients
with spinal stenosis (gronp 1)

No of levels

12 3 4 s Total
LI 1
L/L3 T 6
1
v s T 1 14
3 l 3

vins s | 12
Ls/st 4
Toa 9 4 1 3 1

overcome this difficulty would be to count the ver
tebral segments from Cl however this was used in
only a few cases When 1n doubt the final decision
was based upon the topographic relationship of the
lowermost fumbar vertebra to the upper imut of the
1leosacral articulations

. z\)':‘u::? as this would have given a bias large
A pm:]:“s being more difficult to outhme

m the Iumbr::_pmblem when making measurements
dnays gy Zacral region and one which 1s not
‘ermmalmnc nr ue consideration 15 the correct de
Palientg uu: vertebral levels A high proportion of
Wal o Caudds[ympl"ms from this region have cra

¢ l"mbﬂsacm umbar shifts and asymmetries at the
Junction  The adequate method to

must also be paid to the breathing
of the patient When asked to stop breathing many
patients will make a forceful mspiration thereby
the intra abd ! and pinal pres
sure with ensuing constriction of the subarachnoid
space (Fig 2) This 1s most obvious 1 the a p
projection but can also be observed on the latera]
view 1t can be avoded by inspecting the respiration
and asking the patient to stop breathing at the end of
eXpiration

("\
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Results

The sex and age distnbution of the patients 1s
given m Table 1 Measurements on the sub
arachnoid space are pr d i Figs 3and 6

Sagittal diameter of the humbar subarachnord
space Generally the sagital diameters in group t
were larger than those in group 2 which were in turn
larger than those n group 3 This principle held at all
levels both at the middle of the vertebra! body and
at the articular (disc) level (Fig 6) With respect to
the mud corporeal drameters the group differences
were significant (p<0 02) except at L2 between
group ) and group 2 and at LS between group 2 and
group 3 (Table 3}

In group 3 only minor vanations of the sagittal
diameter existed along the lumbar canal 1n the two
other groups the trend was a decrease from L1 to L4
and then agamn a larger diameter at LS

Insufficient passage of contrast medium made
measurements at L5 impossible in 3 cases and at L4
1 2 cases The measured values for these 2 levels in
group 1 are thus to be considered as maxima and
would probably have been smaller if determination
had been possible in every case

On the other hand the values in group 3 from the
upper part of the spinal canal must be regarded as
mmma The reason for this 1s that deterrunation
was not possible n some cases with a wide sub
arachnod space

In o case in the present series was the sagrttal
drameter shorter at the mid vertebral level than at
the disc levels (1 e at the articular segment) Of the
18 patients with stenosis 9 had mvolvement at one
level only and 4 at two levels (Table 2) When
adequate measurement was possible 1n these pa

Fig $

Fig 4

Fig 4 Man 56 years old with tabes dorsalis Severe nam
at the L2/L3 level where the a p diameter of the suban
space 1s 7mm Block at the L3/L4 level Extensive degeoe
lesions

Fig 5 Patientn group 1 The dural sac and subarachnod
follow the bony canal m sprte of the stenotic narrowing i}
disc fevel

Discussion

Previously SORTLAND et coll have shovn
the articular segment L3/L4 1s the one mosi
monly affected by lumbar stenosis The presed
sults indrcate that the subarachnord space mstef
and pre stenolic processes tends to be namohe
the ap diameter behind the fourth lumbar b
while the diameter behind L3 15 the second sma

Of necessity any definition of spinal stenos
arbitrary ARNOLDI et coll (1976) used a wo!

tients the sagittal d of the sub: h

Spinal 1s any type of narrowit

space was never below 14 mm at the nud vertebral
level with the patient 1n maxunum flexion

In the 13 patients with stenosss at one or two disc
levels only the subarachnoid space was compara
tively narrow also at adjacent disc levels in ap
proximately 60 per cent of the cases

Transverse diameter of the subarachnoid space
In all three groups the transverse diameter gradually
dimintshed towards the distal end of the lumbar sub
arachnoid space This was more marked 1o groups 1
and 2 with no significant difference between them
than 1n group 3 (Fig 3b) Determmation of the
transverse diameters m the upper part of the fumbar
spine was increasingly difficult from group 1 to 3 due
to the greater volume of the subarachnoid space

the spmal canal nerve root canals (or tunnels
intervertebral foramma It may be local seg™
or generalised It may be caused by bone Of‘
tissue and the narrowng may mnvolve the bony ¢
alone or the dural sac or both The presént
deals with stenosis of the spinal canal givine ns
symptoms It 1s difficult to se¢ how such s)mP’f
could anse without pressure upon the cauda ¢4
mamifesting itself myelographically by demonﬂfz
compression of the subarachnoid space n |
seems reasonable from the radiologic pont Of“e
to define and categorize canal stenosts accordin
the myelographic appearance of the sU
space

Specific causes for bony constric

barach?

qon such
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Fig 6 Mean sagatal diameter of the subarachnosd space at mid
:me)bn]dl;\(ml (x) and disc level (O) i the groups 1 (—) 2
ad3t- -

whondroplasia Paget s disease acromegaly fluo
T0SIS Of trauma were not present wn any of the
Present patients however one case had tabetic ar
thropathy (Fig 4)

Exte;

on p

of the human lumbar vertebral canal have been
made by HUIZInG4 et coll (1951) SAND (1970) and
EiSENSTEIN (1976) The ap diameter of the bony
<zl has been shown to decrease from L1 to L3
:':l:‘lcm significant difference between L3 and L4 but
a :ase n the diameter agamn at L5 SAND who
mmm:;sured at the first sacral segment dem
vl a further increase 1 diameter at that

m.:;;gmcmcdlcular distance did not vary signifi
"mm;lw‘ecn the four upper lumbar vertebrae but
g 4 he LS segment (SAND noted further
ENsTENS n this direction also at the S1 level)
 males 9 pe la‘nd SAND both found the diameters in
i e u?. 2 mm larger than in females As the
! Obvioyspy ,sl ﬂlhc confined subarachnoid space
! \nowlegge 05‘3‘ uenced by its bony surroundings
Understang;p, €s¢ anatomic facts 1s essentral for an
¢ pmﬂiﬁ narrow tumbar canal pathology
mfmnldnlrgrg ivestigation demonstrated no sig
! betwgen NCe m s1z¢ of the subarachnoid space
Men and women wrrespective of the pres

ence or
ab:
sence of stenosis Absence of sex related

Table 3

Comparnsin of sazital diameter of the sub-

arachnord space behind the versebral bodies in

the different groups Evaluaton by t o-tailed

Student 51 test The levels « f significance were

reached both by 1 proled and by t separate
rests

Group 1 <group 2
p=0470
p=0013

cLer

p=0009
Group | <group 3

CRER

Group 2 < group 3

p=0019
p=0001
p=000
p=0.67

CEELR

difference i the transverse diameter was also dem
onstrated m normal spines by DE VILLIERS &
BOOYSEN (1976)

However a difference exists between the groups
1 2 and 3 Whatever the underlying cause of
stenosis 1n the individual patient the ap diameter
of the subarachnoid space at the intermediate body
height demonstrates a tendency towards lower val
ues thanm normal control cases This diameter can
be considered an indicator of the bony canal with
certain limitations These lumitations are partly the
result of normal anatonuc vanations and partly of
the pathologic processes mnvolved In the upper
lumbar spine the distance between the sub-
arachnoid space and the bony canal vanes from 1 to
3 mm This narrow space contams loose tissues and
blood vessels In the mddle of the lumbar spine
(MAITROT 1978) or at the level of the fourth verte
bral body (SALAMON et coll 1966) the dural sac with
the sut d space 1s but not al
ways detached from the walls of the bony canal
with ensuing vanation of the mtenvening distance
This s easily appreciated anteniorly on the lateral
view but sometimes the postenor hmit formed by
the laminar convergence cannot be determuned with
certainty Nevertheless 1n a few of the present pa
tients an increased space was obvious postenorly
this was best evaluated by t h
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employed m some of the examinations Hyper
trophic ntervertebral joints narrowed the posterior
part of the ¢nal from side to side in such a way that
the durnl sac and subarachnoid space was forced 1n
teriorly This particular phenomenon was only ob
served in patients belonging to group 1 On the con

trary i many other cases the antertor it of the
spinous process made a clearly visible impression in
the subarachnoid space from behind when the pa

uent extended It was found impossible to incorpo

rate these vanations In the statistical evaluations

which must thus be considered with these reserva

tions 1 rmnd  In the great majonity of cases how

ever good correlation between the dural sac and the
bony lumbar canal was found (Fig 5)

A charactenstic finding in the present series was
the decrease of sagittal diameter occurning at the L3
and L4 levels in the stenotic but not in the non
stenotic group It thus seems that in groups 1 and 2
the dural sac and subarachnoid space adhere to the
configuration of the bony lumbar canal (with its nar
rowing at the ntermediate levels with wideming
above and below) n group 3 they have a tubular
configuration This 15 the natural form of a thin
walled hquid filled container providing mimmum
tension tn 1ts wall The stenosis has also been re
ported to be most severe n the sagittal direction
(MCIVOR & KIRKALDY WILLIS 1976)

Sex distnibution at different ages was unremarka
ble and no difference of age exsted between groups
2 and 3 However the patients in group 1 were on
the average about ten years older (Table 1) It 1s
natural to regard this as an mndication that the more
severe forms of stenosis affect the older age groups
but are not imuted to those as the youngest female
11 group 1 was 28 years of age the youngest man 32
years

The best way to assess the role played by congent
tal/developmental factors versus acquired iestons m
the devel of spmal would be an m
vestigation by tuime where the patients could be
followed by radtography over a farge span of years

J L LARSEN AND D SMITH

spinal canal stenosis 15 most prominent at disc lesels i
results demonstrate decreased sagittal diameter at my
vertebral body level as well The mean transverse dire
ters did not dffer in the three groups This pomts towxd
congenital or developmental factors as the basw zhx
mality in the majority of patients with stenosn of o
lumbar spinat canal
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CAROTID ANGIOGRAPHY OF ARTERIOVENOUS MALFORMATIONS
DURING OPERATION

1 JoHANSSON and C RADBERG

+ Angiography during operation provides a valuable
tontrol method during the course of operations of
tntracrantal aneurysms  vascular malformations and
“ntenovenous fistulas The angiography may alert
the strgeon to modify or extend the operation and
<l attention to a nisk of undesirable vascular oc
(clusion Postoperative anglography may often be
u\s]\(r)mded as may supplementary intracramal opera
1lions
The method was descnibed by Loor & FoLTZ
{1966) 1n connection with 10 vascular operations In
974 GrossarT & TurNER reported 11 cases of
::‘Tz:mcnous malformation and 38 cases of artenial
; dt:y:m M which angiography dunng operation
- al:n used without complications The method
Hovnc: used by BARTAL et coll (1968) VLA
g 4 :l coll  (1969) performed angtography
lu“m“spal'cmcm m 50 patients with hermsphenc
rece ¢, Y Catheterization of small cortical artenes
ovheh l_a‘:‘l?’tzmphlc mformation could be obtamed
““)lumnl ated local intra artenial admimistration
2 !“hmqu: grugs LAZAR et coll (1971) described
oo or retrograde cathetenzation of the
't mporal artery with the catheter tip lo
atthe carotsd bifurcation

, . Material and Method
e

, Manrn‘:;e Penod 1970-77 carotid angiography was

gy anwal this hospital during operations of ar

"Sms on 75 occasions and of artenove

nous malformation on 18 A radiation protected op
eration theatre 15 equipped with a roentgen umt
suntable for seral angrography with two AOT film
changers and a roentgen tube for ap and lateral
projections (JEPPSSON & RADBERG 1970 RAD-
BERG 1972)

The eximinations are performed by radiologists
with the assistance of technicians A catheter 1s 1n
troduced via the common carotid artery usmg image
ntensifier momitonng  The most suitable projection
15 determmed from preoperative films In surgcally
uncomphcated cases of artenovenous malforma
tions angtography 1s performed when all the supply
ing, vessels have evidently been occluded In more
difficult lly b of 1 d
anatomy—angiography has been used as an ad to
accurate orentation when only some of the feeding
arteries have been occluded

The value of angiography dunng operation 15 1llus
trated in the follawing 4 cases of arteriovenous mal
formation

Case reports

Case ] A girl aged 12 years Ay preoperative carotid
angiography a small artenovenous malformation was
demonstrated (Fig 1a b) with haematoma in the frontal
parasagittal region

At the operation the cavity caused by the haemoatrhage
had a drameter of about 4 to 5 cm The night laterat ventn
cle was filled with clots On the floor of the cavity the

Submtted for publication 29 August 1979
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Fig I Case | a b} Preop carond

1 JOHANSSON AND C RADBERG

il
Drauing vein (+) filled with contrast 0

tenovenous malformation (=) 1s draining into the thalamostnate
vein ¢) Angiography dunng operatton after clamping (—} of the

malformation was found When the supplying arteries
were closed the vascular malformation seemed to col
lapse draining vemns were then ligated At this stage
carotid angrography was performed to confirm that the

was 1 luded The fact that con
trast medum entered the marn draiming vein indicated the
presence of a residual shunt (Fig 1¢) Further dissection
centrally revealed 2 more supplying vessels which were

ndicating residual shunt

hgated A clamp was applied somewhat further cenrl¥
on the draining ven and the malformatton #3s excise
Comment With the am of angiography the oper;
tion could be carried out with mimmum dlswrzﬂn
of the central venous flow If angiography h“mg.
been performed a constderable nsk of overlool
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artenes no fonger filled (shght filling of the pencallosal artery of
the non intected side) a malformation s sull filled that seems

i alarger vein (—) runmng parallel to the penical to be more basally located than the one demonstrated pre
Yettng, n{)an a small vein (+»} in the wall of the lateral operauvely The draiming vein 1n the wal] of the lateral ventncle
"Nmm‘; 117 ‘c mafformation () c) Angography dunng filled as before (++) d) Postoperative angiography no wal
itV ’ll#:ltxuslun of that part of the malformation which formation or draming vein filled

'? had bled The draming vewn along the pencatfosal
Temp,

X raﬂl of the malformation would have existed orly in the haematoma a vascular malformation was found

arthey was q d which was supplied by as many as 7 small branches grven

grap
'ﬂhcrdunng or after \h; operation off by the pencallosal artenies The artertes and also a
Case > Ama dramning vemn which ran at the level of the pencallosal
V"’x"’smphy B naged 29 years Preoperative nght carotid arteries were occluded Fhe malformation was excised
fomnagyon, i ted a frontal art mal bloodlessly A hy perfe at this staze showed
Weration phe htcnrmi haemorrhage (Fig 22 b) At the that some abnormal vessels sull remained (Frg 2 ¢) Dur
ety 26Matoma was found to reach about 6 em  ing further exploration with the aid of the films anotker
ong the w1l of the lateral ventricle Anten arteriovenous malformation was demonstrated shghtly
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Fig 3 Case 3 a _b) Preoperauve carotd angiography Large
arteniovenous malformation fed maimly by the ascending frontal
artery ¢ d) Fust and third of three consecuyve angiographies
during operation Obhgue projection demonstrating the vessels

more basally This was supphied from a small basa! artery
and drammg through a vein in the wall of the literal
ventncle Nothingindicated that this part of the malforma
tion which was located in the ventricle wall had contnb
uted to the haemorthage At postoperative angiography a
weeh later no matformation was filled (Fig 2 d)

Conument The part of the malformation that had
nat contributed to the haemorrhage would probably
have been overlooked had angiography not been
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roughly as they were observed dunng operation It lh" LBy
(d) three further clamps one of them (—} occludmea ¥’
1ing vessel posterior {0 the malformation

performed durmng the operation This part n:ﬁ}”;':
Iy or not at all filled at the preoperattve anpog'iﬁ
because the blood contammng contrast medim™
mamly shunted through the part that had bled .
A defimitive localisation of the non bleeding P

not possible as only a fateral film was expos o
1ng the operation A companson with the p“{om‘—'
ve films 15 unreliable due to the operatisé & ]
tion of the bram but the malformation demons!
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ey

4
“NAg Operation appears to be located somewhat
za‘c') than the one found preoperatively (cf Fig

E(Y;al: 3 A man aged 8 years
h“ne:: f':'faraphy disclosed the presence of an operctt
the Sylyyan ﬁls“ malformation above the antenor part of
# Nicerehy fron::]m (Fig 3a b) with surrounding 1n
4 Henes yere |, haematoma At the operation 7 feeding
+ 20granh e dllﬂled with the gurdance of 3 consecutive
feting amemes S OPETALON. After the lastonc several
een m phyce o0 (FIE 3¢ d) butas the catheter
¢ Magble 1y re ce for some 2 5 hours 1t was constdered
otied 2fier e o< . 234 10 final anglography was per
o m,a,,m;mm:“imauon had been excised Post
8 vascylyy mmcznz‘:o:ceks later disclosed no remam

Right preoperatve

637

Fig 4 Cased a b)Preoperauve caroud angtography (a p pro-
jecuon with compression of the contralateral caroud artery i the
neck) Panetal artenovenous malformation mainly fed by a
hypertrophied branch of the middle cerebral artery but probably a
narrow branch (=) al c) Js
tion after occlusion of the main feeding artery wath a clamp (++}
Filling ceases ? to 3 cm proimal to the ¢lamp  The malformaton
sull filled via the narrow branch (—) which now 15 somewhat
dilated due to the increased flow

Comment The surgeon considered that the an
grographies during the operation had provided a use
ful guide for performing the operation with minimum
trauma No evidence of complications due to the
long penod that the catheter had been m place was
encountered

Case4 A man aged 49 years Preoperatne carotid an
grography demonstrated an arterioy enous malformation i
the left panetal region  The malformation was supplied
from a large branch of the middle cerebral artery and
probably by a narrow branch partly covered by the former
(Fig 42 b} At the operation the large supplying actery
was occluded with a tantalum clamp The malformaton
was stll and carotid y was th
performed (Fig 4 ¢) The filling of the large branch of the
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middle cerebral artery ceased 2 to 3 ¢cm proximal to the
clamp On the other hand a slightly hypertrophied branch
from the middle cerebral artery runming towards the an
terior part of the malformation was demonstrated This
vessel had been only poorly demonstrated at the preopera
tive angiography It appeared to have increased 1n c1libre
since the large branch of the middle cerebral artery had
been occluded With the guidance of the films this ramain
ing feeding artery now more clearly demonstrated was
higated At a second angiography duning operation no mal
formation was found

Comment As was evident at the preoperative
angiography the vascular malformation was sup
pled mamly from the large branch of the mddle
cercbral artery When the blood flow had been

graphy at the end of the operation hereby aso
a postoperative angiography In those paten
whom an angiography was performed dunng op
tion no re-operation for removing remnants of
malformation has been necessary No complicat
connected with the actual procedure occurred

SUMMARY
The value of carotid angiography during operationn}
surgcal of arter if iy -

trated by 4 patients After obliteration of the main syrh
to the malformation the blood may be redistnbuted & +
possible smaller feeding vessels now dilated and

altered by occlusion of this branch 1 further lar
supply was demonstrated more clearly

Discussion

Angiography durning operation 1s a useful aid 1n
d partsofa malformation
overlooked during surgical dissection the operation
can then be completed at the same sitting  The situa
tion at vanous stages of the operation can be con
trolled by repeated angiography The surgical trau
ma may thus be mimmized and the measures con
fined only to the pertinent vessels

In some cases where the feeding arteries vary
greatly m calibre the mformation on the vascular
supply provided by the preoperative angiography
may be mcomplete since the smalier branches will
be only poorly or letely filled A pl
demonstration of the whole vascular malformation
with all its supplying vessels can then probably be
only by 1 mg the preoperative
angiography with hy during op
The latter should be performed after occlusion of the
main feeding artery The blood to the malformation
will then be redistributed to possible smaller feeding
vessels now dilated and more clearly demonstrable
The cerebral vessels apparently respond immediate
Iy with an mcrease in calibre upon an increased flow
demand

That the extirpation of the vascular malforma
tion has been radical can be controlled by angio

1+ q

clearly d able than p ty In some cas,

hy both ly and duning operatue
may be needed for a demonstration of the whole maffr
matton with all its feeding vessels Angiography dunez
operation reduces the need for postoperative angiographs
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SCINTIGRAPHIC ASSESSMENT OF BILIARY REFLUX INTO THE RESIDUAL
3TOMACH AFTER SUBTOTAL GASTRECTOMY AND GASTROJEJUNOSTOMY

S GusTAvssoN L. K ENANDER B JUNGand M KROG

R

of duodenal juice bile
ind pancreatic secretions has been repotted
1sociation with gastntis and symptoms after gastric
o (DU PLESSIS 1962 CAPPER 1967 TOYE &
WiLLIAMS 1965) Biliary reflux 1s currently est:
mated by endoscopy measurement of bilirubin or
Clabelled bile acids yn gastric asptrates and by
mdologic techmiques (JAMES & PICKERING 1949
CAER et coll 1966 RHODES et coll 1969) These
Methods imply mtubation of the oesophagus and the
stomach which 15 more or less distressing to the
f;l:;m Moreover 1t cannot be excluded that the
. do:é;on procedure or the mere presence of an
o Pe or an imtralumunal catheter i uself
neted lgnstrmmesnnal motiity A non nvasive
LOHLEO]:assessmg biliary reflux 1s thus desirable
nethod T eteoll (1977) mtroduced a scintigraphic
Jovias drl determination of biliary reflux with
Do etection by a gamma camera of imtra
N S administered #Tc™ HIDA This radio
submlﬂteuuc is rapidly taken up by the liver and 15

m;’qwnny excreted i the bile A modification
s Method 15 now reported

Matersal and Methods

The my
tpon “"h‘enal consisted of 18 patients operated

lm;g,unm:”b(o‘al gastrectomy and antecolic gas
tases o MY at least 20 years previously In all

side
n adgeq to-side entero enteroanastomosis had

#Tc™ tin colloid (04 g SnCl 04 pg ascorbic
acid and 2 MBq **Tc™) 1in physwologic saline (2 ml)
was added to 25 ml gruel and given orally Stannous
diethyl IDA complex N (2 6 diethylacetamilido)
wunodiacetic acid (Solco-HIDA  Solco Nuclear
Basle) labelled with 75 MBq **Te™ m physiologic
saline (used for scintigraphic demonstration of the
biliary ducts by REICHELT etcoll 1977 and PAUWELS
et coll 1978) was given sntravenously in a dose of
20 mg Toxic reactions or sensibilisation have not
been observed after use m more than 10 000 patients
(Solco Nuclear Basle 1978)

A gamma camera (Radicamera I General Elec
tnc) witha @ 22 cm medwm resolution low energy
collimator was used

Two regions of interest were selected electront
cally 1n the image field The analysis was limited by
the lack of digital storage and processing equipment
for gamma ¢amera 1mages

Determuination of bihary reflux No restnctions m
food intake preceded the expenment After oral
admimistration of *Tc™ tin colloid the patient was
placed on the exammation table in supine position
with the supenor part of the body about 30° above
the honizontal plane One of the electromic windows
was placed over the image of the gastnc remnant
the other over the small bowel Proper positioning
was documented on Polaroud films

Next *Tec™ Solco HIDA was njected and re

Submtted for publication 8 November 1979
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30 * 40

FATTY MEAL
Fig 1 Consecutive gamma camera images 1n a cholecyst
ectomized patient After a falty meal imcreased activity 1n the

peated gamma camera 1mages were taken every fifth
min for one hour occasionally also later The
number of counts collected in the electronic win
dows were pninted out every munute

Between 30 and 40 mun after admumstration of
HIDA a fatty meal contaiming butter and cheese was
given orally without change of position of the
patient or the gamma camera

Results

In all cases 1t was possible to define the position
of the gastrnic remnant with the oral ®Te™ tin collod
test meal (Fig 5)

After injection of ®*Tc™Solco HIDA a rapid blood
phase occurred (Figs 1 3 6) lasting a few minutes
In this phase the digital printouts from both elec
trontc windows (Figs 2 4 7) showed a transient
mcrease resulting from activity in the large vessels
and n tissues with high blood perfusion

After approximately 5 min activity had accu
mulated 1n the hiver and after another 5 mun the
biliary ducts including the gallbladder were demon

50 60 min

small bowel but gastnc remnant not demonstrated No sart
graphic evidence of biliary reftux

Counts 0

1604 ' _\/

10
1201

1004

0 0 1 2 3 s 0 8

mn! FATTY MEAL "
Fig 2 Same patient as m Fig 1 Time actuvy "“hv:,l;‘m
dechining activity m gastnc window (O) 1n spile of vn:m e
of bile flow with fatty meal mcrease in number of ct;:d i
small bowel window (@) Inttial peaks attributed o bl
durtng the first circulatory cycles
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40
FATTY MEAL
i2 3 Biliary reflux after provacation of bile flow with a fatty

€ Gastnc remnant appearcd about 1S mun after fatty meal
nthe 50 min ymage

unis 1

m N[\ N,,

IV AN

/
WO 3 o

%0 B ma e b
ol ' ;
v FATTY MEAL
1 loops outlined by
fes Patient 3 A astnc remnant Fig 5 Gastnc remnant udle:;’::f:cmuﬁ::: |‘so°fa¢=ﬂ over lhz
. ,.,,ds“md"lbocn a5 Fig 3 Activity i g ty after falty  oral ™Tc™ tn colloid One el T yandow 1 placed over the
ey P'uvoczno““:] (®) Increase i gastnc actwity gastric temnant one over the sm: wel Same p:
ndicates birary reflux Figs 3and 4

ey
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30

40
FATTY MEAL

Fig 6 Cholecystectomized patient Gastnc remnant demon
strated already before provocation but after fatty meal con

Counts M)
1001

80 mn

HIDA FATTY MEaL

Fig 7 Same patient a8 1n Fig 6 Activity in gastric remnant
(0) and small bowel (@) [acrease 1 Count rate evideat already
before fatty meal ndicating spontaneous reflux  further
accentyated after fatty meal

strated The number of counts in the electrome
window covenng the small bowel window increased
(Figs 2 4 7) when the tracer about 15 min after
mjection appeared 1 the afferent loop

The presence of biliary reflux was determuned as a
significant increase m the number of counts reg
istered over the gastnc remnant within the image

50 60 mn

siderable increase 1n gastric activity Scintigraphic evder
biliary reflux

of the restdual stomach on the persistence oscl
scope of the gamma camera

Provocation of the bliary flow with the fatty ®
resulted 1 a strongly accelerated emptym, of |
bthary ducts 2nd subsequently in an incred
activity tn the bowel

The results were classsfied n three grovps ¥
strated in Figs 1 to 3and 4 to 7

The first group (6 patients) had no demonstral
biliary reflux before or after the fatty meal (Fies! *

The second group (9 patients) had bihiary el
only after fat provocation (Figs 3-5) Thisa
disappenred very slowly

The third group (3 patients) had a spontar?
bihary reftux that was clearly identfiable before!
gestion of fat The fatty meal resulted 1n 2 furth
ncrease of activity 1n the gastric remnant Thf“;
of activity corresponding to the gastnc remnant |
not dimumsh dunng the recording (1-2 h Figs !

Dyscusston

 sywpto”
by a 1o
of b

The cltmcal assessment of patients wit
after gastnic surgery would be facthitated
mvasive techmque for measurement



SCINTIGRAPHIC ASSESSMENT OF BILIARY REFLUX INTO THE RESIDUAL STOMACH 613

eflux The scintigraphic method presented seems to
sunple and to provide rehiable results Provision

f the gamma camera with a computer would have

acilitated the settings of the windows and an
valuation of several regrons of mnterest However

he mere presence or absence of biliary reflux s the

SUMMARY

A method 1s descnibed for evaluating bihary reflux into
the gastnc remnant after subtotal gastrectomy avoiding
naso- or orogastnc intubation Gamma camera detection
and continuous recording of the distnbution and possible
gastne reflux of ®Tc™ HIDA after intravenous myection

mportant  finding  and ve

phould not add significantly to this mnformation

| More senous 15 that at present no indication of
e stability of the result 1s available 1 e whether a
epeat exammation of the same patient would give
i identical result or not—a problem inevitably
nherent in most clinical expenmental tests n
polving 10n1zing radiation

| The sensitvity and specificity of the present
test cannot be properly assessed n the absence of a
stand and it pted ref tech

mique for evaluation of bihary reflux Only tn alarge
patient materral may the method be evaluated in this
Nrespect

’ Accordmg to LOHLEIN et coll all patients with
¢Bstrojequnostomy have signs of biliary reflux In the
Present senes some patients had no demonstrated
Tellux nesther before nor after fat provocation This
discrepancy may be due to different surgical tech
ques The present patients were all provided with
ranenter and an '

' Bstro-enteroanastomosts
Inorder 10 avord diversion of all hepatic bile into

the gallbladder the present patients were examined
1 a non fasting state Consequently bile appeared
‘N“iantuusly 1n the afferent loop 1n most patients
co:mp[rhesenw: or absence of spontaneous reflux
ne anen be assessed After provocation by a fatty

” increased biliary flow was obtamed n some
Patients assocyated with reflux

' may be concluded

that the presented non
"ln\asuen t v P

Rl p que for bilary
Tecdad imple and specific Further evaluation 1s
« vuedto settle s role 1n chnical practice

was employed before and after stimulation of bile flow by
a fatty meal The techmque 1s simple and specific but
further climcal evaluation is needed
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ABNORMAL AXILLARY LYMPH NODES
IN RHEUMATOID ARTHRITIS

I ANDERSSON L MaRrsaL B NitssoN Kk G SioBLoM
and F A WOLLHEIM

One of the systermic mamifestations of rheumatoid
athntis 15 lymphadenopathy 50 to 75 per cent of
patients having enlarged lymph nodes (BUTLER
1969) At microscopy promment features are reac
e follicular hyperplasia and proliferation of plas
ma cells (BUTLER)

The finding of abnormal axillary lymph nodes at
mammary radiography of a patient without chnical
orradiographic evidence of breast carcmoma const
tutes a diagnostic difficulty The aim of the present
‘ommunication 15 to report the appearance and the
frequency of abnormal axillary lymph nodes in a
$enes of patients with rheumatord arthritis

Material and Methods

an?se matersal consisted of 45 patients 40 women
i r::n Wwith classical or definite rheumatoid ar
o n:ordmg to the ARA cnitenia (ROPES et coll
ooy T:lr median age was 60 years (range 26-79
e 3’c duration of the disease vaned between
i Jom(- years The senes also included 4 patients
somy Symptoms associated with psonasis (3
thematy man) 2 women with systemic lupus
vom SUs one woman with scleroderma and 4
N With unspecified arthntis
Ilsedg t::ndard Pprojections at this institution were
Uiual]y a:‘;Caudal latero medial and oblique
Caly iy gy 0lb]ary lymph nodes are demonstrated
nly g e 1que projection (Fig 1) In the males
ormal | que projection was used
hapeq orlymph nodes are usually oval kidney
obulated with low or moderate attenua

tion (BJURSTAM 1978 Fig 2) Frequently an area of
fatty replacement 1s observed in the hilum or oc

cupying a larger part of the node (LEBORGAE et coll

1965 BIURSTAM) Small lymph nodes (<10 mm) are
frequently rounded without wvisible fatty replace

ment The following features were considered to
charactenize abnormal lymph nodes if present n
nodes measunng 10 mm or more high attenuation

rounded shape and absence of fatty replacement at
least two of the features were required for classify

mg the node as abnormal

Results

About half of the patients with rheumatord ar
thntis had abnormal Iymph nodes (Table Fig 3)
Abnormal lymph nodes were also found n the pa
tents with psonasts (Fig 4) lupus erythematosus
{Fig 5)and scleroderma

In 10 patients no lymph nodes were found and n
14 normal lymph nodes were demonstrated In the
patients with defimte abnormal lymph nodes a me
dian of 3 nodes/axilla was demonstrated The cor
respondimng figures for axillae with probably abnor
mal and normal nodes were 5 and 2 respectively

The single most frequent abnormality was n
creased attenuation

The largest Iymph node exceeded 20 mm in 67 per
cent of the axillae with abnormal lymph nodes i 50
per cent of those with probably abnormal and in 4
per cent of the axilae with normal nodes

Submitted for publication 30 August 1979
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!

Fig 1

Position of patient for oblique projection
Table

Frequency of abnormal lymph nodes in 56 panents with arthntis
Figures within parentheses denote biateral engagement

No of Diagnosis Axillary lymph nodes
patients _—_—
Abnormal Probably Normal
abnormal  or no
nodes
45 Rheumatoid arthniis 20 (6) 5M 20
4 Psoniasis + arthntis  1(1) 3
2 Systenuc lupus
erythematosus +
arthnns 245
1 Scleroderma +
arthnitis L
4 Unspectfied arthntis 3 1
Total %6 24 8 24

At physical examination which was performed
without knowledge of the radiographic result lymph
nodes were palpated in 5 of 24 patients with radio
graphically abnormal nodes and tn one of 8 p

r

Fig 2 Normal axillary lymph nodes

rheumatoid arthniis With the techmaue used L:e
top of the axilla was not included 1 the fim
Furthermore some of the patients had 2 "d":cd
range of abd of the Ider which prof®

with probably abnormal nodes On pal the

pe for the oblique proco

nodes were tnvariably soft

Discussion

Abnormal axilary lymph nodes have not been
reported previously but appear to be a frequent find
ing at mammary radography of patients with

es
Thus the true frequency of abnormal 1ymph P

may have been even higher st
In the present senies lymph node biops} “r v
performed However there was no clinical ﬂnh"m
ratory evidence of disease other than the 3 o
with 2 exceptions one patient had been Ul:) -
upon for renal carcinoma 6 months previol
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Fig 3 Abnormal axillary lymph nodes m patients with
rheumatord arthtis The nodes are charactenzed by ) rounded
form b) high attenuation and ¢ ttle or no fatty replacement




648 I ANDERSSON L MARSAL B NILSSON k G SIOBLOM ANDF A WOLLHEIM

Fig 4 Abprormal axillary lymph nodes 1n a man with arthritis
associated with psonasis

one patient had a chnically occult breast carcinoma
None of these 2 patients had abnormal lymph nodes
In the present senes the most prominent radio
graphec features of abnormal lymph nodes were in
creased attenuation a rounded shape piving the im
pression of expansion of the node and absence of
fatty replacement The same obviously apphes to
metastattc  nodes (LEBORGNE et coll 1963
BIJURSTAM) As was poimnted out by LLEBORGNE et
coll the radiographic appearance of the lymph
nodes 15 generally simlar whether nvolved by
metastass or other pathologic processes KALISHER
(1975) described a thin irregular pericapsular zone of
d at on which he d to be
charactenistic of pnmary lymphoid hyperplasia and
lymphoma This appearance was not observed 1n the
present sernes

A4
-
rax

Fig 5§ Abnormal lymph nodes in a woman with s!
erythematosus

ystemic opyt

Size cannot per se be used to distmguish betH<c!
normal and abnormal lymph nodes Nodes measy!
g 20 to 30 mm m length occastonally occur it
healthy patients However such nodes ar¢ elon
gated with moderate attenuation and with 2 %
area of fatty replacement s

The practical implications of the present fin lm
are obvious Whether in addition any chmcnll}'j‘“
portant correlations with e g seventy of d:stnbc
systermic mamnifestations or stage of disease ¢4
found remams to be assessed

Conclusion In a patient with rheumato! o
1t 1s highly probable that abnormal axifiary y
nodes represent a manifestation of that diseast ,
present result indicates that the same pr;‘]unhﬂ
applies to other types of arthritis Thus
diagnostic procedures may be avoided

d arthnts
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SUMMARY

1 Mammary radiography was performed i 56 patients
4ith anthnts predomunantly rheumatoid arthnitis  Defi
1tz abnormat axillary lymph nodes were found m 24 and
robably abnormal nodes in 8 Abnormal nodes were

by d rounded shape
nd absence of fatty replacement
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VI Practical clinical use 1n inflammatory disorders of the maxdlary sinus

H F BERGSTEDT C CARENFELTand M G LIND

Euologic d 1sa for ad

therapy of a sinustis The sinuitis 1 either infectious
vrd or bactenal or non mfectious vasomotonc
allergic or traumatic By penetrating history and
3gns a sinuitis with signeficant bactenal genesis may
be distinguished from smuitis of different ongin
(CARENFELT et coll 1980) However the different
faranasal disorders have many clmcal signs n
‘ommon and further dragnostic measures may be
equired to decyde adequate therapy
(hm'd"’gmphy of the nasal smuses demonstrates
¢ pathologic substitution of air m the smuses by
o or 5oft tissue serous mucous or 1

d as a sensitne indication of malignant en
gagement as well as ostettic reactions of the bone
tissue (SILBERSTEIN et coll 1973 TILDEN et coll
1973 PAPADIMITRIOU et coll 1974 THRALL et coll
1974 GENANTetcoll 1974 BELLIVEAU & SPEMCER
1975 OSMOND et coll 1975 BERGSTEDT 1975 DE
SAULNIERS et coll 1974 KAYE etcoll 1975 LETTS
et coll 1975 ROSENTHALL & KAYE 1975 WiICK
ENHAUSER & HOLLMANN 1975 GaRCiA et coll
1976 LIND & NATHANSON 1977 BERGSTEDT &
HAVERLING 1978 WICKENHAUSER 1978) Scinti
graphy 1s also more sensitive than radtography n

1;:(‘3 ;nfecuous or non infectious mucosal swelling
‘Mporu;:r neoplastic issue Severe ostettic reac
i hne d:stdructlon are also demonstrable by
“mxonf yf phy detects mfl v
“ﬂhmdlsz the sinus with high accuracy but 1t
fom (he nonnématc the stnutis of bactenal etiology
As lrﬂ actenal form

s i“ci:am bactenal mfection of the maxillary
v Dlag:;““‘"Rd by purulence (CARENFELT
the U.\dw,\hmc aspiration and visual evaluation of
tthod for d‘“ the sinus 1s therefore a most relable
"l genegys :gﬂosmg simutis of significant bacte
piration 15 ng: :lever puncture of the sinus with
She diagnogyc ways performable and a non inva
Sulcant pag method capable of distingmishing the
Stye ag, tenal sinutis would be a valuable
tone afier mJlunct The accumulation of #Tc™DP 1n

ravenous admimistration has been es

bone tissue by purulent
smuitis (WICKENHAUSER et coll 1978 BERGSTEDT
et coll 1979 a) Furthermore 1n contrast to radio-
graphy scintigraphy has the capacity to separate
purulent from non purulent maxillary sinus inflam
matory lesions (BERGSTEDT et coll 1979 b) In the
present report the differential dragnostic capacity of
facial bone scintigraphy in practical climical work
concerning nflammatory reaction of the maxillary
smuses will be evaluated

Matenal and Methods

Fifty-one patients applying for medical treat
ment of maxiliary sinuitis at the out patient depart
ment were examtned according 10 a pre set routine
dunng a 6-month penod at the ENT clinic at this

Subnutted for publication § November 1979
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Ude

hospital  Three patients with carcinoma of the
ethmoid papilloma durum of the ethmoid and
periapical osteitic lesion of an upper premolar tooth
were excluded Of the remuning 48 patients 27 were
males and 21 females between 17 and 79 years of
age The age distnbution 1s presented in Fig 1 No
ttercurrent disease possibly affecting the skeleton
or the paranasal sinuses was present The tistory
and the clinrcal findings of the patients were careful
ly explored and registered

Radograplyy  Radiographic examenation of the
maxillary sinuses was performed mn four standard
projections occipito frontal occipito mental later
al and aximal The radiographic findings were
evaluated by a rdiologist specialized i ENT
radiology without hnowledge of the chmcal drag
noses The results of the radiographic exanunations
were classified as follows (1) No affection of the
mucosa withim the relevant maxillary sinus (2)
Mucosal swelling equal to or less than 5 mm thick
ness (3) Mucosal swelling of more than 5 mm thick
ness (4) Fluid within or complete filling of the sinus
with attenuative material Bony involvement of the
facial skeleton could not be distingwished mn any of
the patients

Scintigrapin Frve hours after an infravenous in
Jection of 370 MBq (10 mCi) of Technetium Diphos
phonate (*Tc™ DP) one a p and two lateral scinty
graphic projections were recorded (BERGSTEDT
BERGSTEDT & LIND 1978) by a gamma camera (Pho
Gamma 1V Nuclear Chicago) with a converging col
limator on the same day as the radiographic exam
naton The scintigraphic examination results with
regard fo tracer accumulation to the region of the
relevant maxiflary smus were classified (Fig 2) as
defimitely normal probably normal probably ab
normally wncreased and definitely abnormally m
creased uptake

Antral aspiration techmqyue The antral content
was examined by the antral aspiration techmque
descnbed by CARENFELT (1980) The occurrence
and volume of retamned sinus secretion was re
corded The character of the secretion purulent
or non purulent was determined according to
CARENFELT & LUNDBERG (1977) The mucosal
thickness the osteal patency and the character of
the bony wall were estimated

Classification of patients The patients were
classified without considering the radiographic and
the scintigraphic results (1) The asprration findings
were used as a basis for classification and the ma

H F BERGSTEDT C CARENFLLT ANDM G LIND

10+

5+ -

20 3 40 50 60 70 gt

Fig | Age and sex distnbution of the matersal 27 males i
21 females ()

Table

Climcat classification of patients

Group No of Patient Climeal
patients htstory findmgs
o 16 NP NP
Alb 2548 NPIP NPP
< 1 P P
D 23

A=no purulent secretron at aspiratron D=purulent semm;:
aspiration a=definttely non purulent b=probably son punt
c=probably purulent P=purulent NP=non purclent

tenial was divided 1nto A no purulent secretion ard
D purulent secretion (Table) (2) The patients with
out purulent secretion at asptration were further &
vided nto groups—a b and c— accordng 10
evaluation of patient history and chimcal SETS [Ug
ble) .
If netther aspiration clmicl findings nof P
history indicated purulence the sinuitis %35 ;‘:
sified as defimtely non purulent group 2 1oty e
patient history or only the chinical findmngs md\cau
purulence the sinus affection was classified ﬂﬂ-”;’ﬂf
b probably non purulent siuttis When P “
secretion was found  the nose or in the rplt’”""zm
and the patient history dicated purulent se¢™ ot
as well the sinuttis was classified as group ¢ Pvmﬂ
ably purulent sinuitis By this way of classificd o
the snformation mherent m chmeal cvaluaﬂo“d”
used 1n order to differentiate the patients Nd"wbv
nitely non purulent staurtis from those whe P:m e
had had puruient secretion accumulated Wit
sinus shortly previous to the aspiration
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g 2 Four patients nght maxillary sinus filled with soft tissue
L fluid at S hic cl; of these cases

Results

The first classification mto A and D based only
nfindings obtamned at asprration was related to the
esults of the radiographic exammation (Fig 3) as
vell as to the results of the scintigraphic examina
wn(Fig 4) Findings at scintigraphy correlated bet
€ 10 asprratton results than did the radiographic
ndings
i The second classification & b ¢ and D based
$oth on findings at aspiration and on added chinical
mormation was related to the results of radio-
fraphic and scintigraphic examnations respectively

“TFigs 5 6) The scintigraphic results correlated bet
et also wath this classification to aspiration results
1o clinical information than did those obtamed at
ldzdwgmphy Eighteen patients without purulence
cmonstrated by aspiration had the relevant smus
j’”fd Wwith soft tissue or fimd (10 cases) or a mucosal
f);“tllmg of more than § mm (8 cases) radtographical
: ZE::T;:‘; of maxillary smums Of these 18 pa
orogns : onged to group a hence without history

e maxn“] purulent nasal discharge or tenderness of
Naderse ar}}/‘smuses Another 4 patients of these 18
¢ scha T alustory or signs indicating purulent nasal
. moryrE: {group b) but only one of the 18 had both
cha nd signs indicating purulent nasal dis

’E‘ woup ¢ (Fig 5)
: fﬂ"y:::::t:ls with no pus at aspiration and clim
hoormeg Snnny non porulent sinuitis group b had
¢ graphic findings (Fig 6)

T Discussion
3 Werapeunc consid
o the etology

o
"¢ and aflergye e,
2sa}

Nleny

erations in sinuitis are depend
of the inflammation  Vaso-
e actions 1n the nose and n the
o are treated differently from pu

ton  The occurrence and the

© d

a) defimtely normal b) probably normal c) probably abnormal
o) definitely abnormal

pathogenests of allergic and viral smmtis are not well
known or defined but mucosal swellings and polyps
of the sinus occur frequently m patrents with vaso

motonc rhimtis These disorders as well as the
healing stage following the bactertal smnus affec

ton—possibly rep sterile di

should be distingurshed from the significant bactenal
simuitis The differential dragnosis 1s generally based
on clinrcal symptoms and signs and reasonably
accurate but m some cases further diagnostic 1n

formation 1s destrable especially if surgical inter

vention 1s contemplated

A strong correlation exists between the occur
rence of purulent smus secretion and sigmficant
growth of pathogemc bactena (CARENFELT &
LUNDBERG 1978 CARENFELT 1980) In acute
maxillary smwuitis pathogemc bactena are found
n 90 per cent of purulent secretions (CARENFELT
1979) In chronic maxiiary smutis bactenal
growth m purulent secretion was reported in 88 per
cent heavy growth tn 72 per cent of cases by KARr
MA et coll (1979)

Radiography offers mformation about the dis
tnbution of air soft tissue and fluld within the
paranasal smuses but the findings are non specific
and 1t 15 not possible by means of radiography to
separate purulent from non purulent inflammation
Bone reactions are demonstrated 1f extensme
enough but early ostertic reactions are not radio-
graphically demonstrable (BERGSTEDT & LiND)

Facial bone scintigraphy 15 a more sensitive
method than 1s radiography n detecung early bone
reaction of a paranasal smus harbounng a purulent
mflammation (BERGSTEDT & LIND WICKEN
HAUSER et coll ) It has also been demonstrated that
this sensitivity to purulent engagement of bone
tissue can be used to disinguish patients with non
purulent sinuttis from those with purulent sinus 1n
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Fig 3 Results of antral aspiration {A=no pus D=pus) related to

Fig 4 Results of antral aspiration (A=no pus D= pusireluedt
t defi m

results of the radiographic exantnation 1=no mucosal affection resufts  of h m )]
2=mucosal swelling equal to or jess than 5 mm 3 I{=probably normal [i=p y abnormal [Vedefintely &
swelling of more than 5 mm 4=flud within er complete filling of normal
the sinus with ttenuative matertal
'
. .
4 9 cee lv 1 v
.
N e
3 . . M n4 .
2 . {1 .
14 14 o .
T T T T — T 4"—'_/0‘/
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Fig 5 Results of chncal exammnation and antral aspiration
{a=defimtely non purulent be=probably non purulent ¢=prob-
ably purulent D=purulent secretion) related to results of radio
graphic exammnation (1-4 asn Fig 3)

flammation (BERGSTEDT & LIND) The results re
ported indicated that a strong correlation exists be
tween scintigraphic results and antral purulence
However this high sensittvity and differential dia
gnosti. capacity of bone scntigraphy was dem

Fig 6 Results of chinical examination and ammh
¢ D asm Fig ) related to results of scintigrap!

-1V asm Fig 4)

ts
onstrated 10 a series of selected patien
factal bane 77

fore the practical clmical value of

[
aepration
¢ examnd®

Ther

110
tigraphy 1n the diagnosss of tnflammatory peact!

tn the paranasal sinuses remains 1o be
The present senes conssted of pats

demonstrat®

ents 1n UL
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finrcal work with equivocal signs of maxillary sinus
flection The scintigraphic findings correlated bet
rto antral purulence as evidenced by findings at
spraton  than did the radiographic findings
adiography of the maxillary sinuses cannot dif
rentiate purulent secretion from non purulent se
reton nor mucosal swellings caused by bactenal
“fectiens from those of non bacterial eticlogy Asa
onsequence both non purulent and purulent maxil
wy affections are mcluded in the group of patients
nth radiographuc signs of maxillary smuitis

Further information obtauned from clinical history

Conclusions Facial bone scintigraphy correlates
better to maxillary sinus purulence than does radio-
graphy Scmtigraphy 1s more sensitive 1n detecting
the bone tissue reaction around purulent sinus mn
flammations than 1s radiography Bone tissue reac
tion 1s almost mandatory for the diagnosis of puru
lent maxillary inflammation

SUMMARY
Facral bone scintigraphy with **Tc™ DP was compared
with of the maxillary sinuses in

nd signs mght reveal a previous purulent
wt detectable by the aspiration technique at the
ime of the exammation However 1n the present
enes the chnical history and signs were not indica
e of such previous purulence On the contrary of
8 patients with no pus demonstrated at aspiration
wtwith radrographic indication of maxillary smnuitis
3had newther climcal history nor signs indicative of
wnience It has also been reported that bone reac
fonmay not be demonstrable by scintigraphy during
hefirst days of an acute bactersal sinnitis Also an
Wdwonal punrlence to an ongmally non purulent
sihuttis may be undetected at scintigraphy for some
fme because of the delay of bonme reaction
{BERGSTEDT & LIND) On the other hand a bone
feaction causing abnormal scintigraphy may persist
tien after the period of active purulent engagement
‘h::cc‘:]n:"’“c scintigraphy 1s more time consuming
oo L‘mh[enum-lal radiography and does not offer
m\ﬁ:;ted chanatemxc nformation Radiography 1s
oot When symptoms and signs are not suffi
Or clinical management and when aspiration Is

ot

dm‘\zi:omme Some patients still offer diagnostic
" s such as patients with allergic nasal
Plyposis by

onchial asthma and possible residual
Balong g llﬂnasal mfections In general vaso
sgery orf au],"glc reactions do not mdicate radical
o thromie Ie mavllary sinuses but residual or
bm(mel;:enl infections sometimes do n order
onchat a“; fectious focus possibly aggravatmg
L — offnahc reactions In such patients the
* Ty offers dmdmsl'dphy and facial bone scinty
Bty gone 1agnostic information beyond radio
ol rag stll by non mvasive methods
& Ussue l‘:ac[mlogmphlc findings do not exclude bone
n as eff
i Dlgranh, y as does y
1 fla, Y 1s therefore of special value when In

« ammagory o
4 Y or neoplastic
A ho“!dbfﬂcl bone tissue engagement

Puroteny pa

a clinical routine senes of patients considered 1o have
mflammatory disorders of the maxillary sinus  Scinti
graphy correlated better to the presence of purulent 1n
flammatory lesion than did radiography Bone tissue reac
tion 1s almost mandatory for the diagnosis of purulent
mavillary inflammatory disorder
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RADIOGRAPHIC INVESTIGATION OF POPLITEAL CYSTS

1 P G LINDGREN and W RAUSCHNING

! A swelling in the popliteal region m association

#ith effuston m the knee jomnt was described by
DUPUYTREN (1829) and later by ADAMS (1840)
ADAMS considered that the swelling was due to an
velgement of the bursa which lres beneath the
~medial head of the gastrocnermus muscle Further
emore be stated that the bursa t with

Several authors have postulated that in all cases of
communtcation between the knee joint and the bursa
a valve mechamism s mvanably present (ADAMS
TAYLOR & RANA 1973)

However pressure measurements and
cineradiography have revealed that in the normal

the knee yoint by a species of valvular opening

Bixer (1877) reported 8 cases of pophiteal swelling
Rwas s opinton that this condition arose through
hemuation of synovial membrane from the knee
Xul Later (1885) he beheved that the pophiteal
swelling might be caused by distenston of a normally

SEumng bursa. n reports of farge senies of arthro
Faphies eystic popl,

mg  gast ) anosu:
bursa no such mechanism exists and that the pas
sage 13 hermetically closed when the knee 1s ex
tended (LINDGREN) This closure mechamism has
been exammed n detail by senal cryosectioning of
fluud filled knee jomnt specimens frozen at different
degrees of flexron (RAUSCHNING 1979a) In some
cases of symptomatic popliteal cysts LINDGREN

“rihthe Yoo p h,, cavities
Kesston &J;mt ave been described (FICAT 1957
B ILBERMAN 1960 DOPPMAN 1965

Nm:l coll 1967 PaLLARDY et coll 1971
o Sh:T L972 WOLFE & COLOFF 1972) Various
e pg, © been given to these cavities for exam

mho““ dhmroma hernia and Baker s cyst In
Bak"“;::s e literature 1t 15 often claimed that
oy peg ]commumca!e with the joint through a
Mo 'cle stalk or curved narrow passage
. Ssumed to constitute the neck of a hernal

L

P:::&;NCUWS) demonstrated that communicat

ography :""ICS detected accidentally at routine

fem wsem,"hom exception conssted of the gas
Siency 01-mmn’]”e"‘branosus bursa and that the fre
Mhreaseq o umcation of this bursa with the joint
B2phic e, 2ge He also clanfied the radio

"Phology of these bursae

© hey

rated that a valve mechamsm with total

obstruction of flud flow from the cyst to the jomt
cavity was unequivocally present

Chinically popliteal cysts bestdes causing local
swelling and tenderness may simulate deep venous
thrombosis either due to the size of the cyst which
may extend down nto the calf or due to rupture of
its wall with effusion of synovial flud Rupture of a
popliteal cyst n patients with rheumatoid arthritis
often gives nse to ful syl 1
thrombosts (DIXON & GRANT 1964 Goop 1964
HALL & SCOTT 1966 JAYSON et coll 1969 HOOPER
& BROOKLER 1971 BACON & GERBER 1974) The
condttion has also been reported tn association with
Reiter s disease (CSONKA 1966) gout (LEVITIN &
KEATs 1975) and arthrosis (STEIGER et coll 1967)

d for publ, 19 1973
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Several authors have pointed out the nisk of errone
ously constdening a cyst rupture as vein thrombosis
as treatment with anticoagulants because of the
wall rupture will lead to extensive bleeding into
the calf (BRYAN et coll MCDONALD & LEoPOLD
1972 GIBBONS et coll 1975)

Arthrography has been performed in a series of
dilated symptomatic popliteal cysts in order to de
termime (a) whether they were caused by synovial
hermation or repr da
g bursa (b) thewr extent and size m relation to
symptoms and the underlying knee disorders
(¢) the flow conditions between the jont and the
cyst tn order to demonstrate or exclude a valve
mechanism and (d) the radiographic morphology in
cases where the cysts and cyst rupture simulated
deep venous thrombosis

Matenial

Forty one patients with palpable popliteal cysts
giving nse to symptoms were referred for radio
graphic investigation Before referral the patients
had been thoroughly exammed by an orthopaedic
surgeon with respect to the presence of any underly
1ng hnee disorder and the knee jont effusion and
popliteal symptoms had been graded In most cases
(37 patients) routme arthrography had been per
formed

Phlebography had been performed 1n 10 further

%
404 —

1000

hed
Fig | Upper pan of figure Radiographic size of 41 potf h
cysts with (shaded bars) and without {unshaded bars) 2 yahvulsr

40 co
commumcation Lower part Radiographic size of !
B o ‘bursac at routt

patients with calf symp b of
thrombosis with a negative result They were then
referred for orthopaedic examination and arthro

graphy

Methods

Radiography of popliteal cyst With the patient in
the prone position and the hnee extended local
anaesthesia was applied and the cyst was punctured
with a coarse-calibre short bevelled needle (ID 12
mm) In 16 cases the extent of the cyst had been
previously determmed by grey scale ultrasound
scanming at which the puncture site was marked
Practically afl fluid was aspirated and was replaced
with water soluble contrast medwm (Urografin
45% Schenng) The viscosity of the aspirated flurd
was graded as low if 1t resembled normal joint fluid
viscous 1f at room temperature 1t ran slowly along
the wall of a sloping test tube and highly viscous 1f st
had a gelatinous character

thrography (cf LINDGREN 1978)

Stll with the knee extended the patert :’:\:
placed 1n the lateral position Dunng cmm‘!" \
graphy (15 frames per s 35 mm) or fluoroscopy
knee was flexed both passively and actively !T:
during these movements special attention $35 pﬂh
to whether any contrast medium passcd over wulasl
knee jont and if so the amount If n0 con m
medum passed to the joint at these manoeuvres -
cyst was manually compressed mn an attempt 007!
voke flow from the cyst to the joint et

Conventional films were also exposed 11 l?]e:mﬂ -
alanda p projections with the knee extende o
the lateral projection with the knee flexed A:’w ~
presston on the cyst wall and any outpouchx,‘a e
noted The product of the sagittal tength as:zrﬂf‘
sagittal width was used as a measure of thi,
the cyst as described previously (LINDGRE
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Fig 7 Popliteal cyst with diverticular outpouchings 1 the upper
Pt [mpressions’ from the gastrocnemuus (G) and semumem
branosus ($) muscle

107 patients the described examimation was per
med about 30 mun after consentional arthro
*Baphy and 1n the patients at a
session
ml;"mlhe :10 patients with acute calf symptoms
mmm?p Y was performed as follows 15 ml of
e mmr:cdmm were mjected into the knee jomt in
‘e Mtonal manner Under fluoroscopy the
%as then flexed passively and dunng this

3for

Fig 3 Popliteal cyst Contrast medum ingected directly into the
cyst A small amount of contrast medum passed over fo the knee

of the cyst n the
septa (=) Confirmed at

somt after manual
caused by

operation

bursae No kinking of the communication channel
was observed on flexion of the knee On the other
hand 1t was seen that on knee extension the channel
was compressed between the medial femoral con
dyle and the tendon of the gastrocnemius muscle i
the same way as has been demonstrated previously
n cases of communication between the gastro-
cnemio serumembranosus bursa and the jomnt
The size of the cysts measured on the films com

Tove,

) ::::l altention was focused on the flow of con pared with that of normal bursae appears n Fig 1

Ve umn the postenior part of the jomt Films  In general the cysts were larger than the
e Posedinthe a p and lateral pr and  asy ng bursae d d accy

eemed
[ necessary also an oblique view was
o Fiposed

Results

Inap
. mme;ases the cyst lay i the medual part of the
v Tegion Al cysts displayed tendon impres

00y pical f
or the gastrocn,
- hu\a(Ll\DGREN) & €mI0-semumembranosus

" commup, Ic:
2 found oy g
b Eommumc

h‘“‘“& cysts the site of communmication
- ® same location as in physiologrcally
"¢ gastrocnemio semimembranosus

dentally at routine arthrography Irregular wall out
lines with dwerticular outpouchings were more
frequent among the cysts than among the
asymptomatic bursae (Fig 2)

On myection of contrast medwm directly into the
cyst spontaneous flow into the knee joint was ob-
served m 16 patients In these patients the jont
symptoms were marhed and the knee effusion large
while the viscosity of the aspirated fluid was low In
7 patients only a small amount of contrast medium
could be forced nto the joint after manual compres
sion of the cyst (Fig 3) In 18 patients no contrast
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Fig 4 Pophteal cyst with dissection and rupture of the wall
Spread of contrast medium to soft tissues of the calf m a fan
shaped fashion The patient had symptoms sunulating deep
venous thrombosis

medwum could be made to pass into the jont even on

pul (total valve 1 These cysts
were larger than those 1n knees in which the flow of
flnd was unobstructed i both directions and the
viscosity of the cyst flud was distinctly higher when
a valve mechanism was present

e
Fig 5 Dissecting calf cyst oniginating from a RS
semmmembranosus bursa (B

a postt®

the medial head of the gastrocnemus emdy "

Homann test was found At arthrograph et
findings were made In 6 patients not only div

plaredt
Iar outpouchings of varying size from the ¢ foun
b bursa were [¢

£ conts®

g
but also diffuse fan shaped spreading © ey
d into soft tissues of the calf (FIE

In the 10 patients with calf pain ve of deep
venous thrombosts the circumference of the calf
was increased by 4 2 cm at average (2-8 cm) In all
cases tendemmness on pressure with a maximum over

it
patients well-defined cavities m the ca)flcﬂé':“m
cated with the bursa (Fig 5) their wall outl™
1rregular (dissecting calf cyst)
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Discussion

teehmique desenbed should reveal whether or not 2

The constantly present gastr
ranosus bursa communicates with the hnee joint
acreasinely with age (LINDGREN) Thus a contrast
Tled gastrocnemio semumembranosus bursa noted
by chance at arthrography should not be called a
Baker s cyst or a popliteal cyst nor should 1t be
tirbuted amy clinreal stignificance 1f 1t 1s not giving
nse 10 local symptoms only the dilated and
symptomatic bursae should be referred to as a
Baker s of popliteal cyst

In the present senes all cysts were identified as
dlated bursae and not one as a synovial hernia
Furthermore 20 of the 41 patients were operated
uport and 1t was confirmed that no hermation existed
(RAUSCHNING 1979b)

It may be stated with 2 igh degree of certainty
that the dn. erticular outpouchtngs from the cyst wall
ae caused by mtramural ruptures and subsequent
encapsulation of the escaped fluid A mise in pressure
sufficient to cause such ruptures occurs at loaded
tnceflevione g squatung In the presence of a large
effision in the knee Jowt for example 1n rheumatord
anthnus the cyst not mfrequently occupies a major
ortion of the calf compartment forming so called
gant cyst

On the basis of pressure measurements JAYSON
4DX0x (1970) postulated that a valve mech

valve 15 present A hugh viscosity of the
cyst flud s strongly mdicative of a valve
mechamsm which also implies a [ow probability of
an underlymg jomt disorder

A large popliteal cyst a dissecting ¢y st or rupture
of the cyst with efflux of the flrd simulating a deep
venous thrombosts can be diagnosed by a simple
arthrographic procedure not armng at demonstrat
mg mtraarticelar diseases It 1s conveniént to per
form the arthrography immedately after the phlebo
graphy if negative The efflux of contrast medium to
the soft tissues of the lower leg does not accentuate
calf symptoms just as nadvertent ruptures of the
bursa at routine arthrography do not cause local
symptoms (LINDGREN)

In several cases a passage of contrast medium
from the cyst to the calf observed at radiography
mdicates that recurrent ruptures have taken place
which further corroborates the hypothesis that large
popliteal and calf cysts are formed by repeated
escape and encapsulation of the synovial flnd

SUMMARY

Forty one patients with pophteal cysts were examined
All cysts d of a dilated gastro

cnemio bursa A valve mechanism at

existed 1n the communication between the Joint and

| e poplitea) cyst In the present sertes such a valve
1 :‘:‘f::msm was clearly demonstrated in 25 of the 4)
" s As a rufe no underlymg joint disease was
‘ mn“ dm these patients and the cyst flind was of
[ m:l :‘:bly higher viscosity than m cases without a
‘Nxcnts f[hamsm At operation on some of these
et “fould be elucidated that the valve
ot gt (e as caused by a number of membranous
iy site of communication (RAUSCHNING

e:;::;‘::em results allow to distinguish two dif
s of popliteal cysts
n c"g’;’::W popliteal cyst has a valve mechanism
I— v::non with the jomnt cavity 1t 15 rarely
mﬂlh”o‘m“h intraarticular disorders or effusion
- ﬂh:ms;::;:‘::xry popliteal cyst had no valve
B3y g € site of the communication with the
requently assocrated with an underlying

1141}
oy Yar disorder which causes effusion mto the

In g
meally doubtful cases the radiographic

the site of thewr communication with the joint was demon
strated by a specific ridiographic technique in the majonity
of cases The ridiographic findmgs m popl eal cyst
ruptures simulating deep venous thrombosis are de
senbed

REFERENCES

ADams R Chronic rheumatic arthnitis of the hnee joint
Dublin} med Sc 17{(1840) 520

Bacon P A and GERBER N J Popliteal ¢ysts and syno-
wvial rupture in ostecarthrosis Rheumatol Rehabil 13
u9s74) 98

BAKER W M The formation of synovial ¢ysts in the leg
1 connection with disease of the knee joint St Bart
Hosp Rep 13{1877) 245

— The formation of abnormal synovial cysts in connec
uon with the jomts (second communication) St Bart
Hosp Rep 21(1885) 177

BRYANR S DtMICHELE] D and FORnG L Popliteal
cysts Arthrography as an aid to diagnosis and treat
ment Chn Orthop 50 {1967) 203

Csonka G Thromb mn Reiter s Bnt
3 vener Dis 42(1966) 93

DixoN A ST I and GRaNTC Acuite synavial rupture in
rheumatoid arthntis Chinscal and experimental obser
vations LancetI(1964) 742




662 P G LINDGREN AND W RAUSCHNING

DoppyaN 1 L Bakers cyst and the normal gastro
cnemio senumembranosusbursa Amer J Roentgenol
94(1965) 646

DupUYTREN G Hydarthrose enorme du genou Anl
phlogistiques Purgatifs répetes Guenson La Clinique
Hum de Med Univ (Pansj § (1829) 251

FicAT P Pathologie synowiale [n L arthrographie
opaque du genou p 197 Masson Paris 1957

FIsCREDICK O Veranderungen des hinteren Anteils der
K Tenkak 1

m  Ar Chirurg 40

(1969) 408
GiBBONS D PHiLLIpS M and Prossor | M Ruptured
cyst lating deep vem thromb with

false positive radiofibrinogen uptake Postgrad med J
51(1975) 735

Goop A E Rheumatoid arthntis Bakers cyst and
thrombophlebitis  Arthr and Rheum 7(1964) 56

HaLL A P and ScotTJ T Synowvial cysts and rupture
of the knee Jomt 1n rheumatoid arthntis An arthro
graphic study Ann theum Dis 25(1966) 32

Hooper J C and BRUOKLER M Popliteal cysts and their
rupture tn the rheumatoid arthntis simulating throm
bophletiis Med J Aust 1(1971) 1171

JAaYSONM | V. SwaNELL A § KRk I A and DixoN
A ST J Acute jomt rupture Ann phys Med 10
(1969} 175

Jayson M I V and Dixon A ST J Valvular
mechanisms m the formation of synovial cysts Clin
Sai 38(¢1970) 24

KEeSSLER | and SILBERMAN Z  The development of pop
hteal cysts An arthrographic study Chn Orthop 18
(1960} 149

LEVITINP M and KEaTsT E stsccungpopmnlm
of the popliteal space 1n gout Amer J Roentgenot 14
1975) 32

LINDGREN P G Gastrocnemio semimembranosts by
and its reJation to the knee jont 1V Clmcafeon
erations Acta radiol Diagnosts 19 (1978) 609

McDoNALD D G and LeoroLd G R Ultrasound b
scanning 1n the differentiation of Bakers &yst o
thrombophlebitis Bnt J Radiol 45 (197) 7°0

PALLARDY G FABRE P LEDOUX LEBARDG RESot!
P et DELBARRE F Diagnostic des bursites ¢t khisz
poplites par arthrographie du genou Rev Rhum )
(1971) 345

RAUSCHNING W (2) Anatomy and function of (he con
muntcation between knee joint and poplited burs
Ann rheum Dis 38(1979) 50

— (b) Popliteal cysts and their relation to the s
cnemio-semtmembranosus bursa. Studies on the sug
cal and functional anatomy Actaorthop scand (197
Suppl No 179

REINHARDT k  Popliteazysten und pophteogent Unte
schenkelzy sten (Bakerzysten) Radiologe PUIm T

STEIGERU WIESER C und ZINs W M Synoviyst
und rupturen des Kmegelenkes Schweiz mee
Wschr 97 (1967) 1212

TAYLOR A R and RANAN A Anrale An explamhi
of the formation of popliteal cysts Ann rheum Dss
(1973) 419

WoLFER D and CoLort B Popliteal cysts AR m”j
graphic study and review of the itterature J Bone
Surg 54-A (1972) 1057



S TEAT A A ERTAERE el e e

ROM THE DEPARTMENTS OF DIAGNOSTIC RADIOLOGY AND ORTHOPEDIC SURGERY OSTRA SJUKHUSET
UNIVERSITY OF GOTHENBURG S-41685 GOTHENBURG SWEDEN

ULTRASOUND IN THE DIAGNOSIS OF POPLITEAL CYSTS

P J LukiEs P HERBERTS and B E ZACHRISSON

A popliteal cyst 15 a fluid filled mass in the pos
enor aspect of the knee first described by ADAMS
(1840) BAKER (1877) described 10 cases and pointed
out the frequent association of the pophteal cyst
with mtninsic pathology of the hnee The

symptoms and findings related to the popliteal re
gton (MOORE et coll 1975 CARPENTERetcoll 1976
KREMER et coll 1977)

The expenences at this hospital with gray scale

telationships between the cyst and the knee jomnt
bave been the subject of many reports The impor
tnce of a valvular mechamism and associated dis
cases of the knee for development of the chronic
glti:n:;:n of the cyst has been emphasized (DOPP
ol T: WOLFE & COLLOFF 1972 LINDGREN

¢ majonty of climically significant cysts
' chromeally  distended

d m the of a pophte
al cyst are now reported

Materral and Method

The matenal consisted of 9 patients (3 women and
6 men) aged between 20 and 58 years with a mean
age of 32 years In 7 of the patients a tense cystic
mass was palpated n the politeal region Ultrasound

lomlurns bll;r‘sae which communicate with the knee
X about 50 per cent of the cases (WILSON
teoll 1938 DoppmMAN)
o:}:::lagmm of a pophiteal cyst 1s usually made
i 2sts of a hustory of discomfort and pain in the
iy e{l;m lof the popliteal region and on the find
symmmpa pable mass 1n the popliteat fossa The
i Ths ¢an be accentuated by movements of the
[m“me a:zsl may sometimes compress the pop-
ety produce symptoms suggestive of deep
Wihe agey 518 (GOOD 1964 SWETT et coll 1975)
ey o, Communicates with the knee jont the
s 2§nosxs <an be confirmed by anthrography
g s?hm eal the etology of the cyst and the
(U\DBLO“ 19& associated 1ntra articular lesion
iy 48 WOLFE & COLLOF SWETT et

nrecent ycarg
tltras,
o exy

oun Erowing interest has been directed
mlm“ €Xammation as a non mvasive method
g the knee and calf n patients with

e were performed on a Bruel & Kjaer
gray scale system Type 3401 using 2 2 MHz 10 cm
focused transducer and o1l as a coupling medim

Images were recorded with a polarotd camera The
patients were exammed mn the prone position Mul

tiple longitudinal and transversal scans of the fossa
poplitea were obtamed at about I cmntervals The
scans were compared with those obtained from the
oppostte knee In 7 patients arthrography was per

formed a few days later The results of both exam

nattons were d sep 1y and the di

efficacy of ultrasound and arthrography was com

pared

Results

In 5 of the 7 patients with a palpated cystic mass
an echo free well-circumscnbed mass with smooth
walls which transmutted ultrasound well was found
in the popliteal fossa (Fig 1) The size of the cyst as

Submutted for publication 76 November 1979
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a

Fig 1 a) Longiudmal b) transversal scan of the fossa poplitea

with 2 popliteal eyst

Fig 2 A popliteal cyst demonstrated at a) ultrasound and b}
arthrography

determined by markers displayed on the screen var
ted between 2 cm X3 cm X2 cm and 5 ¢m X6 cm X4
cm The cyst was shown at subsequent arthrography
n all 5 patients to be of the same size and shape as
that shown at ulirasonography (Fig 2) No intra ar

ticular lesions were demonstrated at the arthro

graphy Two of these 5 patients were operated upon

and the cyst exctsed In 2 patients with a palpated
mass 1n the popliteal region no abnormality was
found at ultrasonography In one of these patients
arthroeranhy was performed one week later No

d nor any ¢

s foun
mtra articular lesion wa wnth  histe

municating cyst In the 2 patrents pated
suggestive of pophiteal cyst but without al?rasl‘""
mass nothing abnormal was found at rulhescf‘ﬂ
graphy Arthrography performed i one & %
tients revealed no cyst or mtrmsic knee dsor

Discussion

only few symplomic

cause
Popliteal cysts usually \ the ba k o

Painless swelling and tenderness a!
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nee are common complamts However when the
olume of the flmd m the cyst mcreases the pain

y become severe and may increase with knee
otion The chromically distended cy st s easily pal
ated

The diagnosts of a popliteal cyst 1s usually not
ficult to make on the basis of the hstory and the
mding of a palpable mass n the popliteal regton but

plteal tumours which may occur should be
uluded A popliteal cyst may disappear spontane

sly with remusston of underlying joint disease but
teurrence even after local excision sometimes o¢
‘urs m adults (PINDER 1973) Because of the fre
uent association of intra articular lesions with pop
teal cysts a careful examination including arthro

phy has been recommended before surgical
Ireatment (HAGGART 1938 1943 DOPPMAN)

The chinical diagnosis of a pophteal cyst can be
confimmed by arthrography and lesions within the
kaee jomt reveated However arthrography may be
#companted by discomfort to the patients and may
-2se comphications Furthermore false positive or

(dse negative results may occur
i s pomted out by several authors (MOORE et
);an CARPENTER et coll  KREMER et coll ) and as

“onstrated in the present cases ultrasonography
qipl::ar‘s tobe a rehable alternative screening proce

s c;'slise:f: performed 1n out patients and re

o Morcownr le popliteal region with high accura

Metacon cys"u trasound examination differentiates

s c and solid tumours Wh‘en C‘]Inlcﬂ]
$further exam graphy reveal a pop cyst
s nation of the knee should be made to

”waslra!c or exclude mtnnstc lesions of the knee

v

SUMMARY

U,
w1 ;““:nd €xamination of 9 patients with suggested
g, m{zldwss performed and the results are described
Shich gy, ltrasonography 1s a diagnostic altermattve
¥ replace arthrography

[
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PRENATAL RADIOGRAPHIC DIAGNOSIS OF ALPHA FETOPROTEIN
POSITIVE MALFORMATIONS IN EARLY PREGNANCY

F P ProBsTandJ SIGURD

Since the introduction of alpha fetoproten testing
of the maternal serum and amntotic fluid 1t has be
come possible to predict several trophoblastic and
feal diseases and defects 1n an early stage of preg
tiney The diseases are either lethal 1n themselves
aier buth or gravely incapacitating and include
milformations 1 which fetal organs within the
"Boracie abdominal and crantal cavaties or the con
s of the spinal canal have become or have re
maned uncovered by skin The most common of
"&7‘0::1 malformations are the vanous forms of
mmcs‘clhnsns such as ruptured omphaloceles
u&“‘: aly and myelomenmgoceles The exposed
o, ang organs pass fetal protemns into the
et 1: . uid  among these alpha fetoprotem
ﬂompeml' entified by the test The test 15 entirely
'“-’ibhshe: and its sensitivity has not been firmly
g (MILUNSKY & ALPERT 1976) False
™ R[mble“e" as false negative results occur and
ot correlation ewsts between the con

on of alpha f m the flud

deformities diagnosed 1n the 17th (Case 1) and the
21st (Case 2) week of gestaton thus roughly at
fetal ages of 15 and 19 weeks respectively The
possibilities of a rational radiographic procedure
as well as the diagnosts and prognosis are also
discussed

Case reports

Case I A28 yearoldfemale agravidalll paral who
had had a spontaneous abortion 1 the 12th week of preg
nancy m 1975 and a normal partunition with 2 normal child
1 1977 No known heredity for malformations An alpha
fetoprotein test performed at her own request 1 the {3th
and I4th weeks of pregnancy gave blood values of 130
and 485 kU/1 respectnely Inweek I6alivingfetuswitha
bipanetal dameter of 34 cm was found at altrasono-
graphy A repeat ultrasound exanunation in week 17 gave
the same result The bipanetal diameter was now 3 7 cm
No ity was ible At an
the alpha fetoprotein content was more than 200 000 kU1
comresponding to blood values of $00 and 410 KU
Ammiography revealed distorttons (Figs 1-3) A tentative
of a ruptured omphalocele with intestine

:‘:lh}:::l’e extent and seventy of the malforma
Mend abo::el 1t would seem inadvisable to recom
EssLen o - noul a morphologic confirmation
thug “\,,,,n coll 1977) Diagnostic methods m
mtdurgs phy I py and radiol
The
Clug,

i
St mentoned method may prove incon

3
21 fetoscopy involves a definite nisk 1n
- Slages of & y  Radiok tod

2
o de D effecuve alternative The present re

and probably the Iner extruded through the defect
was made and abortion was induced by extra ammal
mstllation of Amogiandin The fetas (Fiz 4) was 15 ¢cm
long and severely malformed with an abdomnal wall de
fect through which most of the intestine and the entire
Inver had become eventrated and was floating m the am
motic flind  The defect was situated to the nght of the
msertion of the umbilical cord which was normal con
tatning three vessels and normally separated from the de
fect No other deformities were evident evcept for a
common mesentenum

d for publnat

“ribes two alpha fetoprotein p g fetal

11 December 1979
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Fig 1

Fig 1 Case | Ammography Axial transpelvic view shortly
after myection of 13 ml Amipaque 170 mg 1/m) Posiioning per
fect Wall of uterus projected closely behind antenor part of
pelvic ning  Lateral position of fetus Its normal ummterrupted
dorsatl outline (—) as evident Buttocks {#+) thigh (+>) knee
(o—) Because of meffective evacuation the contents of the large
bowel mterfere with assessment of antenor body surface of fuius
and obscure the eventration of abdominal organs

Fig 2 Ammography 4 h after injection of contrast medium
Lateral view of fetus  Antenor body outline 1s readily assessable
Eventrated organs cause a sharply delimeted filling defect in the
contrast enhanced flud (—) The fetus has swallowed contrast
medium and the tra and extraabdominal bowel loops (++) are
demonstrated Anterior border of amniotic cavity {o—») occipital
—+) frontal (»») bones back outhine of fetus i#»}

Fig 3 Amniography 23 h after injection of contrast medium

The womun lcaned backwards too steeply Antenor wall of
uterus ( ¢c—) progected too much behind pubic bones and the fetus
supenmposed over the sacrum Posstion of fetus unfavourable for
prenatal diagnosis Ammiotic flusd contrast-enhanced Dystopic
focatron of the bowels well discermible { +») Outline of fetus ( «+)

skull bones {(—)

F P PROBST AND J SIGURD

s nduce
Case 2 A 25 year old female para | gravida II Al anencephaly was established and ﬂb"‘;‘:,m!r;,vjf:lusn
pha fetoprotein test 1n weeks 16 and 17 of gestation gave by mtra ammial instillation of Amoglandi
blood valuves of 375 and 275 kUl 3 iy No hal
cranium was at ul A SIS
in week 21 revealed greatly increased alpha fetoprotem Discussion
values amounting to 120000 kU/I Conventional radwo keep the rad

graphy demonstrated a fetus of adequate size but no
cranium However as the cranial region was projected
over the sacrum  the finding was not considered sufficient

1y conclusive 10 give a relable diagnosis Ammography
(Fig S)demonstrated the jaw and a skull base covered by
2 soft tissue mass but no neurocranium The dragnosss of

Radiographic aspeets In order to ot
tion dose as low as possible and t0 cns“:n.xl\‘)
pregnancy can proceed should no abno ot
detected or one capable of repaif the ra e
should be as rational as possible and perfor

the
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‘{‘; 4 Case } Fetys with gastroschusis Liver and intestinal loops
splaed outside the abdominal cavity
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Peurouranum  The head consists of facial
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onditions In addition to a swtable
reen film combimation and correct
altentton should be pasd to the prepa
“oman for exammation the projec
crus/fetus the choice of the contrast
jected into the ammiotic cavity (am
and the time interval between the ex
|

posures Superposition of gas or fecal bowel con
tents must be avoided to obtain optimum 1mages of
the fetus No films should be exposed without pre
vious appropniate evacuation of the large mtestine
The younger the fetus the more mportant 1t 15 to
achieve a clear image Positioming and projections
are dependent on the age of the fetus Generally
speaking the fetus should be projected free from the
maternal pelvis

Transpelvic (axial) projection Up to a fetal age of
about 24 weeks the transpelvic projection results m
optimum magmg The woman sits on the table with
her body leaning backwards about 45 degrees and
supporting herself on backward stretched arms  The
tilting should be such that the antenor wall of the
uterus projects closely behind the pubic bones when
the central beam 1s vertical Most of the uterus and
the fetus 1s then projected within the frame of the
lesser pelvis undisturbed by overlying bone struc
tures A steeper body position projects the fetus
over the pubic bones a flatter one over the sacrum
(Figs 2 3) The semu sitting posttion allows the
uterus as well as the fetus to settle down within the
pelvis by virtue of gravity Caudal direction of the
beam with the patient supine gives a poorer result

Lateral projection In this view which 1s used
routinely for determmation of the fetal age duting
the last tnmester the uterus 1s compressed from
side to side between the plexiglass plates of a com
pressorium device The image of the fetus will usual
Iy be excellent and at these fetal ages the bowel
contents are seldom disturbing This view ts thus of
value if the gestational age 1s over 24 weeks

For the amniography the non ionized contrast
medmm metrizamde (Amipaque) would appear to
be supenor owng to tts Jow osmolality and low
toxicity As its concentration within the fetal gut can
be expected to be higher than with the osmotically
active media the assessment will be facilitated The
passage of the contrast medium into the bowels 1s
one of the aims of ammography Apart from exclud
ng an esophageal or upper mtestinal obstructton the
exammation can demonstrate the position of the
bowels within or outside the abdominal cavity on
late films However the immed:ate objective of am
ntography 1s the outhining of the fetus which stands
out 1n sharp contrast agamst the enhanced fluid
around it

A carefully exposed conventional film gives the
most detailed information regardmg the condition of
the sheleton at any fetal age On the other hand the
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demonstration of the skeleton 1s not much poorer at
amniography The examination may thus be com

menced with ammiography for contour imaging as
the first step with the first view exposed shortly
after the njection of the contrast medium This may
reduce the number of exposures by one If con

sidered necessary a film can be exposed after the
clearance of the amntotrc flud The second film
should then be exposed about 6 to 24 hours later
when the contrast medium has presumably accumu
lated within the small intestine and the fluid around
the fetus 1s still strongly enhanced If the transpelvic
prajection 1s used another enema should be given
before exposure of that film If no true lateral view
of the fetus 1s obtained a further film may be
exposed after the patient has been rolled around on
the table to ensure that the contrast medium has
become well mixed with the ammotic flurd Should
this view also fail to demonstrate clearly the back
and abdommnal outline of the fetus spot films dunng
fluoroscopically gurded correction of the fetal posi

tion should be tried Oblique positioning of the
woman may be sufficient This Jatter procedure
can also be performed primanly if there 1s reason to
expect a neural tube defect or when such a malfor
mation 1s to be excluded

In the present cases 13 ml of a metrizamide sol

ution 170 mg I/m! were mjected nto the amniotic
cavity However a higher concentration would have
been more appropnate Subsequent expertence has
shown that 15 m! of 2 metnizamude solution 270 mg
Iml are appropriate in pregnancies of about 18 to 20
gestational weeks This means about 0 75 ml per
gestational week and a doubling of the contrasting
effect as compared with that in the present cases
e 405 grodme as compared with 2 21 g) Larg

er volumes of more highly concentrated contrast
media such as 15 ml 75% dratnizoate meglumine
(270 mg I/ml) per gestational week (which was used
by WEIss et coll 1978) would not seem to be neces

sary or even desimrable

Diagnostic and prognostic aspects The eventra

tion of organs through a cleft in the abdonunal wall
may be recognized as a filling defect on the ventral
side of the fetus The same 1s true of dorsally pro

truding myelomenmgoceles (NOONAN 1974 WEISS
et coll ) Although large bulges may be readily rec

ogmized whatever position the fetus may have a
true lateral view of the fetus 1s necessary for a cor

rect evaluation false positive findings (MENUTTI et
coll 1977 and others) are otherwise unavoidable

Absence of the neurocranium m anencephly
acrama will also be better recognized with
graphy when the fetus 1s small (Fig $) Thefe
of anencephaly as a typical malformation are
known and this anomaly 1s therefore of no ¢
in the present context As the prognoses ts hpeid
the benefit to the woman of getting nd of the of
viable fetus as early as possible 15 beyond questq

The situation 1s different and more complicatel
the case of malformations such as gastroschisis
myelomenngocele In the former surgical repa
possible overall cure rates vary from 84 per
(RAFFENSPERGER [975) to about 60 per cent (L4
etcoll 1973 MAHOUR et coll 1973 GIRVAN el ey
1974 GIULIAN & ALVEAR 1978) Gastroschisn|
defined as a complete defect of the antersor abdon
nal wall with evisceration of matted thikeneda
cyanosed ntestines including the smalt bowel pa
of the colon and the stomach occastonally also
the gallbladder adnexa and urmnary bladder b
rarely of the liver The complete absence of ac0¥
tng sac and a normal msertion of the umbheal eo
at the margin of the defect are other charactens!
features which differentrate this condinon fi
exomphalos (MOORE & STOKES 1953)

Embryologic concepts regarding the oty
genesis are conflicting (cf MOORE & SToKE
DUHAMEL 1963 COLLINS & SCHUMACHER B
THOMAS & ATWELL 1976) Accordmg o the @
ventional view two man types of gnslmschxs\in
cur the antenatal type which 1s beheved 10 (;Caf‘
early 1n fetal development and the pennatal
which 1s said to occur late in pregnancy S“Pn‘zi:a
through a rupture of the (weakened) abdom! "
Such a distinction has not been made consisten XH
authors who have reported the results of D'l:f?m
reparr It 15 thus not possible 10 judge “:ﬂthsm(
n what w‘z:y the resu]tls were mﬂ,‘:ﬁ:gh zhc g
of eviscerated bowel Toops ts smooth S“’“m‘
seemningly unaffected would appear @ w"’”éﬂ
latter category which 1 apparently very pen
most cases the bowel walls are said to be Wcmn
and the coils covered with a granular ﬁbmg“ .
ous exudate In other words 1bnnrmahmzmg‘
logically considered are due fo 10ng 5“"‘: b
posure to the amniotic fluid Although thes Able
malyes have proved to be completely "{j:{:)‘us
the Jong run after reposttion and reparr € oot
ATWELL) they are considered 10 b€ « -
for the common prolonged intestnal dysit
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Fig 6 Male infant nearly 3 months old with omphalocele Liver
and some yntestinal loops are displaced outside the abdomnal
caty Repar successfully performed in stages The boy now 10
vearsold{1979) 1s perfectly well

wenod that occurs postoperatively Another pro
#mosucally unfavourable abnormalty which 1s at
thutable 10 an occurrence early i pregnancy 1s
Ut the abdomen and the penitoneal cavity remamn
ytderdeseloped and the abdomunal walls too small
:?\al“‘tg:ble 1o cover the eviscerated structures Al
. tnmbms:wre malformations occasionally exist m
Iy q\zen? (‘:" with gastroschisis they are much less
e b arll n omphaloceles A failure of rotation
4 m“m\al:]ebla“d a common mesentenum  are al
i In!bc“a Y present in gastroschisis
telne ":m"“’e on E?‘islruschlsxs 1t 1s claimed that
o s seldom ded among the d
' ot Iy FFENSPERGER) In the present case the
b Sy “:: ]:Y outside the abdomen as well a fact
 suce nnrl, edicted by the radiographic appearan
Fieggngy ll'oaopan of the filling defect was made up
oy mmssmps (cf Fig 2) This would interfere
¢ Sthe radon Postnatal operative repawr As re
Minggon ologic procedure versus other possible
Y ey tase':e:}?“s 1t may be recalled that i the
tion hag fa,]td,( gastroschisss ultrasound examna
e, 0 demonstrate the malformation In

W
& p o M anencephaly 1 which the head was
*monstrated at 1 d this

dence of the malformation but also more detailed
nformation regarding 1ts nature and seventy than
seems to be possible with ultrasound Radiologic as
sessment also includes a functional element name
1y wformation on the patency or non patency of the
upper intestinal canal Small gut atresta has been
found n association with gastroschisis in 8 per cent
(RAFFENSPERGER & JONA 1974) to 20 per cent of
cases (TOULOURIAN & SPACKMAN 1971) a combn
nation which 1s usually fatal (MOORE 1963 Tou
LOUKIAN & SPACKMAN) The demonstration of ab
sence of ntestinal passage of the contrast medium at
ammography would thus mean a bad prognosis

Ad between locele and gastro-
schisis can not be consistently made from the radio-
graphically demonstrated morphology (GROSSMAN
etcoll 1978} This mtroduces additional prognostic
uncertainty as omphaloceles are known to be as
sociated more frequently than gastroschisis with
other often multiple and more serious malforma
tions JONES (1963) found sertous co existent mal
formations of the cardiovascular genito urnary and
central nervous system in 77 per cent of the 45 cases
under review 1n 43 per cent of the cases these ab
normalities themselves were the ulimate cause of
death The size of an omphalocele 1s also of pro
gnostic significance because the reposition of the
mcompressible liver 1s problematic requinng repair
mn stages (RAFFENSPERGER ¢f Fig 6) This fact
and the usual prematunty of the infants increase
the risk of complications Because of the eventration
of the liver the present case was assumed to share
the bad prognosis of large omphaloceles rather than
the relatively good one existing for gastroschisis
Thus the prognosis n gastroschisis as well as m
exomphalos would seem to depend on a number of
factors which may prove difficult to assess ade
quately even at a th gh radi h
tion The available figures in terms of survival after
reparr complication rate mcurable associated mal
formations and expected quahty of life in hitherto
operated cases of exomphalos and gastroschisis
have usually been based on diagnoses made at
spontaneous delivenes or in exceptional instances
shortly before term (GIULIAN & ALVEAR GROSS
MAN et coll ) No case seems to be known that was

', Bhtme

4 m“h\e:ly 2 Regative evidence as opposed 1o the
and "')':““Slratmn at radiography of the skull

L) udmentary bra overlymg 1t The

ORI pry
. Procedure thus provides not only evi

d and treated as early as the present Case 1
The increasing use of alpha fetoprotein testing
for screenming or on request will result 1 a consid
erable demand for prenatal dragnostic procedures 1n
weeks 16 to 20 of the pregnancies Moreover the
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nearly 5 per cent nsk of a repetition of 2 neural tube
defect 1n any further pregnancy creates a desire to
avoid the birth of another child with such a defect
Since about 10 per cent of the myelomeningoceles
those that are covered with intact shin do not cause
a sigmficant nise in the alpha fetoprotemn concentra
uon (LAURENCE et coli 1975) prenatal radiographic
procedures are tndicated 1 all women who have
given birth to children with such abnormalities

The presence or even the absence (FRIGOLETTO
& GRISCOM 1974) of a bulge on the ventral or dorsal
side of a fetus can be successfully demonstrated by
ammography but this presupposes a rational ex
ammation techmque

SUMMARY

Early diagnosis of two malformed fetuses with positive
alpha fetoprotem test of the ammiotic flnd with the aid of
antiography 15 reported Radiographic diagnostic and
prognostic aspects are discussed
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STORAGE AND DISPLAY OF INFORMATION IN ROENTGEN FILMS

S REICHMANN k G STRID and L LUNDIN

Information storage (n roentgen films 1s based on
::mfonnaum of silver halide nto metallic silver
ml:‘!l:neable to ight The total quantity of mforma
in l:;]:a]" be stored m a given area of a roentgen
e tkely to be related to the number of silver
Pfeupz?": nthat area Each time a silver gram 1s
m‘)hmz nrmore information 1s stored However
 The g tnlormation may be of a spurious charac
here 1a]gnosuc mformation about the obgect 1s

¢ toral e’; ocal exposure vanations rather than

the eatge p?_l]sure reaching the 1mage receptor (1 e
oy Sma]['; m) If the total exposure 15 large with
oeray rocal vanations the background expo

Nrref p;;lguate large amounts of sitver without
tbeing s l‘;lg useful mformation about the ob
o5 ma ed m the film On the contrary this
esgble le?t:vem silver halide grains from being
anatgng that © storage of the small local exposure
nnnﬂ’“““heo}g;‘e the desired diagnostic informa

Cenentary receJ:Ct The silver halide grains are the

ygyve backgmﬁ:d“ of mformation and when ex
teen il €xposure imparrs the capacity
t5ons. e termm to record the useful exposure
Y R Syaw Teceptor saturation may be used
» s expenime, 1974) This process has been
D R (SELIN & REICHMANN
T, & RV et coll 1978) as well as theorett

EICHMANN 1980) It was found that

the
\ Oeni

(D.

¥y

the diagnostic exposure vanations are best recorded
when the background density of the film 1s about
13 Although the contrast of the film as expressed
by the gamma value did not drop at higher density
values the recording of small low-contrast details
was found to suffer when the background density
was increased

Another mechanisin underlying high-density fail
ure may be suggested Within a film emulsion there
are large numbers of siver halide grams in several
layers on top of each other In order to make possi
ble a rapid processing of the film the gelatin content
of the emulston 1s mmmmised leading to dense pack
mg of the grams If each gram 1s reparded as a
storage unit for information there must also be a
display function for the information thus stored Im
agine so many grains to be present 1 the emulsion as
to make eg ten layers distinguishable If two
silver grams are precipitated mn different layers but
on top of each other in the direction of the penetrat
g tHluminating hight one gram will obscure the
other Part of the information stored 1n the film will
thus become invisible Just as 1n the case of receptor
saturation this impairment of information display
should be expected to be more severe when the film
density 1s high

Submutted for publication 19 December 1979
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Fig | Photomicrographs of a) lowest and b) highest density 0 38 halide which was fixed away 1n (a) and (b) This sl{;:f;“!":m
and 1 52 respectively comresponding 1o 0 76 and 3 04 for a dou the total capacity of reaction to increased c;%ﬂoso
ble-emulsioned film ¢ d) The same films after reversal develop further precipitatton of sitver Magmfication

ment The latter images display the distnibution of the silver

Thus long before a roentgen film 1s overexposed Eastman Kodak) m a stepwise manner mal\ngnﬂ
in the sensitometnc sense of the word the recording  possible to construct the charactenstic curV:mu]
of small image details of low contrast 15 mcreastngly  denve the gamma value of the film Only d\re e de
umparred partly due to more and more silver hal sion facing the screen was developed B:]]UT o
wde grams bemg consumed by the increasing  velopment the film was divided ]ongltudmﬂg The
background exposure (receptor saturation storage  of the stnips was tank developed and ﬁ:csoﬂm
defect) partly due to a supenmposition of pre other strip underwent reversal developm:nd gkt
cipitated silver grains (defective display of informa  bright areas n the first strip were rendere

mphed 1©
tion actually stored) The present investigation was the second The reversal developmef;];a‘;formgl
destgned to yield a qualitative visual impression of ~ begin with ordinary development exns ot folloned

how these two factors cooperate 1n lowenng film first strp Thus first step however wa
performance at lugh density values by fixing instead the silver precipitate
moved by means of chromic acid adde
silver halide was exposed to ight and 2 SCI_‘:“ I
velopment was carried out followed 'zjyn:onS"“"'
A conventional roentgen film (Cunx RP 1 Agfa this way the second stnp was made }:L:d ) ;c -
Gevaert) was examined It was exposed on one side the amount and location of the silver o ach expo
by means of an intensifying screen (X-Omatic Fine by fixing from the first stup Thus

d was ¢

Experuments
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further exposure This silver (dark spots) displays the

dre
<y eversely develaped films of dentcal exposure (cf

!y, y values of the directly developed films are a)
ou oy €1 3021 07 1 59 “The summanion 1mages show
Vit ng s]?v the silver would have been precipitated on areas

P €TWas present provided the film had been given 2

LT

¢ RMN“‘]P this second strp gave an image of the total

“* Dan, "8 Slorage capacity as expressed m the re

< e MVer halide able to react to further expo

>
- ‘“Te:" :;nsxly “as determmed for each exposure
’ meanslhc charactensuc curve was constructed
2 Mogthng :f 3 third degree regression analysis
Ttiression Ul etrors of measurement From this
be zxuma::: n_'rehme £amma value at each step could
I measyreg ‘e ™mean error 1n the transformation
k3 M‘mdcng Values into the regression curve was
¥ e tosi I‘\‘)’umls The reversal development gave
\tlopmfmﬂy lower contrast than did the direct
The difference was however con
€ant On the basis of densitometric

:’(‘rcd 1nsigmf
, 8 four differeny
o €Xposure levels were chosen for

number and distnbutton of sites where the film may both store
and display information Increasing background density leads to
rapid impairment in this respect The gamma values in (a) and (c)
are identical Magnification X300

further analysis Two of these were taken from the
low-density range the other two were of high dens:
ty The density diffc m both parrs d to
022 The gamma value of the directly developed
film was 1 14 for the lower density n each parr For
the exposure levels thus chosen both the directly
and the reversely developed films were ph 0

graphed eight micrographs thus being produced

These were further enlarged onto Cunx film which
was machme processed the total magmfication
being 1000 times The Cunx film was chosen i
order to ensure high contrast so that no grey tones
would appear m the films but only black and white

The double emulston of the film did not disturb the
reproduction

Fig 1 displays the lowest and the highest density

P
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Fig 3 Summation images of the same films as tn Fig 2 obtained
by an anajogous method black spots indicating silver precipitated
by a further maximum exposure on sites where silver already was

directly developed together with their reversals The
highest density was 1 52 which corresponds to 3 04
n a double-emulsioned film At this exposure level
the film approaches 1ts maximum blackening Still

the reversal film indicated that there were further
stlver halide grans to be precipitated these gramns
being evenly spread out over the film surface This
means that the mformation storage capacity was not
exhausted even at this high value of the density

However the directly developed film indicated that
most of the silver precipitated by a further exposure
would fall at sites where so much silver was already
present as to make the additional silver largely

visible A further exposure would thus have been
stored but its display would have been seriously
obstructed by the background blackemng already
present If any further change in density were to
take place silver would be precipitated 1n the small
scattered sites where Iight could stll pass the film
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ation which cann!
present This silver represents stored mform: oy Thus e

gIVe Tise to any substantial change in image
information 1s stored but displayed Magification X300

e

"
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The reversal films displayed the amount a5 well 28
the location of the silver available for further Z:h
cipitation Therefore 1t was considered of m“hcn
to find out how this stlver would be distnbuted ¥ B
projected onto the directly developed emulsw::luch
domg so 1t would be possible to find out how o
would be supenimposed on silver already We xo
tated as compared with the silver grving 115
changes in density

The supenimposing of the revi
directly developed ones was carned out ! her
ferent ways One indicated silver falling 0““: e
the other silver falling onto bnght areas FH'SHOPI
esght magnified mucrographs were com:; et
onto Curix film These copies transmit! i .
the sites of silver 1n ther respective ong;‘!;” P
order to find out how much silver would e
bright areas in the directly developed ﬂlmsd on 107
tact copy of the reversal film was phace!

ersal films on &
n two
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corresponding directly developed film The
where bath films transmtted hight indicated a
wcal mean for the location of density changing
precipitation The result was recorded by con
pytng of the supenmposed films (Fig 2) In
images black areas denote the silver that may
e to mcreased density Increasmg bach
1 density drastically reduced the amount of
grans which could both store and display the
1ation nherent 1n a further exposure

sther falling onto silver was demonstrated by
mpostng the contact coptes of both the direct
eloped films and the corresponding reversals
areas mn both of these copies implied silver in
ignal fifms and so contact copying gave rise to
1mage where blach areas indicated an average
er precipitated on silver (Fig 3) In this case
ference was seen between the four films

Discussion

*tmparrment of film performance at high dens:
1es may be assumed to anse from either a lack
ver halide grains (storage defect) or from the
nstance thay precipitated silver grains may not
fce the transmutted light dunng mspection
3y defect) or from both The present analysis
sts that the display defect 1s of cansiderable
mance However it must be emphasised that
chon of ight 15 2 composite process dependmg
oth absorption and scattenng If absorption
the only factor the present analysis would be
Jetely correct insofar as light would be able to
e develaped ematsion only through the bright
i free from silver grams However light may
¥ nthrough black areas by means of reflexion
: ':\' more silver grains this scattenng effect
:ly ;fﬂ marked when grain stze 15 large and
luns:ih (Callier effect) Thus silver precipt
ngh rmay still have some mformative value
, g“; may be assumed to be small

sty failure essentially implies that the
7 of silver grans giving nse to a change 1n

El
Y Qecreases considerably with increasing

background density (Fig 2) These silver grans
bemng only part of the total number of silver grams
precipitated {cf Figs 2 3) will represent only a
fractron of the roentgen quanta giving rise to the
exposure increase Furthermore loss of quanta atso
results from receptor saturation The mcreased
blackening thus caused by comparatively few quan
ta will m fact suffer from a high level of quantum
mottle which makes small detarls of low contrast
disappear from the 1mage Due to the defective re
cording this mottle 1s not visible 1n the films 1t just
leads to films lacking mn information for no apparent
reason

SUMMARY

Roentgen images of high density without actually being
overexposed tend to leave small details of low contrast
unrecorded Stfl these details may be reproduced by the
same film if the density 1s lower even if the gamma valye
i1s kept constant The present report 1» concerned with
how information 1s stored in the film and the information
stored 1s displayed to the inspecting eye N appears that
films of high density contatn information which 1s mvig;
ble so that the disappearance of wmage details to a certain
extent reflects a defect of display
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EFFECT OF pH, BUFFER AND OSMOLALITY OF DIFFERENT
CONTRAST MEDIA ON AORTIC BLOOD PRESSURE
IN THE RABBIT

U NYMAN T ALMEN and M LANDTMAN

Inections of modem 1ome monomenc contrast
Peda tothalamate metnzoate and diatnzoate Fig
12 b ¢) and other hypertonic soluttons mto the
M and perspheral artenes are often pamful and
Produce a decrease n penpheral vascular resistance
'SL;E\:G"E“ & TORNELL 1958 MARSHAIL &
U\D;{:RD 1959 READ et coll 1960 HILAL 1966
55 DEN etcoll 1967 1968 EFSEN & MUNANER
o m;UUS & ERIKSON 1969 OVERBECK & GRE
e ICHAHINE & RAIZNER 1976) Both ex
weh mh and clmical mvestigations indcate that
non Uecions of metnizamide a non omc

°mene contrast medium (Fig 1d) cause less

’;;’“ ?::l]lcss hemodynamyc changes than currently
“W&T: monomeric media (ALMFN 1973a b AL

cn AGARDH 1973 MEVES et coll 1978)

Win (2;";’ monomenc conirast medra have a rano
¥ g Mor the number of 1odime atomsfnumber
» ““”;X‘ l’l an deal solution compared with 2

¢ cq (=3 0) for metnzamde (Fig 2) At equal
ol y :\;:""almns metnzamide has a lower os
Ramyde h:n 20 10mc monomenc medm  Met
Savng lus the drawback of not talerating auto
g 3y *S enhzed by filtration and then freeze
dlyeq ms upplied as a powder which has to be

"2 dry o water before use Sterile filtration and

™9 an, 1S more expensive then autoclaving
(Mg 'oXaglate are two new contrast media
"0 of 30 (Fig 1e f) €29 15 a non tonic

+ “Momep
nd 1oxaglate a monoacidic dimer They

tolerate autoclaving but the stability of a contrast
medwm solutton during autoclaving may vary with
its pH and buffer used The effect on aortic blood
pressure following intra aortic myections of different
conirast media with vanation of pH buffer and ratio
of the solutions has been investigated and was com
pared with that of hypertomc solution of sodum
chlonde

Matertal and Methods

Forty male rabbits weighing 30 to 4 2 kg were
used F a with pen
tobarbitene  the ammals were placed supine and
fxed with their Iegs shghtly extended A
polyethylene catheter (PE 90 Clay Adams) was m
troduced via 2 femoral artery and placed with its tip
n the abdommnal aorta at the level of the third lum
bar vertebra The catheter was used both for myec
ton of the solutions and blood pressure
measurements It was connected through a 3 way
stopcock to a pressure transducer (EMT 34
Siemens Elema) The blood pressure in the abdorm;
nal aorta was continuously recorded on a Mingo-
graf (Siemens Elema) for one min before and 3
mun after the tyections The connection between the
catheter and transducer was temporanly switched
off for 3 to 5 s while myections of the solutions were

for 19 N ber 1979




680

performed During this pertod the blood pressure
could not be recorded

Four separate expenmental senes were cammed
out In the first 3 (groups 1-3) the effect on aortic
blood pressure from vaniation of pH and buffer in
solutions of metnzamide and C29 was analysed and
compared with the effect of media witharatioof 1 5
In the fourth expenment (group 4) the effect of all
media with a ratio of 3 0 and one with aratio of 1 5
was analysed and compared with equiosmolal solu
tons of sodium chlonide (Table)

In each group all solutions were mnjected only
once 1 each antmal The imjections were made
manually and i random order mn a dose of 2 ml at
room temperature except for group 4 where the
solutions were preheated to 310 K (37°C) The time
of injection was about 1 second A time interval of at
least 10 min elapsed between each myection The
contrast media had a concentration of 074 mol/l
except for 1oxaglate which had a concentration of
0 37 molfl Ths gives an jodine concentration for all
media of 280 mg/m! At these concentrations the
media with a ratio of 1 5 (tothalamate metnzoate
and diatnizoate) and sodium chlonide 0 75 mol/l have
an osmolality of approximately 1 § mol/kg while the
media with a ratio of 3 0 (metrizamude 1oxaglate and
C29) and sodwm chlonde 0 25 mol/fl have an osmol
ality of approximately 05 mol/kg The statistical
analysis was made according to the Wilcoxon s test
for paired differences and a p value of 0 05 or less
was considered significant

Results

The aortic blood pressure vaned slightly with res
piration but was otherwise stable throughout the
expenments and changed only following imection of
the test solutions (Fig 3) The results are sum
manzed m the Table

Effect of contrast media (groups 1 t0 4) Follow
g myection of the contrast medm solutions both
systolic and diastolic blood pressure decreased with
the exception for 9 of 88 imjections of the ratio 3 0
mediaat pH 7 3to 74 where no changes occurred
The decrease n blood pressure reached 2 minimum
approximately 10 s after the ijections and returned
to preimection values within one min Metnzamide
and C29 independent of pH and buffer and 1oxaglate
caused sigmficantly less decrease m aortic blood
pressure than the ratio 1 5 media with which they
were compared No significant difference existed

U NYMAN T ALMEN AND M LANDTMAN
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Fig ! a) lothalamic acid (Conray Meéluwgn =:‘K§M
1othalamate) b) Metnzoic acid (1sopague mﬂ i
metnzoatefcalawm metnzoate 57 31 wiw) hecan®
(Urografin 60 = meglumine dxamzomlso‘i;ud‘ o
6 61 wiw—diluted with water to 230 mg ”"ewﬂshlt/‘
(Amipaque) €) C29 f) Toxaglic acd {meglumun
toxaglate 21 wiw)

e at pH
between metrizamide C29 and m“!é?(!!' et

roup 4) In group 2 no sigmficant
gurldpbezwee:Z lollfalamate and dmmzoal’c s
Effect of non tonic contrast media wil ;he g
pH and buffer (groups 1 103) Increasing aeed |
of the noniomc contrast meds 1nere et
changes in aortic blood pressure M:mm:l\wd .
7 4 caused significantly less fall 1n aortic e
sure than at pH 5 0 (group 1) The same7 e
difference was noted between €293t P;’g wert §
(group 2) When metnzamide and C P
solved in different buftertag systems (P
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- Chemical structure and ratio of chical of expenmental

media The letter R indicates not specified chemical
Media 10 a¢) are 1ome solutions while f) and g) are

S and bicarbonate) at pH 731074 no sigmfi

flerence 1n the response (groups 1 and 3) oc
Unbuffered solutions of metnzamide (hy dro

:\" ad) at pH 5 0 produced the same decrease
90d pressure as buffered solutions of metriza

3

;"hwpha!e buffer) at the same pH (group 1)
Jfeer

of unbuffered hypertonic  solutions of

=M chlonde (group 4) Sodwm chlonde 075

Produced the same decrease m aortic blood

550
e
trd
b

1y

Aevord,
lang

ond

"€ 25 diatnzoate but the duration of the de
“as significantly shorter (median 16 ) than
Anzoate (median 25 s) Sodium chonde 0 25

¢
u:”SCd 10 sigmficant alteration n aortic blood
{3

Discussion

'210 previous comprehensive experimen
Chmical mvestigations  decrease In antenal
Pressure followsng injections of contrast

Rato
-%— =0s
3 _ Tonc
7" 15 nonomeric
+ 6 _ Mhatidic
37 2 dimeric
6 =3 Monoaaidic
2 dimeric
3_ Non=~1omic
0 =3 monomeric
6 _ Non 1omc
e & gimeric

non 1onic solutions The development of contrast media from
ato g) has meant an 1CTEase, of the ratio with a factor of 1> witha
decrease at equaliodin

media and hypertomc solutions of sodum chloride
nto the aorta and pernipheral artenies ts due to a
decrease tn penpheral vascular resistance (READ et
coll OVERBECK et coll 1961 HILAL EFSEN &
MUNKNER DELIWUS & ERIKSON CHAHINE &
RazNer This decrease has been attributed to a
Jocal effect on the peripheral vessels of the injected
solutions causing vasodilatation

Hypertonicity The vasodilatory properties of
Jjonic monomeric contrast media in current climeal
use have to a large extent been related to their
hypertonicaty relatne to plasma  The effect 15
simular to that of other solutions 1 equiosmolal con
centrations such as sodium chlonde glucose man
nitol and urea (HILAL KLOSTER et coll 1967
LINDGREN et coll 1967) An increase sn the ratio of
contrast media from ! S (tonic monomeric media) to
2 0 (diacidic dimenic media) and further to 3 0 (non
jonic monomenc and monoacidic dimenc medra)

o
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Table

Decrease in goruc sysiolic blood pressure followiny,

mtra aortic injection The figures represent the

maximun decrease in systolic pressure after the ingection expressed in percentage of the lowest systohc
pressure during one min before the iyection Median value and range are gnen

pH Decrease
Group1l{n=17)
Meglumme/calcium metnizoate (Isopaque Cerebral) 72 183(113-244)
dissolved 1n diluted hy acd 50 103 (61-735)
dissolved m sodtum phi buffer 0 01 molft S0 113 (51257
dissolved in sodium buffer 0 01 mol/l 55 73 29120
dissolved 1n sodium ph buffer 0 01 molft 62 64 (28-105)
dissolved i sodium ph: buffer 0 01 molfl 74 51 (06-136)
dissolved m sodium b buffer 0 0006 molfl
(Amipaque) 74 58 (00-131)
Group 2 (n = 10)
(Conray M 73 195(11 4-294)
{8 fi 70 180(135314)
€29 dissolved 1 sodium phosphate buffer 0 01 mol/l 50 105 (13200
€29 dissolved 1n sodium phosphate buffer 0 01 mol/l 60 68 (27-183)
C29 dissolved in sodium phosphate buffer 0 01 molfl 73 50 (00-105)
Group3(n = 8)
Meglumine/calcium metnizoate (Isopaque Cerebral} 73 201(139-300
C29 dissolved wn sodium phosphate buffer 0 0! mol/l 73 76 (30-105)
C29 dissolved 1n TRIS buffer ((CH.OH),CNH,) 0 61 mol/l 74 50 0198
Metnzamide dissolved 1 sodium brearb buffer 0 0006 mol/l
(Amipaque) 74 61 (3090
Group 4 (n = 10)
Meglumine/sodium diatnzoate (Urografin) 70 158 (°3451)
€29 dissolved in TRIS buffer 0 01 molfl 74 100 (00-95)
Meglumine/sodium 10xaglate 74 93 (00-288)
Metnzamide dissolved in sodium brcarb buffer 0 0006 mol/l
(Amipaque 74 70 (00-282)
Sodium chlonde unbuffered solutron 0 75 mol/l 55 162 (46-500)
Sodwm chlornide unbufFered solution 0 25 mol/l 55 00 (001D

represents a gradual decrease in osmolality of solu
utons nt iodine equivalent concentrations and
gradually decreased effect of penipheral vascular re
sistance (HILAL BIORK et coll 1969 ALMEN &
TRAGARDH ALMEN et coll 1977 NYMAN & ALMEN
1978) The present results are in accordance with
this Furthermore the reproduction of an identical
hemodynamc response using contrast medwm so
Iutions which differ 1n regard to cation content
chemical structure of the iodinated organic
molecule viscosity or other physico chemical prop
erties except for osmolality supports the concept
that hy pertonicity of the solutions 1s the main factor
causing vasodilatation

1on:

f i
reaction lasted longer following mjection @

nzoate than followng equiosmolat so‘umnsm:
sodim chlonde This indicates that mc;g:[i;uor
than hypertomcity may contribute to vas s )
and the relatve tmportance of such factor
Jncrease when the osmolality 1s reduced g demon
Chemotovicity LINDGREN el coll (196 ol
strated that acetnizoate a previously us“; :r thar
contrast medium was a stronger vasod! 3“m¢n!5
the ratio 1 § media used in the present eﬂe@dll;\lor)
ALMEN & TRAGARDH reported that the waskss .
effect of the non romc metrizamude “ns‘cmednun'
Compound 17 which was another nonxDﬂmzamr ¢
with an osmolality simtlar to that of ’:"‘1
This dif} n

Sodwm chlonde n ¢
with the ratio 3 0 contrast media caused no obvious
changes 1n aortic blood pressure while the media
witha ratio of 3 0 did In addition the hypotensive

m differene !

&Y
7
o
medwm solutions may result f « smolecule P

chemotoxicity of the 1odinated organ!
se
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N mten - by

WETRIZAMIOE  PHOSPHATE BUFFER pH 74

" l -

METRIZAMIDE  PHOSPHATE BUFFER pH SO

ne__ ! !

REGLUMINE/CALLIUM METRIZOATE pH 73

th Sseconds

Fit 3 Recordngs of aortic blood pressure before and after mjec
bon of ¥arious contrast medha 1nto the aorta Time of inyection (1
i Sart (1) end (}) of impection

Viscosity Microcirculatory investigations indi
cae that the high wiscosity of contrast media com
rred with sodum chlonde solutions may play some
ole when evaluating the difference in hemodynamic
[ponse (SORENSEN & ASANO 1971 ERELAND &
LRLACKER 1978) According to these authors m
tartenial bolus mjections of contrast medium solu
s 2nd sodmm chlonde give a short period of
:‘;::E: g:;mg their passage through the penpheral
“etn The duration of the 1schemic or pas
ke ro: Was significantly longer for contrast media
o ‘Sod and hypertonic solutions of sodmm
by Hsac ifference that might be related to the

li\wuldomy of the contrast medium solutions

Stcontmg Mean an ncreased applicatron time for

o  media duning which they can exert their
Ueand possible ch effects Inadd

range have vasodilatory properties (ELLIOTT &
JASPER 1949 KESTER et coll 1952 DeAL & GREEN
1954 HADDY et coll 1958) Both the present and
previous fresults (ALMEN 1973a) indicate that pro
gressive alteration of the pH below 7 4 of non 1onc
contrast media will mncrease the fall n aortic blood
pressure

According to KESTER et coll imyections of buf
fered acid and alkaline solutions of sodium chlonde
produce a decrease tn penipheral vascular resistance
while vanation of pH of unbuffered solutions of
sodtum chlornide do not  The difference in hypoten
sive effect between injections of buffered solutions
of metrizanude and C29 at pH 5 0 compared with
myection of the same soluttons at pH 7 3 to 7 4 was
therefore expected However metrizamide adjusted
to pH 5 0 by adding hydrochlonic acid an unbuf
fered solution produced the same decrease 1n blood
pressure as a buffered solution of metnzamude at the
same pH While RESTER et coll myected 1 ml of
sodium chlonde during 10 s into the femoral artery
1n dogs 2 mldunng | s was wnjected mto the aortatn
rabbits in the present expenments These dif
ferences in methods cannot explain the hypotensive
effect of unbuffered solutions of metnzamide at pH
50 since of lal solu
uons of sodium chlonde at pH § 5 did not produce
any fall 1n aortic blood pressure One explanation
may be that the ability of blood to buffer unbuffered
acidic solutions of contrast media may be coun
teracted by their high viscosity which delays the
mixing of blood and media The unbuffered
contrast media may thus still possess thewr acidic
properties when reaching the perpheral vascular
bed

I of metnzamide and C29atpH73t07 4

T

ed

i
;rv.:a.e‘?:c effect per se of an myected bolus may
Teuge by 0 the decrease mn vascular resistance A
sy lhe;tmmm followmg the 1schemic penod
135t medig g, more marked after imjection of con
S after sodium chlonide Thus the
St ey ™ hypotensive reaction noted m the
2 hmohﬁenmm‘s between contrast media and
O gal, ;:I“"Dns of sodum chlonde may
B Mmaxg{x explained by a chemotoxic effect of
4%y of the Otganic molecule or by the hugher vis
The, contrast media
Vi eva!::(‘he solution must also be constdered
Chr resmanmg the effect on the perpheral vas
B acg 4 dce 1t1s known that solutions beth on
" alkaline side of the physiologic pH

with the use of phosph: TRIS and brcart as
different buffering systems did not cause any dif
ference tn hypotensive reaction

Conclusions

Contrast medium solutions for pertpheral angio-
graphy should have an osmolality and a pH close to
that of human plasma tn order to mimimize the nisk of
fall in artenal blood pressure The choice of buffer
(phosphate TRIS and bicarbonate) i order to gnve
the soluttons a proper pH seems to be of minor
importance
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SUMMARY

Intra aortic injections tn rabbits of contrast media with a
lower osmolality (metnzamide C29and 1oxaglate} caused
stgruficantly less decrease in aortic blood pressure than
mjections of contrast media with a higher osmolality (diat
rizoate metrizoate and at 10dine eq
concentrations Increasing the acihity of metnzamide and
C29 form pH 7 4 to 5 0 sncreased the blood pressure fill
Vanation of the buffer (phosp! TRIS and b
1 metrizamide and C29 solutions at physiologic pH did
not cause any difference 1n response
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LIVLR TOXICITY OF DIATRIZOATE AND A NON IONIC
CONTRAST MEDIUM (C29)

Coehac angiography 1n the rabbit

K MARE T ALMEN and J WALDENSTROM

Metnzamide (Figure) which was the first non
:f;ca\':::‘er soluble contrast medium on the marhet
b presee;[slubarachnmd and mtravenous toxicity
iy Yy available jomc monomenc meda
o ESEN1973) Metrizamide does not tolerate au
mci‘ﬂ\;vr\:g and 1s therefore sterilized by filtration and
S melzc dned This has two disadvantages
et ration and freeze drying 1s more expen
I"vdmmauwclavmg and secondly before the use
o Mlersv';fmmmlde powder has to be dissolved
et e le autoclaved solutions of contrast

," 2dy for direct use
Hﬂmla:v ;ﬂ’on dto find a substance which tolerates
baof mef:n has an equal or lower toxicity than
e Zamide C29 has been syntehsized At
Teantng 3‘; of 12 mifmin (300 mg I/ml) the
N ng le n mice 15 186 g I/kg for met

s g, 9 & 1/kg for C29 (SALVESEN 1977)

25 2 low acute intravenous toxicity

txpenments (MARE et coll 1980)
liver toxicity of C29 1s Jow In
S oty s small animals (rats) were used be
Sl - amounts of contrast medium were
tlomme hgh Penments were difficult to evaluate
msmll:’oslopemuve mortality following the

enal anerynf of a catheter to the gastro
et g o :lllowed by infusion through the

t o han a week Therefore the pres

were designed to decrease the

VI0us amma]
;dm:d that the
€ipenments

' perny
'

mortality by means of a much smaller surgical trau
ma In rabbits the contrast media C29 and diat
nzoate (Urografin 76°7) were imjected into the
coeliac artery and the serum values of ALAT
ASAT ALP and bilirubin before and after injection
were determmed and compared with those following
inyection of saline

Matenal and Method

The matenal consisted of 46 male rabbits (Mol
legaard Denmark) weighing 2 4to 4 1 kg (mean 3 0
kg) The animals had free access to food and water
They were anaesthetized with pentobarbitone
{Mebumal 60 mg/ml ACO) via an ear vemn The
tissue surrounding the femoral artery was infiltrated
with hdocam (Xylocamn 5 mg/ml Astra) and the ar
tery was exposed A few drops of hidocam were
dnpped on the artery which was higated distally A
catheter (Radicath Cerebral mfant from Radiplast
OD 1 22 mm) was inserted nto the aorta from the
femoral artery The catheter was mtermittently
flushed with saline Duning fluoroscopy the catheter
tip was placed m the coeliac artery This position
was so charactenstic that no test dose of contrast
medium was given to the amimals in the saline group

Submtted for publi atton 7 November 1979
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(Nyegaard) and C*9 (Nyegaard) Urografin 76% ts a muxture of
s7d|:m and i{ i weight relation
e

In all rabbuts given contrast meda the position of the
catheter tip n the coelrac artery was always con
trolled Care was taken not to occlude the artery
Contrast d was ny | lly during
fluoroscopy as quickly as the artery was able to
recerve 1t without backflow into the aorta Imme
diately after the imjection the catheter was with
drawn and the femoral artery was higated proximal
to the site of the puncture

Injection of contrast mediwm or salne nto the
coeliac artery was made n a volume of 5 mi/kg
rabbit Both contrast media had a concentration of
370 mg I/m) Total dose of contrast medium to an
ammal thus became 4 86 mmol/kg rabbit Chemical
structures of the contrast media are given In the
Figure

Before mjection into the coehac artery a blood
sample for analysis was taken from the catheter as
soon as 1t was inserted into the aorta Further blood
samples were taken from an ear vemn by phlebotomy
onday I 2 3and 7 after the injection

Blood was centnfuged after coagulation and
serum hept at +4 C before analysis which was car
nied out within 48 hours at the Laboratory of Clinical

Table
Mean values in serum of ALAT ASAT and ALP (dathys 1
bulirubin (molfl)
Before Days after mjection
njection
1 » 31
Saline (16 animals)
ALAT B 099 12 10 10
ASAT 038 028 040 035 0%
ALP 36 78 30 8 30
Bilirubin 36 25 36 s 0N
Urografin 76% (10 anmals)
ALAT 079 074 085 076 0
ASAT 033 032 035 03 07
ALP 35 30 37 35 N
Bilrubin 26 a6 24 '8 30
C29batch 1 (10 amimals) |
ALAT 084 050 o0gT o081 0%
ASAT 039 031 031 03 0%
ALP 33 26 26 18 7
Bilirubin 33 25 s 11 %%
C29 batch 2 (10 animals)
ALAT 13 (2o o2 13
ASAT 036 030 o0 038 0¥
ALP 3t 2g 30 31 30
Bilirutin 45 30 30 37 78

Chemustry Using an autoanilyser alamine aming
transferase (EC2 6 12 ALAT) aspartate aming
transferase (EC26 11 ASAT) and alhalne ph:
phatase (EC3 13 1 ALP} were determined actﬂv
ing to the recommendations of the committet ;
enzymes of the Scandinavian Society for :hvmt
chemustry and chinical phy siology (1974) Th”bou
ficient of variation for the three enzymes \\!’As:k“r
2 per cent for each enzyme Bilirubin Msbedb*
mumed by a modification of the method descr .
NOSSLIN (1960) The coefficient of variation
about 6 per cent

Results
rred All rabbt

d
ere then M
1 mediof

No postoperative mortality occul
survived the sampling period and W

Following injections of s thne OF contras! e
into the cocltac artery no significant mcmA
found in the serum concentrations ul’ALAIEse o
ALP or biirubin  The mean vatues of ¢ o
centrations never reched values which V-“:m)“
cent or more above the mean values before!
tions (Table)
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Discussion

Serum actevities of various enzymes are known to
e sensitive parameters of hepatocellular mmjury
TMVERMAN 1963 ZIMMERMAN & SEEF 1970) By
mection of 3 ml/kg body weight of metnzamide or
reinzoate (150 mg I/ml) mto the coehac artery of
rhbits SKALPE et coll (1973) noticed a shght but
senificant nse i serum activity of ASAT and
ALAT as well as a nise 1n the LDHS fraction on the
fllowine day No changes were demonstrated using
tomentional microscopic examination of the hver
but by using the colcemid method an increase (n the
miole achivity was demonstrated As none of the
than es occurred after saline mmjections the authors
toncluded that a small but transient mjury to the
Iner eells was caused by the contrast media used

The present results agree with those of ENGEVIK
133) He found 1n rat expertments that 1omic con
4t media (acetnzoate dratnzoate 1othalamate
ad metnzoate) given by the intra artenat or n
Yeportal toute to the liver did not cause toxic liver
mury He concluded that it would be possible to
ammister farge amounts of contrast media to pa
Yents with imparred liver function for example after
bherresectiony

m‘n:r:l: Pl’;sen! senes m spite of high doses of
simvﬁca:;e lx]um (in man of 70 kg equal to 350 ml) no
ALt \‘\er: anges m serum levels of ASAT or
iy (hmfotecurded using diatnzoate or C29 It

te probable to expect C29 to cause no

¢
M‘ Uy 1o liver cells than dratrizoate following
#*hic angiography m man

5 SUMMARY
Toue effecy ontl

. he liver of dratnizoate and a new non
Contrast me,

dium (C29) were vestigated using

coeltac angiography in rabbits The contrast media were
ngected 1n doses of 5 mifkg rabbit with a concentration of
370 mg Uml Serum levels of ALAT ASAT ALP and
bilirubin did not change significantly after the injections
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ANGIOGRAPHY OF CHEMODECTOMAS OF THE NECK

JAN BRISMAR

Chemodectomas also known as non chromaffin
Hragangliomas and as glomus tumours t e tumours
Athe chemo- and baroreceptor system of the body
hough Comparatively rare may be located at a
"anely of sites They have long been known to
%ar at the carotid body (review SCHECHTER &
;Ht.sm 1966) ROSENWASSER (1945) demonstrated

2 smilar tumours could also onginate from the
’Kﬂ: bulb and wtratympanic structures (recent
o th?LE 197 and 1 1961 BERK pre
Wﬂ“uh:h Irst cases of glomus tumour 1n associa
e B ¢ cervical part of the vagal nerve (recent
‘hm‘[)dmlACK €t coll 1977) Single cases of
s ):!mas have also been found at other loca
By ot 2 mtraorbitally (FISHER & HAZARD

:h(eAl;achea (MCCALL & KARAM 1958) at
DREWS 1955) and at the aortic arch

::Escl:i? (:i‘:zugh bemgn in more than 90 per
"mb!causg TS et coll 1966) chemodec

of thesr growth 1n topogr lly cn

preoperative artenal embolisation may further facilt
tate surgery by decreasing ntraoperative hemor
rhage Due to the extreme vasculanty of chemodec
tomas open diagnostic biopsy should be avorded
unless resection of the tumour is contemplated
{BLACK et coll) Aspiration bwopsy 1s seldom of
value (NELSON 1962) and therefore the diagnosis
often relies manly upon angiography A detailed
angiography 1s thus impertant m chemodectomas
both for diagnosis and treatment

Material The matenal consisted of 17 patients
with chemodectoma diagnosed dunng the penod
1965 to 1979 One patient had bilateral tumours The
age and sex distribution of the patient matenal the
location of the tumour as well as the extent of the
angiographic procedures appear from Table 1

Results and Discussion

The artenal supply of the tumours (Figs 1 2) 1s

I ;‘i‘a’;‘;ﬂlay take a chnically malignant course
st [y ghe i"‘“‘cmaﬂy 1 patients with tumours

. lhes ull base whether radical surgery
g mA“PY Or a combination should be at
LT co“TF!ELD et coll 1972 ARTHUR 1977
i tum, COLE) Radsation therapy may con
mkofradlah;’“' Progression but carmes a defimte
iy, snnccrmxs of brain or medulla (MARU

Yitrons du:"zery 1s often techmcally difficult and
&y mﬂmam the close connection between the

alleq angxogi-:r ;"“Els and nervous structures A
e tumoyy lsp_:: mapping of the artenal supply

p d 1n Table 2 In patients with carotid body
tumours the vascular supply was variable—the as
cending pharyngeal artery the superior thyreoidal
artery the lingual artery as well as direct branches
from the proximal external carotid artery probably
corresponding to the artery of the glomus caroticum
(Fig 2) most frequently contnbuted 1n single cases
also minor branches from the facial oceipital and
sternoclerdomastoid artenes This 15 1n concord
ance with the expeniences of DIINDMAN & MER

From the Section of Neuroradiology Department of Dragnosty
Radiology Usiversity Hospital 5-22185 Lund Sweden g’u\:

before op a

mutted for 10 October

gy
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Table 1

Eighteen cases with chemodectoma Age and sex of patents location and st e of tumvurs Extent of angiographc

esaluation cca ica eca=common nternal external carotid artenies deca=distal external carotd artery (distalto

the ongins of stha oa la fu and apha) sa =\ertebral artery stha = supertor thyrodal artery 0a = oceipal arery

la=hngual artery fa=fucial artery ma=maxillary artery raa=retroauricular artery apha=ascending pharingeal

artery ata=anterior tympanc artery cha=carotd

bods artery R and L denotes nght and left respecinely

Case  Sex Tumour focation Tumour size  Vessels exammned selectively
No age (mm)
1 M Car body L 70x50x40 ccal. ecal. ical. vaL
2 F28 Car body L 80X75X65 ccal ical
3 M2s Car body L 70%35%25 ccal. ecal. decal fal aphal, cbal wcal,
4 F3 Car body R 40x30%30 ccaR ecaR sthaR
5 M3 Car body L 60x40x40  ccaL laL faL sthaL aphal. maL ical
6 F43 Car body R 65x50x40 ccaR decaR icaR
7 Mé2 Vagal body L 80x50x50 ccall
8 M33 Glomus jug L 50x30x30  ccal. ecaRL aphaRL icaRL maL raaL ataL
9 F67 Glomus jug R 50x35%30 ecaRL icaRL oaR aphaR maR vaR
10 Fé8 Glomus jug L 40x30x30 ccal. ical
1 F63 Glomus jug R 65x35%35 ccaRL ecaRL icaRL vaRL aphaR raaR
12 Fs1 Glomus jug R 65x30%30  ccaR
13 F70 Glomus jug R 30x°0x20 ecaR decaR
14 F63 Glomus tymp R diam 20 ecaR decaR oa+aphaR 1caR
15 F64 Glomus tymp R diam 5 ccaR decaR wcaR
16 k65 Glomus tymp R 15%30x10  ccaRL ecaR caR
Glomustymp L diam 8 ccaRL ecaR icaR
17 M49 Glomus tymp L diam § ccal. vaL

LAND (1978) that branches from all adjacent vessels
participate In 2 patients the internal carotid artery
also took part in the supply of the tumour in one
patient (No 2} through a descending branch
onginating from the intermal carotid artery at the
skull base i the other (No 6) through a chval
artery from the intracavernous portion of the inter
nal carotid artery

The radiologic differentiation between tumours
ongmating 1n the glomus tympanicum and growing
downwards into the jugular region and tumours of
the glomus jugulare invading the skull base may
be difficult These tumours although of different
ongm are therefore often treated as one entity
(PALACIOS 1970 GAILLARD et coll 1977) In the
present series 4 tumours (in 3 patients) were Jocated
in the middle ear (Fig 3) In one of these patients the
only finding was an accumulation of contrast
medium obscuring the external acoustic meatus
duning the parenchyma phase of the common carotid
angiography (MANELFE et coll 1972) in this patient
(No 17) no analys:s of the vascular supply could be
made Inafifth patent (No 14 Fig 4) the intratym
panic size of the tumour indicated that the tumour
had ongmnated in the tympanic cavity and grown

down mto the jugular fossa The remainiog cases2
had the typrcal radiclogic appearance of a glom
Jugulare tumour The arterial supply 1 all casem:
a tympanojugular tumour was uniform  The asced
ing pharyngeal artery {n 2 cases onginating ”h
branch from the occipital artery and m one from 1!
internal carotid artery) and the retroauncular a¢f
constituted the mamn feeders The anterior t}"’f:’
artery participated i the supply of 6 (umou;im«
1t onginated from the superficral lemp0ﬂd o
(Fig 4) m 3 from the distal external carot! g
proximal to the ongmn of the superficl Kmt;‘;m
artery Minor meningeal branches from thcmbuu‘
memingeal (Fig 4) and occipital artenes con‘ o
to the tumour supply 1 2 patients wnhhc‘:e .
growth into the posterior fossa In one of ! o
tients as well as in another patient with mml: 1
tumour extension branches from the Veﬂ‘mrl":nu
tery (Fig 5) also supplied the tumour The;asesl
carotid artery took part i the supply "“’m i
one through multiple minor branches at e
base (Fig 6) tn one via the memns"hy:o o
trunk The arteral supply observed n ‘d‘:n pu
senes 1s 1n concordance with that dcsc_l;lb:“NE
vious reports (FARELL & HAWKINS 196
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‘:’:panem (No 7) with a vagal body tumour
Mmgr:'l“(‘;'" carotid angiography was performed
W oy ohh‘mclllt to evaluate 1n detail the artertal
! dagg, © tumour Both the ascending pharynge

mocleidomastord arteries as well as direct

M iche,
o qucsf'“"' the external carond appeared to par

body tumour (case No 5) lateral views a) Injec

2. Highly vax har
Onstugres ‘y scalar tumour at the carotid bifurcation b)

the man feeder but also c) la through &) a

s
o

W O
& 'S differ regarding how extensive the an

proximal branch () and e} fa as well as ) stha through small
branches (#+) contnbute to the supply of the tumour (+»)

grographic evaluation of a chemodectoma should be
A detalled mapping of the external carotid artery
supply as needed both for preoperative embolisa
tion and for surgery often requires superselective
external carotid artery procedures on the side of the
tumour or at least one proxmmal and one or two
more distal injections nto the external carotid ar
tery The mtemnal carotid artery supply to these
tumours ts usually of minor surgical importance an
ntemnal carotid artery mjection with cross carotid
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P

¥
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b
a
Fig 2 Carotd body tumour (case No 3) lateral views a) Injec  carotid bifurcation b) Selective injection into artery ofthe
tion into eca Slight spilt over to ica (—) vascular tumour at the body conshtuting the main feeder of the tumour
Table 2

Arterial supply in 18 chemodectomas The location of the tumonrs appears from Table 1 The arterial supph nos

classified as +++=major feeders ++=sigmficant contnbution to artenal supply +=minor wnlnbuml

eca=proximal direct external carond artery branches stha = superwor thyroudal artery la =lingual arters Jo

facial arters oa =occipital artery apha =ascending pharsngeal artery sclal={sternocleumastod aﬂ;;;{

raa =retroauricular artery ata=anterior tympanic artery sta=superficial temporal artery mma =
meningeal artery ica=internal carond artery va=\eriebral arterv

Case eca stha Ia fa oa apha scla  raa  ata  sta  mma €1 %
No

1 ++4+

2 +++ 4+ ++ ++ ++ M

3 e +4 +!

4 ++ +++

5 ++ +4 + +++ +

6 +4+

7 ++ +44+

8 F++ ++ + + +
9 Fr ++

0 FUpe 4+ * ¥
n ) + + *

12 +4+ +4+ et

13 +++ ++ +

14 + ++41 ++ + *

15 ++ + *

I6R 4+ ++

16L +++ ++

! branch of apha * branch of 0a 3 branchofica ¢ probably identical with ata
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o

44

A3 Tympanopugular tumour {case No 16 R) a) Lateral b ¢}
E[:e)ws Small tamour {—) supplied from apha (+) as well as

" \impression 15 nevertheless required m order to
traluate the patency of the anterior

fx
IS
.
. ,{Lr
'l(_\\ /

of chemodectoma 1n which case the rish of bilateral
tumours to 26 per cent (RUSH 1963) 1t 1s

. :’0: aenor cerebral arteries 1n case a carotid liga
by should be needed at surgery Most authors
m that the carotid artery of the contralateral

{ess obvious m patients without such 2 history and at
a nisk of bilateral tumours of only 2 8 per cent The
vertebral artery 1s known to participate in the supply

. (l:mptomauc side should also always be d
.ecolkl Gl;l';';‘AL 1971 HEKSTER et coll LACOUR et
g WCAN etcoll 1979) While this seems ndis
. aranted in patients with a family history

of ch with an 1nt; 1 growth It
therefore scems logical to apply vertebral angio-
graphy 1n patients with a chmical symptomatolo
gy or findings on shull films indicating such ingrowth

a

oy
Jugylar
beton et D0y tumour (case No 1) lateral views a)

ity
Rulse ppes SEMONStrates hghly vascular tumour i tym-

A
80 b) Iyection 1nto common stem for apha and

b c
oa discloses apha as mam feeder () ¢) Injectton nto deca dem

onstrates supply from raa (+) ata (s
part of tumour {#+) } and mma f+) to upper
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Fig 5 Jugular body tumour (case No 10} a} Ap b} lateral
views Small direct branches from ica participate 1n supply of
tumour (~»)

(FARRELL & HAWKINS PALACIOS) It1s less evident
that an evaluation of the vertebral artery (EL GaM
MAL HEKSTERetcoll CASTANetcoll DUNCAN et
coll} and perhaps also the subclavian artery
should be performed as a routine also in patients
without such symptoms or findings 1n order to
evaluate possible tumour supply from minor muscu
lar branches

In the present matenal (Fig 7) the imjection of
contrast medium was performed manually usually
during 1 to 2 s Depending on the site of myection
(common carotid artery external carotid artery ora
branch to the external carotid artery) 8 to 4 ml of
contrast medium was mjected The duration of the
artenal phase was approximately the same (mean
12 s} The ussue accumulation n all cases began
less than 15 s after the d has hed the

Fig 6 Jugular body tumour (case No 9) Jateral view §
museular branches (++) from va contnbute in supply of tn
-

. .
AT
3 “"'\

s
. .
s —_\“ﬁ
.

supplying arteries and had a durationof 15t06s
(mean 3 85) Contrast medium could be identified 1n
extratumoural vems at an average of 2 0 s after the
medium had reached the supplying arteries (range
10-30s) PROBST(1971) n 4 pauents achieved stm
far results when the mjection time was about 1 s
the artenal phase did not exceed 1 § s and the paren
chymatous phase amounted to about 4 s

Accumulation of contrast medium 10 the tumour
was invanably homogeneous although often some
what granular i 15 of 16 cases 1t was classified as
heavy mnthe remaming case (No 1) moderate In2
cases with a small mtratympanic tumour (Nos 15
and 17) the findings were too subtle to be classif
able

62 4 6 8 1

r—x—r—v—r—r—rﬂ‘ﬂ""""”'fz’ﬁ
02

mas Thet sal

Fig 7 Circulation dynamics i 15 chcmodh:sﬁ: hatched wEd
Jine =duration and intensity of anteral ghast
parenchymatous phase interrupted hae = v

1n seconds

s phas¢
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Conclusions

Fvaluation of the arternal supply of chemodec
wnzs m the peck requires selective external carot
Jarery angrography  often  superselective proce
Iures ar also required for a detailed preoperatne
2 pr-embolisation mapping of the tumour vascu
aty An wpsilateral nternal caroud angiography
1nae contralateral carotid compression should also
e ncluded as 1t gves mformation not only on the
nemal carotd supply of the tumour but also on the
xeny of the circle of Willis In cases without
“oploms or signs indicating intracramal growth
artebral angiography can probably be dispensed
nth 25 well as contralateral carotid angiography in

¢ Sents without a family history of chemodectoma
. The anmographic features of chemodectomas
140 10 be relattvely constant Carotid body tu
#ours may be supphied from any of the external
0otd artery branches that pass in the vicimty of
tetumour and often also by minor primary proxi
d etternal carotid branches probably sdentical
Wth the artenes of the glomus caroticum Tym
Fuougular tumours are regularly supphed from
the retroauncular and the ascending pharyn
f:lﬂﬂenrs often also from the antenor tympanic
¥ Oder artenes contnbute only to a minor
et All chemodectomas n the neck have the
"-:me Wmour eirculation charactenstics a short ar
rhase a parenchymatous phase of compara

el
¢ long duration and early filing of extra
moural vewys,

SUMMARY

In
Q'm“ chemodectomas of the neck (6 caroud body

lm:) l]hev:ial body tumour and 11 tympanojugular
e evay enal supply and y

e

Py

ol extemal caroy,
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CEREBRAL BLOOD FLOW DETERMINATION BY VIDEQ DILUTION
TECHNIQUE IN A PATIENT WITH MALIGNANT CHEMODECTOMA

B M T LaNTZ A B DuBLIN P J DONALD
D P LiNKand ] P MCGAHAN

Blood flow determination by wideo dilution
Whnque was performed on the extracramal cere
;fm:dmulanon m a patient with malignant
h\ﬂ’f;ﬁ?}ma The recently introduced technique
o) 4 1975 LiNK et coll 1979 LaNTZ et

979 1980 b ¢ dj has proven to be highly
:‘E‘;Y::mz;‘nd 15 easily applied 1n a clinical setyng 1
g with routme angiography The blood

lhenl;:gna“on will give valuable mformation
oty yoamics which may be of great impor

€ surgical treatment of the patient

Case report
A, eport
m:’x;t:ld Shite male was admutted to this ENT
K oulder ;ﬂphmls of hoarseness since 6 months and
T g ab;akness mid dysphagia and an intating
Eang g (Ut 4 Months He had no complants of
el I:;mlus of facial weakness Physical examy
!mhya healthy appeaning young man with a
w"“‘“’flhe kn"‘“ﬂt 1 no distress atrophy and
¢1eft vocy) side of the tongue a flaccid paralysis
Sy mmc"'d and atrophy with total immobility of
0 b sofy P;, and stemoclerdomastord muscles How
ines e C1vated n the mudime and a normal
& aalyge of ek ictted bilaterally indicating an incom
2 gy " teIX and X cramal nerves No masses
= ‘:lhe ek Otologic examination was en
e fun :“"E Yas excellent 1n both ears and facial
o as symmetnic A diagnosis of jugular

™
© Was made and a tumor at the base of

& Synds
g SUggesteq

Radiology Ci d of the head revealed
amass antenor and to the left of C! displacing the internal
carotid artery antenorly (Bi1g 1) At subsequent angio-
graphy a vascular tumor was found supplied mawlv by
the left ascending pharyngeal artery without invasion of
the internal carotid artery and with compression of the
internal jugular vemn (Fig 2)

Blood flow was determined by video dilution technique
dunng angtography n the common external and internal
carotid artenes bilaterally as a percentage of the cardiac
output (Fig 3) Nommal flow rates (LanTZ et coll 1980a)
were obtamed 1 both common carotid artenes (9 5 and
9 4% respectively) with normal distribution to the inter
nal (5 6%) and external (3 9 %) carotid arteries on the nght
side However on the left stde where the vascular tumor
was supphed by a branch of the external carotid artery
the distribution of flow to the mternal (3 0%) and external
(6 4°%) carotid artenes was severely altered The mternal
flow was reduced almost 50 per cent compared with the
nght side

Embolt anon  The patient was re admitted for em
bolization of the left ascending pharyngeal artery supply
ing the majorty of the tumor because of the high flow rate
to the external carond artery (Fig 4) Muluple occlusions
by Ivalon pellets were accomplished with a subsequent
decrease in blood flow in the ascending pharyngeal artery
by 33 per cent Further embolization was not attempted
due to a severe coughing spell the latter possibly second
ary to trntation of the glossopharyngeal nerve

Operation A 4 cm X 2 cm hard mass was found at the
base of the skull arsing from the jugular vein and invading
cramal nerves IX X XI and XII The jugular vein was

Submtted for publication 6 June 1930
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Iigated n the neck well below the tumor and the ncoplasm
carefully dissected from the internal carotid artery Using
the method described by MISCHKE & BALKANY (1980) a
mastordectomy was performed and an approach to the
Jugular bulb was made through the retrofacial air cells
The lateral half of the jugular canal was excised with a
burr under and the infr. 1 portion of
the tumor removed following transsection and obliteration
of the sigmoid smus  The superior aspect of the tumor was
attached to the dura in the posterior fossa The resection
of the uppermost portion of the neoplasm resulted in an
openng into the posterior cranual fossa This was plugged
with a bolus of Oxycel cotton and the wound closed The
pathol d was mal + di The
tumor was metastatic to adjacent lymph nodes and the
stylohyoid muscle

Postoperatne course The patient was discharged on
the fifth postoperative day but had to be re admitted 3
days fater when he developed a profuse CSF feak through
the postaurscular inciston This stopped uneventfully with
n 36 hours and the patient was discharged S days later
The patient underwent a full course of radiation therapy
and 1s doing well

Video dilution technique

Video dilution techmique utilizes contrast medmum
as an indicator for obtamming dilution curves re
corded on a video cassette during fluoroscopy The
technique has been developed in a hydrodynamic
flow model (LANTZ 1974 1975) and thoroughly
tested m amimal experiments and compared with
electromagnetic flow readings (LANTZ et coll 1979
1980b ¢ d LINK et coll) In the present patient
blood flow determination was performed on stand
ard angiographic equipment durning fluoroscopy
with fixed kV and mA A 3 phase generator and a
cesium 1odide image intensifier (6 10”7 15 cm 25
cm) were used The fluoroscopic 1mages were re
cordedonaj (1 9cm) Sony Umatic video cassette
recorder

After injection of contrast medium at 2 different
sites (LANTZ 1974 1975) of the circufation den
sitometnic dilution curves of the imjections may be
obtained at any site distal to the mections The
densitometric curves were retrieved by a videoden
sitometer (T Strand Siemens Elema Sweden) with
an output voltage proportional o the logarithm of
the wcwdent radiation The curves were obtained by
replaying the video tape after the angiography was
performed  Integration of the area A under the
curves was done by planimetry The integrated den
sitometnc areas (A; A,) recorded at the same

L A B DUBLIN ¥ 3 DUNALL U

Y LINK AND S P MCGAHAN .

of
e

rvical regions (Cous

! Cnr;m:’z)b;’j;*:m 'R
ting mass (—} anterior and to the left of the ]

lé:r‘:laﬂlﬂstnh;nc(em)em The mass (~+) 15 more evident displ

the internal carotid antery (+) antenorly

Fig 1 CTof the supenor and mid-ce:
DrB Steed Calgary General Hospita
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B Angiograp of the left neck a)
fular phlebography (lateral view) Comp of the intemal
£dar vemn from the level of the Jugutar bulb caudally towards
tlesel of the mandibular angle () Eaternal jugular collaterals
" (Countesy of Dr B Steed Calgary General Hospital Cana

"wastream site are inversely proportional to the
"9satthe site of mjections If the mjected amount
contrast medium (M, M,) 1s known the flows at
€ site of injection (Q, Q,) can be calculated ac
"ngto LANTZ (1974 1975)

Q_MxA
Q' M,xA,

Three tecording positions are required to compare
¢ felative flow as a fraction of the cardiac output in
‘t tarolid artenes bilaterally In each position the
“Or0scopic field has to be constant regarding the
Osition of the patient and the image mtensifier

0 the incident radiation has to be locked

Posttion | The tip of the cerebral catheter (55
‘"“Ch Without side holes) was placed under
“arascopic control n the ascending aorta The im

£ intensifier was centered 1n the mudlme coverng
" 0ngin of the nominate artery and the left com

o0 carotyg artery (Figs 5 6) The image intensifier
“locked using the 10" (25 cm) input

a tep | Duning constant fluoroscopy and with the
Rhem holding hys breath 30 ml of Conray 60 was
"eted through the cathe ter 1nto the ascending aof

da ) b) Common carotid angiography (Jateral view) Antenor bow
ng without ;nvasion of the internal carotid artery (—») early fillng
of tumor vessels (+») ¢) External carotid angiography (fateral
view) Promment ascending pharyngeal artery (~») supplying the
majonty of the tumor

ta and the video image was recorded on video tape

Step 2 The catheter was placed with the tip in the
left commeon carotid artery (Fig 5 B) Imjection of 1
ml contrast medium was now recorded i the same
way on video tape

Step 3 The tip of the catheter was placed n the
nght common carotid artery (Fig 6 B) Another
mgection of 1 ml medium was performed and re
corded on tape

Position 2 The image mtensifier (6 15cm nput)
was centered and locked over the night common
carotid artery now including the internal and exter
nal carotid artenies (Fig 7)

Step 1 With the catheter already 1 the nght
common carotid artery injection of 1 m] contrast
medim was performed and recorded (Fig 7 A)

Step 2 The tip of the catheter was now placed
well within the external carotid artery One ml of
medm was injected and recorded (Fig 7 B)

Posinon 3 The catheter was placed with the tpm
the left common carotid artery The image nten
sifier was centered and locked over the left common
carotd artery with the fluoroscopic field mcludimg
the extemnal and internal carotid artenes as 1n post
tion 2 (Fig 8)
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Fig 3 Distnbution of blood flow in the extracramal cerebral
circutation determened by video dilution techmque
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Fig 4 Sclective left ascending pharyngeal angiography (subtrac-
tion} 2) Before embolization Late artenal phase (lateral view)

densitometnic window over the carotid artengs s
brlaterally

Left common caroud flon While replaying u\:,{
tape the videodensitometric window was placed}
over a cross section of the feft common caratd
artery The aortic mjectron of 30 ml was recodedr
and the ntegrated densitometnc area (A=110) my
arbitrary units was obtained (Fig 5 A) With thel
videodensitometric window 1n the same positon
the mjection of 1 m! of contrast medm into mclcm_
common carotid artery was recorded giving another?
integrated densitometric area (A=39 Fig 5B) Ac
cording to the equation the flow ratio of the I
common carotid Q¢ as a fraction of the cardizc
output CO would then be

Que _ MicXAco

Qo McoXAwe
or

Que _1x110
XLe 2 =094 or 9 4 per cent
Qco 30%39 T ep

Right common carotid flow Similarly the videc-

densitometrnc window was positioned over 2 cross
section of the nght common carotid artery

The blood flow 1n the nght common carotid artery
was determined comparing the integrated densitt-
metric area from the iyection of 30 ml mto tht
ascending aorta (Fig 6A) with the correspondig

carold
Fig 5 Densitometric recording over the left coy:!oﬂ:;:”u ol
artery after injection of 30 mi of contrast mdlmy‘o‘?\d ctery (5P
1ng aorta {Step 1) and 1 ml mnto the common a3 b mpecton (4
2) The integrated densitometne arca from the 201 ol theke?
was 110 arbitrary umits and from the selective nuc; the commo?
common carotid artery (B) 39 The blood ﬂow;l A
carod artery was 9 4 per cent of the cardiaC ouipy o carod
Fig 6 Determination of blood flow 1 ngl(u o area under
artery compared with cardiac output The i t!;': 30ml (MR
the densitometnic curve from aorlic uuﬂ“";‘3 '+ arbitrary uni
corded over the common carotid artery was 143 1
(Step 1) C fcd area from

Promenent feeding vessels to the tumor b) After
Late artenal phase Multiple occlusions by Ivalon pellets of the
feeding vessels (—) to the tumor

Step 1 One m! of contrast medium was injected
and recorded (Fig 8 A)

Step 2 The tip of the catheter was placed well
within the left external carotid Another 1 ml of
mediwm was injected and recorded (Fig 8 B)

The blood flow n the carotid arteries as a frac
tion of the cardiac output was determimed by re
playing the video tape and positioning of the video-

n d artery %35 o
of 1 ml (B) mto the nght commeon carot s per cent
Blood n‘f& In the night common caroid arery Was 95pet
the cardsac output

Fig 7 The integrated area under the densih
ang:r wnyection of 1 ml contrast medmm S ‘h;;g,pondmﬂlff‘
artery was 31 n arbitrary units (Step 1) ne;l‘:armtd rtery 838
(B) after imjection of 1 ml mto the nght exm; Lo arery 154
75 (Step 2) Blood flow m the nght EXIEME CELR, oo 4r3 pt
fraction of the nght common carotid antery

cent rve P
Fig 8 The ntegrated area under the densnolnraxzir;“mmm
injection of 1 m! (A)nte the left common cm”'c‘ after the. w";
arbitrary umits (Step 1) The cormespondifg &0 0/ w
amount injected nto the left external camhl {artery
(Step 2) Blood flow in the left extemal carolt

cent of the flow n the et common carotid anery

A
metnc curve ¢
< mon ot
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Step i Fosition 1 Step 2 Posthon 1

B
B __LJ
! 1 i
Fg § Fig 6
Position 3
Posttion 2
VIEQ
WINDOW
L EXTERNA
ROTID

Fig 7 Fig &

kgends see oppostte page ) v t ‘ (R ™ Ng
/\\ Q-
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Embolization

After

8 I L'
AL
] ]

Fig 9 Selecuve cathetenzation of the left ascending pharyngeal
artery One m) contrast medium before embolization (A) gave an

area under the curve of 62 1n arbitrary
umits  After partial embolizauon (B) with Ivalon pellets a repeat
uyection of 1 ml gave an integrated area of 92 correspondingtoa
decrease of flow by 33 per cent compared with the baseline flow

integrated area from the selective mjection of 1 ml
snto the nght common carotid artery (Fig 6B)

Qre _ 1x143
Qco  30%50

=0095or9 5 per cent

Thus the blood flow 1n the nght common carotid
artery was 9 5 per cent of the cardiac output (flow in
ascending aorta)

Right external carotid flon The densitometric
areas obtaned mn position 2 1s a companson of the
flow m the nght common carotid artery (Fig 7 A)
with the flow n the nght external carotid artery (Fig
7B)

1x31
%Z—Z= 1375 =0 413 or 41 3 per cent

Using simular calculations the flow 1n the external
carotid artery corresponds t0 3 9 per cent of the
cardrac output (41 3/100x9 5)

Left external carond flow The integrated areas
from 1njections 1nto the left common carotid artery
(Fig 8 A) and the left external carotd artery (Fig 8
B) revealed the following flow ratio between the
external and common carotid

Que_ 177
Qe 1X113

=0 681 or 68 per cent

Again calculating the left external carotid flow ¢
responds to 6 4 per cent of the cardzac output (¢
1009 4)

Embolization effect One ml contrast medium s
myected selectively mto the left ascend
pharyngeal artery before (Fig 9 A) and after (Fig
B) embolization The ratio of the flow afterfbel
embolization was

Qu_Ix62 =0 67 or 67 per cent
Qs

1x92

Thus the embolization procedure caused a decre
of flow 1n the ascending pharyngeal artery by 33
cent compared with the baselme flow

Duscussion

(non chromaffin  para®
homas) are generally benign tumors nvolve
varnety of structures from the carotid body 10
Jugular bulb (NEWTON 1974) Occastonally they

\ t with regronal v metastases Che

dectomas anstng from the carotid body classi
displace nternal and extemal carotid artenes ¥
out direct imvasion Arteriovenous shunhn!;l;1
quently present This latter fact cotncides dWl
results of flow determinations Invasion or disp!
ment of venous structures pamcularly wh “‘
neoplasm mvolves the jugular regton 15 I'Ltgqu
(Frg 2a) Intracranal extension ol’glorﬂusil\c)l
tumors may occur In the present case s\lthc |
sion was only shght probably explaning 'lar‘
tively itact osseous structures of the J“K‘;a
as evidenced on conventional skyll films an o

Besides the localization character and “am
the tumor obtamed from the radiologie ‘;du
tions blood flow determmation by wdefhe o
technique performed mn connection wnthe et
graphy added valuable informatson for ﬂlio ets
of the patient First the increased flow e
could be quantified Secondly the effect e
bolization was determined and lh:rdlé ey
through the contralateral nternal €aroty pioke
considered normal This latter fact was

Chemodectomas
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mportant i the event a complete excision of the
palateral mternal carotid artery had to be under
tien The merease of flow to the external carotid
atery was expected as a highly vascular tumor with
aienovenous shunting decreases the penpheral re
sstance considerably However the correspond

tion techmque has previously been published
(LANTZ et coll 1979 1980b ¢ d LNk et coll)
However some practical advise from climical ex
perience with regard to the techmque will be briefly
mentioned here

decrease of flow 1n the left internal carotid artery
together with normal flow n the common carotid
atery was a surprise An increase of the common
arotd artery flow would have been expected as n
tases with peripheral artertovenous fistulae (LANTZ
tteoll 1979) Displacement and compression of the
left internal carottd artery by the tumor might par
tlly explain the decreased blood flow tn ths vessel
Houever to some extent the altered distnbution of
fow from the internal to the external carotid artery
seems to be a steal by the highly vascular tumor
Video dilutron technique for determination of rela
"the blood flow 1n single arteries 15 easy to perform
fat and highly accurate The technique has been
dneloped 1n 2 hydrodynamic flow model and
Yoroughly tested 1n more than 600 mdividual ex
oments in 40 dogs and compared with elec
Wmignenc flow readings (r=099 mean error
¢ <'%)
Standard angiographic equipment 1s used with
+ & addtion of a videodensitometer a video tape
Fecorder and a ph recorder for d

The p of the patient and the mmage inten
sifier has to be y dunng 2 e re
cordings for companison It 1s an advantage if the
patient can hold his breath dunng the injection of
contrast medium to avoid respiratory fluctuations of
the densitometnic baseline The accuracy of the
amount of ijected contrast medium 1s cntical Be
fore each ijection the catheter has to be filled with
contrast medium It 1s also tmportant that the pres
sure injector used for the aortic iyection 1s deliver
g the programmed amount correctly Also great
care has to be taken to ensure that the manual 1n
Jection of one ml1s delivered adequately A one ml
tuberculin syringe was successfully used m both
ammal model and in humans

The effect of jomc 10dine conirast media on the
circulation 1s well known Increase of regional blood
flow after the first mnjection has to be considered
Baseline flow 1s usually re estabhished within 2 mun
It 1s recommended to wart at least this period of ime
before the second mnyection and also after each fil
Iing of the catheter A complete muxng of contrast

 \ton of the dilution curves A 3 phase generator s
¢ Ptferable to avord single phase nipple on the den
‘ xﬁmtler curves The generator should also pro
- "eakey toJock the fluoroscopic radiation intenst
Y dunng recordings
Yudeo dilunon

| the technique does not add any sig

s dele:rnnlx: slks 07 Costs to the patient ‘The blood flow
abete 2lon does not wusually prolong the
“mm’:ﬂtlon time as 1t can be performed while the
Wloped ';: waiting for the senal films to be de
B e, ¢ additional radiation exposure and con
Balion 15 a]m required to conduct the flow determs
n 7 SCSU neglectable In the present case less
Weo g conds of fluoroscopy was used for the
ttion techmque giving a total absorbed dose
:{cho(bont marrow=0 11 mGy/70 s) Only
N of the r:ray 60 was used which 1s a small frac
R per, commended maximum All recordings

The dxsar:]“ed Within 10 min
Baned g tham.'gge of the techmque seems to be
st Onlh: Patient s ability to cooperate 1e 0
M dferen, angiographic table A detailed analysis
aspects of the application of video dilu

ml
{ o

d. with the blood 1s not anticipated with the
selective iyjections This does not seem to be of
great importance simce the window measures the
total amount of contrast meditm over an artenal
cross section rather than [ocal concentrations of
medium within the vessel However 1t 1s advisable
to keep a distance of at least 2 cm between the tip of
the catheter and the recording video window to give
the contrast medium a chance to mix with the blood
When comparing 2 flows in relative measure the
videodensitometne window has to be 1n the same
position over the same arterial cross section The
size of the window and the densitometer gans have
to be unchanged dunng the two consecutive record
mgs

Video dilution techmque 1s now employed on al
most all patients referred to this radiologic depart
ment for angiography An evaluation of normal flow
rates 1s continng and significant deviations are
correlated to different pathologic conditions It 1s
anticipated that video dilution will give valuable in
formation of hemodynamics 1n most areas of the
circulation which 1s not presently availably by any
other means
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SUMMARY

Cerebral angiography performed on a patient with a
preliminary diagnosts of jugular foramen syndrome re
vealed a fighly vascular malignant chemodectoma
supplied mainly by the left ascending pharyngeal artery
Blood flow was determuned during angrography n the ex
tracramal branches of the carotid arteries by video dilution
techmque The decrease of blood flow after partial em
bolization of the left ascending pharyngeal artery was also
quantified The application and value of video dilution
techmique 1n blood flow determination together with the

findings are d d
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ASCENDING LUMBAR VEINS

Cathetenization technique nd mdiogrphic 1ntomy

L FORSBERG and J GOTHLIN

Features of the ascending lumbar vein (ALV) sys
Ehave been reported by Dux et coll (1968b)and
X99) 1n 1971 BuCHELER described normal
©d patholome aspects of ascending lumbar
;”‘hk:“ml‘hy These authors evaluated the ascend
!:m :banems n patients with wide sprend mahg
mn’xsease The present Investigation was per
i I":order to elucidate the normal wnatomy
F"’!Nm) and possible diagnostic use of ALV
M rhy The examinations were performed as

mmended by Dux et coll (19682a)

Matenal and Methods

‘::‘:"\i:r?e men and two women aged 16 to 84
R'J“Nmen:;ammw on possible paravertebral or
s m\o:; mvolvement by mahgnant disease
o ot “R\ement was found at autopsy opera
® thomg - hchmca] course A further 15 patients
ot g dve intra abdonunal or intra thoracic
P hat could not be related to findings
ALY system

oy \{:‘;’:‘:i Vemns were cathetenized percutane
behgoer, "IN wath IDIOD=1 14/1 58 mm
&Whmum Different curves of the ip were tested
nﬁw\l) O:TWS provingto be as in Fig 3 End
tstige 104 side holes close to the up were
Mg of ljh:lmm by hand served to establish the
For catheter tip and the gross venous

varied between $ and 20 ml/s and the amount of
contrint mediwm (Isoprque Corenr Nyegaard AfS
Norway) was between 15 and 40 ml Using an AOT
film changer 8 films were exposed per 8 seconds
with the patient supine 1nd dunng Valsalva s man
oeuvre to decrerse the flow of contrast medium tto
the infenor ven: cava A p projections were ob
tuned m all patients tnd additronal lterd! projec
tions tn 30 cases

In most patients the [eft ALV was first
catheterized at its ongmn from the common tiac vem
1f the attempt was not successful 1vemns ongmniting
from the tnternal 1hac vens were cathetenized or
lumbar vemns from the infenor vena cava (Fig 6)
A few tumes verns in the presacral plexus were cath
eterized In 7 patients adequate fillimg was obtamed
of both ALV at cathetenization of the left ALV but
1 most cases the nght ALV also had to be cathete
nzed dwrectly (Fig 4) or fairly often from an teo-
lumbar vern

The tip of the catheter was positioned at varving
heights in the ALV to find an optimum position
preferably above a wide lumbar vem ongmanung
from the trunk

Results

The optimum amount of contrast medmm proved
to be 40 ml iygected at a rate of S to 8 mlfs In 48

wmy
the phieb phy the rite

LI

d for publicati»n 27 September 1979
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left

right

Gl
lem

Fig 3 Catheters bended for cathetentzation of nght an
ascending lumbar vemns

Fig 1 Normal anatomy I=infenor vena cava 2=Lumbar vein
3=Ascending lumbar vein 4=Distal part of lumbar vesn 5=In

frapedicular vein 6=Suprapedicular vem 7=Epidural vein Table 1

Cathetert ed veins and \etn combnations in 58 poteni

Left  Right Bl

'
ALV only o 3 7
» RV Lumbar vens only ”
] ALYV +lumbar vein 1"
. * : SPV Azygos vein 1
\ Two lumbar veins cathetenzed in one patient
L =
! 1PV
3 '0
—w ’O
*e e
| P S Table 2
T Number of levels f interrupted or in-
H * H adequately filled ALV in 41 patents
av Hae NN examined wuh accepiable techniaue
VALY
4 1 Lett  Rght
[N ALY ALY
-
One level " 4
Fig 2 Normal anatemy IVC=Inferior vena cava ALV=As Tuolevels s |
cending lumbar vein RV=Renal ven LV=Lumbar vein {cor Three levels 5 7
responds 1o the lumbar arteries) SPV = Suprapedicular vem ree fev 3
1PV =Infrapedicular vein =Four levels 1

No fillir
patients the left ALV was catheterized and m27the  the left ALV was obtuned n 7 pauc;“:r 56 patic
nght Directly from the inferior vena cava 14 lumbar ALV on one side was oblmncdﬂl_n s
veins were cathetenized The veins or combinations  maily due to catheterization di ‘Cuf n wasal

of veins cathetenzed are presented i Table 1 In 27 The filling of the ALV or parts @ pected
paticnts only one catheter was mntroduced m22two  improved when contrast medium Ww1s Inf
catheters and n 6 further patients catheters were the lumbar veins et
placed 1n three different positions Of 41 patients with optimum €3 .
Adequate filling of ALV bilaterally at ijection of  ditions a continuous ALV trunk exis

enzation {
ed on th¢
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a b
;‘"fm{‘,‘;,";'i ascending lumbar phlcbography wih contnuous
ALIC e o el::nzauon of both ascending lumbar vemns
yechion
:’:e:s”son the right side 1n 4 and bl lymm?2 had biateral s Lumbar vems were
drenguy OMe or marked narrow ng or mterruption demonstrated in 43 of 47 patients
< v lmnl:s was found at the level of the lum In 8 of 43 patients lumbar veins had an aberrant
‘“r”pcdxc": 92 stes (Fig 7) at the kvel of the  course(Fig 5} The vemnm 2 cases also anastomosed
1 g dh‘uh‘: :\‘ Ve m 45 sites and at the w with the lumbar vem at the adjacent level (Fig 5b
Moy aghna € m 4l Collaterals always filled be c) where the vemns empticd at one level above or
® besseny "({ left ALV and epidural vems as well  below the expexted one Five veins were directed
ety ml" :Xus Numerous mterrupted or m upwards and 3 downwards All 8 vemns onginared
Yese ) pau: veins on each side were found in  from the left ALV
2 TS (Table 2) Anastomo 1> between No difference was encountered in the phlebo-

Scen;
ko, g lumbar vern and the renal vern on the

o
2 found 1n 14 of 41 patients One patient

graphie result whether catheters with end holes only
or side holes were used

—
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Fig 5 Lumbar vems with aberrant course mn two patients Con course m a) level L3 1o L4 n b) and ¢} level L3 10 12 Anx
trast medium mjected into nght ascending lumbar vein Aberrant tomosis to left renal vein m {2}
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Fig 6 Improved filling of ascending lumbar veins with injection extravasation i (a) at L5 Numerous it/ e ndyi

s due
of contrast medium inte differcnt lumbar vewns as well Small formations as well as displacement of vern!
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;"’t 7 Different localizations of imterruptions at level of lumbar
Pediculer verms
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v,

Fig 8

Parazortic tymph nodes in retation to infenor vena cava
Padavertebral venous system

“‘E\Imvnsauon occurred in 3 patients [n 2 of these
€ Catheter wag placed in the left ALV with the ip

ﬂli-i 2nd m one the up of the catheter was placed in
e lumbar v ey at v

Discussion

“i';:lh:oPYESen( senies 40 m! of contrast medium was

e be sufficient for filing the ALV system

- :l\'mn(s did not imcrease the information 30

”?76) and!(? used by Dux et coll (1968b) BoczoNn
ERSHATER & HOLGATE (1976)

OPUmUm rate of inyection was found tobe S to

ot
™5 which 15 1o d with the

—

V7

56 patients) The reason for thisis not clear Increas
ing the jection rate only tended to divert contrast
medium into the infenor vena cava

It was difficult to obtain an adequate degree of
fillmg of the ALV 1f the tip of the catheter was not
at least as high as L5 on the nght side and L4 on the
left mamly due to a steal phenomenon by large
lumbar veins

In case of suboptimum filling or at apparent inter
ruptions of the ALV trunk selective cathetenzation
of a corresponding lumbar vein always enhanced the
filllng The ncreased local pressure caused by the
myection of contrast medium could surpass the nor
mal haemodynamcs and fill parts of the ALV sys
tem fed from collaterals when blood was diverted
from the vemn

Interrupted filling of venous trunks without a
plexus formation m the ALV was not uncommon
This can be due to diversion of contrast medium into

1 Is but di y could not be
excluded n these cases Continuous ALV trunks
were surpnsingly uncommon (16 of 41 patients) In
Table 2 the frequency of interrupted filling at var
10us levels 1s specified

Most lumbar vemn openings were fairly easy to
catheterize directly from the inferior vena cava
They arose at the level of the lower or intermediate
part of the vertebral body on the dorsal wall of the
vena cava These veins also tended to form plexus
which might enhance the risk of extravasation when
cathetenzed Selective cathetenization enhanced the
filling of not only the ALV but also that of the
eptdural plexus which may be of benefit in diagnos
ing disc hermations  spinal stenoses etc

This nvestigation was partly performed to find
out whether ding lumbar phlebography could
add any information mn patients with malignant dis
ease as has been suggested by DuX and BUCHELER
The mam bulk of abdommal lymph nodes s
situated ventral to the psoas musculature while the
ALV are embedded deep in the musculature (Fig 8)
Metastases i the lymph nodes or pnmary neo-
plasms i the retropentoneum have 1o grow through
the I} before compression of the ALV s

;:: ‘:: BOUCZON and GERSHATER & HOLGATE
L, uﬁmcn rates only forced the contrast
ormatye, 0o the infersor vena cava giving less

o nof the ALV system

at m:::yotc the findings of BUCHELER 1n the pres
b ALy opl¥ TRFely was good bilateral filing of

tamed when ynjecting the left side (7 of

to be expected Thus the lesions must be large be
fore they can affect the vein On the nght side
1mpressions tn the vena cava may occut at an earlier
stage The region of nterest in diagnosing growth
from a neoplasm 1n the stomach or pancreas 1s the
region of ThI2 to L1 Of 41 pauents without 1n
volvement of ALV at autopsy non filling of ALV

—
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trunks was obtauned m this region in 15 patients on
the night side and n 6 on the left Furthermore
plexiform vessels normally encountered in this re
gron can sometimes be erroneously considered as
collaterals due to obstruction

The abundant anatomuc vanations and inconsist
ent results of phlebography renders the possibility
of diagnostng malignant lestons too small to justify
the use of ascending lumbar phlebography with the
technique described for determiming the extent of

expanding lesions or g 1n the abd, orret
ropentoneal region
SUMMARY

The normal anatomy of the ascending lumbar veins and
a cathetenization techmque used to demonstrate these
veins at phlebography are reported The use of this ex

with Enghsh summary ) Pol Przegl radiol 43{19 ¢
171

BUCHFLER E  Die duekte Angiographie des \ertebrsl
plexus der lumbalen Venen und des Azygossenensy
tems In Ergebmsse der medizimischen Rasiologk
Band 11l p ! Edited by E Bucheler D PuppeandH
Schreyer Georg Thieme Stutigart 197!

— DUX A und SOBBF A Die reno lumbale Anastomn
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Azygogrammen Fortschr Rontgenstr 109(1968) 7t

Dux A Cavography and retropentoneal venography 1
the preoperative diagnosis of pancreatic disease i
Efficiency and hnuts of radiologic examinaticn of t
pancreas p 124 Edited by H Anacker Geol
Thieme Stuttgart 1975

— BUCHELER E und SoBBE A (a) Die hombinierte e
roperitoneale Veno und Cavographie Methode Inc
katton und Ergebmsse Rontgenblatter *1 (1963 4%

~— — BARTSCHW und SonRE A (b) Die direMte Tumbs

hre ber M Fortschr  Ror

A +
genstr 109 (1968) 1

amunation when dealing with mahgnant disease m the GERSHATER R and HoLGATE R C  Lumbar eprdur
abdomen and retropentoneal regton ts not warranted on hy in the d of disc Amt
account of the wide range of and ph J R 1 126 (1976) 992
vanation ROLANDJ LARDE D Masson J P et PICISD (LoIL
veines lombaires epidurales 1 Radtol Electr
REFERENCES (1977) 35
Boczon S Phlebography of lumbar spine area
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ELECTROLYTIC DESTRUCTION OF LUNG TISSUE

Electrochemical aspects

L SAMUELSSON and L JONSSON

Destructive lestons have been made 1n the lungs of
Thbits (SAMUELSSON & OLIN 1977) and pigs
(SMMUELSSON & JONSSON 1981) by electrolysis
< small platinum el des nserted per
¥ The purposc has been to create a method for
Kreutaneous destruction of lung metastases in hu
™ns An electrochemical analysis of the process
b5 now been made to provide a basis for further
development of the method Ewvidence 1s presented
M support of the assumption that chlonne 15 the
:::Clpal destructive agent Iiberated at the anode

g lsstee electrolysis The chlonne yield at the
::;:se has been determined 1n physiologic saline
pol:;l,:]a' Vvarious current densities and the anodic
i measured at various currents through the
5 b (anodic voltammogram) Analyses have
lro[yuﬂ: made to explamn the colour of the elec

e ngflesmns and an attempt made to explam
u clc Ol conductivity problems that often anse

dmg h:“;olysxs n animal lungs In addition pal
sthe E]CS cen tested as an alternative to platmum
s kno\cvlmdc materal Platinum compound aller
e the M and could imit the use of the method
95, misk with palladium 1s much smaller (SAX

Material and Method

E':::t:ulrrem has been used 1n all experiments
term olytic dose 15 expressed 1n Coufomb (C)
gy \hatons of organically bound chlonne

™y bonded chlorme) were made by the

Schomger elementary analysis 1n samples of normal
tissue and electrolytic lesions from pig lungs Inor
ganic chlorine 15 washed out duning this procedure
The matenal 1s then burnt and chlonne determmed
as chlonde (SKOOG & WEST 1969)

The electrolytic process was analysed 1n model
experiments Direct current was passed between
bullet shaped platinum electrodes (surface area 80
mm?) placed about 20 mm apart in a Petr1 dish con
tamng fresh human blood In a number of similar
expenments platinum and palladium forl electrodes
were used

After electrolysts 1n blood matenal was taken
from the vicinity of the anode and cathode and
analysed to determune the ongin of the changes In
the colour of the blood The black and brown ma
tenals were digested by papamn at 60°C The mux
ture was filtered and the residue was dissolved 1
pyndine 0 1 mol/l sodium hydroxide solution (1 3)
Following reduction by the addition of sodium
dithiomte  the spectrum of this solution was re
corded in the range 500 to 600 nm (GARDELL 1980)

The yield of chlonine evolved from anodic oxrda
tion 1n phystologic saline solution was determined at
vanous current denstties in a gas tight cell with
platinum foil electrodes (Fig 1) The charge applied
to the solution was 100 C The chlonne Iiberated
was forced out of the anodic compartment by nnt
rogen gas and passed through potassium 1odide s0-
lutton  The 1odine formed through oxidation by

Subautted for publication 10 March 1980
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Fig | Gas tight cell with platinum for electrodes (I and 2) for
determination of the chlorme yield at vanous current densities
durtng electrolysss 1n phystologic saline solution Anode area 204
mm? A glass fnt (3) separated the anodic and cathodic compart
ments A mtrogen gas stream through the anodic compartment
brought the hiberated chlonne through a glass tube (4) to a botife
with potassium iodide solution

chlorine was then determined by 10dometrical titra
tion

The anodic voltammogram (the current/anode po
tential curve) was based on measurements made
m physiologic saline at a platinum foil electrode
by a calomel reference electrode (Radiometer
Copenhagen) coupled to an ordinary potentiostate
(Amel 552) The potential between anode and elec
trolyte was slowly elevated until current started to
pass through the solution The reference electrode
was placed very close to the anodic surface to meas
ure the potential step there which 1s an important
electrochemucal parameter (DAVIES 1968)

Results

The determinations of organically bound chlonne
showed that the chlonne content was elevated 1n
fresh lesions as compared with fresh tissue (Table
1) No such difference was found 1n a lung with a
leston that was 4 weeks old Lesions made with the
anode well separated from the cathode had a higher
chlorine content than those made with the anode and
cathode close together The chlorine yield from
electrolysis 1 physiologic saline reached a
maximum of 50 per cent at a current density of 40
mAfem (Table 2) At higher current densities the
yield gradually became smaller Current started to
pass through physiologic saline solution at an anodic
potential of about 1 5V (Fig 2)

During electrolysis in fresh human blood bubbling

i mA

100

¢

!
L4
P sov?
’ . u

05 10 15
Fig 2 Anodic voltammogram 1=currentin mA E,=potental
V at the anodic surface At an anodic potential of about 19
current started to pass through the physiologic saline solutt

between the plaunum electrodes When the potental was ra
further the current swiftly became stronger

—
2025 E Vo

of hydrogen was evident at the cathode whe
sodium hydroxide was formed and the colour of
blood changed to brown At the anode only far
Iiberation of gas occurred and the blood there b
came black The pH reaction was strongly acid:
the anode and strongly alkaline at the cathode
Conductivity between the electrodes was regild
ly impaired after 5 to 10 mm of electrolysis 3t
current of 20 mA It was observed that the blac

Table 1

Organcally bound chlorine in the Iungs of pigs

Sollov ing electrolysts expressed as @ percent

age of dry nssue weight Samples were laLn;

from the electrohtic lesions and. from normal
nssue

big Lesion sample  Normal sample
No (per cent) (per cent)
1 60 07
2 25 13
3 50 1"
4 238 04
5 21 07
6 06 07
7 70 10
¢ anode

Pigs ! 3 and 7 Lesions made with th
30 mm from the cathode
Pigs2 4 5and 6 Anode and cat
together 1na double electrode

4 week-old fesion made with double
trode

hode close

elec
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Table 2
Chlormne vield at different current den
wnes te percentage of current used
10 produce chlonne according 10 Fara

day sl
Current density Chtonine yeld
mAfem?) tper cent)
5 40
10 43
0 44
30 4
40 <0
0 45
60 46
0 43
80 40
% 40
100 40
1o 39
10 39
130 37

tned blood around the anode became quite dry and
sicky and that the current could not then pass
Geod contact could immediately be restored by
Tostening the anode with a drop of physiologic
saline solution No sign was found that conductivity
3 mpaired around the cathode which always was
slimostened A pole changer was tried to tmprove

‘onductivity but in vain
Papain digestion of the material from the vicinity
A;Hhe anode yielded a black residue nsoluble in
ﬂaltr It was dissolved 1n pyndine/sodum hydrox
* solution and after reduction with sodium dithio
e gave a red solution This solution showed the
':‘l;:al visible spectrum of haem with absorption
Ma at 525 nm and an absorption at

normal lung tissue In 2 4 week old lesion this dif
ference had disappeared These observations
strongly suggest that chlonine which 1s a powerful
oxidant 1s the main agent responsible for tissue
destruction

When the 1node and the c1thode are built together
in a double electrode conductivity problems are
reduced but the destructive effect 1s much smaller
In a pig lung admiistration of 800 C through a
separate anode makes a 30 mm lesion whilst witha
double electrode as much as 2000 C must be givento
create 1 lesion 25 mm in dinmeter (SAMUELSSON &
JONSSON) [t1s therefore stgmficant that the chlonne
content of lesions made with the electrodes placed
well apart {pigs 1 3 7)1s about twice as high as that
 lestons made with adouble electrode (prgs 2 4 §)
If the cathode and anode processes mix as they do
at a double electrode sodim hypochlonte 1s
formed which chlormates the tissue more slowly
than pure chlorine

Duning anode electrolysis in physiologic saline 50
pet cent of the current is used for chlonne produc
tion at the density of 40 mAfcm? In the body the
yield 1s probably less for other reactions such as
the oxud ofh lob: pete at the anode
The chlorime yield 1s a factor worth considering
when constructing electrodes They should not be
too small and a surface area of at least 100 mm? 15
suggested for use with a current of 60 to 70 mA

Analysis of matenal taken from the vicinity of the
anode after electrolysis 1n blood indicates that the
black pigment 1s methaemoglobin  The analytic
principle 1s as follows methaemoglobin 1s separated
into haematin and globin by papam and haematin
ts reduced by sodium dithiomte to haem which can
be 1dentified spectrophotometncally Oxidation of

&:":""; These results indicate that the black residue
€ papain degradation was haematin and con
:“lx:;nllylhal the black matenial from the anode sur
"1gs contamed methaemoglobin  Material
R&’x: the vicinuty of the cathode gave no nsoluble
m"’ after papain digestion
d pli-::‘lm electrodes performed stmilarly to those
& um the blood around the anode turned
nd the effect was about the same

Discussion

A cle;
ar rise in organicaily bound chlonne occur
N acute ),

lytic lestons as compared with

h lobin to at the anode 1s
manly performed by chlonne At the cathode
sodiim  hydroxide transforms haemoglobin to
haemochromogens which are black The formaton
of lobin and h pre
sumably explains the colour of anodic and cathodic
electrolytic lesions 1n lung tissue (SAMUELSSON et
coll 1980} as most of the pigmentation of the lung
before electrolysts must be due to the presence of
haemoglobin in the pulmonary vessels

Durning electrolysis water has a tendency to collect
around the cathode (electro-endosmosis Dixov &
SCHAFER 1966) This process may explam the ob
servations 1n blood The cathode remams moist
while the anode becomes dry hindering passage of
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the current In experiments on animal lungs usinga
platinum electrode with a surface area of 80 mm?

conductivity problems arose regularly with currents
greater than 20 mA (SAMUELSSON & JONSSON)

Thrs was of no importance for the end result of
electrolysis as normally contact was soon restored
and the process could continue However the result

ant changes of potential in the lung evoked muscle
twitching  This 1s disturbing i animal experiments
and obviously cannot be tolerated 1f the method 1s to
be used 1 humans Conductivity 1s better with the
less effective double electrode and the problem can
probably be overcome with more sophisticated elec

trode constructions Experimental results in rabbits
(SAMUELSSON et coll ) pigs (SAMUELSSON &
JoNSSON) and rats (SAMUELSSON 1981) indicate
that electrolysis has a fair chance of becoming a
chmically appheable method tn the treatment of lung
tumours Prelminary tnals in humans of an almost
dentical method have given promistng results
(NORDENSTROM 1978)

SUMMARY

The electrochemmcal basis for tissue destruction by elec
trolysts was analysed Electrolytic lestons from pig lungs
had a higher content of organically bound chlorine than
normal tissue and 1t 1s suggested that chlorme hiberated at
the anode 15 the principal agent 1n the electrolytic destruc
tion of issue The electrode systems that were most effec
tive 1n destroying tissue produced the lestons with the
highest content of chlonne Expenments in physiologic
saline established that a current density of 40 mA/fcm?
gave the best yield of chlonne
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BLOOD INFLOW AND COAGULATION
IN VASCULAR CATHETERS

Comparison of the effect of polysaccharide solutions
saline and contrast medium

M DAHLBORN R CRONESTRAND

In chmical practice intraartenal catheters are n
‘tmittently injected with rsotomic saline solution
ader 10 avord blood mflow and clot formation
the catheter lumen In spite of this precaution clots

’ :‘*:’\ appear in the catheter during ntraartenal
o st\enzanon with a isk for embolization (Haw
i & HERBERT 1974 JAKOESSON et coll 1969)
L.‘dmusly 1thas been shown that the escape of saline

contrast medium from the catheter lumen 1s
:":“I‘:l)"ldepedem on the denstty of the flud and that
« m“ow of blood may be substantial (DAHUBORN

Deng 1978 DautsoRN & SODERLUND 1979
ey kfv & SUNDELIUS 1980) The wfluence of a
" c“ku“ polysacchande fluids on blood inflow into
Ny c:lnhclers was analysed in order to find one
. smaﬂou d reduce blood nflow and coagulation to

an extent as possible

Material and Methods

‘E:}P;ﬂ";ms wete carnied out on 19 mongre} dogs

lmﬂhil tween 16 and 40 kg The ammals were

oo ‘l::d with phenobarbital and treated with

o ;I’?C aigesia pancuron bromide and atropine

Uxml‘[m mtubated and ventlated with an O/

!M:l:t man AGA respirator and placed on the
unng the expenments

G KLINTMALMand § SUNDFLIUS

in 14 dogs = catheter was nserted into a plastic
1wbe replacng a part of the abdominal aorta and n
the remaming 5 catheters were placed into the in
tact aorta through the femoral artenes The tube of
translucent plastic material which teplaced the aorta
smmediately distal of the renal artenes had a length
of6to 7em (Figs 1 2)

A straight translucent polyethylene catheter (ID
1 15 mm) was attached to the snterior surface of the
tube glued and pamted white on the outer surface In
order to obtain a suitable background when measur
ing the blood mnflow to the catheter Around the
aorta proximal to the renal arteries or distal to the
plastic tube a probe for blood flow registration was
placed (Nycotron Nyegaard & Co Norway) The
imtraartenal blood pressure was measured continu
ously Dunng the expenments the catheter was
placed 11 4 different posttions directed 5 upwards
and 5 downwards downstream and upstream The
catheter nvanably retained its position duning each
penod of 5 min expenment which was repeated 3 to
7 times In 13 dogs the length of the blood mflow into
the catheter was measured at 0 15 30sand1 1} 2
3 4 and 5 min followmg a sigle injection The
following catheter flush fluids were tested 1sotonic

Submutied for publication 27 March 1980
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Table
Densty and viscosin of human blood dos, bl rod and flu th flurds

Density Viscosity
0-22C) 37-38°C)
cP
Humun blood 1056 47
Dog blood 1052 47
fsotomc saline solution 1002 07
Isopaque Cerebral 1310 40
Polysacchande
A 1038 36
B 1052 37
c 1072 42
D 1038 44
E 1053 43
F 1074 53
G 1037 59
H 1047 62
1 107 68
K 1043 51
L 1045 43
M 1043 34
N 1012 13
0 1016 51
P 1048 14
R 1103 17
S 1103 43

saline solution contrast medium (Isopaque Cere
bral meglumnefcalcium metnzoate 280 mg I/ml)
and 17 polysacchande fluids named A to S of differ
ent densities and viscosities (Nyegaard & Co Oslo
Norway Table)

In one dog the effect of continuous yection of 3
fluds was tested saline with the catheter directed
upwards  Isopaque Cerebral d ds and
polysacchande flud E horizontally An automatic
synnge pump with adjustable mjection speed was
connected 1o the catheter Each flush fluid was
tested three times with a 20 m! syninge and at iyec
tion speeds of 020 to 14 ml/mun In a separate
series the fluds were imected via a 1 m! syringe at
speeds of 0 03 to 0 7 mi/min with and without ¢ 1 m!
arr contaned n the syninge The ntraartenal blood
pressure was recorded continuously {100-140/80-90
mm Hg) blood flow was not recorded

The density and viscosity of the saline and con
trast mediim were determined by the manufacturers
(Pharmacia  Uppsala Sweden Nyegaard & Co
Norway) From HANDBOOK ofF BIOLOGICAL DATA
the density and viscosity of dog blood (1 052 and 4 7

’
L7 % 4
P & “ A
kT [
2PN e
¥ RN
Vs - ‘ }
—_
-
—— .
o -
-
- -

Fig 1 Abdommal aorta s replaced by a plastic tube contammgs
translucent polyethylene catheter Proximal to the tube a prate
for blood flow registration 1s placed around the aorta

AN

Fig 2 Drawingof Fig 1

:
cP at 38°C) and human blood (1 056 and 47]‘:;:
38°C) were specified (Table) The ﬁgurcsa.r:a{ o
wdentical to the mean value of the density © i
blood (1 054 SD 0 007) of 10 of the ammals Asrzm
these figures different densities and vxscosmtﬁg ;
given to the 17 polysacchande flush fluds €
Table
FIV: dogs were used for prolonged rcg:slm:olf:::
blood mflow and clot formation m Pomls;’dmc |
catheters after single flush flud mjccuunz Euth
Isopaque Cerebral and polysacchande flus e
out and with 100 1U hepann/ml were lcslch er
catheters were inserted surgically thulgﬂom
femoral arteries and placed i the alzldnm;’ﬂt::‘rs
By tilting the table with the dog the cat i
came directed approximately 5° upwards 1 ot v
ments with saline and 5 downwards using ¢ s ¥
medium and 1n either direction using the (S-“"!
chanide fliid E Each expeniment %25 rtPC"O 0
times The catheters were withdrawn 10 Zl ol
45 rmun after the flush fluid mgectron and the ir.m‘h*
the blood mflow was measured through ”"Ms s -
cent catheter The rate of appearance of ¢
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ol Results
'
o At the end of each fluid injection the catheter
° :L[ f N lumen was completely filled with the flush fluid A
e A few seconds later the flush flmd mvanably became
‘ partially replaced by blood formng a layer Similar
. . A to what was noted previously (DAHLBORN et coll
g DAHLBORN & SODERLUND DAHLEORN & SuN
L O O S J DELIUS) no difference 1n extent of inflow was ob-
b served between catheters placed upstream and
13 Denaty and viscosity (cP) of saline (NaCl} Isopaque  downstream {Figs 4 5)
wbrl (1C) and 17 polysaccharide fluds (A S) Sahine always leaked out of the catheter lumen at a

higher speed when the catheter was directed up-
wards compared with the downward direction One
mm after a single njection the average length of
blood mflow was 10 mm and 2 mm respectively
(Fig 4) The cormrespondmng values regarding con
trast medmum were 7 mm and 16 mm te this flud
leaked out more rapidly when the catheter was di
rected downwards (Fig 5)

Polysacchanide fluids of densities lower (1 012-
1 043) than that of blood (1 052) always caused more
blood nflow 1nto catheters directed upwards while
the reverse was true with flurds of higher densities
(1071-1 103 Fig 6)

However when fluids of densities 1 043-1 053
gh:k‘:k‘;dmﬂgw 1nto the catheter after imection of salme with (¢ close to that of blood were used the mean
ol iy PP (- ) and dowmwards (=) L= pyoog now was always less than 3 mm Small

differences were recorded with catheters directed
upwards and downwards

No differences regarding blood nflow were noted
between polysacchande flush fluids of high viscosity
(5~7 cP) and those of low viscosity (1-2 ¢P) when
fluds of the same density were compared (Fig 7)

In the seres of polysacchande flush fluids fluid E
{density 1 053 wiscosuity 4 3 cP} was constdered to
be the most suitable one This flmd had the least
mean blood mflow with a mean value of 1 5 mm after
S5 mm The extent of inflow varied only to a small
degree with the direction of the catheter The blood
flow measured by the probe vaned between 20 and
i 400 mi/min and was related to the position of the
35 Blood ma probe around the aorta with respect to the level of
ff‘.*{“x:ﬂﬂ%ﬁxl‘l‘ﬁﬂiéﬁ"}.ﬁiﬁf@‘:{.‘“’fi‘;ﬁ’,’; %&{:ﬁﬂm: the renal artenes and to the condition of the animal

flow The mtraartenal blood pressure vared between

170/140 and 70/60 mm Hg Large differences n

ted gng W blood flow and blood pressure recorded 1n otherwise
p{mur'ﬂr lengths measured The systolic unchanged expenmental conditions did not nfly

"N He) oy © was recorded continuously (120180 ence blood inflow tnto the catheters On continuous
bmeg | "° blood flow registrations were per  flush fluid no diff bet contrast

medwm and flud E occurred No blood inflow into
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the catheter lumen was observed when the flow of Lmm
the flush flutds exceeded 4 0 ml/min (Fig 8a b)

However at flow velocities of 0 6 to 4 0 ml/min
blood passed mto the catheter m each systole only to
disappear in diastole The corresponding flow ve ’0-‘
locities 1 the two groups regarding saline were
140 55 to 140 mli/min respectively (Fig 8c) If
Tower flow velocities were used the catheter tip
consistently contained some amount of blood Using !
the small sy ninge and contrast medium or flud E no 10
blood inflow occurred nto the catheter lumen even
at an extremely low flow velocity (0 03 ml/min) The o
corresponding flow velocity regarding saline was HONOGADKMLMPBEICFSNE
higher (0 35 ml/min) However 1if 01 ml arr was Fig 6 Blood inflow mto the ;allhellecri n&ml'laﬂer]n;)::;‘:n:
added to the flurd and contamed in the syringe ".Iz’l':: &’asc)” #:P:“;',’iiuc;"“zc (dl,)!:l:d upf;’"{s S
throughout the imjectron blood appeared in the dnwr;mdard; m dPlacex;a;g::s n}zde ac::rcd:f;&w;tu';ﬂx;:
catheter even at the low flow velocities :’r::m:-ms por]‘;:‘azd:na:lge l‘lunZi“!)S ored

A rapd and continuous blood nflow nto the
catheters mserted into the abdomnal aorta was ob-
served following single 1solated myections of saline Lmm
and contrast medium (Fig 9) e -{

The mean length of the blood mflow was about
100 mm with both flmds after 20 min  duning the
following 25 mn no further wnflow of blood was
observed Following a single myection of fld E
blood :nflow into the catheter was only very shight o
with a mean length of 7 mm of the column after 20
min and no further inflow dunng the following 25
min (Fig 9) The frequency of clots in the catheter 34
fumen after imection of saline gradually increased to
80 per cent dunng the first 30 mmn after which no
further ncrease was observed (Fig 10)

Clots were found in almost all expenments after
mection of contrast medwm and 1n 50 to 70 per cent
when fluid E without hepann was used With flnd E
to which hepanin had been added no clots were
observed at 10 min but appeared successnely during o /——-—r/:w‘o—
the following 35 min when clots were registered m 1000 0s0 pensity
60 per cent of the expenments afer vyt 2

Fig 7 Blood mflow mto the catheter $ :\fbm o v

polysacchande fluids with high viscosity {
ty (—) Le=length of mflow

Discussion

Thromboembolism 15 a well known complication SODERLL“’)
of intraartenal cathetenzation (LANG 1963) In chimi thus gravity dependent (DAHLBORN& e W
cal routine saline 1s used as a flush flmd and follow The present results obtaned 1 vnat:oodcuw
g myection of contrast medwm dunng angio-  those achieved previously man artfioat '

Howeve!
graphy the catheters are filled with the medium lation modet (DAHLEDRN&SODERLU\E,IMH |

However nerther saline nor contrast medium pre the blood mflow was generally l;nrg:rc 2 e
vents passage of blood 1nto the catheters Theextent i which higher amplitudes of prcsS:f nyestigaton
of blood inflow has been shown mainly to dependon  blood flow were generated In bol alnuﬂ“‘”

the relatne densities of the fluds and blood and 1s  fluctuations w the haemodynamic ¥
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# § Blood mflow mto the catheter dunng contmuous fluxd
eun with 2} polysacchande flud E b) Isopaque Cerebral

29 Mean brood
W
vty
g

milow mto the catheter after myection of
u.rheur directed upwards (—) Isopague Cerebral
(#~8) and polysacchande fluid E with erther direc

m&?;t.ﬂ:able wflzence on the relative extent of the
s 1 % when related to the two catheter direc
< Me same applied as regards the direction of
reng Stream around the catheter In addition no
€S were observed m the rate of passage of
oy ;d’“mwhﬂers moving freely m the ammal
&) g mfd“nh contrast medmum (D AHLBORN et
r‘*‘lm._‘g ¢ catheter attached to the wall of the
S mthe present expenirients This implies
ber p°;“‘°ﬂmg of the catheter whether central-
SX;;RHY m the blood stream should be of
i o ance 1t 1s mferred that this may be
ana:x:' salme and other flush fluds
hag ‘&:P‘ foanalyse the mfluence of the denss
LT um“! of the flush fluids m rore dete! and
mate goal of reducmg the passege of

Lmm
20

© 1 2345878090 DB

L
c
and c¢) salme The upper curves (—-) represent mean biood
inflow during systole and the low er curves { — —) during duastole

Percent

ok T T
° £ 20 20 40 50

mn
Fiz [0 Per cent of clots m the catheter fumen after mjcction of
salme {--—} lwpaque Cerebral(—) polysacchande flud E with
out {— »%) and with heparm (§0—09)

blood into the catheters a senes of polysacchande
flusds of different denstties and viscosities were
exammed The flurds essentaally behaved Iike saline
and contrast medium A fluid of a density lower than
that of blood leaked out of the catheter more rapidly
when it was directed upwards the one of a higher
density escaped more easily with an opposite cathe

ter direction  As expected the fluid with the denuty
almost identical to that of the blood caused the feast
mflow wrrespective of the direction of the catheter

These results are 111 confornuty with previcus ones
(DAHLEORN & SODFPLEMD) 1o which saline of 4
density close to that of blood was shown to feave the
catheter at a lorwer speed than phyvologic saline

The swame resul's were obtamed with contrast

medium provided that the catheter was directed /
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downwards Thus 1t 1s evident that the passage of
blood Into a catheter followmg a single injection of
flush fluid 15 fughly dependent on its density

Previously 1t has been demonstrated that the vis
cosity of a flush flud has some nfluence on blood
inflow e g 2 flurd of high viscosity will leak out of
the catheter 4t a slower rate than does one of low
viscosity (DAHLBORN & SUNDELIUS) In the present
expeniments this effect was demonstrated at con
tinuous flush with flud E and contrast medium
which both blocked the entrance of blood at consid
erably lower injection rates than did saline the latter
having a lower viscosity than flud E and contrast
medium This accords with previous results t e the
tnjection rates of saline and contrast medium neces
sary for keeping the catheter free of blood were of
the same magnitude and moreover were mdepend
ent of the direction of the catheter (DAHLBORN &
SODERLUND) Thus at continuous Injeciion the vis
cosity of the fluid will be more significant than the
density In contrast following 1solated single mjec
trons differences 1n blood inflow due to differing
viscosities of the polysacchande fluids were not ob-
served Fluids of higher viscosity than those
examined might have caused a decrease in blood
mflow but such fluuds should be difficult to inject
and therefore would not be of advantage for chinical
purpose

Continuous myection requires a large volume of
fluid to keep the catheter free of blood and 1s there
fore of mited utility However 1f a small syringe 1s
used the injection rate can be reduced considerably
irespective of the fluid chosen It ts surmised that
this depends on the favourable dimension of the
fluid system and the absence of air bubbles Elmuna
tion of air from the flurd system 1s important to avoid
air embolr and to reduce the speed of continuous
myection m keeping the catheter free of blood

The passage of blood 1nto catheters filled with
salme contrast medum or polysacchande fld E
ceased withtn 20 nun after a single injection It1s not
clear whether further inflow was prevented by clot
formation or whether other factors might have oper
ated as well since the addition of hepanin to flud E
did not alter the ime of inflow In any event as

noted in the expeniments lasting S min the colyms
of blood was constderably larger in catheters fill
with salme or contrast medum compared with thos™
with flmd E The influence of this flurd on the bloc
coagulation system will be communicated 1 asepa
rate report (DAHLBORN & NYMAN to be publishedi

SUMMARY

Inflow of blood mto intraarterial catheturs i dogs fof
lowing single and continuous injections of saline contra
medwm and polysacchande Nuids were znalsed wit
special reference to the mfluence of their density an
viscosity  Clot formation was also analysed nd th
favourable properttes of one variant of the polysacchand
flusds were demonstrated
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IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS

V Analysis of the shape of the left ventricular cavity
at the end of diastole

G KvaM D RANGNES and J GOTHLIN

The angiographic appearance of the left sentricle
"idopathuc hypertrophic subaortic stenosts (IHSS)
f‘m‘-“?ﬂsllc (BRAUNWALD et coll 1964 Ky AM

PR Part 1) In the present commumication the
« Sape of the apical and muddle parts of the THSS left

Al
“";“]I“" cavity 1s analysed by means of a geomet
medel

Most an, N

isagm pl 1< app 1mply
! q\“yig the normally configurated left ventricular
£ Dinge 19;‘11 ellipsotd (WASSER & KENNEDY 1969
e, ) However the septal surface of IHSS
N mnca\,a ‘atenoid surface convex longitudinally
' Jrcﬂmscg:mnw“‘ely towards the left ventricle
11 Mormed b BULKLEY 1978) (A catenoid surface
o Sparatiy t(); lahCatEnary curve rotated around an axis
* s sepray © langent in the apex of the catenary )
? Nerq e m,pmtms"'“ 1s the mamn difference be
| By Shaped and the THSS left ven
cany m: :Ccordmg]y the THSS left ventncu
Hlofan o, ys ¢ envisaged as what remams when
is gmmf‘ oidis cut away by a catenoid surface
T T1C Situatton 1s llustrated i the mod
Molutigy Plane when the catenary k has an aus of
B4 (5 1 el 0 the loggest axis of the ellp-
"Nndmg 10 thy 12 1b 15 a transverse section cor
Urtvoluggn & ehalf axes R is the smallest radius
i3] sad or the catenary around the axis A
The o, TaWINg i perspective of such a model

are shown the model s equator 1s the ellipse where
the horizontal plane (approximately parallel to the
overall septal plane) meets the ellipsoid surface Fig
1d 1llustrates what remaims when the part above the
catenoid surface ts removed On either side a part
of the ellipsc below its equator 1s removed This
rematning part of the ellipsoid projected downona
plane parallel to1ts honzontal plane thereby obtains
the shape shown in Fig 1e an elliptic structure with
an indentation on exther side

In this way the indentations of the IHSS left
ventricular cavity n the 30° RAO projection are

d for The mnd on the nght side s

however regularly further caudally and larger than
the indentation on the left side (Fig 2) Therefore in
a geometnc sense 1t 1S not possible to demonstrate
the axis of revolution A parallel to the longest axis of
the ellipse

An attempt was made to determine an outer ellip-
soid an aws of revolution A a smallest radus of
revolution R and the curve of the catenary from
individual patients with IHSS From these parame
ters a model was constructed by use of projective
geometry The ellipse and the catenoid were
Pe d 1 a rel. p giving a bl to
the THSS left ventricular cavity when projected on
to the planes corresponding to the 30° RAO and the

d for publ 31 August 1979

1201
Ml and transverse planes of the ellipsord

Sy
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60° RPO projectrion The catenary curve was ad
Justed with the same means in mind

Materrals and Methods

The biplane cine left ventnculograms previously
descnbed from 4 patients with THSS were further
analysed An end diastolic frame from the 30° RAO
and the 60° RPO projections as well as the enlarge
ment factor were defined as described (KvAM 1980
Parts I II)

The cavity outline was drawn from the 30° RAO
end diastolic frame (Fig 3) The postenior papillary
muscle was not excluded from the cavity outline
The outermost contour was drawn across the inden
tations following the direction of the rest of the
cavity outline on both sides (Fig 3 broken line)
The outermost contour was continued across the
lowest protrusion by the mitral valve following a
smooth curve to the diameter of the aortic ning (Fig
3) The deepest indentations on the nght and left
side respectively were measured along the lines I,
and 1, drawn at nght angles to the outermost con
tour These lmes define one pont each on the cavt
ty outhine A line L, was drawn through these ponts
Another line L. was drawn paralle! to L, through
the poimnt where the cavity outhne fuses with the
outermost contour on the night apical side The dis
tance d, between L, and L. was measured A third
hne Ly was drawn at nght angles to L, and L,
forming the angle a with a line parallel to the long
axis of the examination table The apico midaortic
axis was also drawn forming the angle 8 with the
tong axis of the patient

The area A mside the outermost contour (heavy
broken and solid hines in Fig 3) was measured and
the outer width w, was calculated as 4A/7L accord
g to the ellipse formula L 1s the apico midaortic
length

From the 60° RPO end diastolic frame the cavity
outhne was drawn A hine was drawn through the
two end pomts of the anterior convexity of the out
Ime The distance d between these pomts was
measured (Fig 4) A second line was drawn parallel

to the first tangential to the antenor curve and the
i b, b n these lines d The dor
sal contour of the most protruding part of the septum
was defined A third line parallel to the others was
drawn tangentially to the dorsally protruding sep-
tum The distance h between this Iatter line and the
maost antenor (secondly drawn) Iine was also meas-

Ay

d gzl

Fig 1 An ellipsoid transectioned by a catenoid The axcs oﬂ§
ellipsosd and of the catenod are parallel 8) Sapttal nﬂ;;ﬂdn
Catenary A Axis of rotation for the catenary R Sho;l;;A "
of rotation for the catenary b) Transverse section R Lﬂ;llan

(2) 1 The large indentation projected onto the honzon bl
¢} Perspective drawing The circumference and ey o
horizontal and transverse planes (---) The C:rcum(tm\!:‘ ol
part of the catenoid which lies nside the ellipsord plus [bmm 4
nary curve corresponding to the one n (2 —) nems i
of the apex of the catenary () d) The part of o ot 8

above the catenod 15 removed €} Projection of (d) on

honzontal plane Only the circumference 15 shown

<

Fig 2 End diastolic frame from one of lhe,lmﬂgsg
30° RAD oblique projection The wasst of (b €8
with a farger dextro-caudaf and a smaller s10¥

ton
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LONG AXIS OF
THE EXAMINATION
L L, TABLE

3 The 30" RAQ end diastolic left ventrular cawity outline
one of the patients (solid contour) with the outermost con
. (broken contour) Vertical broken hine long awus of the
_’;L:.mxnn tatle and horizontal broken hne at neht angles to
’mm{nl Ine The mdentational hnes T and 1, drawn from the
e, rmanmum indentation on the nght and Ieft sudes respec
'kY Hnght angles to the outermost contour The lme L joms
PO of mavimum mdentation on ether side L. 15 drawn

The angle § between these lmes and the long
the table top was also measured
The model was designed as an ellipsoid with equal
sverse axes obliquely transectioned by a cate
surface
The elhpsord of the model was guen the same
"3 the apico-midaortic cavity length L of the
and the transverse axes were both given the
% asdefined In the 30° RAO projection the
:‘;3‘ model ellipsoid axis forms the angle 8 with
1, %8 axis of the table top and the ellipsoid
{ o °F (a5 defined in the introduction) hes n a
1 Tl: Parallel to the 30° RAO film plane
. ¢ 215 A of the mode] catenond forms the angle
" the long axis of the patient 1 the 30° RAO
Pojection
m:n’" the left ventricle (Fig 3)1s observed along
G "8 2rTows 1n the paper plane then the ventn
3BPears as 1 Fig 4b
¢ direction of the catenary axis of rotation A 1
l\gd"‘d paralle] to L, when observed m the 30°
Plane ang parallel to the three lines 1n Fig 4b

|

L/q DIRECTION OF AXIS OF ROTATION

OF THE CATENARY IN THIS PL-NE
«—

«—

'3 LONG AXIS
r_ QF ELLIPSQID

parallel to L through the aptcal end pornt of the nght indentation

and Lyt drawnatnghtanglestoL and L. The angle ais formed
between Ly and the long as of the examination table the angle 8
between the projected apico-mdaortic length and the long axis of
the examination table and the angle ¢ between L, and a hne at
nght ancles to the long table aus Thus a plus ¢ equals 90° The
60° RPO projection 1s formed when the cavity 1s viewed 1n the
paper plane along the long arrows from the nght

when observed in the 60° RPO plane The smallest
angle between the axis A and the 30° RAO paper
plane was calculated as demonstrated in Fig Sa

The antenor curve 15 a representative of the
radis of rotation of the catenary which together
with d; forms a circular segment Its height h; 1s
regarded as representative However the cathetusd
15 a shight foreshortening of the real cathetus length
d d;1s a projection of d  which forms the angle
(90—a) with the long axis of the table top in the 3¢°
RAOplane Inthe 60° RPO plane the corresponding
angle 1s (90~8) The calculation of d appears in Fig
5b

The radwis R of the antenor circular segment was

d ding to the Pyth th

(Fig 5c¢) The smallest radws of rotation of the
catenary R was calculated by subtracting h, from
the raduwss of the segmental arc

The d: d, 15 regarded as a real d, d,
runningin a direction parallel to the catenary axis A
therefore d,1sdyfsing Inan 1sosceles tnangle with
one side equal 2xd, and the height to the oppos

-

hY o~
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Fig 4 a) End drastolic 60° RPO frame from one of the patients b)
Line d 1s drawn between the end pounts of the antertor curvature
Anterior to this Iine a straight line as drawn tangential 10 the
antenior curvature and dorsally another 1s drawn tangential to

ing corner equal to h, (Fig 5d) the mterrelatonship
between the corners 1s defined The formula for the
catenary was adapted to make the curve run through
three such interrelated pomts the opposing corner
corresponding to the catenary apex

The following model parameters were then
known (1) The shape and size of the outer ellipsoid
(2) the shape and size of the catenotd (3) the inden
tations I and I, and (4) the direction of the axes
and their appearance 1n the 30° RAO and in the 60°
RPO projections

The maximum ndentations on the left and right
sides were located at a distance 1; and I, respective
ly from the outermost ellipsoid of the model The
actual coordinates (x y, z; and X, y, z; respec
tively) were deliberately chosen to make the model
resemble the 30° RAO projection of the [HSS left
ventricular cavity The princples of the calculation
for defining the mode) were as descrnibed in Fig 6

When testing the model 1t was detected that the
arc of the catenary curve was too straght to give
good resemblance and the curvature was therefore
increased to produce such a resemblance

Results and Discussion

The calculated parameters for the 4 patients ap
pear n the Table as well as the corrected values for
the catenary curve

A drawing of the 30° RAO cavity outlines with the
outermost ellipsoids for the 4 patients (1a-1Va) 15
demonstrated 1n Fig 7 In Fig 7b the cavities of the

G KVAM D RANGNES AND J GOTHLIN

parallel to tre
long axs of the 1
examination tadk
o

b g
the dorsally protruding septum  atso paralle] to the first n¢ LI
the distance between these two lines and by the distance betwety ofy
the firstiwo mes 8 1s ihe angle between these theee garalellon sz
and the Jong axis of the examination table b
Ak
1
W

Elsmb)ldr*‘! 4
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X}
z 2 60
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sples for determning ,,‘?; ‘;; S

Fig § Vanous calculation princ b2

arameters a) smallest angle ¢ of
RAG paper pILne 'b) Non foreshortened :arl:‘:;“‘f’ on €%
nor curvature of whichdy 15 a small fores| odgrmmslM"“"” ,
Uras R of the antertor curvature & Trangle

curve (d, equals d /s ¢)
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z
I
‘! = y
i R
k Ym2 2m2) 1< A
t ymy zmy) R !
1 :
(¥Ymo Zmo?
a b c
g 6 Prnciples of the model calculations The x y axes cor nates of a system with ¥ axts parallel to the catenoid axis of

ypond to the 30 RAO paper plane the x axts corresponds to votation A (X ¥4 Z )= (Xmt Yt Ze)} 30d (X Y3200 (X I Zm )
e apeo-midaortic lme The 2 axss 1s perpendicular to these In the figure the model ellipsoid 15 viewed along the catenoid
«or mo a) The coordinates of the maximum night and left axis of rotation (therefore as the Point ypmZmo) €} R 15 the
~mdentations are x y, and x,y, They were dehberately chosen shortest radius of rotation for the catenary With X, =Xm (an
b make the distances from the outer model ellipsoid equal to acceptable approximation) the pont A {c) 15 defined The direc
Land] and to make the model resemble the 30 RAO projec tion of the catenoid axis was calculated as previously descnbed
o of the IHSS cavity b) The coordinates of the maximum Thus the relevant model was defined

Metiation 0n the two sides were transformed into the coord:

Table

Calct lated parameters for the 4 patients and corrected values for the catenary cu e

Patient No
D
1 n m w
Outermost ellipsord
Length L 124 1ns 103 1ns
Width w (=depth) 70 66 73 70
Indentations
Right I 294 217 197 187
Left, 104 066 065 o
Direction axes 30° RAO proj
Rotat axis catenasd 885 83 3 2 - 6400
Long axss ellipsoid se 30 Be
Obliquity 60° RPO proj (neg val
upwards in an anterior direction) -3 +15 ACILAEER LY
Calculated direction catenord
axs rel 1o 30° RAQ plane S04 H0IE e 420
Shortest radius of rotation
for catenoid R 33 416 3% .9
Catenary arc
C: 1
a,imh « 167 155 169 154
d 397 38 380 140
Cohmclc . |« v 1
:

R X -
4 0 X 40 270
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respective geometric models as viewed m the cor
responding projection are drawn actually the out
ermost ellipsord with broken lines where the inden
tations are found The similanty 1s obvious

The outermost ellipsoid of the model for one of
the patients appears in Fig 8 That part of the
catenoid surface which lies inside the ellipsoid 1s
also illustrated In Fig 8a the ellipsoid 1s viewed
along the 30° RAO paper plane at nght angles to the
longest ellipsoid axts The catenord then looks like a
twisted propeller In Fig 8b the ellipsoid 1s viewed
along the 30° RAO paper plane but corresponding to
the 60° RPO projection

The model cavity below the catenoid does not
much resemble the ventricle n the 60° RPO cine pro
Jection The sector adjacent to the mitral valve of the
model 1s highly mappropriate however The ven
tncular inflow tract corresponding to the oblique
lines of Fig 8c 1s not an anteniorly lying structure
n the 60° RPO projection 1t hes posteniorly This
part can therefore be excluded from the model The
inflow 1s instead drawn below the outermost eliip
soid as shown n Fig 8d i which also from the
dorsally protruding septum  the outflow tract mto
the aorta 1s drawn directly

Below the septum  the cavity 1s viewed sem: axial
ly Semy axial supenmposition of contrast medm
makes this part more dense (Fig 8d oblique lines)
Together with the outflow tract it forms the anterior
boundary of the nverted cone sign (COHEN et coll
1964) The dorsal boundary 1s the postenor mtral
leaflet and the gush of blood not containing contrast
medmm

The antertor curve of the cavity s not situated as
antenorly as the anterior curve of the model It lies
at the distance h, anterior to the dorsally protruding
septum and st has a somewhat longer radius than
the arc of the dorsally protruding septum Such an
antenior arc 1s drawn 1n an appropriate manner in
Fig 8d This means that the longitudinal convexity
of the catenary straightens out towards the lateral
side m the direction of the catenary axis The
maximum thickness of the IHSS septum may be
found at the aortic end or in the mid portion (BAL-
TAXE et coll 1976) thereafter 1t may straighten out
A longitudmal section published by FARRER BROWN
(1977} shows the longitudinal convexity to stop a
Inttle before the apex Duning operation often a
rather defimte hypertrophic ndge may be felt the
convexity not being very long (SEGERDAL 1979)
Even though the catenary convexity straightens out

G KVAM D RANGNES AND J GOTHLIN

in ¢
Fig 7 a The 30° RAD end duastolic c‘:’ivllg’ %!el":;,:["“,
outermost ellipsord for the 4 pautnls“() I"—IM)h ¢ quterel oo

outlnes m the corresponding project

towards the left a convexity may sull re!
aorto-apical direction as mdi
Jine in Fig 8d which possibly 15 due t
the catenoid axis 15 oblique relative 10

tt
ax’lls'hc part of the left ventricle conugulol"::’m
valvular apparatus 15 hughly wrregular aflow (i
valve corresponding to the ventncular i
8c oblique shadening) the outermo
exaggerates the antenor part 0
degree Tius antenior part s act

the ellips©
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L8 The ou
Ruenls The cateno,

termost ellipsoid of the model for one of the

T d surface inside the ellipsord and the hne of
n:;‘"]‘ghn= between this surface and the t‘;hpsond surface are
N n the lgfermos( catenary curve lying in the vertical plane
hen outge :hnmd plane (heavy hine unbroken mside and

fneay et ¢ elipsoid a) Viewed along the 30° RAO paper
kel Rag “1Eles to the longest ellipscrd axis b) Viewed along
Paper plane corresponding to the 60 RPO projec

e m:&e o:‘lll_:geland (ﬁ:e ou(cll;mos( contour for one of
Wy ular inflow which 1s a postenor struc
W,:g""%u:ly shaded The vertical shading comresponds 10 the

"8 part of the septum  and the unbroken straight line

Lon ¢) Ty,
e paeny

5 s space 1 ocen

Mow tract ang the
S abseny py

Nade the ouler::gd

!: ':“Rl valves 15

Menorly the

’ Stiong directly

Y Projected b,

:‘:ﬂﬂ"w tract lymyy,

Yo " wath blood

041t cayses y

M th manner

pied by the nght ventnicular
pulmonary artery The anterior
orsally the inflow actually ltes
stelipsoid The inflow part with
ndicated 1n the drawmng of Fig
dorsally protruding septal border
into the outflow tract Thus the
‘concave part together with the
ed dorsally by the antenor mitral
not containing contrast medium
he nverted cone appearance

10 the axis of the catenoid like surface formed by the septum dy
The imflow part 1s excluded from the anteror part of the model
cavity and the anterior aortic onthne drawn obliquely upwards
from the dorsally protruding septum of the model The thin ap:
cal antenor part of the model cavity has also been excluded as
the septal convexity apically Thereby
the antenor curve of the 60° RPO projection 1s produced The
obliquely shaded part shows where the cawity 1s viewed nearly
axially and mn this region a thick layer of contrast medium 1s
regularly observed on the cine fitms Dorsally the mflow part 1
added corresponding to the oblique shading m (¢) Thus the 60°
RPO end diastalic appearance 1s reproduced by the model

the 30° RAO and the 60° RPO appearances are ex
plamned

In Fig 9 (I1a-IV a) drawings of the 60° RPO end
diastolic cine frames from the 4 patients and the
correspondmg model cavities drawn in the same
manner as Fig 8d are presented

The model imtation 1s an approximation towards
tdeal geometnc surfaces The presumptions upon
which the registrations rest are not completely ful
filled and some of the calculations of the para
meters also represent approximations in a geometnc

Sy Consyst, (Fig 8d) the IHSS ventricular  sense It 1s therefore no surpnse that one of the
B dorsal dified
Pt amg : ‘I‘!f a mudfapical part a nght/l had to be 1n order to produce
¢ft/antenor outflow part whereby  resemblance
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Fig 9 a) Drawings from the 60° RPO end drastolic cine frames
from the 4 patients (I-1V) b) The corresponding model ¢avities
drawn in the same manner as in Fig 8d

Probably some error exists 1n all the parameters
making the relationship between the model and the
ventricular cavity less perfect than would otherwise
be the case The protrusion of myocardial mass and
the papillary muscles tend to exaggerate the length
of the mdentation (d, m the Table) relative to the
catenary curve The correction of the catenary arc
(d, corrected) represents the accumulated error of
the different parameters The problem was thus
solved because the catenary arc 1s a parameter
where the direction of the error 1s known

The resemblance produced 1s evident Therefore
the cardioangiographic appearance 1s regarded as
produced by a cavity with the general configuration
descnbed

Previously the left ventricular cavity of THSS
was descnibed as shallow based upon volumetric
analyss (Part I) This 1s supported by the present
result which delivers a more detailed description of
the end diastohc Jeft ventricular cavity in IHSS

Conclusion

The left ventncular surface of the muscular inter
ventncular septum 1n THSS 1s convex } dinally

SUMMARY

The angtographic appearance of the end duastohc ke
ventnicular cavity in 4 patients with obstructive wdiopathis
hypertrophic subaortic stenosis 1s charactenzed 'b);ui
model in projective geometry The muscular mters :3 ?on
lar septum catenord ke (convex longitudimally an .
cave transversely towards the left ventricular cavity) o
an oblique fong axs of the catenotd relative to lhelélw‘: M
midaortic axis of the left ventricle The cavity1s shallos
its md and apical parts
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g discussion 1s concentrated upon data related to
this method

The stepwise regression analysis shows that the
vaniable with the greatest explanatory value 15 body
weight even though in young women the coefficient
of correlation 15 remarkably low probably depend
g upon the combination of low body weight and
high work capacity m some cases Therefore 1t fol
lows that body surface area 1s a poorer vanable for
predictng the heart volume than body weight It
1s also worthy of note that the stepwise regres-
sion analysis indicates that measures of physical
work capacity (max O, or W, ) have such low ex
planatory value that they are only of marginal 1m
portance as additions to body weight The simple
correlation coefficient for heart volul Wire—

Fig 13 Relation between total heart volume

capacity in middle aged men (4045 years) .

en
and 0 30 and 0 60 for nuddle aged men and womeh,

respectively

In all groups the com
body weight and THb gave z;] [
close to or above 06 in the
analysis As a rule the addition of further ‘;‘;‘:x
only gave a very slight mcrease of the exp yasi
value By including many vanables in the aiﬂm
farly high multple correlation coefficien e
obtamed but for practical routime us¢ this » o
inconvemient Even with the use of 2 "“mcw’
vanables so that the correlation coefTictent fff:_or he
value of 070 1o 085 an explanatory Valte T
heart volume of more than 50 to 70 per c€7

f 2 lin¢?
achieved This 1s assumung the cxmcnceom be
re! hip between different vanables

bination of the vamH:
orrelation coeflici!
stepwise Tegresser

was 0 the order of 0 S for young men and women

mueretd
other hand if the relationship betweef the:
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mnon Imear this might—if correctly defined—gne
onsiderably higher degree of correlation
Thus it 15 not clear how to explain the vanations
uch Le between 30 and 50 per cent They may
: due to techmeal roentgenologic factors or to
ahematical reasons € g in the choice of formula
' the p dure The hiologic var
ton must also be taken mnto account
I two groups (young women and muddle aged
an) the fact that some subjects were smokers
ered a5 a predictive factor The mmplication of
515 not clear Some form of co vanation with
uther predictive factor or factors seems probable
cannot be reasonably supposed that the smoking
s m themselves will lead to a larger heart vol
¢ unless 1t 15 assumed that heart disease caused
Vthe smoking 1s present This seems unlikely es
swlly i the group of young women
The stepwise regression analysis shows that body
eight 1s 2 more informative vaniable for predicting
e heart volume than body surface area Infor
on on the body werght 15 also more easily ob
wable than that on the body surface area which
410 be calculated from a complicated formula or
E’:ged asan approximate value from a nomogram
dm:]lia[:se the heart volume therefore should be
P o body weight instead of surface area
Kre]zte:nnﬁc purposes the heart volume should
3 3:13 :li number of physiologic vanables (Ta
a0 nf(hes;lm“ to body weight The most impor
Sl s total haemoglobin mass followed by

€ of physical work capacity (W, max O

2 07 Wiy0)

m:g;‘:i‘;;:rve:efof the total heart volume with
"L‘Urmshlp o sb ound A further analysss of this
Rty 1o : e published m a future com
hngy 2ether with recommendations for

Ues and reference values for different ages

SUMMARY

An acceptable method and equatons for predicting the
total heart volume from correlations to physwologic var
1ables 1n young and middle aged healthy persons are pre
sented Body weight gives more predictive information
than body surface area The use of the total hemoglobin
mass and measures of physical work capacity as vanables
1 addition to body weight will only increase the accuracy
of the prediction relatively slightly

Request for reprints Dr Uno Enkson Department of
D Akadi ka Sykhuset S 75014

Uppsala Sweden

REFERENCES

BachiiNp L and Tauvivaara HILTY R Gas ex
changes n two male age groups in relation to 1n
spiratory oxygen fraction physical exercise and body
posture Ups J med Sci 77(1972) 9

— BerGsTROM K Ericssovy P Erikson U Huir
FELDT B and Renck H  Choice of vanables for pre
dicting the heart volume Ups J med Sc 79 (1974)
97

BERGSTROM k EriksoN U and GuUSTAFsSON B
Roentgenological determunation of the heart volume
Acta Soc Med upsalien 74 (1969) 81

DixoN W 1 (editor) Biomedical computer programs
Universtty of Califorma Press Los Angeles 1975

ERriksoN U FRIMANG and WEGENIUSG  Heart volume
determunation A methodologic analysis Acta radiol
Diagnosis 21 (1980} 461

JONSELL S A method for the determination of the heart
size by teleroentgenography (a heart volume index)
Acta radiol 20 (1939) 325

KJELLBERGS R RUDHE U and SiosTRANO T The re
Tattons of the cardiac volume to the weight and surface
area of the body the bleod volume and the physical
capacity for work Actaradiol 31(1849) (13

— LonroTH H and RUDHE U The effect of varous
factors on the roentgenological determmation of the
cardiac volume Acta radiol 35 (1951) 413






Adta Radiot gt a Diagnosis 21 (1980) Fasc 6

ROV THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY (DIRECTOR PROF T OLIN) MALMO ALLMANNA
SJUKHUS S 21401 MALMO SWEDEN

ANGIOGRAPHY OF THE OVARIAN ARTERY IN
ADNEXAL LESIONS

S KARLSSON and k. JONSSON

The diagnostic accuracy of angtography has gen
rlly improved duning the past two decades but
“gography stll takes 2 subordinate place as a
P P

I

tive exammation of the mternal thac artenes was
also performed
All patients but one underwent surgery and mt

d of the tumors were obtamed

P method mn py: l dis
wders. Expenence with angrography of the ovarian
ery 15 stll very imited (hAHN & FRATES 1968
FRATES 1969 LATHROP & FRATES 1970 OHLSON
1973) Therefore an attempt was made to define the
avantage and limitations of ovaran angiography m
Patients with pelvic tumor

Material and Methods

The matersal consisted of 39 women aged 29 to 73
Years mean 52 with a palpable pelvic tumor diag
"0sed ata gynecologic health control An ultrasound
€¥mination confirmed the tumor and the patients
Bere then referred for pelvic anglography The an
f;?fraphm technique has been described previously
aonRLSSO“ & PERSSON 1979) In all cases a lumbar
'mlﬁ‘graphy was performed in order to obtam a gen
0w, d“w of the vascular supply of the tumor fol
zn: by a selectve angiography of the ovarn
[m?' Using the same technique as NORDMARK
lmlc:"descnbcd for selective catheterization of the
Used ar artery The amount of contrast mediam
dcpenlg the selective senies vaned from 4 to 10 ml
Ova, g on the diameter of and blood flow 1n the
mmoan Artery 1e on the vasculanzation of the
for l: The films were exposed at a rate of 1 film/s

seconds In 31 of the patents bilateral selec

Normal anatomy

Both the ovanan artenes and adnexal branches
of the uterine artentes take part of the blood sup-
ply of the tubes and the ovaries The distribution be
tween their respective supply areas vanes greatly
{DUBREUIL CHAMBARDEL 1925-26 JOACHIMOVITS
1931) The ovanan artery can also take part in the
blood supply of the fundus uter1 (LUSCHKA 1864)

Generally the ovanan artery ongnates from the
antero-lateral part of the abdominal aorta at the level
of the second lumbar vertebra (GERARD 1913
ELISKA 1961) Most often 1t forms a relatively wide
angle with the aorta at its ongin and then takes a
caudal and shightly lateral course crosses over the
ureter and enters the pelvis supenimposed on the
sacrothac joint It enters the upper external angle of
the broad Iigament where 1t divides 1nto its termmal
branches the ovanan and tubal branches These as
a rule anastomose with the corresponding termnal
branches of the utenme artery In the lower lumbar
and pelvic pats the ovanan artery has a typtcal
tortuous course (Fig 1)

Submutted for publication 6 September 1979
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Results

Forty one ovanan artenes were examined and of
these 37 origmated from the antero lateral part of the
aorta at a level varying from the upper margin of L2
1o the lower part of L3 In 4 cases 1t ongmated from
a renal artery In one of these the ovarian artery
branched off from the left renal artery 1 cm from the
aorta In 3 cases it onginated from a nghtsided lower
pole renal artery Totally 20 left and 21 nght ovanan
arteries were catheterized

The diameter of these artenies measured on aor
tography films with a 10 times magnifying lupe var
1ed between 1 0 and 3 5 mm When selective ovanan
angiography of the same vessels was performed the
diameter was always shghtly increased

Nine of the patients had bilateral tumors n 8 of
these only the side with the wider ovanan artery was
cathetenzed

Malignant tumors Twenty nine ovarian arteries
were exammed 1n 28 cases of malignant tumors (Ta
ble) 22 being carcinomas 4 teratomas and 2 metas
tases from an adrenal malignant tumor of lipoid cell
type

Pathologic vessels 1e irregular with varying
cahber and often with an advanced corkscrew ap
pearance existed 1 26 tumors while 2 of the malig
nant cystic teratomas had no such vessels The vas

culanty of the malignant tumors was rich n 6 cases
medism 1n 16 and poor m 6

In one case only was the whole tumor distinctly
outlined (Fig 2) In the remaming cases only part of
the tumor was demonstrated via ovarran angio
graphy and an exact estimation of the size and shape
of the tumors was therefore not possible Nor was 1t
possible to differentiate between sold and cystic
malignancies with the aid of angrography (Fig 3)

S KARLSSON AND K JONSSON
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Fig ! Normal ovanan angiography In 2 48 year-old wor
bea ovarian branches {(—) Ovanan branch of the utenne artery
filled 1n retrograde direction (+}

Four cystic malignant teratomas were all sparselY
vascularized with narrow vessels runming along the
cyst wall and only 2 of these had pathologtc vessel
n part of the tumor (Fig 4) The ovanan vemn M;
filled m 16 of the 28 mahgnant tumors but this Ay
not increase the diagnostic nformation In no Hi:
was an evident early filling of the ovanan vemo
served

Benign tumors and normal ovare
no malignant tumor was present

5 In 7 patients
Four of thes¢

Table

Angiographic findings in ovanan lesions

Malignant ~ Benign cysts and Inflammatory
tumors normal ovanes lestons
No of tumors 28 7 4(+D
Tumor size (cm) 220 312 3-6
Diameter of ovanan
artery (mmj 1030 1035 1025
Pathologre vessels 2% ° 4+
Accumulation of contrast
medium 8 0 4(+N
Early antenonenous shunts 9 0 4+
Filling of ovanan vein 16 2 D
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w&@ 15 H T AR

a
ig * 65:year-old woman with encapsulated and lobulated cyst
of the left ovary Scmx8cm Retro-

Fade filng of mtramural vessels in feft uterus (—)

N a
K 3 Solid adenocarcinoma of the nght ovary m a 59-year-old

‘“mm, u:ull::adar 18 nchly vas ulanzed but i spite of this not
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Fig 4 30 year-old woman with large malignant cystic teratoma of 1s partly nchly vasculanzed no evaluation of its size and
the left ovary 1) Early b) late artenal phase Although the tumor possible

g e -~
- &
'"f"“/ :
{ P b
il ‘\ﬁ v

2
o
, ’[ e
S-S
5
Y] ;f-- &'/\
B

'

~
\\\
b s el -
a
Fig 5 Pedunculated myoma in a 33-year-old woman a) llac an the nght utenne cornu less
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largped uterus very nchly vasculanzed (—+) the myoma close to
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;w; 6 Woman aged 5§ with an enlarged uterus 18 cm n diameter
m:“l;m ovanan artery supphes part of the targe myomatous

Proved to have normal ovanes at surgery but all had
momas 2 of these beimg stalked and at palpation
onsidered as bemg malignant ovanan tumors
€s¢ myomas could all be correctly diagnosed with
bilateral selective nternal iliac angiography (Fig 3)
¢ myomatous uterus had a diameter of 18 cm
:;‘;(ﬂormal ovary and tube were stretched over the
et Cranial surface of the uterus and the 3 mm wide
IE ! ovanan artery took a considerable part of the
%d supply of the uterus (Fig 6) The remaining 3
mfms had a 4 cm dermod cyst a 6-cm endomet
¢yst anda 12 em simple cyst respectivelv
palhz'[w of the benign cysts or normal ovares had
ogic vessels The ovarian artery had the same
v]:::" as i cases of malignant tumors The
vy ‘h" vemn was filled in 2 of these cases In no case
Vi c“tumor or ovary demonstrated to a degree
e allowed an estimation of the size or shape
4mmatary lesians were found n S patients

ng patients had sactosalpinxes measuning 4 cmX6
cm and 3 cmX4 cm respectively The latter 2 also
had cystic ovanies measuring 8 ¢cm and 6 cm
diameter respectively (Fig 8)

The vasculanity had the same appeirances as
those observed n malignant cases but often with a
richer vasculanty and a more blurred appearance
Arteriovenous shunting within the tumors was dem
onstrated m all cases with inflammatory lesion Fill
1ng of the ovaran vien was observed in 2 cases

Discussion

Both the ovanan and uterine artenes have to be
exammed for the angiographic dmgnosis of
gynecologic tumors and the cathetenization must be
as sel as possible 1n order to 1mpi the
demonstration of small artenal branches

Previously aortography was the standard angio
graphic method used m the diagnosis of adnexal le
stons The results were poor (BORELL et coll 1952
BORELL & FERNSTROM 1953 1954 FERNSTROM
1955 PFEIFFER & BARKE 1960 MARANTA et coll
1964 SMITH 1971} With bilateral selective internal
illac angiography the diagnostic information 1m
proved (ALTEMUS 1969)

The value of selective catheterization of the
ovaran artery m cases of pelvic tumors was pointed
out by KAHN & FRATES FRATES examined 10 pa
tients with 12 selective ovaran angiographtes and
recommended the method whenever pelvic angio
graphy was indicated for the evaluation of gyneco
logic diseases

LATHROP & FRATES descnbed selective ovanan
angiography as a useful refinement in demonstrating
various forms of trophoblastic disease

Malignant tumors Of 28 malignant tumors 1n
cludmg the small metastasis combined with sac
tosalpinx 26 had an evident neo vasculanty (Table)
The 2 tumors without pathologic vessels were large
and cystic lestons with malignant excrescences 1n a
very himited part of the tumor In the capillary phase
all maltgnant tumnors had an accumulation of con
trast medium withm the tumor although a heavy ac
cumulation occurred n only 6 cases and even in
these cases only within a small part of the tumor It
must be emphasized that i only one case (Fig 2)

+luding one patient with a 2 cm ovaran
m‘::n adrenal tumor 1n combination with a 3
M sactosalpinx (Fig 7) One had a 5cm

€55 one an 8-cm sactosalpimx and the 2 remain

this d d the whole circum
ference of the tumor

An early shunting to the veins within the tumors =

occurred 1n 9 of the 28 malignant tumors T
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a
The hypenas
Fig 7 Sactosalpimx and ovarian metastases i a 29 yearold  Even the left uterine marginal artery s filed ) B0,
woman a} Early b} late artenal phase Retrograde filling of the culanzed sactosalpinx and small metas
nght utenne marginal artery (—) and the arcuate ramus (v} ated (=)

-

a b

1
rade fil 5 ©
Fig 8 Woman aged 1 with 6 cm ovanan cyst and sactosalpinx  (++) hypensascular I late arfe 1al phase reiros

Owvanan angiography The €yst (~)ss avascular the sactosalpnx uterine half (s+)
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reasons for the relative hypovasculanty even in
cases of sohd adenocarcinomas are probably degen
eration and necrosis

Bemgn tumors and normal ovartes As men
tioned 1t has been claimed that the ovanan artery
can also take part 1n the blood supply of the fundus
uten FERNSTROM descnbed one case of a uterus
with a diameter of about 10 cm Both uterme artenes
were displaced laterally in their course along the
lateral margms of the uterine corpus Otherwise no

f of diag; value was ob d He
assumed that part of the blood supply of the
myomatous uterus was denived from the ovanan
artery One case (Fig 6) in the present senies proves
that such a blood supply 1s possible At operation
the ovary as well as the tube were normal Thus a
tumor supplied by an ovarian artery does not neces
sarly mean that the tumor 1s of ovarian or tubal
ongin

Several cases of pedunculated myomas are
eroneously considered at palpatton as malignant
ovanan tumors With selective bilateral internal ihac
angiography the diagnosis of extrautenne masses
versus utenne ones ts possible (ALTEMUS} with an
additional selective ovanan angiography the diag
noss 1s certain (Fig 5)

In bemgn cystic tumors m the capillary phase of
internal 1liac angiography occasionally a thin nm of
contrast medium 1s observed n the capsule of the
tumor (KARLSSON & PERSSON 1980) Suchanmwas

. not demonstrated in any of the benign tumors 1n the

| present senes of selective ovanan anglography

' Neither benign lesions nor normal ovanes were well
outlined and angiopraphy alone did not gve wfor
mation about the size or shape of the tumours

Inflammatory masses In the present matenal 1t
was not possible to diffe t

graphic evaluation of pelvic tumors but of httle
support 1n the differential diagnosis between malig
nant and benign tumors Selective angiography of
the ovanan arfery 1s a valuable complement to selec
tive nternal shtac angiography n the diagnosts of
ovanan and tubal lesions and further enhances the
possibilities of differentiating extrauterine masses
from uterine FRATES assumed that when the
ovanan artery as observed at aortography meas
ured 1 5 mm or more n drameter 1t was abnormal
and should be selectively examned It appears that
this limit should rather be 1 0 mm and that even then
the selective cathetenization of the ovanan artery
should not offer great difficulty It should be per
formed as a complement to selective internal thac
angiography

However a wide ovanan artery 1s as shown m
the present material not pathognomontc for adnexal
pathology but a clear indication of an attempt at
selective catheterization of the vessel

The 1 of hy of gy
tumors 1s the complicated blood supply of the
ovaries and tubes The vascular supply of hypovas
cularized tumors such as benign simple cysts may
not be demonstrated

The combmation of ultrasound and pelvic angto
graphy 1s proven to be reliable 1n the evaluation of
gynecologic lesions (RARLSSON & PERSSON 1979)
and can therefore be recommended preoperatively
Selective ovanan angiography enhances the pos
sibilities for a correct preoperative diagnosts

SUMMARY

Selective cathetenzation of the ovanan artery was per
formed m 39 women with pelvic tumor Previously the

and inflammatory {estons An early venous shunting
within the lesion occurred in all inflammatory cases
compared with one third of the cases with malignant
tumors The hypervasculanity was more evident in
inflammatory lestons with a heavy accumulation of
contrast medium i the capillary phase However
both cases of sactosalpinx 1n combmation with sim
Ple cysts could be erroneously considered as lobu
lated malignant tumors

Evidently the early arteriovenous shunting 1s not
archable sign of maltgnancy and hypervascutanty 1s
not pathognomonic of malignant tumors (LAGER
GREN et coll 1958)

U, 1s of great

n the topo-

of d and bilateral selective internal
ihac angtography was proven to be valuable in the evalua
tion of gynecologic lestons The present series demen
strates that selective ovanan angiography still enhances
the for a correct
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FROM THE DEPARTMENT OF DIAGNOSTIC RADIOLOGY KAROLINSKhA SJURHUSET S 10301 STOCKRHOLAM
SWEDEN

RADIOLOGIC LOW-DOSE PELVIMETRY

Indications and pelvimetry data

HANS OHLSEN

Radiologic pelvimetry is the only simple method
for accurate determination of all the conventional
pelvic diameters Many methods have been de
scribed especraily concerning the evaluation of the
distal part of the pelvis According to RUSSEL
(1973) the most comprehensive evaluation of pel
vimetry was made by BORELL & FERNSTROM

lation between them companng the tadence of
contracted pelvis and the indications for pelvimetry
1 later years with those of an earlier peniod (1940
1957) at thus hospital A further aim was to evaluate
the efficacy tn selecting patients with contracted
pelvis by chimcal palpation 1n the routine work On
the basts of these results and with consideration paid

(1960) who analysed close to 50 single or combined
measurements tn almost 400 deliveries 1n patients
with small pelvic dimensions selected from more
than 3000 pelvimetnes The result of this analysis
constituted the basis for the stmple orthodiagraphic
technique now commonly used in Sweden after
modifications by BORELL & RADBERG (1964) and
DIEHL & FERNSTROM (1966) The modified pel
vimetry employing a low dose techmque with rare
earth screens entails a mean absorbed dose to
the maternal ovanes (considered to be located nside
the pnmary closely coned lateral radiation field) of
09 mGy and a total fetal gonad dose 1n vertex pres
eatation of 0 01 mGy (AXELSSON & OHLSEN 1979)
Notwithstanding the reduced radiation doses with
2 consequent lowenng of the nsk to the fetus and
mother the efficacy of pelvimetry has been ques
Uoned by some authors (HANNAH 1965 MCGRUDER
1968 RuSSEL & RICHARDS 1971 KELLY et coll
1975) Meanwhile the aid of p 1es has
Increased Recommendations to widen the mdica
tions to include for instance not only pnmgravidae
Ut also multigravidae with breech presentation
have bee proposed (ROVINSRY et coll 1973)
The aim of the present work was to determine
actual mean values of pelvic dtameters and the corre

to the rad dose ar luation of the climcal
1 of radiol pel y was d
Techmque

The following standard techmique was used

A lateral film was exposed with the patient i
erect position with field size 24 cemX24 cmand with
acentimeter ruler in the midplane of the patient The
reference points of the sagittal diameter of the inlet
(SI) were the upper dorsal part of the symphysis and
the nearest pownt of the sacrum which often was
the promontory (obstetnc conjugate) The sagittal
diameter of the outlet (SO) was measured from the
lower dorsal border of the symphysis to the Iow er up
of the sacrum or If no jont existed between the
sacnim and the coccyx to the tip of the coceyx

An antero postenor orthodragraphic film was
exposed 1 supine positton with two fields of §
cmXx15 cm and a 5 cm tube shift to each side from
the midline between the two exposures The central
ray was directed about 22 5 towards the head of the
patient projecting the 1schial spines within the obty
rator foramima The film cassette was placed directly

Submtted for pubhication 31 October 1979
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Table 1

Mean values of the pelvic diameters and defined hmts for con
traction and borderiine in vertex presentation with normal st e of
the fetal head Figures tn centimeters

Pelvic dtameter Abbrevia Mean  Contrac Border

tion tion line

Sagittal inlet S1 12 <10 10-11
Transverse inlet Tl 134
Sum of inlet 3t 3
Interspinous 15 103 <8
Intertuberous 1T 14
Sagital outlet SO 1 <9
Sum of outlet

(1S+IT+50} 0 <295 295-31%

* Solitary measurements irespective of the 30

Table 2

Number of peluimetries at different perods between 1966 and
1977 compared wth the period 1940 to 1957 at this hospiral

H OHLSEN

Table 3

Pelumerny data in control cases selected
Sfrom period P Il Number of controls for
the nlet diameters 36 and for the outlet

diameters 490

Pehvic Controls
diameter

Mean SD SEM
SI 172 10 0051
Tl 138 08 00N
I 260 14 o
18 105 08 0034
1T ne 10 0043
SO n9 10 045
I0 340 20 0089

Table 4

Correlation coefficients berween the pelvic damelers
11 777 pelvumetries

Year Pertod Delivenies  Pelvimetry
No Per
cent
1940 to 1957
{(Borell & Femstrom) 38711 3223 8
1966 to 1969 Pl 9 005 el 13
1973 10 1974 Pl 5122 787 15
1976 to0 1577 P 4200 77719

under the pattent The interspinous (IS) and inter
tuberous (IT) diameters were directly measured on
the film without geometrnical correction The widest
transverse diameter of the nlet (TI} was directly
measured and corrected by subtraction of one mul
limeter for each centimeter by which the diameter
exceeded 10 cm

When pelvimetry was performed during delivery
the position of the fetal head including rotation de
gree of flexion or deflexion was determimed accord
mg to BORELL & FERNSTROM (1967) For evaluating
the degree and type of moulding of the fetal head a
complementary film over the head with the central
ray directed 10° towards the feet was performed
rare mstances

The himits for pelvic contraction and borderline
measurements an vertex presensation with a normal
sized feta) head aucording to BORELL & FERNSTROM
(1960 1967) BORELL & RADBERG and FERNSTROM
(1968) arc gaven in Table 1

st T I Is 1T so 0
- —

st -

Tl 012 -

i 079 071 -

18 003 055 036 -

1T 006 036 077 067 -

S0 038 019 0% 013 013 -
z0 023 050 048 079 080 057 -

Material and Methods

All pelvimetnes at this department dunng 2::
periods have been analysed (Table 2 The bt
method of pelvimetry was used in all 1hreepcI T
For the first period 1966 to 1969 (1)) O‘T;‘:w
incidence of pelvimetry was calculated l'a; T
ond penod 1973 to 1974 (P 11) pelvimetry d:nsomt
calculated manually and therefore only use ‘I‘ o
calculations defined mn the following mllnl:ntm
third period 1976 to 1977 (P 111) basic pe g
data were nserted nto a statistical compute i

ram (STATPAC) "
¥ For analysis the materal P 11 was dwxd:liklnd
cases with and cases without clincally w:(:d "
contracted pelvis All cases mlhoulcomm‘ e ce
vis at a chmeal evaluation will subsequently whet
ferred to as controls In the contro! gmu:'ewﬂ‘
evaluating the pelvic mlet the follow 1ng &
excluded patients referred for pelvimetry
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Table 5

Incidence of contraction and borderlne in refation to presentation of the fetus

.

£ Pehxcapauity Type of presentation

Incidence of conttracted pelvis
m relation to

- Vertex Breech

Al pelvimetnes
_ All women

- n(=67" Per n(=10%)

u cent

cent cent

Al 4200
n(=777) Per dehtv
(per cent)

{per cent}

Vertex presentation
1 Inletcontraction bid
Si<to
Outlet contraction 107
30<795 1”5
trlet borderline 5
SI10-11 & S1<3
Outlet borderhine 644
20795-31 4
Normat 588 875
Bretch presentation
Infet contraction i3
Sty
Qutlet contraction 73
30<3 5
¥1 Nermal 69
-

I case also mlet contraction
7 cases atso outlet borderlme
1 case atso inlet borderlme

? cases also nlet borderline

of 2 mobile fetal head abave the ralet or bulgmg
above the symphysis on palpation pattents with a
previous complicated delivery or with signs of dis
proportion duntng labour and patients with a posst
ble contracted outlet on palpation When evaluating
the outlet tn the control group the same cases were
?txcluded as for the inlet except for cases referred
r‘ for pelvimetry because of a mobile head above the
inlet on palpation
Standard statistical methods were used and the
mean values standard deviation (SD) and standard
trror of mean (SEM) were calculated for all pelvic
®  dameters The probability {p) of sigmficant differ

F tnces was calculated by Student s t test or the y*
¢ lest

i

~

) Results
+
) Pelvimetry data The mean values for the pelvic
‘i‘ dameters in the control group are gven m Table 3
'4 h"ﬂ'nt Pelvic diameters were cross-correlated (Ta

¢4} All combinations were sigmficantly correlated

‘: " some way because of the large number of obser

) 69 89 16 8

} 333 36 46 09 ~09

vatrons and a common factor in each patient un
known but possibly a genetic one A correlation
coefficient merely being significantly separated from
zero does not mean that the statistical connection ts
of clinical interest The correlation coefficient
should be of such a magmtude that the fraction of
the part explained by the other factor becomes 1m
portant preferably over 50 per cent The square
product of one coefficient (r?) statistically called
coefficient of determimatton (STEEL & TORRIE
1960) gives the percentage of the statistical vanation
explained by the compared vanable (factor) For
chinieal reasons therefore correlation coefficrents
of about r=0 7 or more were considered to imply a
significant correlation of chinical interest

The tighest correlation coefficient betw €en single
dameters was found between the mterspinous (IS)
and intertuberous (IT) drameter namely r=0 67 or
045 No correlation between the diameters of the
wnlet and those of the outlet was found but a tenden
cy to correlation was found between the transverse
diameter of the snlet (TT) and the sum of the outfet
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diameters (20=IS+IT+S0) and especially the IS
mncluded m the 20 The correlation coefficient be
tween the sum of IS and IT and the whole sum of the
otitlet drameters (£0) was 0 88
The incidence of contraction and borderline
measurements 1n vertex presentation (applying the
limits given tn Table 1) was 12 5 per cent (Table 5)
In term breech presentations abnormal pelvic meas
urements were found 1n together 34 3 per cent with
the hoits 11 5 em for S and 32 5 cm for SO These
Itmits have been suggested for cases in which the
fetal weight 1s estimated to be 3000 to 3500 g
(OHLSEN 1974) Using these imits abnormal dia
meters were found n 15 4 per cent of all pelvimet
Ties
Incidence figures for pelvic contraction in the
whole fertile female population were calculated on
the assumption that radiographic pelvimetry had
been performed n practically every case with con
tracted pelvis 1n some cases after a difficult delivery
only The overall incidence of contraction n vertex
presentation was d to be appr ly 0 4
per cent Contracted outlet was twice as common as
1nlet contraction (Table 5) The overall incidence of
borderline measurements 1n vertex presentation was
estimated to be about the same as m the control
group 8 per cent Borderline measurements were
much more common m the outlet than tn the mlet
The ovenalt incidence of abnormal drameters mn the
whole fertile female population with breech presen
tations was estimated to be about the same (0 9 per
cent) as that calculated when related to all de
Iivenes This was possible since the number of
breech presentations examined by radiographic pel
vimetry corresponded to an mcidence of 2 5 per cent
of all delivenies 1 ¢ only a httle less than the normal
mcidence of breech deliveries
Subnormal measurements of a single diameter of
the outlet in cases with a sum of the three diameters
above borderlne (2031 5) are given 1n Table 6
Subnormal measurements of either the IS or SO
were present tn two of 777 cases according to the
critena given in Table 1 Of 1564 pelvimetries (P
11+P I1T) the IS was Jess than 8 0 cm n one case and
lessthan 8 5 emin 12 cases 1n all these 12 cases SO
was below 31 §
The types of contracted outlet were evaluated in
31 cases with QO less than 30 01n 1 564 pelvimetries
‘Two main types were present a general type with
small measurements (defined as less than the mean
salue subtracted by 2 SD of all three diameters (14

St
(cm)/ 03 per cent

120

10 N
06 41 55

100 N
02 04 ~ 01

130 140 Tiem

120

Fig 1 Relation between the diameters of the mlet (St T
ZI=SI+TI) 0 1564 pelvimetries (PII+PIN) E1 less than
(= =) Zllessthan23( )

Table 6

Number of cases v wth small measurements of ¢ sigle
diameter 1 the ontlet together with a sum of outler
above borderline (202315}

Pelvic diameter All cases Sum of outlel
n(=717) (£0=3t %
n(=6%0)
- —
IS <80 o -
<85 7 0
<90 2 6
IT <85 [ -
<90 5 0
<95 18 2
<100 35 8
so <90 ? :
<95 4
<100 16 10
small meastr

cases) and a transverse type With
mcms) 1n the two transverse diameters (16 crmzznf
only one case was the low 30 the result o am;
SO (9 4 cm) together with transverse diameie
above 10 cm

The anthropord type of the pe
to CALDWELL & MoLoY (1938) define e
than SI was present in 53 of 777 cases 7 ptlr1 o
In these cases the lowest vatue of Si “e;he o
and 1 only one case was =l below 24 o
value of ZI (262 cm) tn anthropoid c:a,scsmc o
sigmficantly differ from the mean value In e
trol group without palptory evidence of co

tnlet pec
The anthropoid type of inlet was found t0

Tvic snlet aecord
das Tl
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Table 7

Indications for peh imetry during period P Il in comparison with the period 1990 to 1957 (BoRerr & FER sTRGMW)
at thus hospital The change of relatn e incidence related to the number of deln eries bety een period 1940 to 1957
and pertod P Il is gnven as a numeral factor

Indications 194010 1957  Period 1976 t0 1977 PNl n=777 Change
n=323 — " factor
(perceny  Firstindic  First + second indic
n=742 n=870
(percent)  (percent)

Complicated previous delivery 12 43 40 08
Possible disproportion between fetus

and pelvis durtag labour 0 41 39 04
Small outlet on palpation - RN 207 -
Mabrle fetal head above the nlet 0 191 204 20
Small external conjugate 11 - - -
Breech presentation 6 151 132 54
Elderly pnmagravida (=35 years) 5 55 51 3
Prolonged penod of sfertility 3 27 31 19
Other indications (post matunty

before oxcytocn sm  toxicosis

diabetes before lumbar anesthesia

heart falure pelvic fracture small

patient anxious pattent etc ) px3 81 301 "6
Total 100 100 100

related to small outlet s especiallytoa d was possible contracted outlet on palpa

small IS Contraction or borderline measurements of
the outlet (£0<31 5) was present n 28 per cent of
the cases of the anthropoid type as compared with §
per cent 1n the control group (p<0 001) and 22 per
cent in cases with palpatory evidence of contracted
outlet (not sigmificant)

From a chinical point of view 1t would appear 1m
portant to find out the inctdence of cases 1n which a
small TI coexisting with 2 normal SI implied a nisk
for disproportion between the fetus and the pelvis
Cases with TI less than 120 cm SI equal to or
greater than 110 cm and X1 less than 24 were
selected This means an anthropoid hke configura
fion or a projected area of the nlet below average
witha normal SI Of 1564 pelvimetnes 12 cases (0 8
per cent) fulfilled these crtena (Fig 1) Further
2nallysis of these 12 cases showed that 8 of them also
bad small outlet measurements (<31 5) while 3 had
10 ust above 31 5 and one an S0 of 33 2

Indicaions  Indications for pelvimetry were re
tro: ly collected from the radiofogic records

1035 cases (4 5 per cent) no information was ayaila

® Two or more indications were present 1n 128
€ases (16 S per cent) and the apparently most impor
tant was classified first (Table 7) The most common

tion most often equivalent to a small IT according
to GREENHILL (1960) this was present n about 20
per cent of the cases The indication of a mobile fetal
head above the mnlet or tn a few cases afetal head
bulging above the symphysis was of the same fre
quency as the indication of a small IT 1n most cases
with a mobile fetal head the pelvimetry was per
formed before labour had started The third most
fi d was breech {13 per
cent) two thirds of these were pnmigravidae

Since the frequency of pelvimetnes had increased
during the last few decades the mcidence of the
indications was also related to the total number of
deliventes The relative vanation of mcidence for
each indication between the penod 1940 to 1957 and
penod P 11 could be expressed by a factor given 1n
Table 7

Efficacy of palpation in predicting a narrow pel
15 A mobile fetal head above the inlet or the sym
physis was used as the palpatory cnitenon for posst
ble inlet contrachion A smalt 1T or in a few cases a
small SO on palpation was in the same way used as
the cnterton for possible outlet contraction The
mean values of the pelvic diameters 1n such cases
were smaller than those n the contrals {p<C 0Q1)

S~~~
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except for the SO where the difference was less
significant (p<0 01) probably because of the small
number of cases referred for pelvimetry with a small
SO (Table 8)

The diagnostic accuracy of palpation can be
statistically presented as defined in Tables 9 and 10
As no difference between the peniods P Il and P IIT
was found the two penods were combined for the
analysis In 312 cases with possible contracted out
let on palpation a narrow outlet defined as contrac
tion or borderhine (£0<31 5) was found m 22 per
cent of the cases which corresponds to the Predic
tive value of a posifive test (PV pos) according to
VECCHIO (1966) x- test analysis revealed a highly
sigmficant (p<<0 001) difference 1n the mcidence of a
narrow outlet between the group with possible con
traction on palpation and the controls

Out of the 298 cases with a mobile head above the
Inlet a contracted 1nlet was found 1n 8 cases (PV
pos=3% Table 9) The x* test showed no sig
mficant difference 1n the incrdence of a narrow 1nlet
between the group with a mobile head above the
inlet and the controls

Discussion

The chntcal application of radiologic pelvimetry 1s
dependent on several factors the accuracy of the
radiclogically defined narrow pelvis in predicting the
outcome of the delivery the climcal efficacy m
selecting patients with a narrow pelvis for pelvimet
ry the radration dose and socto-economc aspects
All these factors have to be weighed agarmst the risk
of a complicated dehvery m case of unexpected dys
tocta From the obstetric viewpoint the nsk asso
crated with contracted outlet 1s considered to be
greater than that of contracted nlet since the latter
1s detected earhier 1n labour and appropriate mea
sures can be decided upon morc easily

P, value of r gic pelyimetry In the
early era of radiologic pelvimetry the shape of the
pelvic inlet (CALDWELL & MOLOY STEER 1959) and
the sub pubic angle (NICHOLSON 1938 MORRIS
1947 GILLANDERS 1959) was considered important
Dufferent indexes for the inlet and the so-called
mud pelvis were recommended (e g COLCHER &
Sussuan 1944 ALLEN 17 Moir 1939 Swow
1949) The prognostic value of these indexes were
evaluated by BORELL & FERNSTROM (1960) 1 a
large senes For the pelvic inlet the SI alone was
the best prognostic parameter bemng better than

Table 8

Pelvimetry data i cases with suggested contractin on pat o

tion for the inlet a mobile fetal head abore the inlet for the

and IT a small IT or unspecified outlet contracrion f r the 50,

small SO en palpaton for the TO a small {T or SQor unspecife,
outlet contraction on palpation

Pelvic  Suggested Controls ~ Stattsucal
diameter  contraction (Table3) —————
—_— Mean ttest p
No Mean
81 178 ns 122 46 <o
T 178 135 138 37 <000t
pas 178 253 %60 57 <00
15 160 102 105 49 <000
IT 160 10 116 64 <0001
S0 15 13 1ne 30 <00l
0 17t 3o 340 58 <0b0t
Table 9
Efficacs of palpation in predic ng a narro s pelis Cf 8l
Table 10
Type of test Defimtion Suggested contraction
le 10,
(rople Inlet Qutlet

(Mobule head (Smalt 1T
above ety or SO

—
no P Mo RO
cent cenl
e
9
) A
Sensitvity = Lo 5
851
d 683 RN
Specificity Porer b 7 1100
68 s
a s 3 2
PV pos e 9% n
B g
a 23 S 4
PV neg P = 77
43
e 0 e
False pos i =3 7100
0
b i 5 =
False neg = Lo i
[
ath L A )
Prevalence provras b ¥
9 5=
X test 13 =not ‘<oml
sigaif 4 )
= Value of a posmelacgane 1€ (vee
1966)
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Table 10

The four subgroups a~d were defined as follows narrow tn
let=S1<10 or ST 10-11 and SI<23 narro ontlet=30<315

KELLY et coll reporting on a cooperative series of
4600 pelvimetries from 16 hospitals pointed out that
if pelvimetry helps to provide an early and accurate

Indication for pelvimetry Total
Suggested Nondication
contraction  of contraction
(controls)
amow pelvis at
xlvmetry a b a+b
omal pelvimetry ¢ a c+d
otat atc b+d a+b+c+d

ombined measurements or evaluations of the
hape For the pelvic outlet the sum of posterior
Mertuberous and sagittal diameters was a good
Tognostic tool but an even better p value

4 of disproportion between the fetus and
pelvis the labour tme before cesarean section
should be shorter i the pelvimetry group However
no such difference was found between women with
disproportion (ot further specified) in whom pel
vimetry (1 008 cases) was performed and those with
disproportion who had not been subject to pel
vimetry (219 cases) The authors aiso made an
evaluation of the prognostic value of the finding of
a normal pelvimetry n this group 27 per cent
nonetheless were delivered by cesarean section Of
all patients undergoing cesarean sechion 41 per cent
‘had been submitted 1o pelvimetry These muthors

lude that b of the fi nsk for
cesarean section even when pelvimetry ts normal
the cl st} has to decide on chimcal grounds

«as achieved when the intersptnous d was

the of the labour

dded (IS+IT+SO=X0) The distal part of the pel
15 1ncluding the mud pelvis should be regarded as
functional unit (KALTREIDER 1954 BORELL &
ERNSTROM 1960 OHLSEN 1973) termed the outlet

However in spite of the results of BORELL &
'ERNSTROM (1960) other methods and combina

lons of measurements with possibly less prog

In some of these reports as well as in several
others the rate of forceps delivery or cesarean sec
uon is used as an mdicator of disproportion between
the fetus and the pelvis However it would seem
that careful obstetnic pediatnic evaluation of each
case e g concermng the fetal morbidity or mortality

ccuracy and somettmes higher radiation doses aré
ometimes used m several countries RUSSEL said
hat the best method 1s probably the one to which
he user 1s accustomed an opmton which 1s ques
onable 1if the method used has less prognostic effi
acy or gives higher radiation doses
In a few reports the usefulness of pelvimetry 10
e management of labour have been questioned
HANNAH found the management bemng based on
%lvimetry tn only S per cent of cases but the
#valuation can be cnticized from the fact that the
elvimetry comprised only a lateral film so that the
tansverse diameters were unknown MCGRUDER
tcund the pelvic measurements madequate m 12 of
0 cases 1n all these cases climcal evidence of
“niraction was present In a further 29 cases with
chmca]ly posstble contraction radiologic pelvimetry
%35 normal however 8 of these led to cesar¢an
:Cflmn The author concluded that radiologic pel
r:““fy 1s rarely indicated RUSSEL & RICHARDS
nd a fourfold wncrease of forceps delivery i the
;’:llxv\lmelry group and that the proportion of forceps
L Ty was equal irrespective of whether the sum
Tand SO was above or below the mean value

* Ny

as a possibl of disproportion between
the fetus and the pelvis would be more desirable
At this hospital the indications for elective

cesarean section e g in borderhine cases have be
come successively more liberal dunng the past two
decades For this reason 11 seemed useless 1o try to
evaluate the prognostic vajue of the cnitenia for nar
row pelvis in vertex presentation as suggested by
KELLY et coll The recent matenal does not contam
a sufficient number of complhicated vaginal deliveries
with a narrow pelvis to permit rehable statistical
conclusions Therefore the results from older senes
had to be used A rehable prospective analysis of the
outcome 1ncluding the long term prognosis in bor
derline cases with vertex presentation will pnmarily
require that all patients with borderline pelvis be
known and that 2 tnal of labour to normal delivery
be performed in most cases

Incidence of pelsic contraction The wincidence of
contraction vanes considerably i different reports
partly due to different cnitena used for contraction
and partly due to different methods of examnation
Because of dispatties in the selection of patients for
pelvimetry only figures related to the total number
of dehvenes can be compared

P
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IS+IT

Fig 2 Correlation between the sum of nterspmous and inter
wberous (1S+IT) diameters and the sum of outlet {ZO=IS+

Concerming the pelvic inlet most authors use the
same defimtion for contraction namely SI below 10
cm In the present series the incidence of SI less
than 10 cm was 0 13 (0 09-0 14) per cent from the
three penods as compared with the 0 21 per cent
reported by BORELL & FERNSTROM for the pe
riod 1940 to 1957 (p<005) However BORELL &
FERNSTROM also reported a sharp decline 1n the
number of cases with contracted pelvis after 1947
a decrease almost certamnly due to antrrachtitic
prophylaxis Therefore the wncidence in the period
1950 to 1957 was calculated from that material This
meidence of 0 05 per cent was almost significantly
(p<0 05) lower than the incidence of 0 13 per cent 1n
the present series A possible cause for this tenden
Cy towards a small increase of contracted pelvis
may be msufficient antirachitic prophylaxis during
the childhood of today s pregnant women Another
cause may be the increase in the number of
mnugrants from countries not employing such
prophylaxis

Further evaluation of the cause of the small m
crease n the incidence of contracted pelvis was not
possible in the present series The observed inc
dence of 0 13 per cent1s roughly on the same [evel as
the figures given in certan other reports e g 02 per
cent by HANNAH and 0 09 per cent by MCGRUDER

Contracted pelvic outlet (SO<29 5) was found 1n
02 per cent (38 cases) of delivenes from the three
penods It should be kept 1n mind that this 1s a
mummum value as 1t cannot be excluded that some

with such but without ckini

P

28

T T

24

IT+S0) in 777 cases Linear regression T0=1031+107 15+
IT) 95¢% confidence nterval mdicated

T
26

cal disproportion were not exammed with pelvmet
ry The maximum mcidence of contraction should
be twice that for the minimum value or 0 4percent
since according to the empinc defimition of contrac
tion at least 50 per cent of the children will be
serously mured 1f dehvered vaginally i such 10
stances and consequently disclosing the contr¢
tion The mncidence of contracted outlet 1S equal lo:
the incidence of disproportion 1n the distal pﬂt‘:}‘(l’{‘
the pelvis as observed by BORELL & FERNSTR
HOLMBERG (1968) found a higher incidence olcolr:‘
tracted outlet but not differing statistically from the
present series

The incidence of borderlne m
1s almost of the same chnical interest as the
dence of contraction 1s seldom given by other 22
thors Furthermore to calculate accurately the IHC'l
dence of contracion and borderline €ases ‘CI‘;’
and breech presentations also have 10 be separd Al
No such analysis has been found 1n the hteratur® o
narrow pelvis which by defimtion means .'; ﬂ; \\Iﬁl
disproportion between the fetus and the pe "[0 l‘“!
calculated to occur 1 niot more than close to i
cent of all women (Table 5) A narros audclS "
more common than a narrow nlet “h:h;“\ ‘
agreement with the findings of BORELL
STROM

Indications At this hospital pelvim! ey 5
ways been used very hiberally The ﬁﬂ“‘h“
increased steadily to around 19 per cent O ar-\N“
livenies (Table 2) This frequency 15 C"““;‘"”‘
with the highest one found tn the cooperaliv¢ ‘

|
easurements which!
et

!
s al
etry has l
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All primigravidae (vertex)
ap film
sum of interspmous anad intertuberous I(S+iNn
<185 185—204 205—214 2215
175—18 4 lateral &oom it dunng la!i‘“i' .
_____ . film signs ot disproportion
]
1
]
) <295 295—314 >315
1
1 L - - -1
! l
ultrasound ultrasound
(8PD) (BPD}
s~ 7
’ 4 ~ ~ N ¢ 4 N ~
nofmal small norma! srr:all
large f large \
tat film h
1 5 '
) RN 1 '
] ] )
1 2305 ] 1
' ' 1 1
i ' ! [ T S A, .t
cesarean section bordetline vagina!

Fig 3 Modified routine low-dose pelvimetry in veriex presenta
ton  An orthodisgraphic ap film is exposed m all cases A
sepplementary lateral film 1s exposed only In certam cases de
pending on the sum of 1nterspinous and intertuberous diameter
and 1n some of these cases only during labour when disproportton

based on matenals from 16 hospitals by KELLY et
coll

With the exception of complicated previous deliv
ery and possible disproportion between the fetus
and pelvis dunng labour all the ordinary indications
are more common fowadays Despite the fact that
BorELL & FERNSTROM potnted out that a mobile

: Ytta\ head with or without premature rupture of

1

b a,

1s not an for pel
Vimetry until failure of the head te descend 1s man
fest and coexisting with good utenne contractions
3 mobile hend above the nlet often encountered
before onset of labour was one of the most common
ndications in the present senes (Table 7)

Efficary of palpation 1n prediching a narron pel
s Concerning the pelvic infet HANNAH reported

between fetus and pelvis 1s indicated Determiration of brpanctal
diameter (BPD) of the fetus by ultrasound can be helpful m
selected cases For the pelvi mlet a supplementary lateral film s
exposed only in rare cases 1 which the fetal head does not pass
the nlet desprte good utenne contractions

that the md. for pel Y was non-eng:
wment of the fetal head 1n 1 14 cases (38 per cent) half
of which were examned before labour had started
as compared with 19 per cent in the present senes
HANNAH found a total of 17 cases with an ST of less
than 10cm but does not specify the number of these
which were referred for pelvimetry because of noa
engagement of the head If theoretically all 17
cases were referred with this indication the maxi
mum value of PV pos would be 15 per cent com
pared with 3 per cent n the present senes (Ta
ble 9) It is not unbkely that the results agree
Since 1n the present senes no significant difference
i the ncidence of narrow inlet existed between
panents referred for pelvimetry because of a mobile
head above the mnlet and those in the control group
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All term breeches

ultrasound
Estimated fetal weight

{ 1
24000 <4000 or

not determined

ap film

Sum of Interspinous & intertuberous

|
<205

= lateral
cesarean section film

Fig 4 Modified routine low-dose pelvimetry 1n term breech
presentation Cases of footling presentation are excluded as this
15 considered to be a primary indication for cesarean section
obviating pelvimetry Mimmum values for vaginal delivery ac

this climical finding does not constitute an adequate
mdication for pelvimetry The only vald indication
concermng the mlet 1s failure of the fetal head to
descend despite adequate uterne contractions
(BORELL & FERNSTROM)

The detection of contracted outlet before labour 1s
important since 1t may cause difficulties late 1n
labour often resulting 1n an emergency ntervention
HOLMBERG (1966) found contracted outlet at palpa
tion 1 24 of 557 pnimigravidae examined by himself
At pelvimetry an SO below 31 5 was found 1n 14 of
these 24 cases (PV pos=589%) No cases erroneous
ly considered as normal were encountered in 48
pelvimetries where the palpation had been normal
These excellent results were not confirmed m the
present senes yielding the corresponding figures of
PV pos 22 per cent and a possible false negative rate
of not less than 50 per cent (Table 9) This high false
negatve rate may be somewhat less since some of
the patients tn the control group may not have been
examined by palpation However the present fig
ures reflect farrly well the efficacy of this method in
routine worh The results indicate per se that palpa
tion of the IT 1n routine work selects patients witha
narrow pelvis

Modificd radwlogic pelsimetr for routine use
The question anses whether pelvimetry should be
restnicted to stnctly selected cases be used more
liberally or perhaps even routinely 1n all gravidae
In Sweden among the probable 10 per cent of all
women with & narrow pelvis in relation to the pres

|
>205

Minimum values for vagina! dellvery

Pelvic  Estimated fetal welght (ultrasound)
diameter —————
500— 3000~ 35002959 or
2999 3499 not determined
st 110 115 120
3 235 245 255
30 3ts 325 ns

cording to OHLSEN 1974 1975 (SI=sagital diameter of et
SI=sum of sagntal and transverse diameter of et $0-amd
outlet=IS+IT+80 }

entation of the fetus only a mnor proportion wil

exhibit a mamifest disproportion between the fetus
and the pelvis at vaginal delivery

Before labour the sole practical chnical method
for selecting patients with narrow pelvis seems to t{t
palpation of IT However this method possitly
does not detect more than about one half of the
cases with a narrow outlet 1n routmne work Vaond
ultrasomic evaluation of the IS according t0 Vic
LAVINKOVA (1973) appears to be a better meth »
for predicting a small 20 but has so far not bet
used 1n routine work .

If theoretically palpation of a sm:
with a history of previous complicated delivery ::‘:
breech presentation are taken as the only mdlu:_ll
for pelvimetry before labour the numbcr‘:;es:S
vimetries performed during labour for F"s"l "
proportton will increase which 1n tum may : s
an increase 1n fetal morbidity To some cm"kr 0
mught be compensated for by a smaller pum
fetuses irmdiated 1

Employing a iberal use of pelvimetry S:iniﬂ
15 per cent of all delivenes as 1n the presen! ds
al after exclusion of a mobule fetal head as on¢ e
cation the mcidence of a narrow pelnsn‘;l:" :J:nah e
15 per cent of the pelvimetnes comp e advan
incidence of 10 per cent in all wome? e
1age of a iberal usage 1s that cases with ﬂn‘;ﬂ ents
labour nsk e g elderly pnmigrat 1dac an ’Emr
with toxema will get a pelvimelry hcfo‘;t‘ rope!
diminishing the incidence of unc(pﬂ-‘“d ep

all IT togethe!



RADIOLOGIC LOW DOSE PELVIMETRY 757

tion 10 this nisk group This advantage should be
weighed agamst the unavoidable mcrease of irradia
tion

Routine use of pelvimetry m all gravidae cannot
be justified despite the very low absorbed dose
when the modern techmque 1s used However as
ponted out the detection of 1 contracted outlet 1s
more important than a contracted nlet before
hbour Furthermore there 1s a marhed difference
#lmost by a factor of 100 1n the absorbed dose to the
matemal ovanes between the lateral and the or
thodiagraphic a p film (AXELSSON & QHLSEN) As
the sum of IS and IT obtammed from the ap film
15 well correlated to SO this film can be used as
a screening of the outlet measurements (Fig 2)
Routine use of the orthodwerptuc ap film sup
plemented by a lateral film n certamn cases can
be calculated to give important wnformation with a
smaller radiation dose If all primigravidae at this
hospital about 50 per cent of all dehvertes were
routnely exammed with ana p film and presuming
that a complementary lateral film were taken cor
responding to 10 per cent of all pnmigravidae with
‘vertex presentation and 1n 85 per cent of patients
with breech presentation the mean absorbed dose
tothe ovarnes of all gravidae would be reduced by at
least a factor of 2 as compared with the present
praxis

The of sucha routine low
dose pelvimetry 1 vertex presentation 1s proposed
in Fig 3 20 below 31 § corresponds to Z(IS+1T)
below 21 5 (Fig 2) However (as evidentinFig 3) a
supplementary lateral film would be exposed when
I(IS+IT) 15 18 5 to 20 4 or when the sum1s 20 5 to
1 4 and disproportion 1s considered during labour

Further indication for a supplementary lateral film
would also be present for instance in cases in which
the fetal head does not pass the pelvic inlet despite
adequate uterine contractions and tn some high nsk
delivenies Determunation of the bipanetal diameter
by ultrasound gives valuable further information
especially i borderhine cases which can be usefulin
the management of labour (Fig 3) The mode of
delivery n a borderhne case must be individually
decided upon

In all term breech presentations irespective of
Pty a routine orthodiagraphic a p film 1s indi
Cated except in those cases 1n which the estimated
fetal weight 1s with great likelthood over 4000 g or
When footling presentation s at hand indicating
Cesarean section (Fig 4) When the sum of IS and IT

dified

1s above 20 5 a supplementary lateral film should be
exposed The mimimum values of SI =1 and 30 for
vagmal delivery at diffs or un}

fetal weights are given in Fig 4 (OHLSEN 1974
1975)

SUMMARY

In large patient populations from karohinska Sjukhuset
radiologtc pelvimetry data including mean values and cor
relation of the pelvic drameters have been defined Over
all meidence of contraction and borderkne pelvic meas
urements and the efficacy of selecting by palpation the
patients with a namrow pelvis have been evaluated The
indications for pelvimetry were related to an carler
period By of the chintcal of pel
vimetry a modified routine low dose pelvimetry 1s pro
posed From measurement of the transverse outlet diame
ters on an orthodiagraphic a p film the sum of the outlet
dameters Is d and a suppl y lateral film s
exposed In selected cases Employing pelvimetry in all
primig) by the orthod hic a p film would stlt
result 1n 2 lower total population dose than does the pres
ently used routine of complete pelvimetry conststing of
the same a p and latera! films 10 selected cases
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PERCUTANEOUS NEPHROPYELOSTOMY

A new techmque

P G LINDGREN and A HEMMINGSSON

P phrop y had been used
, only to a mnor extent for drainage of the renal
pelvis and ureter (GOODWIN et coll 1955 BARTLEY
et coll 1965 VELA NAVARRETE 1971 Moy &
ULMSTEN 1971 SAXTON 1971 JoNsson et coll
1972) before 1974 when ALMGARD & FERNSTROM
duced a pr bl h A polyethylene
catheter on a trocar was introduced mto the renal
pelvis under fluoroscopy During the next 7 or 8
days in three steps the catheter was replaced
by wider catheters and finally a soft balloon cathe
ter was mserted

L at p
py has previously been
with the aid of a static B scanner (HARRIS et coll
1976 PEDERSEN et coll 1976 HELLSTEM et coll
1977 among others)

This techmque has been modified implying that
the renal pelvis 1s punctured under the control of
dynamic (real tme) ultrasound with a sector scan
ner This means that the passage of the needle
through the tissue can be observed on a momitor
display duning the puncture procedure and a wide
bore catheter can then be nserted pnmanly

nephro-

Matenal and Methods

Percutaneous pyelostomy was performed on 33
Paltents (ages 26-75 years mean 58) m 6 of them
bilaterally A marked hydronephrosis was present in
"0ksdneys moderate 1n 13 and slight n six

The patient was placed n the prone position on a
radiographic couch with a fluoroscope A mobile
dynamic ultrasomc apparatus (ATL Mark [II witha
3 0 MHz transducer) was used The puncture site
was chosen on the medio-postenior aullary hine as
the puncture channel should run honzontally and
the catheter not be compressed when the patient 1s
lying on hus back The puncture site was located
between or below the lower ribs

After the appl of local h and un
der stenle condinons the puncture was carned out
with the aid of a needle guide unt fitted to the
transducer head of the ultrasonic apparatus A
sterile rubber glove had been previously drawn over
the transducer head (Fig 1) The prolongation of the
direction of the groove for the needle in the guide
umit was located 1n the 90° ultrasonuc field which
was about 3 to 4 mm m thickness This meant that
the passage of the puncture needle OD 2 mm)
through the tissue could be followed on the monitor
display from a point I cm under the skin surface and
then directed towards the renal pelvis It could also
be observed when the tip of the needle penetrated
the renal pelsis A groove instead of an enclosed
channelas needle ginde permtted the transducer and
needle gurde unit to be easdy removed when the
needle had been mserted with its tip n the renal
pelvis

When the tip of the needle was located mn the rena!

Submutzed for puhhication ¥4 March 190
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Fig | The puncture needle in the groove of the needle guide umt
This 1s mounted on the scanner head which 1s covered with a
stenle glove

Fig 2 a) The puncture needle located with its tip 1 the dilated
renal pelvis (photograph of frozen image from a video recording
of the puncture procedure) b) Schematic drawing of Fig 2a

pelvis (Fig 2) the mandrin was removed and under
fluoroscopy a gurde wire (P 205 diameter 1 19 mm)
was placed n the upper part of the ureter The
needle was then replaced by a catheter (grey Od
man ID 18 OD 28 mm) and over this was
threaded a teflon catheter No 355 (0D 4 5 mm) with
2 or 3 side holes (ALMGARD & FERNSTROM) The tip
of this latter catheter was placed in the ureteropelvic
Junction or in the upper part of the ureter (Fig 3)
The inner narrower catheter and the guide wire were
thenremoved The No 355 catheter was fixed to the
skin with a suture and left in situ for 2 days Using a
P 205 gwde wire 1t was then replaced by a soft
balloon catheter with end holes (Foley catheter No
12} for temporary or permanent drainage

Results

The insertion of the pyelostomy catheter did
not lead to any complications In 8 patients two
puncture attempts had to be made partly because
the renal pelvic dilatation was small or moderate and

P O LINDGREN AND A HEMMINGSSON

Fig b

partly because the patients had difficulty hold;‘nx
their breath at the puncture attempt In the Dlrtlf
patients the first attempt at puncture ¥as Suc““;,
In all cases the polyethylene catheter with the "
355 catheter could be ntroduced and placed\‘“l:
their tips 1n the ureteropelvic Junction The chat l»;
to a balloon catheter two days later was also r:r
formed without complications In oné patient a”lLan
teral calculus passed spontaneously and a bd
catheter was therefore not necessary

Discussion

guided puncue
£ fluoroscopy !
radation 3¢
be ]ocalllfd

The advantage of ultrasomcally
at nephropyelostomy over the use 0
that the risks involved with 10mZINg
decreased and that the renal pelvis €30
even if 1t does not contarn contrast medium 1y b0

Previously ultrasonic guidance has usud i ’
carried out with the ad of a static B sc:mnl;,c et
main disadvantage of this technique 15 that o
dle cannot be observed dunng the puncture ff
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Fig 3 Teflon catheter No 355 placed with its tip i the ure
Teropelyic junction

dure as the image of the renal pelvis 1s frozen on the
monitor display

With the aid of a dynamic ultrasound equipment
the t1p of the needle and sometimes the whole needle
zan be observed during its passage through the tis
sues

Linear array transducers with a special puncture
thannel are difficult to stenlize and therr size some
tmes makes 1t difficult in thin patients to obtain
good skin contact at punctures between the nbs

A sector scanner has the advantages that the
transducer requires only a small area of skin con
tact thatitis easily manoeuvred and that the prob-
lem of sterilization 1s solved by covenng the scanner
head with a stenle rubber glove

If more than one attempt at puncture has 1o be

made 1t 1s an advantage to use a relatively fine
puncture needle (STABLES et coll 1975 PFISTER &
NEWHOUSE 1979) as 1s employed in the technique
descnbed  Furthermore the use of a metal guide
%ith a polyethy lene catheter provides a ngid gmding
tool whereby a coarse drammage catheter (PE 355)
anbe inserted in the same session A balloon cathe
ter for can th be ntro-
duced after only 2 days which means that the hospr
1 stay can be shortened by 5 or 6 days The rela
Wely atraumatic puncture procedure permutted

bilateral pyelostomy to be performed at the same
sesston in 4 patients which previously has been dif
ficult 1n most cases

Conclusion The described techmque imphes a
reduction of the rishs mnvolved m 1omzing radiation
increased puncture safety less discomfort for the
patient a lower demand on personnel and a short
ened stay 1n hospital

SUMMARY

Percutaneous nephropyelostomy was camned out m 33
patients with a modified techmque The puncture was
performed under control by dynamic ultrasound with a
sector scanner using a needle gurde unit fitted to the
transducer head and pnmary nsertion of a wide bore
catheter After 2 davs the catheter could be replaced by a
balloon catheter for permanent or temporary dramage
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COMPUTED TOMOGRAPHY IN STAGING OF BLADDER CARCINOMA

L FRODIN A HEMMINGSSON A JOHANSSONand H WICKLUND

Stagmg of carcmoma of the unnary bladder 1s
important for the choice of therapy (SEIDELMANN et
violl 1977) and also has prognostic implications
(ENVYet coll 1972 Muiret coll 1978) A system
for staging of bladder carcinoma was introduced by
"™ETT & STRONG (1946) and later modified by
‘RSHALL (1952) The classification generally ac
dted today 15 that adopted by the UICC (WAL
CEetcoll 1975)
Hitherto the staging has been based upon cysto
%Y with biopsy transurethral resection and pal
ton under general anaesthesia with complemen
¥ radiographic examumations such as cystography
ON\OLLY et coll 1966 KAFKAS 1973) urography
UR et coll ) lymphography (WAISMAN et coll

Material and Methods

In the pertod December 1977 to March 1979 52
patients (40 men 12 women mean age 67 2 years
range 44-81) with carcinoma of the bladder were
exammed Patients with minor superficial lestons of
low grade malignancy were not included

The tumours were staged m accordance with the
UICC 1on and ¢ for the pn
mary tumour {Fig 1 WALLACE et coll ) with the
exception that groups T1 T2 and T3a were com
bined nto one group (<T3a)

Clmical staging was based on cystoscopy with
biopsy transurethmal resection and palpation under
general anaesthesia In 6 patients the findings at
were dered to be uncertam Uro

5 JouNson et coll  1976) d
CLAUGHLIN et coll 1975) and angiography
JUSEN & NILSSON 1962 LANG et coll 1966
NTERBERGER et coll 1972) However with all
ESC Methods the staging 1s sull uncertan Thus
WY et coll found that erroneous stagng had
n made clinically 1n 56 per cent of 105 patients
ETALA & HAZRA (1978) reported that angrography
‘e false negative results n 20 per cent and false
Stve results 1 10 per cent with respect 1o
Mesical extension of the tumour Computed
Moraphy (CT) has been clumed to provide a
terbasis for 4 correct evalvation of the extension
e tumour (SeipELMANN et coll 1977 HODSON
coll 1979) An mvestigation of the advantages and
:?j‘i‘a"laSes of this method has therefore been

graphy was performed n all patients influencing the
stagmg 1n whom impairment of flow was present in
the upper unnary tract

For CT an Ohto Nuclear Delta 50 Fast Scanner
was used with an exposure time of 18 s and a
nominal section thickness of 13 mm The region
between the symphysis pubis and the 1liac crest was
examtned with the patient in the supine posttion
before and 10 mun after intravenous injection of con
trast medium (40 ml of Conray Meglumin 282 mg
1/ml)

In all pattents the tumour was staged by chinical
evaluation and CT and in 12 of them both examina
tions were repeated before operation was carried out
after the preoperative 1madranon (40 Gy) In the 12

Submitted for publication 4 March 1930
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Table 1

Dufferent staging by CT and chmcal evaluation in 12 cases

Clinical staging CT staging
T3a T3b T4a T4b Tda+d
Ta 8 7 1
T3b
T4a
T4b 2 2
Tda+b 2 2
Table 2
CT staging tn 6 climcally uncertain cases

Chimcal staging CT staging

4 T3aorT3b 4 T3a

2 TiborTa ! T3a 1 T4a

patients operated upon and examined preoperative
ly the findings at CT were compared with those at
operation and with the results of microscopic
examination of the operative specimens The opera
tion d of simple cy y and

entero uretero anastomosts In men the urnmary
bladder prostate seminal vesicles and urethra were
removed tn women the bladder and the urethra

Results

Before irradiation the tumour could be staged in 51

Fig 1 Classification of bladder tumours Tis = flat in situ &ar
cinoma T1=superfcial tumour not beyond the lamma prop-
ma F2=tumour with invasion of superficial muscle T3a
tumour with invasion of deep muscle T3 b = tumour with infiltn
tron of penvesical fat T4 a = tumour with mmhemmxdﬂ;;rn
ingorgans T4 b = tumour fixed to the petvic or abd vminal walls

the basis of the clinical findings nnd ns only T4aen
the basis of CT (Table 1) In 8 of the 10 pateentsin
whom CT resulted 1n a more advanced stage thin
clintcal evaluation the tumours were chnically 35
sessed as T3a or smaller 1e tumours confined to i
the bladder wall In 7 of these 8 patients CT revealed
tumour nfiltration of the perivescal fat cl:xsslgtd
as stage T3b (Fig 3) In one patient CT alsodss ¢
closed encroachment on the seminal vesicle of ome &
side equivalent to stage T4 a (Fig 4) |
In 2 patients the tumour was Chnm]]:y;::idg; :h

T4b with growth onto the pelvic wa
also encr on the prostate (Fig 3 andy,

patients by CT and 1 46 by climcal |
Assessment with CT was not possible 1n one patient
because of artifacts produced by a metal prosthests
m one hip and chimical evaluation was not possible
1 6 patients because of difficulties in palpation

In 33 of the 45 patients 1n whom the tumour could
be staged with both me hods dentical staging re
sults were obtamned (28 as <T3a 2 as T3b 2 as
T4a none as T4b 1 as T4a+b) In one of these
patients CT revealed not only a very extensive
tumour stage T4a+b (Fig 2a) but also bone de
struction of part of the thum on one side (Fig 2b)

In 10 of the I2 patients with discrepant staging
from clnical evaluation and CT the former gave a
less advanced stage than the latter whereas in the
other 2 patients the tumour was staged as T4da+bon

seminal vesicle was evident 1 € T4n+b(Flsd5l’ul:::
the 2 patients whose lesions were rcfcrr;l ot
lower stage at CT (T4a) than at clhimcal ev. lé“:"‘n
(T4a+b) no tumour growth towards the pd“donn
was observed at CT One of these patients dies o [
month after CT Autopsy revealed conl;n s
tumour mvolvement of the pelvic wall an :
para aortic lymph node metastases
The 6 patients tn whom the stging %
on the basis of chnical findings were €
CT as shown in Table 2 4
In 10 of the 12 cystectomy patwnts \g_'rnc;::
examined preoperatively the findings at her?
T § WitR Inose at of Inoneof the 0!

pisat &l oy
pattents a mass was found in the lesser pet

<
as ynceram ¥ .
fasufied B3 4
By

<
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Fig 3

onsidered 1o be enlarged lymph nodes but at op
:}:almn this was found to be due to an aneurysm of
common thiac artery The other patient was clas
za‘f;led atCTas T3b but at MICrOSCopy NO penvest
tumour growth was found (Fig 7) Adhesions
m:;&cn the tntestine and unnary bladder followmg
13lon probably gave nse to the erroncous
tvaluation at CT
‘::eng:“mn of the tumour after mdiation therapy
resdu 1ed 2CT i 10 patients (Fig 4) In S patients
ey 2l tumour tissue was found in the operative
Men after the iradiation In a further S patients
lasr:‘v)e?'kd thickening of the bladder wall which
e - ’:ned on palpation of the specimen and
Nthe E;m ed to nflammation fibrosis and oedema
adder wall at microscopy

Discussion

Pc-::c Potential of CT to give information on the
esical extension of a blxdder tumour 15 con

Fig ? a) Extensive tumour mvolving the pelvic wall to the nght
and posterorly towards the uterus (T4a+b) b) Destruction of
the outer cortex of part of the nght iium (~») and general sclerosis
of the skeleton

Frg 3 Tumoutr i the dorsal part of the bladder wath infiltration
1nto the pentvesical fatty tissue postenorly to the nght (T3b)

firmed mn the present sertes and 1s 1 accordance
with previous reports (PETERSEN 1977 SEIDEL
MANN et coll 1977 1978 HODSON et coll} The
extension of bladder tumours to the penvesical fat
tissue and to neighbouring organs 1s difficult to as
sess by cltmical methods (Table 1) and CT 1s there
fore of value 1n such cases On the other hand the
depth of tumour mfiltration 1nto the bladder wall
cannot be clearly determined by CT i its present
form (SEIDELMANN et coll 1977} Suffness of a
thickened bladder wall has been considered to mndi
cate deep tumour infiltration nto the wall 1 e stage
T3a but this 1s difficult to distmgwish from oedema
following biopsy (HODSON et coll ) Staging with CT
should therefore 1f possible be performed before

di P i and 1r which leads
to regressive changes in the bladder wall sometimes
combined with adhesions between the bladder wall
and the intestine (Fig 7) With the exception of
superficial tumours without muscular involvement
(T1) the tumours which should be examied with
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Fig 4 a) Large nght sided bladder tumour with involvement of
the right sermnal vesicle (T4 a) b) Obstruction of the nght ureter
with hydronephrosis and no renal excretion of contrast medium
Left kidney also hydronephrotic but function maintarned ¢) Re
gression of tumour after sradiation with 40 Gy General thicken
ing of the bladder wall nght semunal vesicle drawn upwards

Fig 5 Tumour in the dorsal region of the bladder base encroach
wngupon the prostate {TSa —)

Fig 6 Tumour 1n the dorsat region of the bladder with involve
ment of the left seminal vesicle (T4 a) Artifacts from prosthetic
matenal in the nght hip

Fig 7 Tumour in the nght dorsal region of the bladder with
thickemng of the bladder wall The poorly defined border against
the surrounding structures was tntially considered as Tumour
nfiltraticn (T3 P)_but thes was not confirmed at microscopy The
appearance probably betng due 1o adhesions
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CT for staging are all those which have been clas
sfied on a climical basis as T3a or smaller which
wilinclude several types of tumour with penvesical
extension (Table 1) In addition CT should be used
n cases of more extensive tumours (T3b Tda+b)
for the man purpose of improving the dose planning
for iradiation

Inthe present senes of patients CT n 2 cases led
toanerroneous diagnosts of lymph node metastases
Enfarged lymph nodes are difficult to assess correct
b especrally in the lesser pelvis due to the varying
widths of the ihac bloed vessels and flurd filled mn
testings 1n the vicimty of the vessels (HODSON et
¢oll } This latter difficulty can be reduced by the
dmimistration of contrast medwm to the small and
large ntestmes

The bladder was evaluated clinically by cysto-
scopy combined with biopsy from the findings at

1 and by pal| under gen

¢ral anaesthesta However in many cases palpation
%as not performed both before and after resection
and furthermore the resections were often not car
fied out to a sufficient depth to permit a complete
chnical evaluation CT was camed out with unne in
the bladder and after mtravenous mjection of con
trast medium The width of the ureters could there
by be assessed as well as the presence of impair
ment of uninary flow A more reliable evaluation of
the thickness of the bladder wall might be possible
after administration of carbon dioxtde (SEIDELMANN
et coll 1978) or fatty hquid such as the infusion
emulsion Intralipid into the bladder (CALISSEN
DORFF et coll 1979) The value of these methods 1s
betng investigated at present

Conclusion
Computed tomography permuts a more reliable
evaluation of the penvesical extenston of a bladder
tumour to fat tissue and neighbounng organs than
clmical evaluation However difficulties are en
« datCTimn the p of metas
tases in the lesser pelvis

SUMMARY

A companson was made between the use of chnical
methods and computed tomography for staging of car
€inoma of the unnary bladder 1n 52 patients CT was found
o be the most reliable method for determinng the
Pemvesical extension of the tumour Tt 1s of value for
dclenmmng the extent of the tumour before uradiation
d for establishing the tumour response 1t was fess relt
le for diagnosing metastases 1n the lesser peluis
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QUANTITATIVE DOPPLER AND ULTRASOUND MEASUREMENTS
I\ SURGICALLY PERFORMED ARTERIOVENOUS
FISTULAS OF THE ARM

L. FossBERG T HOLM and E LINDSTEDT

Arz-gvenous fistulas  performed accordmg 0
“e czthed described by BRESCIA et coll (1966)
-a7e beers wideh used at this hosptal duning the last
decaddz {LONDSTEDT 1972 LiNDSTEDT & LavDHOLM
579 Thev are psed mamly for dalvsis and to facil-
s adomstranon of ovtostaucs or parenteral autr-
“Le. STEPHENSOS & Licem 197D mtroduced
Boppier examumzaen for patenes controls and
LErTzER & LICHTY(197S) for ser atne est-

The fistulas were made 5 to 7 mm m length and
secured with contmuous Prolene sutures All were
performed between the radial artery and the
cephalic vem m the distal forearm with anastomosis
side to-side m most cases  side to-end m a few

The Doppler exammations were performed witha
10 MHz drectional Doppler (Parks §063 Calibration
of the equipment was performed before every

~avee of fow wloaty i such fistulas Exasuna-
boa r order to prove pateney or oot does not
Teceessia e any quantfica.on stce the flow se
foarms curves of 2 brachn] artery suppharg an open
sz zrz charactensticalls different from those of 2
nevzal brachm! arters IFORSBERG et coll 19303 A
Derpler appara.cs equipped wak 2 cafitrn or makes
“eysHle 2 quan.ficaaon of the velocry of flow
@ ves el and s partrculariy appropna e for ves-
%3 leading to a fistula where reversed flow 1s not
s the measimerens

Materal and Methods

The 2 2ot consnsted of 8 patens 32 men and
 women 11 to 70 vears old Imean -6 vears) with
"2 fistulas They were examured ore dav to 10
TR afier the fisanla was esablsted Twenty-nre
S tte fruas were nsed for dahvss m urasmic
" ents from 2 mon.hs to 10 vears (mean 24 vears)
¥ tre remamder mamly for cvtos.aue mfuswon

[ WP

with an oscillator gving a signal of
XO()O Hz. The Doppler probe was placed m a plastic
holder givmz a constant angle of 45° between the
probe and the underlving structures  Maxemum flow
selocity 1s recorded when the probe 1s pomuing m
the dwrection of the vessel Registrations were ob-
tamed over the brachual artery just above the elbow
where the artery runs parallel to the skin Record
wmgs were made on a Stemens polygraph

The diameter of the brachml artery was also
measured m 63 parrents with 3.5 and 50 M/Hz B-
scan ultrasound The artery was palpated before
exammnatiors with Doppler m order to mark out the
drection and exact position of the vessel m ques-
tron Exammatiors were rade both longitudinal and
transverse over the artery  The longitudmnal proce
dure turred out to be mving better and more repro-
docitle information than did the transverse one

In the patrents m whom both flow velocity and
drameter reasurements were performed the volume

Schrunted Ex poblicaon ® Febnory 1990
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flow was calculated by multiplying the cross section
area of the artery with the obtamed flow velocity

Results

Doppler examination of the flow velocity of
well functioning fistulas of the arm gave a mean val
ue of 45 cmfs (Fig 1 SD 12 c¢m/s)in 83 patients The
drameter of the brachial artery as measured with
ultrasound in the 63 patients vaned from 3 to 9 mm
(mean5 Imm SD 1 3mm) Inthis group no correla
tion was found between the flow velocity and the
diameter of the brachial artery (Table) Neither was
any correlation found m a senes of 72 patients n
whom flow velocity was related to the age of the
fistula (Fig 2) The diameter was also related to the
age of the fistula (Fig 3) in 55 patients but no
correlation was at hand In some patients it was
difficult to assess the proper duration of the fistula
These cases were excluded from the time related
evaluations No extreme values of flow velocity or
artenal diameter were found m this group Calcula
tions of volume flow tn 63 patients gave a mean flow
of 634 ml/mm (SD 370 ml/mm) No certamn correla
tion could be found when 1n 55 patients relating
volume flow to the age of the fistula (Fig 4)

In 12 patents in dialysts the diameter of the
brachial artery was measured giving a mean of 5 5
mm*l 7

Flow elocity calculations were made m all 29
patients with fistulas used for dialysis No correla
tion could be found between duration of dialysis and
flow velocity 1n the feeding artery (Fig 5)

Discussion

At this institution artenovenous fistulas between
the radial artery and the cephalic vemn (BRESCIA et
coll ) has been the standard procedure since 1967
(LINDSTEDT} mahing artenalized vemns for dualysts
and other purposes

The flow 1n arteriovenous fistulas of this kind has
been examined with many different techmques
grving somewhat different numenc values of the
flow

HURWICH (1969) used plethy smographic methods
to measure flow m fistulas of the forearm in 12
patients getting a mean flow of 220 mlmn
LINDSTEDT & NORDENFELT (1972) estimated fistula
flow using cardiac output measurements with dye

No of
patents

N Ao oo g

2
20 30 40 50 60 b
Flow velocty
Fig I Flow velocity measurements (cm/s) with 10 MHz De~la

1n 83 patients with well funcuioning artenovenous fistula Meand'
cmfs SD 12emis

Table

Flow velocity in the feeding (brachialyartery of the
Sistula 1n 63 natients The diameter (fthe arten 1y
not affecting, the selocms of flon

Diameter  Flow velocity

{mm) icmfs)
71 38 67 31 46

3s 50 37

4 434149707 PR
S8 48 <8 6 34

45 38 48

5 46 43 40 60 37 40 35 4
46 40 33 45 57 61 49

55 46 30 63 60 51 57 38

6 28 34 69 48 T4

65 <6 32 41 65 46 48 54 30

7 60 69 3

75 36

8 4

9 57

dilutson before and after compressing the ﬁsnﬁl:"
10 patients and found a mean flow of 600 m o
KLUTSCH et coll (1972) used the same pnnﬂP{ s
23 patients and obtamed a mean shunt flow 7\9’73?
mifmun (198-812 mifmn) and KULT ¢t coll o
with a dye-dilution method obtained flos frv; b
to 1013 mifmin Dye-diution %as also "‘” M
GOTHLIN et coll (1977) i 1S patients mwu-h:ogrx'
2 mean flow of 1590 mlfmm (range 190"; Iﬂw m
min) ANDERSON et coll (1977) measure e
fistulas (end to-side cepnaiic vem 1o radal mx:r )
38 patients with an electromagnetic flow me!
found a mean flow of 242+89 mifmin

$3
The volume flow was calculated 11 63 of the P
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Flow velocity

Lrzorzs

woimemt 3 5 71 9

years

Fig 7 Flow velocity (cm/s) in 77 patients compared With the age
of the fistula no correlation

Brachial artery
diameter

Z2—rZT2

w 1mém1 3 5 7 years

Fig 3 Diameter (mm) of the brachmal artery in 55 patients com
Pared with the age of the fistula no correfation

¢t patients 1n whom both Doppler measurements
of the flow velocity and ultrasound measurements of
the diameter of the brachial artery were performed
#ving 3 mean flow of 6344370 mifmin  The dye di
lution measurements of the same type of fistulas
e tugher flow values than did electromagnetic

m

Flow
2000 .
.
1500
. .
.
.
7 .
.
.
1000
* .
1 .
.
. .

mémt 3 5 7 8 years

Fig 4 Volume flow {ml/min} m 55 patients compared with the age
of the fistula no correlation

Flow velocity
70

—rZrT T

—r—r
&m1 3 5 7 9 years

Fig 5 Flow velocity (cmis) in the feeding (brachial) artery of .9
patents fistula used for dialysis No correlation between flow
velocity and length of dialysts period

and plethy smographic methods In a previous seres
of 14 patients at this hospital (FORSBERG et coll ) a
good correlation (r=0 91) was found between dye
dilution and per
formed with Doppler techmque However the dye
dilution method gave higher values 1940+




mn

ml/muin and 12304570 ml/min respectively The
values of flow 1n this group of patients are somew hat
higher than in the present group of patients with
well functiomng fistulis  The Doppler dye meas
urements were performed in a selected group of
patients examined with angiography before closing
the fistula or reducing the flow due to varnious
symptoms none of the patients having cardiac tnsuf
ficiency

The Doppler method has been used by KEITZER &
LICHTI for a crude estimation of flow comparing
flow velocity in the normal brachial artery with the
velocity of flow in the brachial artery feeding the
fistula A 3 to 4 times increase in flow velocity was
considered adequate However mean flow velocity
1s sometimes very difficult to estimate 1n a normal
artery with pulsatile flow with a component of re
versed flow The calculation of flow 1s easier in
an artery feeding a fistula as a continuous forward
flow exists The mean flow velocity m the present
83 patients was 45 cm/s No correlation was found
between the age of the fistula and the three vana
bles flow velocity volume flow and artenal dia
meter (Figs 2 3 4) The length of the dialysis
period did not affect the flow velocity (29 patients
Fig 5) HOLMAN (1937) postulated that arterjoven
ous fistulas at least central ones 1ncrease their flow
as ume passes This was not found n the present
series but repeat examination must be performed to
elucidate the dynamics of an arteriovenous fistula of
the arm

For determination of the flow velocity a calibra
tion of the Doppler equipment 1s essenual The
Parks 806 app 15 pped with an 1l
giving a fixed frequency of 1000 Hz Other types of
cahibrators could be used as described by FORSBERG
& OLIN (1980)

The possibility of performing, non invasne quan
titatnne measurements of flow and flow velocity
makes possible analysis of normal flow velocity n
fistulas as well as recogmzing changes when the
capacity of the fistula 1s dimiishing It should also
be possible to assess small changes of an ndividual
fistula Further analyses concerming the haemo-
dynamics of fistulas are thus warrented and rmght
add some new wnformation m thes field

SUMMARY
Quantitatine Doppler flow and flow velocity determina
nons were made bened with ul d of

L FORSBERG T HOLMIN AND E LINDSTEDT

the artenial diameter of the feeding vessel in artenoenoys
fistulas of the arm used both for dialysis adminrstration of
cytostatics and parenteral nutrition In 83 patients flow
velocity alone was determmed while the volume flow was
calculated in 63 The effect of the length of the dulyss
penod and age of the fistula on the different parameters 15
discussed
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PHLEBOGRAPHY IN CRURAL HEMATOMA

Differential diagnosts from recent deep vein thrombosts

B E ZACHRISSON P LUKES and B ROMaNus

A differentiation between recent deep vem
thrombosts of the lower leg and traumatic hematoma
1s someties difficult Increasmng pan m the calf
edema and an mcreasmg volume of the leg usually
«ccur m both conditions

The crural h that can be ken for
leep vetn thrombosis 1s usually caused by partial or
otal muscular rupture with injury of muscle vessels
\ thorough questioning on the onset of symptoms
nd chmcal exammation of the calf can 1n most
:ases lead to the diagnosis of muscle rupture
STENER & WICKBOM 1966 PETERSON & STENER
1976) However difficulties may anse 1n cases with
a previous history of deep vein thrombosis perma
nent anticoagulative treatment or when the trauma
consists only of shghtly increased activity In these

cases phleb hy may be ind d for
ad d thus I deq
therapy

The phlebographic cntena for deep vem throm
bosts of the leg have been divided into two groups
direct and ndirect (DE WEESE & ROGOFF 1963
BorgsTROM et coll 1965 NYLANDER 1968 BECKER
¢t coll 1970 BERGVALL 1971 ZACHRISSON &
JANSEN 1973) The presence of constant filling
defects 1s considered to be a relable direct indica
Yon of thrombosis (BORGSTROM et coll ) HAEGER
NYLANDER (1967) and NYLANDER have pointed out
that non filling of the deep vemns of the lower leg
ombined with increased velocity of flow s a matn
Tinding 1n acute thrombosis of the lower leg Anin

crease of the subfasctal pressure because of edema
1s assumed 1o be the cause of non filling of deep
vems of the lower leg in the acute stage of ventous
thrombosis (May & NISSL 1967 NYLANDER} A
similar has been d d 1n the com

partmental syndrome (RENEMAN 1975) another
cause may be a hematoma located in the deep fascial
spaces However non filling of the vems may 1lso
be caused by contraction of the muscles of the calf
(ALMEN & NYLANDER 1962 1964) Expenence
from patients with pnmary ncorrect phlebographic
diagnosis of deep vern thrombosts based on indirect
signs only and with the conclusive diagnosis of
crural hematoma has prompted us to the present
report describing the phlebographic findmgs
h of the calf and dening the differentia

tion from recent venous thrombosis

Matenal and Methods

A 5 year penod of medical records at this hospital
with a final diagnosis of crural hematoma were
reviewed Fifteen patients {11 men and 4 women)
with an average age of 52 years (range 18-69) had
been e d by d hlebography (GREITZ
1954) n one a descending phlebography (BERG
VALL) was also performed The mdication for the

hleb was d thrombosis tn 10 cases
thrombosts or hematoma 1 5 cases In 3 patients a

for pub 65 1979
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Fig 1a

Fig 1 49 year-old man Phlebography of the nght Jower leg 4
days after sudden onset of pamn 1 the calf and swelling 2a)
Rapid superficsal flow and non filling of deep veins b) Cone

Fig 1b

Fig *

ht lower ks
Fig 2 57 year-old woman Phicbography of the né!
aflgzr 5 d:yys of swelling and pain i the ) dTQ\:mb\:\zu;f!\g‘
gested Non filing of the vems u!| Ihi meds: o et

shaped compression and occlusion of the popliteal ven
expanding lesion Rupture and major hematoma of the medial

muscle found at operatian

second phlebography was performed 1 12 or 18
days respectively after the first one the indication
was m one case suggested thrombosis and 1n 2 cases
thromb or h The prell y dia
gnosis at the first was thromt

The patient d iy
hematoma A local swelling later paipabie in the l{\e:‘\:ls‘:;
nemius muscle and distal to 1t a defect in the musle

present senies registered as non pathologic ncluded

post thrombotic lestons and vancose veins o
The medical records were evaluated by or¢ o

the authors (B R) Special attention was pud

s such 3¢
den onset of pain al EXErcise
lrll?r::n(;n s ; hystcal actist

(based on indirect signs) 1n S cases no thr

1 9 and probably hematoma 1n one Seven patients
recenved anticoagulatton treatment until later the
conclusive diagriosis of hematoma was made Thus
the materal consists of 18 phlebographies All the
films were re-examined by two of the authors and
the following abnormal were dered Con
stant filling defect total occlusion partial compres
ston or displacement of veins total or local non
fillmg of the deep vens Phlebographies n the

limb stairs or similar pl he
ties Localized tendemess ar sweling over oy
muscles of the calf and their localization neat -
achilles tendon tndicated muscle rupture © D(‘:m
GHUE 1970) Descending hematom? appeantk o
behind the malleoli also mdicated Mo ":%
toma or muscle rupture (HAEGFR et coll e
TisnUTT & GUNNING 19741 Accordins wl(l:m
critena 11 patients had muscle fupture and the
in 7 of these cases the rupture was foeated vt
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% 3 49 yearold man Phlebography of the Teft lower leg after

kon the calf a) Ascendmng phicbography  days afier
wma Compression of the popliteal vem Non fithng of the
:dial gastrocnermus veins Compression of the postenor tibtal
d fibular vems t—) b) Desceadmg phicbograghy at the same
casion Slow emptying of the postenior tibal fibular and mus
Aar veins (~) The findings indicate an cxpanding lesion n the
rep flexor compartment One week later subcutaneous hema
ma of the whole calf

tedial head of the gastrocnemius muscle The
ther 4 cases had hematoma of other origins

Results

In7 of the patients some abnormahities were found
itphlebography cone formed occlusion of paphiteal
veins 1n 2 cases (Fig 1) compresston of deep veins
N3 displacement of deep vemns m 3 non fillng of
deep vemns of the lower leg 1n 5 and local non filling
of deep veins 1n 3 cases (4 examnattons) Isolated
fon filling of the veins m the medial head of the
Bstrocnemius was observed m 2 cases (Fig 2)
Constant filliag defects indicating recent thrombosis
*ere not observed In one of the cases the deep
‘eins of the lower leg were not filled at the first

phlebography A second examination one day later
revealed compression and displacement of deep
vemns A d d h ppeared later
(Fig 3) In the total material phlebographies with

out evident abnormahty occurred m 10 cases at the
first examination In 3 of these cases a second
phlebography was abnormal In one case no filling of
the deep vewns of the calf occurred and at puncture
of the calf old blood was asprrated In one case the
vemns of the medial head of the gastrocnemus did
not fill this case was found to have muscular necro

s1s and hematoma as a result of pressure dufng
prolonged unconsciousness caused by drug intoxica

tion (one similar case was reported by GRONNER
m 1972)

Discussion and Conclusion

The clinical diagnosis 1n recent deep vern throm
bosis 15 uncertam (COON & COLLER 1959 MAY
& NissL NEGuS et coll 1968 FLANC et coll 1969
BECKER et coll ) In the acute stage 1t can be diffi
cult or impossible to differentiate deep vemn throm
bosis from hematoma The presence of even mmor
trauma of medical treatment that can ncrease
bleed i 1

(ant acetylsah
d "

d 1

cylate) or
(cortisone) should be asked for Special diagnostic
difficulties exist 1 cases with a previous history of
thrombosis or permanent anticoagulative treatment
and 1f information on any trauma s Jacking In such
cases phlebography 1s indicated

The phlebographic examnations were often con
sidered normal in the present cases with crural
hematoma as also was found by HAEGER et coll
This may be due to the phlebography being per
formed 1n an early stage of the hematoma before
the vens have been affected Thus a normal
phlebography does not exclude hematoma but with
great certainty thrombosis In cases in which the
chinical diagnosis 1s still unclear after some days
the phlebography should be d Non filling of
the deep veus s often found 1n patients with major
hematomas thus simulating thrombosis This may
lead to a wrong therapy with anticoagulative drugs
resulting n g bl and symp
Thus fact further h that the phlel ph
diagnosis of recent deep vemn thrombosis should
only be based on constant filling defects (BORG
STROM et coll )

The vens of the medial gastrocnemius head are
anatomically constant and are well filled m fost
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normal cases (GREITZ 1955) Non filing of these
veins should be considered pathologic 1f the phlebo
graphic techmque 1s adequate this finding may
mdicate muscular rupture and hematoma Compres
sion displacement and occlusion of the deep venous
system 1t combination with superficial collateral
flow indicate mayor hematoma mn the calf as well as
cone shaped narrowing of the popliteal ven in the
distal dwrection However 1n the popliteal region
other expanding lesions may be considered e g
Baker cysts (GOOD 1964 HENCH et coll 1966
PERRI et coll 1968 SWETT et coll 1975)

SUMMARY

Fifteen cases of crural hematoma in which phlebo
graphy had been performed were revised A phiebo
graphy was often normal 1n an early stage of hematoma
In major crural hematoma compression displacement
and occlusion of the deep venous system occurred Non
fillimg of deep veins occurred in 6 cases and venous
thrombosis should therefore only be dragnosed on the
basis of constant filling defects
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DOUBLE CONTRAST TOMOGRAPHY OF THE
TEMPOROMANDIBULAR JOINT

A new technique based on autopsy specimen examtnations

P L. WESTESSON k A OMNELL and M ROHLIN

Muscular and articular disorders of the stomato
gnatic system are prevalent (HANSSON & NILNER
1975 HELKIMO 1979 SOLBERG et coll 1979) and
often exhibit symptoms related to the temporoman
dibular yoint For this reason radiographic examma
tion of thys joint 1s a common dragnostic procedure
Conventional radiography tomography meluded
may reveal changes in shape structure and function
of the skeletal parts of the joint However abnor
malities are often located i the soft tissues of the
Joint (STEINHARDY & L.ANGEN 1933 Brackwoon
1963 MOFFETT et coll 1964 CARLSSON et coll
1968 OBERG et coll 1971 LINDVALL et coll 1976
BEAN et coll 1977 HANssoN & OBERG 1977) and
these abnormalities are not readily demonstrated
with I rad h Perfora
tion and displacement of the disc are usuallv not
demonstrated

In arder to gan information of the soft ussue
Components NORGAARD (1947) used temporoman
dbular arthrography with an 1odine contrast me
dum However this method has found a limited
application only probably due to the difficult injec
tion technique Duning the last decade however

tenewed interest for the method has appeared

{AGERBERG & LUNDBERG 1971 CHAO-CHU et coll

1973 ToLLER 1974 LYNCH & CHASE 1978 WILKES

W82 b KATZBERG et coll 1979 FARRAR &

McCARTY 1979) Double contrast examination has
been widely apphed to other jomis such as the
knee (ANDERSON & MASLIN 1974 THUN 1976
FIROOZNIA et coll 1976 DALINKA et coll 1977
HORN 1977 ROEBUCH 1977) the shoulder joint
(GOLDMAN & GHELMAN 1978) and the elbow (Eto
etcoll 1975) The information yielded by the appl
cation of this technique was by ETO et coll HORN
and GOLDMAN & GHELMAN considered to be sy
penor to that resulting from the use of single con
trast arthrography

A technique for double contrast examnation of
the temporomandibular jomt was described by Ar
NAUDOW et coll (1968) and ARNAUDOW & PFLAUM
(1974) A small amount of 1odine contrast medum
followed by a larger amount of arr was myected into
the jomt compartments The authors indicated the
diagnostic value of early recogmition of cartilage ab-
normalties 1n the joint demonstrated with thys
technique

Vanous procedures for double contrast examing
tion of the temporomandibular jomnt have been
tested 1n anatomic specimens which led to a mod;fi
cation of the techmique descnibed by ARNAUDOW et
coll and ARNAUDOW & PFLAUM The modified
technique 1s now descrnibed

Subnutted for publicaton 4 October 1979
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a b
Fig 1P device for Joint lar ramus B—Double ball socket joints C—Rods with movable

(schematic) a) Lateral aspect b) supenior aspect For lateral to-
mography the device 1s placed mn the position shown mn (a) For
2p tomography the device rs rotated 90° around its long axis
bringing the supporting leg (F) in contact with the top of the

table (b) A of metal plates
warrying pomted prns for fixation of temporal bone and mandibu

Anatonn of the temparomandibular joint

A thorough knowledge of the anatomy of the tem
por dibular joint will fz the understand
ing of the double contrast tomography and its re
sults For a more detailed description ¢f KREUT
ZIGER & MAHAN (1975) and OBERG & CARLS
SON (1979)

holders (A) and double ball and socket jomts (B) D—Displae
able sleeves carrying the ball and socket joints and holders £
Cross guded umt for positioning the condyle mn refation o the
temporal portion (In the superior aspect the nght holder and the
double ball and socket joint have been excluded to facilitate
demonstration of the cross guided vmit ) F—Supportmg feg

tertorly approximately 2 and 3 mm respectively
(HANSSON et coll 1977) Medually and laterally the
disc 1s firmly attached to the condyle merpnt in'e
the capsule antenorly and posterorly

The capsule ongmates from the temporal bone at
the periphery of the articulating joint surface It
extends mfenorly in the shape of a funnel around the

The skeletal parts of the tempor dibular jont
consist of the fossa and the articular tubercle of the
temporal bone and of the mandibular condyle The
articulating surfaces are primanly comprised of
dense collagenous connective tissue which may be
come cartilagmized due to functional load The jomt
1s divided by the disc 1n two separate compartments
upper and lower Antero posterniorly the upper
compartment extends from a border several mm an
tenior to the most inferror prommence of the articu
lar tubercle to the postenor part of the roof of the
fossa The lower compirtment caps the condyle
reaching in a more inferior direction on the posterior
side than on the anterior side On anap view the
upper compartment partly covers the lower com
partment by a medial and a Iateral recess The pos
terior wall of the fossa does not take part in the
articulation

The disc 1s biconcave i the sagittal plane 1¢
thichest antenorly and postenorly Ontheap view
the disc ts semilunar often shightly thicker medially
than laterally The disc can be divided into a central
part which 1s dense and hard and a penipheral looser
and softer part which merges with the surrounding
capsule The thickness of the disc 1n the middle part
15 appmxxmalcly one mm antenorly and pos

dhul

condyle and attaches to the lower partof
the condyle and the upper part of the manditular
neck Anteriorly and postenorly the capsule I8
Toose to allow for movements of the mandible E
cessive displacement of the condyle 15 restricted by
the temporomandibular higament situated 1 the lt
eral wall of the capsule Ths higament extends from
the lateral fenor surface of the zygomatic arch to
the lateral neck of the candyle The lateral plcr)S"]:
muscle passes through the antero medial part of the
capsule inserting 1nto the disc and the condyle

Material and Methods

Forty five night lcmporomandxbulauoln! nu!:!“;i
specimens were each removed en blot throug! e
muddle cranial fossae  The soft tssuc covenng !
Joint capsule was removed before r:\dlagx’n;ﬂﬂ)M he

A posttioning device was constructed t0 hz A
specimen duning radiography (Fig 1) The hol cmch
consisted of metal plates with ponted pins ¥ .
were used for fixavon of the temporat and \hc:f-:he
dibular parts Onentation of the speaiment ‘;ouﬂf
positoning device was made by the ad of
ball and socket jomnts B The holders and the ont
ball and socket joints A and B could be mOE
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— D
B
c
s A
0 20mm
b
Table top, 2

Fig * Indicator device for establishing the levels of tomographic
*ctioning m h A—Arm
movable vertically B and C—Pointers The distance between B
d C 15 equal to the distance between the uppermost and lower
2051 tomographic section obtained i1 one exposure D-—Scale
nsed for adjustment of the tomographsc table

10ds C i order to establish the relation between the
temporal and the mandibular parts of the jomt
spectmen The holder used for fixation of the man
dibular part was placed n a cross guided umt E
This unit which allowed only honzontal movement
was used for exarmnation of the jomt in different
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formed with the condyle posihoned nfenor to the
articular tubercle The needle was introduced ap-
proximately 3 mm behind the condyle at the level of
its upper surface The needle was then advanced
almost honzontally inward and forward untl the
needle tip made contact with the articular eminence
The needle was withdrawn shghtly and imections
made 1n 2 sequence of 05 ml arr 0 15 ml todie
contrast medium and approximately 1 0 ml air Be
tween the myection of 10dme contrast medum and
the final injection of air mto each compartment the
condyle was moved frequently particularly m an
antero postenor direction in order to distnbute the
contrast media n the joint spaces

The first 22 jomt specimens were jected with
U fin 607 (sod and y dia
tnzoate 292 mg I/ml) The remammg 23 were n
jected with Conray (iothalamate sodwm 400 mg
Iml) At a temperature of 37°C the viscosity of
Urografin 60% and Conray 1s 44 mPa s and 45
mPa s respectively In order to maintam a untform
viscosity throughout the syninge with contrast me
dizm was placed 10 37°C water for 10 min

Radiography

antero-p tor condylar p It was possibl
to define and re established each condylar position
% using two coordiate axes indicated on the
o0ss gurded umit
For lateral tomography the positioning device
as placed as m Fig 1a Forap tomography the
:vice was turned 90° bnnging the supporting leg F
contact with the top ot the tomographic table The
F rotatton was performed without displacing the
ecimen
The jomnt was punctured with a 14 ven point
cedle 04 mmx20 mm fixed to a I ml synnge
faded 1n 0 01 ml The lower joint compartment was
unctured first With the condyle in an infertor post
on but behind the postenor slope of the articular
sbercle the puncture was made postero nferior to
be condyle A resistance was felt when the capsule
‘as passed The needle was then advanced 2 to 3
m 1 an upward inward forward direction along
Je postenor surface of the condyle the needle was
lightly tilted so that the postenor surface of the
tondyle could be felt with the needle tip After slight
“ithdrawal of the needle injections were made in
the following sequence 0 5 mfair 0 10 10dme con
brast medium and approximately 0 8 ml aur
Puncture of the upper joint compartment was per

The used for this investigation was 1
Philips Universal Polytome equipped with a Ste
mens Biangulix roentgen tube 150/30/50R hypo
cycloidal movement FFD 1465 m focus size
06mmx 06 mm magnification factor 13 expo-
sure data 60kV 20-33mA 6s The diameter of the
cross section of the beam in the tomographic plane
was 42 mm No gnd was used The radiographic
exammation was performed approximately 3 min
after the p p dure and the

Simultaneous tomography was performed usmng a
mult film cassette contamming 5 pairs of intensifying
screens (Stemens Verstirkerfolien Smultan) and
5 films (liford Rapsd R) covering a total tissue layer
of 10 5mm Thus the mterspace between the differ
ent tomographic sections was 2 5 mm

An mdrcator device was used for establishmg the
level of sectioming (Fig 2) After placing the device
on the table top the arm A was adjusted 1n relation
to the specimen  The two pointers B and C indicated
the uppermost and low ermost tomographic sections
respectively which were obtaned in one exposure
The tomographic table was adjusted so that its
measurements were identical to those indicated on
the scale D of the indicator device

Two directions of tomographic sectioming were
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»

a

Fig 3 a) Lateral double contrast tomography The central part
of a temporomandibular joint specimen The condyle ts placed
infertorly in the fossa Upper jomt compartment has a slight
sigmoid shape and 1s located more anteriorly than the lower
compartment The latter 1» of umiform width and ts capping the
condyle On the posterior surface of the condyle the lower com

a

Fig 4 2) Ap doubleontrast tomography Central part of a
specimen The condyle ss placed infenorly in the fossa Both joint

ve a e Medully the upper
Jornt compartment embraces the lower joint compartment Later

employed lateral perpendicular to the long axis of
the condyle anda p parallel to this axis

Lateral tomograpin  Two exposures were made
using the multi film cassette The table was moved
10 mm sertically between exposures An averige

P L WESTESSON k A OMNELL AND M ROHLIN

AF
vJic
v
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b

partment reaches further mfenorly than on the antenior surface
The disc 15 separated from the mandibufar and temporal compe
nent b) drawing of (a) AF—Attcular fossa UC—
Upper compartment  AT—Articular tubercle D—Din¢ uc-
Lower compartment C—Condyle ANT—Antenorly POST-
Posteriorly

...—.I-t—UJC
D

LK

b
Ml
ally the disc 1s attached to the laterl convexity "&‘"&f"ﬁc—
medially more ifenorly b) Schematic drawing e ent C—
Upper compartment D—Drsc LIC—Lower comp
Condyle LAT—Laterally MED—\Mcdully

condyle has a latero medial dimenston of nrr:“:
mtely 20 mm (OBFRG et coll ) Thus the scnm“
10 tomograms obtuned were distributed nl‘l"’1 o
mately throughout the Itero-medial dimensio
the jont
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s 5 Lateral double-contrast tomography Series of films from
e exposure a) Most lateral view and ¢) most medra] Distance
tween each tomographic layer » S mm The shape of the disc
d yont depends on the fayer Due
tocal contact between the aricutar tubercle the disc and the
ndyle 1n the area where the supero-antenor surface of the
ndyle opposes the postenor slope of the tubercle the two jount
mpartments are each seemmgly divided mto two chambers

Antero posterior tomography When the lateral
of phy was the p device
as turned 90 placing the long axis of the condyle
arallel to the table top 1¢e to the plane of section
ng The condyle was placed shghtly posterior to
le articular emuinence Two exposures were made
which were 10 mm apart The average antero-
posterior dimension of the jont 1s approximately
0mm (OBERG et coll ) The resulting 10 tomograms
demonstrated an antero postenior dimension of the
it comtwming the condyle as well as the structures
“ituated shightly anteriorly and postenotly

The films were developed n an liford Rapid R

one postertor and one anterior In all sectons the upper jomt
compartments have a fairly similar appearance Ina medial direc
tion the lower jomt compartment deepens conswderably m the
posterior part The lateral part of the disc has a fawly even
thickness (a) while the medial part 1s biconcave (d) The curcular
area in the posterior attachment of the dist. (c) 1s caused by an
accidental deposit of contrast medmm (—)

200 automatic processor After the radiographic
examination the joints were fixed m 10% neutral
formalin

Results

In 40 specimens it was possible to mject both
compartments of the joint The remaming 5 were
only mjected m one compartment as the other was
accidently opened dunng removal of the specimens
atautopsy Of the 40 specimens 1t was impossible to
evaluate the resultant films of 3 specimens due to
extensive extra articular depostts of the 10dine con
trast medium
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a b

c d

Fig 6 Lateral doubl trast Same
layer of the central part of specimen The shape of the disc and
the joint compartments depends on the posttion of the condyle a)
Condyle 1s in low positton behind the articular tubercle the discis
biconcave with a cramal convexity in its posterior part (=) The

Examples of lateral and 1 p double contrast to
mography are illustrated 1n Figs 3 and 4 The lateral
view (Fig 3 a) demonstrates the central part of the
Joint with the disc well separated from the temporal
part and from the condyle The thickness of the disc
was uniform except for the areas of attachment The
walls of the 2 compartments are outlined by the
contrast medium Immediately after injection the
contrast medium was confined to the walls of the
joint  compartments but gradually penetrated
through the soft tissues Ontheap view (Fig 42)
the outhine of the joint 15 not as well defined as on the
lateral view However the disc 1s clearly separated
from the other joint components

The appearance of the joint compartments and the
disc depended upon the level of sectioning (Fig 5)
and the position of the condyle (Fig 6) as well as
upon the amount of ar mjected The best over all
view of the walls of the joint compartments was
obtaned from the middle third of the joint both m
the lateral and the 2 p views when the condyle was
positioned :fertorly 1n the fossa (Figs 3 4)

Frequently 1 local contact between the articular
tubercle the disc and the condyle was observed
(Figs 5 6) Occasionally this contact was mamn
tamed n the whole series of lateral films of the same
joint However mostly the joint parts were separat
ed at least in the mediat third of the joint

Upper joint compartment Due to the tocal con

tact between the articular tubercle and the disc this
compartment appeared as 2 chambers on many {at
eral tomograms

Jomt are rounded b—d) Condyle 15 moved an
tenorly step by step the disc obtains a biconvex form with 2
posterior caudal convexity (—) The jomnt compartmenls an
stretched along the articular tubercle and the condyle (¢)

When the condyle was located behind the articyld
emmence the posterior chamber was generall
more distended by air than the antertor on¢ (Figs §
6) At antenor posttion of the condyle both the
posterior and the anterior chambers became ¢lon
gated and narrow (Fig 6) In an extreme anteno!
position of the condyle the entire upper complfl‘
ment appeared as a thin space along the tubercle
(Fig 6d) Onap views the width of the comp:\ﬂd
ment appeared uniform except for the lateral anm
medial areas (Fig 4a) The upper compartme
often extended more caudally embracing the fower
Jjoint compartment

The disc Generally 1t was possibl
strate the disc with a very good defimtion paf
ticularly at lateral tomography The appearance ;
the disc vaned considerably not only 1”"““8
tomographic layers (Fig 5) and different Sntﬂ'“;:‘
(cf Figs 3-5) but also between different POSl"c .
of the condyle Fig 6 illustrates a drastic chang .
the shape of the disc when the condyle h1d :mdxw
tersor position In some jomts the shape oﬁhed .
was biconcave m some sections (Fig 5¢) 3"F
others 1t exhibited a rather umform lhukncs‘(olli
3a) Atap tomography itwas often dxﬂicu!lk‘;ﬂp‘
tamn a definite outlne of the disc However 155 o
and attachment to the lateral and medtal poles an
the condyle appeared clearly (F1g 42) Lo

Lowerjoint compartment This :omP“”’“"; e
ered the condyle in a cap-like fashton 0n both :paﬂ
and ap views (Figs 3 4) with the W’“"“n I
extending fusther caudally than the antenor p3

le to demon
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the central and medial parts of the jomt the posterior
part was shallower than i the lateral part (cf Fig
Sa¢)

Due to the local contact between the condyle and
the disc which was frequently observed on lateral
Miews this compartment seemed to be divided mto a
posterior and an antentor chamber The postenor
thamber sometimes balloon like (Fig 6b) was
easier to distend than the anterior one The antenor
chamber appeared cleft shaped (Fig 5) or sac like
(Fig 6 a) The more antenorly the condyle was
positioned  the narrower was the lower compart
ment

Discusston

The results dicate that 1t was possible to obtam
louble contrast tomograms of good quality of tem
soromandibular jomnt specimens It was also posst
Jle to demonstrate the interaction between condylar
posttion  difterent levels of tomographic sectioning
ind disc configuration

Tomography appears to be the most reliable
nethod for radiographic examination of the tem
soromandibular jomnt (RLEIN et coll 1970 ECKER
AL 1973 GONCALVES et coll 1974 MARKOVIC &
ROSENBERG 1976 OMNELL & PETERSSON 1976
STANSON & BAKER 1976 BEAN et coll LINDVALL
‘tcoll ) The combmnation of double contrast exam
sation and tomography allowed detailed demonstra
ton of the soft tissue components of the jomt The
echnique of ARNAUDOW et coll and ARNAUDOW &
PFLAUM was modified by imitial admimstration of a
small amount of air which greatly facilitated the fat
lowing injection and distribution of the 10dme con
trast medium The lower joint compartment was 1n
Jected first since it 1s partially covered by the upper
compartment which when distended by ar en
croaches upon the lower compartment makmng the
mection more difficult

Urografin 60% and Conray have approximately
the same low viscosity Since Conray has a higher
fodine content 400 mg I/m! aganst 292 mg Ifml for
Urografin 60% 1t was used m the final 23 examina
lions However no appreciable difference 1 rela
ton to the type of contrast medium was found

Conray was also employed by ARNAUDOW et coll
nd ARNAUDOW & PFLAUM The amount of contrast

Medwm injected was reduced from 05 to 0 15 ml
ad 0510 0 10 m for the upper and lower compart
ments ¢ during e of the m

wial 10 specimens It was felt that the smaller
amounts of medum provided a better radiographic
1mage of the joint compartments

Double contrast of the p
dibular jomt requires a thorough knowledge of its
anatomy The evaluation of the films was facihtated
by mspection of the dissected jomts

The procedure 1s presently bemg introduced n the
clincal practice 1n patients with temporomandibular
Jowt disorders

SUMMARY

Double-contrast tomography was applied to temporo-
mandibular joint autopsy specimens Both jomnt com
partments were given e of
contrast medum-air Tomography was performed i lat
eral and a p projecttons using a mult: film cassette The
shape o( the disc and joint compartments was well dem

The of the hic level and
the position of the condyle on the appearance of the disc
was analysed
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VERTEBRAL BODY SIZE IN LUMBAR SPINAL CANAL STENOSIS

J L LARSEN and D SMiTH

The outline of the spinal canal 1n a transverse
:ction of the lumbar spme vanes 1 different pa
ents and at different levels The dominant shape 1s
pentagon the anterior wail of which 1s formed by
1e vertebral body Stenosis of the lumbar canal s
nown to oceur 1n some congenital disorders e g
chondroplasia and i certam acquired skeletal dis
rders such as Paget s disease However 1n most
atients no eastly detectable predisposing leston can
efound It 1s commonly believed (VERBIEST 1976
IPSTEIN et coll 1977) that most cases of spimnal
lenosis are based upon an anatomic vanant with
arying, degrees of reduction of the vertebral fora
aen particularly in the sagttal direction to which
re added degenerative lesions of the vertebral
rches and flaval ligaments If this theory of a con
ienital or developmental basis for spinal stenosis 1s
ahd 1 the majonty of patients the possibility

The measurcments made of the vertebral bodies
were

a) The mtermediate width of the veriebral body
assessed as the shortest transverse diameter meas
ured halfway between the upper and lower vertebral
surfaces

b) The mtermediate depth (or sagittal diameter)
defined as the shortest antero postenior diameter
measured 1 the mid sagittal plane halfway between
the upper and lower vertebral body surfaces

The anatomic points of reference were chosen 1n
order 10 evade as far as possible degenerative le
sions especially common at the vertebral edges For
further details cf LARSEN & SMITH (1980}

Results

The results are presented in Figs 1 and 2 No

wsts of wthe conf

ind size of the vertebral bodies The concept of
itenosts of the lumbar canal does not mvolve the
ual (or longitudinal) diameter of the spinal canal

nor the height of the vertebrae which consequently
were not estimated 1n the present connection

Matenal and Methods

The matenal consisted of 83 patients m whom
lambar myelography had been performed because of
low back pam sciatica or suggested spinal stenosis
It was divided mto 3 groups (1) patients with
Simptoms and myelographic findings consistent
®ith stenosis of the lumbar spinal canal (2) an n
termediate group probably without definite stenosis
ad (3) pauents defimiely without chimcal or radio-
Taphic evidence of spial canal stenosts

-taegyg

e n rud sagittal ac cud transversal duiame
ters of the vertebral bodies between the three patient
groups could be d The same
references were employed as those used by SAND
(1970) on anatomic material with good correlation
of the results However allowance must be made
for the fact that the skeletal matenal reported on by
SAND as 15 usual In anatomic mvestigations on
bones dates several hundred years back 1 age
People at that time were of a shorter stature which
undoubtedly must have been reflected in their ver
tebrae

Saguttal vertebral body diameter In all 3 groups a
shght imncrease from the first to the third lumbar
vertebra was found hardly any difference existed
between the fourth and the fifth The dufference

Submutted for publication 14 December 1979
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Fig | Mean sagittal drameter of lumbar vertebral bodies in the
three groups (1=0 2=8 3=0 1SD added=M) a) Females b)
males

between the males and the females in the various
groups vaned between 7 2 mm as maxtmum (group 3
at L2) and 3 3 mm as mmimum (group 1 at LS)

The sex difference of the mean values estimated
by SAND was between 3 and 4 mm from LI to LS
Tahing the factor of magnification nto account the
difference between the mean values between the
sexes 1n the present series was never larger than 5 1
mm

Transverse vertebral body diameter This was
larger in group 1 thanin groups 2and 3 regardless of
sex the difference ranging from 4 9 mm (females at
the first lumbar level) down to 1 9 mm (males at first
lumbar level) The most probable explanation of the
difference  however small in group 1 versus the
others s vanation in age the mean age 1 group 1
being 10 to 11 years higher than in groups 2 and 3
SASD made a detailed analysis of the nfluence of

n
age only with regard to L2 and LS and l‘numl:
mncreasing transverse diameter with increasing A

Discussion

At first shown by HuizinGa et coll (l‘)Sl)m:
tater confirmed by SAND the sagittal dmnc(erc(ll‘3
vertebral canaf gradually decreases from LI l:; o
no sigmficant difference exists between 13 am .
but 1t increases from L4 to L5 The relative n‘:;r:':be
1ng 1n the middle part of the canal 1s considere o
predisposing for stenosis of the lumbar can! e
has a predilection for the L3/L4 interspace Wi
L4/LS and L2/L3 levels second and third

The same authors found a definite 1nCre e
interpedicular distance (which can be regal bener
synony mous wath the transs ers¢ dimeter of ¢ pa
tebral foramen) from L4 to LS but no SIET

ase 10 1he
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difference between the upper four lumbar vertebrae
{the Lapps ta SAND s series excluded) Asevidentin
the figures the external shape of the vertebral bodies
¢id not follow this configuration neither i patients
%1th stenosts nor n controls
Theoretically the vertebrae and the spinal canal
tan be related in three ways (a) Small and large
Vertebrae can have respectively small and large
Vertebral foramuna (b) the vertebral foramen can be
ndependent of the vertebra (within certamn limuts}
and {c) the larger the vertebra the thicker 1ts walls
#ound the vertebral foramen which subsequently
e be small and vice versa
These possibilitres do not seem ever to have been
tiplored to the full extent JONES & THOMSON
(1968) compared proportional measurements of the

mm
76 j
74

72
701
68
66
64 1
62

€0
581
56
54
52
50
48
46
44
42 1
40 L

NAO
A

U L2 L3 L4 L35

bony lumbar canal and the vertebral bodies in pa
tients with lumbar stenosis and n controls dem
onstrating a smaller ratio (canal/bedy) 1n patients
with stenosts RAMANI (1976) did the same 1n pa

tients with disc prolapse and in controls also finding
a smaller ratio m the first group He concluded that
patients with prolapsed lumbar discs necessitating
operation had canals tendmg to be narrower than
normal The present results support the view that
the decrease in ratio 1s not caused by overgrowth of
the vertebral body which should then have mncreas

mg diameters from group 3to 1 The increase in size
of the vertebral body 1n honizontal diameter beyond
the age when growth usually subsides 1s dependent
on the peniosteal bone growth on its vertical sur

faces The vertical drameter 1s a product of enchon
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dral bone apposition terminating at the end of
pubescence

Of the theoretic possibilities presented the series
does not support hy pothesis {a) nor (c) As shown by
ELLIOT (1945) the cross sectional area of the spmal
cord 15 independent of sex height and weight the
same holds true for the dural sac and the included
subarachnowd space at Jeast in ap diameter (DE
VILLIERS & BOOYSEN 1976} These factors then do
not influence the necessity of adequate foraminal
diameters which should also favour hypothes:s (b)

The patients were unselected and except for de
generative lesions none of the patients had evidence
of skeletal disorder that should predispose for spinal
stenosts The investigation confirms the supposition
that lumbar canal stenosts 1s based upon develop
mental or degenerative lesions 1n the postertor part
of the vertebral canal and not in the vertebral
bodies Congental or developmental factors predis
posing for stenosis do not manifest themselves mn the
sagmtal or transverse diameters of the vertebral
bodies

SUMMARY

The transverse and sagittal diameters of the lumbar
vertebral bodies have been compared i patients with
y and findings with
stenosis of the lumbar canal i patients with some narrow

ing of the lumbar canal and m patients wthout clixaf or
myelographic indication of stenosts No signuficant differ
ence in the measured drameters was found
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RECEPTOR SATURATION IN ROENTGEN FILMS

K G StrRipand S REICHMANN

Commencing a series of mathematical mves
tigations of m rad b
maging an analysis was Eiven of fluctuations in the
radiation relief and some implications with regard to
Image recording (STRID 1980) It was shown how
mage quality as described by the signal to noise
ratio of the radmation refief or the recorded pattern
mcreases with increasing photon fluence which
entails mcreased dose to the patient 1t was pointed
out how mpr d though
reducing the informatuve (1mage forming) radiation
Nux will lead to 1mage smprovement or dose reduc
fion  Although dynamically hmited recording de
vices were considered the behaviour of photo-
graphic detectors was not treated m any detail

The gen film 1s the that stores
mage information i conventional radiography The
mformation causing silver to be precipitated in the
film fayers 15 carned by quanta (photons) of visible
light or roentgen radiation Only a fraction of the
fotal number of intercepted photons contnbutes to
the final tmage the remamnder beng lost without
beng detected In all kinds of photography where
the number of photons 1s imited such as high speed
fdography  efficiency 1 utihising the available

photons 1s of pnimary mterest An important charac

! :‘!nsnc of a photon detector therefore 1s its detec

e quantum efficiency (DQE) which plays a dect

Sve role 1n determining the final image quahty

m:‘h; contnbution to image quality made by the

as been only sparsely nvestigated smce the
fims 15 constdered not to give nse to significant

image unsharpness (MORGAN et coll 1964) How
ever accumulaung evidence indicates that n
screen film radiography unsharpness 1s not of the
crucial importance hitherto believed (GRAY et coll
1978 REICHMANN et coll 1978 1979 a b SELIN
& REICHMIANN 1979 a b) Instead the creation of
background noise from the relative shortage of
image formmg photons appears to be more im
portant This tnevitably leads to efforts being made
to 1mprove the detective quantum efficzency so that
the available photons may be utilised as completely
as possible

The detecting layers of a roentgen film contam
large numbers of microscopic receptors the silver
halide grains Each of these has a threshold level
for by pted ph When this
level 1s exceeded the grain becomes developable
On exposure to light several photons are required
for the threshold to be reached whereas with
roentgen radiation a single photon s suffictent due
to the roentgen photon s greater energy content (e g
TER POGOSSIAN 1967) When the film 1s used with
intensifying screens the final image 1s indeed pro
duced by light photons However due to the large
number of hight photons emitted by the screens on
absorption of a single roentgen quantum the com
bined effect of the film screen system will be rather
sumilar to the response of a non screen film

An 1ndivrdual receptor has two distnet modes of

for 7 1979
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reaction ( white and black ) and the total number
of receptors 1s finite Image detectors shanng
these properties with photographic film have been
analysed theoretically by DAINTY & SHaw (1974)
showing receptor saturation to be an important fea
ture of such detectors Duning exposure to photons

an mcreasing number of silver halide grains m the
film Jayers become developable which 1in tum
means that they will not react to further exposure

A photon armiving late 1n the exposure hitting a
silver halide gram which has already become
developable will not be able to transfer its informa

tion to the film—the receptor struck by this photon
1s already saturated The information carried by
the photon 15 thus [ost which implies a defect n
the detective quantum effictency When the density
of the film increases an ever larger number of
receptors become saturated which means de

creasing detective quantum efficiency Still there
may be so many receptors left unsaturated 1n the
near vicimty that further increase of density may
take place Actually m a first approximation for
the optical density (D) amounting to 1 0 already 90
per cent of the film surface 1s covered with silver

for an increase to D=2 0 only another 9 per cent
need become covered and for a further increase to
D=3 0 merely another 0 9 per cent Thus receptor
saturation does not necessanly lead to decreasing
contrast even though 1t will cause the recordmg of
small object details having low attenaation differ

ences (such as pulmonary vessels) to become in

creasingly defective when background density 1s

increased  This ph was d rated

K -G STRID AND § REICHMANN

Fig 1 Part of model photographic detector bemg a unfxm
array of elementary receptors eachof arcaa The image clement
to be resolved of area A 15 compnsed of a large number (n}
of receptors

A simplified mathematical approach
for d ating receptor

The features of a simple detecting model will
analysed essentially as outhned by DANTY &
SHAW (1974) The reader who 15 unfamilar wih
stochastic vanables s referred to the previous
report (STRID 1980 Appendix) to which equation
numbers prefixed with an A relate

Imagine a photographic detector composed of 2
large number of elementary receptors of area @
uniformly distnbuted m a single [ayer over the
detector plane (Fig 1) Each elementary receptor
assumed to possess the following properties

(1) Before exposure to roentgen radration the

receptor 1s perfectly transparent (o Tight

expenmentally by SELIN & REICHMANN (1977)
and REICHMANN et coll (1978) In these mvestiga
tions mmage detals of the kind mentroned were
recorded at Jow and high background density where
the same contrast (gamma) occurred Despite
identical contrast the recording was always clearly
imparred at high density The loss of image quality
was therefore denoted high density fatlure

In the present report are presented some com
putations on a simple model of photographic re
cording performed 1n order 10 increase the under
standing of the interrelations between detective
quantum effictency and film density and contrast
Certamn stmphfying assumptions were made so as to
provide an analysts easy to suney Sull the results
demonstrate such good agreement with previous
observations of high-density fatlure as to render
the simplifications justified

2)a photon hitting the receptor ared r:ll
be absorbed by the receptor with probability
o orbed by

(3) the first time a roentgen photon ts abs
the receptor the receptor will turn com
opague ( black }

pletely

N-;rullm;l
tgen film
bination

These assumptions make 1 first-order 2
tion to the properties of a non screen roch
but the overall function of a film screen com
1s roughly descnbed by them s well et
Density versus exposure charadierisiic CO"‘nmg
a region of the detector plane of arc? A conlrﬂl'hm
n elementary receptors Suppose that p out @ p
are black Let the detector be viewed 11 lnm,ml
light perpendicularly mcident with intensity 'n
region considered will then transmit onan avel

the intensity

"
I=1(1=palA) {
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Fg * Charactensnc of model photographic detector having
B =70 showmg density (D) versus the Joganthm of the ex
posure and the associated contrast gradient (y) The exposure s
tken 25 the mean number of roentgen photons absorbed per
elementary receptor {{g)) The exposure value at which maximum
sgeal 10 noise ratio ASm ) obtams 1s indicated by & vertal bar

whence the optical density of the regron s
=-lg(I{ly=—lg(l—-palA)

If all the elementary receptors are black the density
will attam its maximum value

Dy, ==lg(1-nalA) @)

Suppose that the detector regton of area A was
exposed to the fluence & of roentgen photons Since
the roentgen flux forms a Porsson-distributed
stochastic process the number g of photons
absorbed by any single elementary receptor 1s not a
prion predictable however its mean value 1s known
tobe

@)=n%a 3
The probability that exactly m photons were ab
sorbed 1s given by the Posson-distnibution fre
Suency function (A17) as

Plg=mj=exp(-qda)mday Im'

In particular then the probability that no photon
%25 2bsorbed 15

Plg=0)=exp(-yPa)=exp(-{g) @

leaving the probability
Pg=1)=1-exp(-~(q) )

of at least one photon having been absorbed 1m

plyng that the receptor has turned black Thus

the mean number of black reveptors in the region
dered n ptors 1s found to be

Py=nP(g=1)=n[1-exp(—(g)] ©6)
whence the mean value of the optical density will be
(D=~ 1g{1—(nalA)[1-exp(—gh}} 4]

where (q) 1s given by eq (3} Eq (7) relating optical
density D to ncident fluence of roentgen photons
& represents the charactenstic of the detector In
Fig 2 this relation 1s represented graphically for
D, =20 1e fornalA=099 asseenfromeq (2)

Contrast gradien? The detector s ability to render
contrast 15 descnibed by 1ts contrast gradient ( gam
ma ) being by definition the denvative of the optical
density wath respect to the common loganthm of the
exposure y=d(D)/dlgd Fromeq (3)it follows that
dlg®=dlglg) and hence

y=d(D)ldigig)=Hg)ige) dD)d () 8)

Ige~0 4343 being the common loganthm of the base
of natural loganthms Differenttation of eq (7) and
insertion mto eq (8) yreld

__(nalA)qg) exp(~(q))
1—trafA)[1—exp(~({gN]

which 1s displayed 1n Fig 2 for nafA=099

Signal to noise ratio  Consider the case where
details of a rad tuc object are p d onto
contiguous detector regions 1 and 2 both of area
A If the photon fluence at the detector plane has
values @, and d, respectively m the two regons
the radiation contrast 1s defined as

el
C= et 9
Emission absorption and scattenng of roentgen
photons taking place stochastically no exacta pnion
statements can be made as to the numbers of
photons actually intercepted by the two regions
This uncertamty 15 the essence of quantum noise
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The imaging quality of the radiauon reltef 1s de
scribed by the signal to noise ratio (cf STRID 1980)
which for details of size A and contrast C obtamns as

S=CVibA (10)
where
P=4P,+D,) (1
When with the d the rad

will produce p; and p black receptors In regions
1 and 2 respecuvely [ et the detector be viewed
n transmtted hight of incident intensity 7, Then it
follows from eq (1} that the hght ntensity trans
mitted will be 1,=I(1-p,afA) and L=I,(1—pa/4)
respectively in the two regions The signal thus
produced will be

SI=l~I,=~IalA)(p,—p ) 12)
The numbers of black receptors bemng subject to
stochastic uncertamty 8/ will not be a priort pre
dictable however by eq (A 11) its mean value 1s
known 1o be (81)=—I(alA)({p,)—(p,)) and thus eqs
(3) and (6) yield

&h=Iy(nalA)[exp(-nda)—exp(~nP a)]

Now the case of essential mnterest 1s that of famnt
contrast 1 € C<1 then by the approximation

exp v=1+xforjx|<I (13)

exp(-nda)=exp(-nda)exp[—n(d—d)a]
=exp (—nPa)pP-dda

(=1 2) where @ s defined by eq (1) Thus the
mean signal obtains as

@D=lynalA)exp(-qba)na (P~dy)  (14)
For the vanance of 8/ being an appropnate meas
ure of the stochastic uncertainty egs (A10) and
{A13)yield witheq (12)
var(8N=(lealA ) [var(p)+var(p 1] (15)
For the calculation of the vanance of the numbers
piand p; 11s noted that the n receptors of a region
are turned black independently of each other If the
number of black receptors within a region s p then
1t follows from the repeated application of eq (A 13)
that
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var(pj=nvat(p,) (16)

Po being the response of a single receptor A re
ceptor responds to exposure either with p,=0
provided no photon has been absorbed by 1t or
po=1 1n case 1t has absorbed at least one photon
Then according to the definition (A 2)

var(po)=P(po=0)(0—(pe))*+P(po= (1=} (1)

The mean response {p,) equals the probatility of
the receptor beng blackened given by eq (5} and
the probabilities P(p,=0) and P(p,=1) are given by
eqgs (4) and (5) respectwvely Insertion into eq (17)
and s:implification yreld

var(po)=exp(—nda) 1-exp(~qda)]
From eqs (15) and (16) 1t 1s then found that
var(s)=(loalAYn{exp(—-nda)[1-exp{-nPial]
+exp(~ndaa)[-exp(—aPall}

whence since @;=d,~@ the standard deviation of
the signal comes out as

(8)=1(alA)VZn exp (-] 1— ewl‘ﬂ‘“‘"m

The signal to noise ratio which was defined by ¢4
(10) 1n the previous report (STRID 1980) 15 then
finally obtained for the recording process from et
pressions (14) and (18) as

I ‘/M- 9
~o6h S froexpl-y2al]

d by ¢q 9

where C 1s the object contrist define o photons

and nda 1s the mean number of roentge
absorbed by a single elementary receptor

Numerical evalu ition shows that § gien ;i_"n
(19) reaches a maximum value Smay=0 56
for nda=1 594

Two lmmang cases 1115 interestng to
behaviour of the signal to noise 1 itio al Aaryn|
exposure level

:’23 Let the number of photons tbsorbed bc:ﬂ;‘(l
as compared to the number of receptors ! a
nda<] Then by the approximation {13y €9
stmplifies to

observe the
g the



RECEPTOR SATURATION IN ROENTGEN FILMS
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fig 3 Derective quantum efficiency (&) of model detector
fig | normalised with regard to photens actually absorbed the
fctor ynajA expressing the absorption efficiency ndA is the
mean number of photons absorbed by an elementary receptor

T

Fig 4 Charactenistic of madel detector with Dy =7 0 and ats
first denvative represented hnearly 1n respect of exposure The
vertical bars indicate the exposure values at which maxumum
s1gnal 10 ndise ratio (Sm ) and maumum contrast (ymy } OCCUr

§ =CVin®na

For an 1deal detector with elementary receptors
covenng the detective plane completely and with
perfect absorbance nrna=A and then the detectmg
process renders the signal to noise ratio of the
tadiation relief” given by eq (10)—the signal pattern
15 not impatred by the detecting process

(b} Let the pumber of photons absorbed be so

latge that ndas-1 Thenexp(~ydal+0and eq (19)
becomes

S =CndaVinexp(—nda)

For increasing values of & the exponential factor
Makes S —0 1 e the detector will lose 1ts recording
tapacity This ts the hmit of receptor saturation
“hich means that the clementary receptors will not
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produce any further useful response to mcreased
pheton fluence

Detectne quantum efficicncy  The quality of the
quantum recording  process 1s conveniently de
scribed by the detective quantum efficiency & of
the process {(ROSE 1946 JONES 1959 DAINTY &
SHAW §51) This quantity expresses how large a
fraction of the photons actually contnbutes mn the
recordmg If a radiation rehef of mtnnsic signal to
noise ratio S 1s recorded by a process yielding the
ratio S then

(20)

As long as £~1 the recordmg 15 close 10 1dead For
decreasing values of e an mcreasing amount of
noise 1s created by the recordmg process leadmg to
irreversible loss of information
For the recording process considered here egs
(10) (19Yand (20) yield
oo NG nPa exp(-nda)

A 1= expi-n®a)

The first factor mna/A expresses the absorption
efficiency of the detector Actually n the imiting
case where the elementary receptors cover the
detector plane entirely and all impinging photons are
absorbed this factor approaches umty The re
matmng factor bewng a function of nPa 1¢ the
mean number of photons absorbed by an elementary
receptor 1s the mathematical expresston of receptor
e15a y decreasing
of nda (Fig 3)

Analysis

A somewhat different representation of the den
sity versus exposure charactenstic of the model
film with D 4=2 01s gtven tn Fig 4 Contrary to
usual practice the exposure ts notindicated logarith
mucally on the honzontal axis but knearly Smce a
single roentgen photon 1s sufficent to make a silver
hahde grain devel le a hinear rel p 1S 10
be expected 1n such a diagram At low values of
density this 15 seen to be the case Above D=065
the graph visibly deviates from lineanty the devia
ton ncreasing with higher density However m
spection of the first denivative of the charactenisuc
discloses that there 1s no defimte threshold density
above which the film no longer responds mearly
Stll below D=0 65 the deviation from lineanity ss
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Fig 5 Signal to none ratio normalised with regard to pnmary
radiation contrast of the pnimary radiation relief (solid straight
line) and of the recorded images produced in the absence of
secondary radiaion by photographic detectors having thiferent
numbers (n) of grains 1 the resolution element (sold curves)

neghgible The mechamism underlying the devia
tion 1s 1n fact receptor saturation which means that
this phenomenon 1s essential in the density range
0651020

If the signalto noise ratio 1s assumed to be
the factor determing image pattern visibility (STURM
& MORGAN 1949 MOTz & DANOS 1978 STRID 1980)
the behaviour demonstrated in Fig 4 must be com
bined with appropriated knowledge of the complete
radiographic process Increased exposure which
ytelds increased precipitation of silver on the film
goes together with increased fluence of roentgen
photons which imphes a decrease of quantum mottle
m the radiation rehef Then for the film whose
charactertstic appears in Fig 3 there must exist an
optimum beyond which further exposure will lead to
high-density farlure due to receptor saturation of
such a magnutude as to outweigh the reduction of
quantum mottle In Fig 5 the logarithm of the
signal to noise ratio 1s represented versus the loga
nithm of the exposure The solid straight hine dem
onstrates the signal to-noise ratio of the roentgen
relief proper steadily increasing with exposure Be
fow this Iine three curves appear pertaming to three
different gram sizes giving tespectively 10~ 10
and 10° grains within the area occupied n the ymage
by a small object detail (the resolution clement)

A
10 10

10
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The influence of secondary radiation rs demonstrated forn '
by the dashed straight lines and curves for & moderate t§ 1
and a high (J=10) value of the relamve secondan radiainn
fluence

These graphs demonstrate the signal to notse fato

of the recorded film image so thatat any particular
exposure value the distance between the straightline
and one of the curves demonstrates the effect of i
ceptor saturation for the film considered The three
curves behave simslarly At low exposure values
they follow the straight line closely at mcmx!:
exposure they tend to deviate from the Jme an
finally they drop catastrophrally Each cnt
attans a maximum For the film having 10- sibes
hahde grams per resolutron clement this o¢curs
at exposure to 1 59%x10 roentgen photons 1%
the element similarly for 10 grams per molu:
ton element the maxmmum occurs al 159“‘;
photons to the element and so on Obviously €3¢
of these values idicates the maximum vate "
the signal 1o noise ratio that miy be obtamed wi
the emulsion n question for exposure \alu;i
below the maximum tmage quality 13 himited )r
quantum mottle and aboye this miximum recepto!
saturation 1s the decisive imitation

Fig 2 presents the characteriuc of thi .
With Dpmae=2 0 tn the convention il mode ex!“‘“‘:
bemng loganthmically indicated The first denvath
of the characteristic 1e the contrist gradient "l
1s also drawn Contrast 15 seen to Wtan a dmmc‘
maamum y=2 63 at an average of 3 62 phatoft

e film



bed per silver halide grain  corresponding to
43 1f contrast were the most important quan
letermimng recording quality then optimum
ming of the 1mage would occur at this density
However the maximum of the signal to
ratio 1s found at an average of 159 photons
bed per gran gaving merely D=0 64
Iuence of secondary radianion The passage of
tion through bodies mevitably entails the gen
mof secondary (non informative) radiation due
atiering and fluorescence (¢f STRID 1576) The
ve fluence of secondary radidtion s con
ntly described by a parameter ¢ denoting the
between the exposure due to secondary radia
and that due to prmary (nformative) radia
In the presence of secondary radiation the
gen tehiel will suffer from increased quantum
le This imparrment 1s reflected as a reduction
e signal to nose ratio (STRID 1980) as mdicated
ashed lines 1n Fig 5 for a moderate case (Y=
g pulmonary radtography) and a severe case
10 e g abdommnal radiography) The signal to-
2 ratio of the resulting recording 1s also shown
:ach of these cases for the film with 10* grams
‘esolution element It 1s seen from the graph that
impairment due to receptor saturation becomes
e marked when the relative fluence of secondary
ation increases

Discusston

reviously (SELIN & REICHMANN 1977 REICH
VN et coll 15978) it was demonstrated expefimen
/ that small 1mage components of low contrast
ded by gen film not g to the

trast gradient { gamma } value of the filmbut ma
7 suggesting that receptor saturation (te high
sity falure) may be of importance The present
wlations  although pertaming to a simplified
‘hematical model confirm the assumptions of
& previous reports indicating that optimum re
ding may be obtained at a density value where
\trast 1s submaximal For a film having D =
optimum density was calculated to be 0 64 This
he value where the charactenistic of Fig 4 1s be
ning to deviate vistbly from linear response Even
smplifications are inherent in the mathematical
wedures the conclusion to be drawn from the
:sent analysis 1s that receptor saturation will be an
portant source of imparment of the signal to
1s¢ ratio In fact the loss of information thus

brought about should be considered more treach
erous than noise of other ongn 1€ for example
the quantum mottie 1s ncreased the image becomes
visibly noisy and the mottle may be evaluated by
mucrodensttometry Receptor saturation on the
other hand does not manifest itself diwectly 1t
merely leads to the disappearance of small low
contrast details and mspection of the film itself does
not give any clue as to the mechanism underlying
the loss of mformation For this reason receptor
saturation may very easily be overlooked and con
stdered ummportant Therefore the present calcula
tions may be valuable despite their inherent simph
fications since they provide an incentive to further
exploration of receptor saturatton as a source of 1m
parred 1mage qualty

QOne aspect of receptor saturation s the reduction
of the detective quantum effictency of the film at
high values of exposure As an ilustration this efft
ciency as calculated for the mode! film has been
represented in Fig 3 Itis evident that the detective
quantum efficiency 15 essentially lost far below the
region of maximum contrast Indeed even at the
pomt of maximally attainable signal to noise ratio
{with on the average 159 photons absorbed per
grain ) the efficiency 1s as low as 041 1e only 2
out of S absorbed photons will contnibute to image
formition whereas for maximum contrast rendering
(where 3 62 photons are absorbed per gram) it has
fallen to 0 099—only every tenth photon conveys
useful mformation In the case of actual roentgen
films the situation 1s sull more unfavourable for
silver halide grams are rather bad absorbers of
roentgen photons therefore the detective quantum
efficiency at maximum signal to noise ratio will be
considerably lower of the order of perhaps 0 05

Another important point regarding receptor
saturation concerns radiography with statiopary
scattered ray gnids (REICHMANN & STRID 1976)
Behind such a gnd the radation relef vanes con
siderably behind the lead lamellae very few
photons appear leaving the film underexposed
there However n routine practice the exposure 1§
carrted out so that the overall impresston of the re
cording 1s one of normal exposure But the film
will stll not contam any relevant mformation
behind the lead lamellae whereas behind the inter
spaces iformation will be unnecessanly lost due to
receptor saturation

In standard textbooks on photography (MEES
& JAMES 1966 FRIESER 1975) receptor saturation
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15 occasionally mentioned albeit 1n a somewhat
casual way However roentgen photography oper

ates at greater density values than most other
types of photography which may render receptor
saturation more important in this case To 2 certain
degree the high density values encountered mn
radrography denive from the use of double emulsions
on roentgen film Insofar as the results obtaned in
the present analysis may be applied to such films

1t may be expected that optimum density would be
D=1 3 for afilm with D,;.,=4 0 since the two emul

sions illuminated by diffuse light and separated by
a certain distance may be assumed to operate inde

pendently of each other Above this density value

a rapid dechine mn film performance s to be expected
and mdeed has been found to occur Sull chnical
films usually display density values of up 10 =2 0

while the useful part of the charactenstic bends off
mnto the toe region at density values not very far
below the opttmum

SUMMARY

Roentgen film recording of small object details of low
es (e g f1 y vessels) 1s regu

larly seen to be impared when the film 1s exposed to
yield high vatues of opticat density (D) This high density
failure 1s due to receptor saturation which implies that at
high exposure values most silver hahde grams of the film
are made developable leaving few grains available to
receive additional formative photons The receptor
saturation 1s analysed by means of a mathematical model
of a non screen film yielding D,, =20 Optimum re
cording defined by maximum signal te roise ratio in the
image s found at D=064 corresponding to on an
average 16 photons absorbed per gram On the other
hand maximum contrast occurs at D=1 4 where on the
average 3 6 photons are absorbed per gram The detec
tive quantum efliciency of the film ¢ the fraction of the
photons actually contnbuting 1o the nformation content
of the image drops from 41 per cent at maximum signal
fo-noise ratio to a mere 10 per cent al maxmmum contrast
Receptor saturation does not mamfest itsell as mottle
tn the image—it is therefore easily overlooked The im
portance of ad remosal of dary rad s
emphasised by these results
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RELATIONSHIP BETWEEN RADIOLOGIC AND CLINICAL FINDINGS
IN RHEUMATOID ARTHRITIS

A DE CARVALHO and H GRAUDAL

In population surveys some discordance has been
und between clinical radiologic and serologic evi
ence of rheumatoid arthntis (KRELLGREN 1968)
ihe rel. hip beiween and chmceal
ntena of rheumatord arthntis has been discussed
ecently when apphed to epidemiologic mvestigation
HENRARD 1979) Itis also known that climcal man
festations of rheumatoid arthritts may be present
uthout radiologic evidence (FLETCHER & ROWLEY
952 ISEMEIN & FOURMNIER 1964) This must be
ssumed always to be the case for a shorter or longer
seriod at the begmnimg of the disease Radiologic
nvolvemnent may also oceur in the absence of local
‘linical manifestations (DE SEZE et coll 1964 DE
Jaas etcoll 1974 BROOK et coll 1977) butits not
wnown whether radiologic and clinical findings are
soncordant or not it didferent joints or to which
xtent

The present mvestigation was undertaken to
lucidate the rel. hip between radiol and
clinical findings 1n the jomnts of patients with
theumato:d arthnitis and the smplications of this rela
tonshup  The distnbution of radiologie abnormals
ties in the same group of patients has been descnbed
previously (DE CARVALHO et coll 1980 a)

Aol

Matenal and Methods

The matenal consisted of the same 188 patients
“ thdefinite or classical rheumatord arthntis (ROPES
stooll 1958) desenbed previously (DE CARY ALHO et
“ll 19302 b DE CARVALHO & GRAUDAL 1920 a
b All the pauents who had been hospitalized m
e Rheumatism Research Unit and afterwards

adequately followed for at least 3 years from 1965
onwards were included The maximum follow up
period was 12 years the average being 6 2 years A
full chimeal radiologic and serolog was
performed at the begmning and the end of the obser
vation peniod and on several occasions in between
Most patients were given non sterod ants inflam
matory drugs Many patients were treated with gold
or chloroquine A few patients who were on long
term corticosterord treatment when first seen con
tinued this therapy but treatment with corticos
teroids lophospharmude or p was
1tiated only in exceptional cases It was not mntended
to refate the findings to the type of therapy

All chintcal assessments duning the observation
pentod were performed by the same rheumnatologist
(H G} The followmng findings were recorded on
special assessment forms synovial effusion shght
or advanced soft tissue joint swelling (not recorded
for the shoulder and hips) penarticular swelling
bony enlargement crepitation tendemness on palpa
tion pamn on motion range of motion and subluxa
ton In the present compansen with the radiologic
findings tendermess and pam on motion were for the
sake of clanty recorded under one heading and
so were shght and advanced swelling any degree
of ¥ of and subluxa
tion Swelling was noted only when 1t was con
sdered 10 be valid as an American Rheumatism
Association (ARA) cnterion (POPES ¢t coll ) An
attempt to decide the intra-ohserver vartation of
the clinical findmgs was conwdered to be tllusory

S e 11ed for putfcatin 3 March 3§40
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smce 1t would require two examinations at a short
interval the second of which might involve bras
by the exammer s remembrance of the first find
ngs

In the nssessments radiography of most limb
Joints was performed at an tnterval of less than one
month from the clinical examination Intervening
films of single joints were not tncluded in the present
analysis The relevant films were evaluated blindly
by the same radiologist (A C ) and classified accord
mng to the system of LARSEN et coll (1977) as fol
lows

Grade 0 normal findings

Grade 1 shght  abnormalty ncluding
penarticular soft tissue swelling
Juxta articular decalcification and
slight narrowmng of the jomnt
space

Grade 2 early but defimte abnormahty

bone eroston and most often dis
tinct narrowing of the joint space
1 weght beaning joints a dis
tinct narrowing of the joint space
without bone erosion was also
classified as grade 2

medmum destructive severely de
structive and mutilating changes
respectively These grides were
recorded together in the present
annlysis (Figure)

Grade3 4and §

The inter and intra observer vanation has previ
ously been discussed in detail by LARSEN (1973
1974) and | ARSEN et coll (1979) An evaluation of
the discnminative power of the scoring system ts
reported separately (DE CARVALHO [981)

It has previously been found (DE CARVALHO et
coll 1980 4 that the hmb joints can be arringed nto
20 groups each with 1 unmiform progression at
rdiography  The relationship between radiologic
and chinical findings was analysed for 13 of these 20
groups MCP 1 and [P of the thumb were combined
with MCP and DIP 2 to 5 of the fingers respectively
making a total of 11 groups

Abbreviations nsed MCP=metac irpo phalangeal
Joints PiP=proximil  mterphalangesl  joints
DIP=distal mterphalangeal jounts MTP=metar
so-philangeal joints 1P=snterphalangeal joint

Jownt mvolvement of varying degree MCP 4 = grade > MCP$
grade 3 MCP3 = grade 4

Results

The relationship between the degree of radiology
Jomnt involvement 1nd imit ition of joint motion 2p
pears i Table 1 For nll the yoint groups examned:
connection was found between the rdologic grad
and the percentage of joints with mitation of mo
tion which increased with ridiologic progression

In grades 0 and | Limutation of motion occurred
particularly often in the MTP 2 to 5 This was pencr
ally a shight Itmitation or subluxation Lamitation of
motion also occurred frequently in the shoulders and
PIP of the fingers but was rarc in the hps Anets
and MCP

In grades 3+ himitation of motion
to 93 per cent of the joints except the M
of the fingers aind the MTP |

The motion of the PIP of the fingers was often
limited both n the ewrly and the advanced
radiologrc grades whereas norm it motion was fairf)
often mamtuned n the MCP ind the DIP of e
fingers

’%TIE relationship between the grade of radiologre
Joint mvolvement and joint oMl immation a8 :\‘l
denced by swelling or tendemess appe irs i Tub;
2 Inthis table the jont groups e wranged accor
1ng 1o the frequency of gride 2+ rdiologic '"“’“l‘l
ment after one year of disease (Df C ARVALHO€LCO
1980 a)

IngridesDand I swelling occurredin
of the wrists and with decreasing freque!

was found 1n /6
CP the DIF

2§ per cen
] the

knces elbows PIP of the fingers MCP ind ""“:
Swollen MTP and DIP of the finers were rind

However the absolute numbers of swollen iy
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Table I

wentage of josnts v th funttation of monon relued fo the

fof e grading The percentages » ere calculated from the

al number of jounts that were classified in the grade or grades
wt question

Table 2

Percentage of jonts th articul ir s elling and v ith renderness
only relited 1o radioloerc grides The percentages v ere calcu
tated from the 1s1al number of jains that 1 ere classified in the
grade or grales i queshon The jont groups are arranzed ot

cording 10 the frequency of grude >+ radilc gic tm of ement after

™ group Radiologic grading Total number one vear of disease
_— of Joints
o1 2 3+ mvestigated Swelling Tenderness
clmeally and _—
radiologically Radiologie grading o1 7 3+ 01 3+
479 1077 Jont group
:ouvl;m fg 46 9(:: 981 Wrist RCZ L TR VA ¥ B F
st 19 46 87 1% MCP1-5 9 20 7 07 1 2
CP1-s s 1P W 5754 MTP2-5 15 16 02 3 4 3
P75 (fingers) 75 56 88 488 Shoulder - - - M3
P15 (fingers) g 17 4 5850 Elbow 1337 5§ 17
» 3 0" 0w, 1070 Fingers PIP2-5 12 21 3 06 1 25
e 6 23 76 1019 Ankle 9 2 505 6
Kl 15 4 7 107 MTP1 08 12 1 02 06 0
-5 0 5 80 4297 Knee 17 48 5 EE ]
TP 1 30 6l 1049 Hip - - - 1 9 4
Fingers DIP 1-5 s 7 03 06 06

ICP respectively were 53 and 3 8 times that of
vollen wrists

The percentage of swollen wrists remained fairly
onstant with progression to the grades 2 and 3+ In
Jme jomnts the frequency of swelling increased
hen the disease had progressed from grades 0 and 1
) grade 2 but no further increase was d

but 4re mamly wureversible although what 15 re
garded as healing phenomena do occur It1s possible
that remussions durmg treatment and spontaneous
remissions may be followed by a cessation of the
radiologic progression However no type of treat
ment has been proved to nfluence the course and

ath the progression to grade 3+ This was true of
Il the finger joints and the ankles Regarding the
houlders elbows hips and knees the frequency of
welling or tenderness wcreased with the progres
1on throughout the grades as did that of Imitation
of motion In the MTP swelling and tenderness
emained rare throughout all radiologic grades

Tenderness occurred together with swellng n
more than two thirds of the swollen wrists and 1n
tbout half of other swollen Jonts Tenderneys with
vut swelling was relatively rare except mn the wrists
#nd knees and m the shoulders and hips where the
Presence of swelling could not be evaluated

Discussion

The clinical findings recorded should not be re
garded only as an expression of the natural course of
the disease but may have been modified and miti
Bited by the treatment The radrologic abnormalities
™ theumatoid arthritis reflect bone and cartilage
destruction and may progress or become stationary

progi of r d arthntis over many
years Thus the radiologic progression can at the
present ume be considered to reflect the natural
history of the disease

Transtent krutation of passtve mation may have
several causes among which are intra articular effit
ston and synovitts Permanent limutation of motion
may also be due to other intra and extra articular
causes ncludmg fibrosis  destruction of articular
surfaces subluxation tghtening of articular cip-
sules and contractures of extra articular ussues It
seems probable that the hmitation of motion found
n the absence of definite radiologic abnormaltties 15
mamnly due to synoviis Thus 1n MTP shoulders
and hips limitation of motion would seem to be a
prmeipal physical indication of inflammation 1 early
rheumatoid arthriis As for the shoulders elbows
and ankles m grades @ and [ there was good agree
ment between Limitation of motion and other signs of
mflammation  As for PIP DIP and particularly
MTP limutation of motion was a much more sens
tive physical ind, of early than
were the conventional indtcations of mflammation
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te swelling and tenderness It ts suggested that
small amounts of pannus may have been present n
many of these small jomnts even though no severe
inflammatory exudation or tenderness was estab
hished This would be a prerequisite for the high
frequency of erosions found after one year of dis
ease particularly in MTP bat also in PIP (DE CAR
VALHO et coll 1980 a} After one year of disease
grade 3+ mvolvement occurred more often 1n MTP
than 1 any other jomnt In contrast to this m grades
0and I himitation of motion occurred less frequent
ly wn the wrist MCP and the knee than did swelling
and tenderness and MCP unlike PIP preserved an
almost astomshing mobility through the radiologic
progression The reasons may be sought n the
anatomy and the function of these joints but are not
clear

The increasing frequency of imitation of motion
mn all joints together with radiologic progression
suggests that 1n late rheumatord arthritts the limita
tion of josnt motion 1s mainly irreversible As for the
shoulder MCNAIR et coll (1969) reported stmilar
observations

Joint swelling 1s the principal chinical indication of
arthnitis to which has been attributed the dragnostic
importance of no less than three ARA cnteria
{ROIES et coll ) Joint swelling 1s a generally rever
sible although often long standing feature of the

However the low frequency of swellimy, or tender
ness in MTP MCP and PIP as compared with a
fairly high frequency of radrologic involsement after
one year of disease suggests that in many of these
small joints small amounts of pannus may haye been
present not detectable by conventional clincal
methods This would be 1n keeping with the opinion
(CURREY 1978) that erostons are caused by margmnal
pannus nd that subcapsular synovial inflhmmation
although more easily detected 1s less important i
thus respect

The general absence of a umform association be
tween radiologic "bnormalities and joint swelling or
tenderness 1s in accordance with the reversibiiy of
joint mflammation The finding of 4 modes of as
sociation seem to be interestmg (1) m MTP acon
stantly low frequency of swelling or tenderness (%)
in the wrists a constantly hgh frequency throuch
out the radiologic stages (3) m the finger younts and
ankles an increase of frequency from grides 0.and1
to grade 2+ and (4) 1n the |rge jomis an increasing
frequency throughout the ridiologic stages The
existence of swelling and tenderness in grades 2and
particularly 3+ connotes either that the arthntic a¢
tivity has been of long duration or thit relapses have
occurred Conversely the absence of disease activ!
ty 1n many jomnts in these grades mdicates that 1€
mission has taken place In the large jomnts the

individual jornts in rh i arthnitis R
may occur spontaneously or due to treatment with
corticosteroids or with so called remituve drugs like
gold compounds

Jomnt tenderness 1s another mdication of local ar
thrniic acuvity  but still more fluctuating and suscep
tible to many nfluences including non steroid ant
mnflammatory drugs which may be the reason why
defimtely swollen joints are not always found to be
tender Tenderness at chinical examination s not
always a sensitive cnterion since like swelling 1t 1s
a relatisely rare finding in MTP notwithstanding the
fact that tenderness of the forefoot duning walking 1s
a common compiunt

The presence of physical changes in about 40 per
cent of the wrists (swelling or tenderness) and MTP
210 S (mitation of motion) at the radrologic grades 0
and 1 agrees with the fact that these joints were
often rdwologically mvolved somelimes severely
after one year of disease The absence of physical
findings in the myonty of joints in the early stage
grades O and 1 implies that these jonts had not yet
been overtly attached by the th ! disease

y tor was distinetly less than for
the small finger joints [t 1s rem wrhable that m some
small jonts remission had occurred in more than 70
per cent

When the 20 groups of peripheral jomts were &
ranged accordmg to the frequency of radwologsc 11
volvement after one year of dise 1s¢ (DE CARVALHO
et coll 1980 ) 1t was fourd that the joint groups of
the upper [imbs were more often involved thanthose
of the lower hmbs This was found m spii¢ of the
fact that the definition of grade 2 mvolvement d
ferent for weight beanng and non weight bctmf:S
joints mught contribute to vell the diflference ﬂ\;\:
weight bearing does not seem o e essential for h
early development of bone erosions As for the ‘N
mical findings at the grades 0 and | no sigmfica!
difference was found with regard to therr frequency
10 upper and lower imbs Dunng Ahang MTP arx":
both loaded and extremely dorsiflexed but ¢
movements of the other joints e 1 rther smail C;:ﬂ
trary to this the joints of the upper himbs are © n
moved through therr whole range dunng nor
Thus will confer stress to the jomt margins




RADIOLOGIC AND CLINICAL FINDINGS IN RHEUMATOID ARTHRITIS

the regions where early bone erosions usunlly occur
In theumatod arthntis the finger joints of females
are somew hat more involved than those of males {DE
CarvaLHO et coll 1980b) The idea that movement
may contnibute to the development of erosions 15
also i agreement with this observation because
the work of males the power grp 1s often used
whereas the traditional female occupations require
movement more than power

Itis a common opinion that the wnist MTP MCP
and PIP of the fingers are the Joints most often and
most typreally mvolved n rheumatod arthriis
(LARSEN 1976) Radiologically this was confirmed
asregards the wrist and MCP Proportionally early
myvolvement of the shoulder and the elbow was just
as common as that of MTP and PIP of the fingers
However the total number of MCP MTP and PIP
mvolved was much higher because a much larger
number of these jomnts were examined As regards
the chinical finding of articular swelling single MCP
PIP and particularly MTP were by far not so often
myolved as mght have been expected But agam
the total number of PIP and MCP that were mvolved
¢arly was very high It seems that the involvement
of some MCP PIP of the fingers or MTP both
¢limical and radiologic  which 15 found early n any
pattents with rheumatord arthnitis as well as the
frequent bilateral mvolvement of some of these
lomts may be explamed statistically In each patient
these joints constitute 28 of S0 joints which were
evaluated radiologically and chnrcally in the present
seres

SUMMARY

A series of 188 patients with rheumatoid arthntis was
followed up for 3 to 12 years An association was found
between rad. p and 1 of motwon
for all the jomts Remuission of the inflammation occurred
more often tn the small joints Early radiologic involve
ment was most frequent in the upper imb yomnts and meta
farso phalangeal jowts Chmcally no significant differ
ences extsted between upper and lower limbs n the early
Mages The single metatarso-phalangeal metacarpo-
thatangeal and prowimal interphalangeal jomts of the
fingers were not more often mvolved radiologically or
hncally than many other joints Four different types of

1 p between radiok on one hand

nd articular swelling and tenderness on the other were
observed
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RENAL OSTEODYSTROPHY IN NON-DIALYSED PATIENTS
WITH CHRONIC RENAL FAILURE

J ANDRESEN and H E NIELSEN

Skeletal abnormalities 11 renal osteodystrophy
clude 1 lerosis 16
icification  osteopema and osteitis fibrosis cys

14 to 69 years (mean 38 7) with chromc renal fallure
33 had a creatinine clearance at 10 to 50 ml/mm 35
a clearance at 5 to 10 mlymm and 24 a creatmine

2 Bone loss 1s the result of an imbal bet

me resorption and bone formation the former
weedimg the latter and at radiography appearing as
ibpenosteal ntracortical or endosteal resorption
he subperiosteal resorption ts nearly pathogno
ome for hyperparathyroidism (MEEMA et coll
78)

The rad ol ble bony

1 chromic renal disease are well-documented
KATZ et coll 1969) Though 1t 1s known that radio
raphy frequently fails to demonstrate any signifi
ant alteration of the mineral content in the morpho
ogic structure of the skeleton radiologically
I ble bone disease develops in almost every
satient with chromic renal farlure (GRIFFITHS et
woll 1977)

The present report descnibes rad bone

ally d

1 below 5 ml/min  Twenty two had chronic
glomerulonephnitts 6 chronic obstructive pyelone
phrtis 15 analgetic nephropathy 11 congenital
renal disease 7 polycystic kidney disease 15 chrome
mnterstitial nephropathy non analgesic  duced
5 nephrosclerosts 2 medullary kidney disease 1
drabetic nephropathy 1 nephrocalcinosts 1 mye
loma kidney 1 renal tubular acidosts and 1n § cases
the nature of the disease was unknown The pro
spective senes consisted of 20 patients (9 males 11
females) aged 22 to 56 years (mean 409) with
chronic renal disease and were examined before and
durtng a penod of 1 to 8 years (mean 3 5 years)

Radiography of the skeleton excluding the nibs
and the shaft of the long bones of the extrerties
was evaluated blindly with regard to rarefaction

lesions and metacarpal bone mass in a sertes of non
dulysed patients with chronic renal falure The
findings were correlated with the degree of renal
falure type of renal disease and with changes in
Mineral metabolism In another series of non
dalysed patients radiologic bone lesions were
nalysed prospectively

Matenal and Methods

tPThe senes analysed retrospectively consisted of
non-dialysed patients (41 males 51 females) aged

porosis) of the sptne and subperiosteal ero
sions The presence and extent of calcifications in
soft uissue and vessels were also noted The cortical
area of the second left metacarpal bone (D —d )/
D was used as an index of bone mass measunng
the outer diameter to the bone width (D) and the dia
meter of the medullary space (d) of the cortex at
the midpomt of the shaft at nght angles to the long
aws of the base as described by DEQUEKER (1976)
The results were expressed in absolute values and as
per cent of reference values from patients of sinular

Submutted for publication 23 August 1979

803



J ANDRESEN AND [f E NIELSEN

Table 1

Radwlogic bone lesions and metacarpal bone mass w97 non~diahsed patents with ¢hec me renal
Jailure Percentage in parentheses

Creatintne No of Subpertosteal  Rarefac Soft tissue (D-d3)/D
clearance cases erosions tion of calaifics (per cent)
(mlfmin) the spine tions

<5 24 (26} 83D 8(1) 8331 936
5-10 3508) 801 1851y 14 (40) 908
11-50 331(36) 4am 1447 8(*4) 98
Total 92 20022) 4043 303 9

Table 2

Radwlostc bone lesions m 20 non dialysed patents with chronic renal failure Prospecine
anahsis Increased 1 decreased | unchanged —

No of of spine erosions  Soft ussue calaifications
cases
t ! = Total f | — Tota t | — Towl
9 men I 0 3 4 1o 1 2 4 1 1 6
11 women 3 1 s 9 3 0 0 3 0 1 4
Total 4 1 8 13 4 0 1 5 ?7 1 ? 10

ge and sex gaven by GARN et coll (1971) Thentra
bserver vanation coeffictent on (D?~d?)/D was 16
er cent and the inter-observer vanation coefficient

No difference was found tn the merdence and degre

of rarefaction of the spine or n soft tissue cileifis

tions 1n patients with creatinine clernce of 10t

50 ml/min as compared with patents with creant
I below 5 ml/fmm

. 4 per cent
Serum concentratton of cal phosphate and
thalime phosph: were d by auto

inalyzer methods Serum calcium was corrected
or individual varation in serum protein concentra
on and calculated as the calcium concentration
orresponding to a protein level of 7 g/100 m! serum

PEDERSEN  1973) Creatinne  cleamince  was
measured using 24 h unine collection
Results
At the b of the m 40 of 92

ptients (437%) had a shght degree of rarefaction
of the spine 20 (229) had subperiosteal erostons
ind 30 patients (3297) soft tissue calcificauons 1 20
of these 1n the vessels The metacarpal bone mass
was subnormal compared with the normal values
piven by GARN et coll

An increase in the frequency (p=0 05 x*1est) ind
in the degree of subpenosteal erosions could be
observed with decreasing renal function (Table 1)

In patients with serum calowm within norm:
hmits the frequency of soft tisue calcification
was 40 per cent as compired with 24 per ctnl:
patients with subnormal sertm concentranon N
difference m the incidence and degree of subperios
teal erostons i rarefaction of the spine or 0 mets
cnhrpal bone mass existed between the (wo groups ’

The radiologic bone abnormalities and the mc!;
carpal bone mass were unrelated to the sefum ﬂ“
centrations of phosphate and athiline phosf'm“h
and to the kind of renal dise1se Furthermore ¢
ncidence and degree of subpenoste erostons &
rarefaction of the spme were unrelated to the €1
as the subperiosteal erosions occurred in 9 men n:
1 H women and rarefaction of the spint 18 18 m;,]
and 1n 22 women On the other hind soft issue €
cifications oceurred 1n 10 men md n 20 women

In the prospective sencs (Table 2) the mcrdc;nf
and degree of rrefiction of the spine mcn:;::IM
Four patients developed radiologically detec
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——
40 80

120 Months

*tacarpal bone mass (D?—d?)/D  corrected for normnl age
nation in 0 nen-dialysed patients with chronic renal falure
nng a mean observation penod of 3§ years ® males O
nales

smineralization of the spine whereas the mineral
»ntent was unchanged 1n 8 patients and normahsed
one patient The frequency of subperiosteal ero
ons mcreased from one to 5 of the 20 patients An
icrease or new formation of soft tissue calcrfica
ons was noticed 1 7 patients The metacarpal bone
iass decreased i mean 2 per cent duning the follow
p pertod (per year 0 5% Figure)

Discussion

The findings at radiography of the skeleton were
nalysed 1n relation to the degree of renal fallure
yee of renal disease and serum concentrauons of
:alcum phosphorus A d mn renal
vas associated with wn increase in the frequency and
legree of subpenosteal erostons whereas no rela
1on could be demonstrated betw een these bone le
sons and the serum concentrations of calcrum
phosphate and alkaline phosphatase or between the
bone lesions and the type of renal disease The
subpenosteal resorption 15 one of the most common
skeletal abnormalities 1 patients with chronic renal
Tallure (MEEMA et coll 1978) and nearly patho
&omonic for hyperparathyrotdism (GENANT et coll
1975) In agreement with the results of HENDERSON
& coll (1979) no relanon could be demonstrated

between the type of renal disease and the incidence
and the degree of uremic bone disease

Osteoporosis in non-dialysed patients has been
considered uncommon (STANBURY 1969) In the
present series an incidence of 45 per cent of rre
faction of the spme was found as compared with an
incidence of only 12 per cemt n the report by
MEEMA et coll (1972) On the other hand they
found a higher frequency of bone resorption (14%)
and soft tissue calcification (59%)

In a prospective senes with an observation penod
of mean 3 S years an increase was observed n the
incidence and the degree of subperiosteal erosions
1n rarefaction of the spine and 1n soft tissue calcifi
cations and a decrease tn metacarpal bone mass

MEEMA et coll demonstrated progression of bone
resorption 1n 9 of 20 patients dunng an observation
period of 23 4 months This progression was fre
quently followed by spontaneous fractures In con
trast to this finding none of the present patients
developed sp fi during the ob
servation penod The decrease in metacarpal bone
mass was lower (0 5% per year) than the | 5 per
cent per year observed in patients on chronic
hemodialysis (ANDRESEN et coll 1980) However
ANDRESEN et coll found that renal transplant
patients who developed osteonecrosis or sponta
neous fractures after transplantatton had a higher
trequency and seventy of radiologic bone lestons
(rarefaction of the spine subpenosteal erosions)
before the time of transplantation as compared
with renal transplant patients who did not develop
such bone lesions (unpublished data)

Previous reports have given extremely vanable
ncidence and degree of bone lesions n patients with
chronic renal disease (MEEMA et coll 1972) This
may largely be due to factors related to duration of
the disease degree of renal nsufficiency hemo
dualysis and other kinds of treatment The present
results ndicate a relation between the seventy of
renal falure duration of renal disease and the inct
dence and degree of radiologic bone lesions n non
dralysed patients with chronic renal falure

SUMMARY

Radiologic bone lestons 1n 92 non-dialysed patients with
chromc renal failure are descnbed The bone disease 1n
creased with the seventy of renal failure Ina prospective
senes of 70 patients progression of osteodystrophy and
decrease m metacarpal bone mass were demonstrated
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NOISE AND NOISE TEXTURE IN CT IMAGES BEFORE
AND AFTER POST PROCESSING

A HEMMINGSSON B JunGand C YTTERBERGH

The properties of the computed tomographic (CT)
mage are the result of a compromse between par
tally conflicting objectives such as tugh spatal e
solution low statistical noise and good perceptibility
by the eye bram system at a low absorbed radiation
dose to the patient [t cannot be expected that the
standard compromise Within the himits settled by
the er and sel d by the op will
necessanly yield the best solution i afl clinical
situations and the means of changmng the point of
operation 10 retrospect are hmited However by
mmage processing techniques spatial resolution can
be traded for noise reduction and vice versa

Image filtenng does not m utself alter the actual
wnformation content of the image but may change
the ability of the eye brain system to evaluate the
mmage correctly It ss also concervable that appro-
priate image processing may be a good imtial stage
m pattern Such dure:

water with d s of 23
and 35 cm respectively and one cylmdneal hqnd
phantom  diameter 20 cm  with spheres of acnyi
mitnt butadiene styrene (1 07 g/cm®) 1n the scanning
plane with diameters of 5 75 10 15 20 and 25
mm These phantoms are referred to as the two

h and the nh
one respectively Water glucose solutions of var
10us concentrations were used for varymg the at
tenuation ratio between the hquid and the spheres in
the mhomogeneous phantom (HEMMINGSSON et
coll to be published)

Filters The program pachage delivered wish the
scanner contans two image filtermng procedures FI
and SP SMOOTH

FI 15 a simple 3x3 pixels averagmg filter with the
optional feature of discarding 1n the anthmetic
mean pixels with Hounsfield numbers (Hn) outside

might be of mterest for organ del and com

a selectable band amund the central element This

puted dose planning m radiation therapy

Matenal and Techniques
An Ohio-Nuclear Delta 50 FS with associated
software was employed
The calculations were carned out on PDP 11/10
11/35 and 11/40 computers run under RT 11 where
;S(;ge scanner computer (PDP 11/34) was run under

Three phantoms were used two cylndncal

y was abolished n the present expenments
by setng the discnmunation level at 1000 Hn
thereby secunng a stationary filter

SP SMOOTH s referred to 1 the scanner man
ual as Gaussian The filtenng 1s stated to be per
formed in the spatial domam with a convolution
matrix of 9X9 (maximum) pixels the elements of
which are obtamed by the expression m =
S2/(27%) 4+ S4/2"")' where S2 and S4 are
strength parameters R2 and R4 cut off radn and ri1s

Submutted for publication 22 January 1980
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Table 1

Matrix elements in some filters (normah ed to 100 1n the central
elementy Only one octant of the matrie s gnen

FI 100 100 100 SP SMOOTH 6 4 0

100100 (R2=Rd=] 50 25
100 $2=] 100
84=0)
SP SMOOTH 4 4 4
(R2=R4=2 2118 1 4
$2=1 50 39 2
$4=0) 82 68
100
SP SMOOTH 0 50
{R2=R4=4 67 67 58 <0
sr=1 83 8 7§
S4=0) 100 92
100

the distance from the central element In the ex
periments S4 was generally set equal to 0 which
reduces parimeter space due 1o normalisation con
stramnts 1o one free parameter S2

Since the example of the filtering matnx presented
m the scanner manual does not comply with the
formula given the actual matnx elements were
found by letting the computer associated with the
scanner filter a faked mmage and print out the result
on 1 Versatec plotter (Table 1) The faked image
contained pixels corresponding to water everywhere
except in one central element

Noise  Imnges of the homogeneous phantoms
were obtamed for all combimations of the scanner
pirameters SPEED (time for complete scan) SLIT
(slice thickness and detector aperture) and DIA

Table 2

Mean attennation and RMSD nowe 1 am

axes [ a homogenecus water phantom

with a diameter of 35 cm (Scanner set

tings SLIT 133 DIA 476 cm STAND-
ARD SPEED=1R 5)

Numberofpoints  Mean  RMSD
0 eegron of Hm (Ho
interest
3040 -2 121
97 -3 142
FEY -3 152
1o -4 158
(& -3 160

A -3 163

Table 3

Mean attenuation and RMSD noise in images

of homogeneous water phantoms as functi s

of scanner setnngs and phantom diameter

(SLIT is indicated as nominal shee thicknessin

mm and nominal beam width in mm) Stand

ard speed =18 s half speed 36 s Tube poten
tial 140KV anode current 35 mA

Shit Speed Mean  RMSD
() (Hr
Phantom @ 35 cm
Scan DIA 47 6 em
83 Standard -8 B4
g5 Standard -4 193
83 Half -5 161
133 Standard -4 158
85 Half - 130
135 Standard - 123
133 Half -1 11
133 Half -1 88
Phantom § 23 cm
Scan DIA 75 2cm
83 Standard 8 164
85 Standard 9 131
133 Standard -1 109
83 Half 7 106
135 Standard 7 9
LX) Half 8 89
133 Half 4 71
135 Half M 59

{scan and reconstruction diameter} givinga total of
16 images The notse in these images was obtamned
with the RMSD (root mean square deviation) pro-
gram provided with the scanner overa central cn‘CUd
Iar regton of interest The RMSD values were foun
to depend on the number of prxcls the region
decreasing somewhat with mcreasing radius As 2
compromuse a standard region of mterest (ROI) con
taining 1076 pixels was adopted
Four parameter combenations of pu
interest were selected for filterng (Table 4 F“;
these the ongmals were filtered with the Fl ﬂnl
SP SMOOTH procedures the [ater with severd
values of R2 The RMSD valucs over the central
crrcular regron contaiming 1076 pixels were taby
Imlc\'((]nxr character and pont spread function Ac
cording to METZ & BECK (1973) the texture of the
noise ts reflected in the autocovarunce mn et 1
lated over a flat region of the image TANARA

rtrcular clinieal
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RMSD
[LETIAY
20\

2 3 4
R2 (PIXEL)

Noise (RMSD) after filtering with SP SMOOTH with

809

—
| | I
10 PIXEL

Fig 2 Pomt spread functions for unfiltered and filtered smages

—

= 7=, function of R7 The noise after The fanctions were denved from autocovamance matnces and
'S.v’vllg ;-";dlsRmdfs:‘cads lfy lé‘:)ls Shee thickness and beam therefore do not include physical effects ongmal — FI
’ 5— 133 and135~ -mm SP SMOOTH eé¢ R2=Rd={ =R4=2 ~ - -
R2=R4=4
Table 4

RVSD nowse in images of a homogeneous water phaniom (diameter 35 cm) with vanous scanner settings
(DIA4 6 cm STANDARD SPEED)

Sht RMSD (Hn)
Ornigmal FI 5P SMOOTH (R4=R. $4=0 $>=1)
R¥=05 10 15 20 7?5 30 35 40
83 234 83 197 &9 57 41 3 ?9
85 93 69 72 32 23 21
133 158 61 134 63 41 L 25 72 21 20
135 173 46 48 19 13 13

Ma (1975) state that the autocovaniance matnx
gives the point spread function of the recon
*tion algonthm
1€ elements 1n the autocovariance matnx were
ined from the expression COVAR (m n) =
IRAGE ((EL(1)) ~ MEAN) X (EL(t-m )-n)—
AN)) where EL( )) 15 the matnx element with
mments 1and ) MEAN 1s the mean of the matnix
‘ents that are taken inte account in the averaging
‘edure and AVERAGE 1the average (over 1 and
acentral crrcular regron containing 1076 pixels
e mage matny
lmmum detectable sphere Images of the i
h ded with the four

were

scanner settings and displayed on the video momtor
The mummum detectable sphere was noted from the
onginal images and also after filtening with FI and
SP SMOOTH

Results

The filter matnx elements for FI and some R2
R4 §2 and S4 combinations in SP SMOOTH are
given in Table 1

Noise The results of the noise measurements for
one scanner b asafi of
the number of pixels in the region of wterest are
presented 1n Table 2 Smmilar results are given n
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Fig 3 CT image of O 35 cm water phantom Reconstruction

diameter 426 em  shice thickness 13 mm beam width 5 mm

=g

g5l

}'ﬂ)‘ SN
% .qv & Sy
21&'_5!3'3{\?’& ‘;,

Fig 4 CTimages of the mhomogeneous phantom a) Unfiltered

Largest sphere barely wisible by Afer filtenng with

Table 3 for the standard ROI (1076 pixels) and var
10us scanner parameter combinations The results of
filtenng with FI and SP S\MOOTH appear in Table
4and Figs 1t0 4 A considerable reduction of nose

scanming ime 18 s a) Onginal b) Provessed with SP SMOOTH
(R2=R4=4 §7=1 §4=0)

t
SP SMOOTH (R*=Rd=d §7=1 ¢ 01 The two Lt
spheres visible

(by a factor of about 8) 15 cvident The cnml‘;:“r
mg time for FI was about 15 s and those
SP SMOOTH with R2=1 R2=2 ind R2=4 were
75 165 and 165 s respectively
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Table 5

Autocosariance matrices for unfiltered ymages and tmages fil
wred with Fland SP SMOOTH v uh R2 =R4=1 R?=Ri=? and
R.eRi=f and $2=I and S4=0 The data gnen are means for
fuur noise oriqinals Circalar symmetry was assumed and only
onc octant of the matrices is gnen Elements less than 5 in
ohsolute value were arbitrarihy put as equal to 0 because of
ancertainties i the calculations The central element is nor
mal ed 1o 160

Onginal -7 -5 FH 6
20 -5 -8 -6
100 -1 -9 -6
-% -1 -9 -7
25 13 o
8 45
100
§P SMOOTH -5
R'=R4=1 -8 -6
-9 -8 -6
-5 -6 -8 -7
18 9 -4
68 45
100
7 -6 -6
-0 -9 =8
-13 -1t -9 -6
$4=0) -10 -10 -9 -6 -5
2 -2 - -4
ki 7 13 -
59 52 33
88 78
100
§P SMOOTH - -9 -8 -7 -5
{R2=R4=4 -1 ~11 -9 -8 -6
S =1 -1 -13 -1 -9 -1
$4=0) -4 -1 -13 1 -8 -5

-1 -1 -10 -1 -8 -6
[ o ¢ -5 -7 -7 -5

29 6 o 14 6

6 65 54
88 81
100

oise character and point spread function The
<ovaniance was calculated for a matrix of 19x 19
Is for the four scanner settings The central re

+ of the matnx was quite sumilar in alt cases and
nearly circular symmetry This was also true for
ents outside the central region but here the
*ad 1n the values was considerable on a relative
s The result 1s given in Table 5 as a mean of the
t modes under the assumption of circular sym

ty Elements not sigmificantly different from 0

are not given Identical calculations were also made
for filtered versions of the origmnals The results
were stmular and are given m Table 5 for the same
conditions as for the originals

Discussion and Conclusions

The noise in the ongal reconstruction 1s highly
dependent on the scanner settings the more photons
detected the lower the nosse Considerable reduc
uion of the noise level 1s achieved by the filtenng
programs delivered with the scanner Filter Fi gives
about the same result as SP SMOOTH with R2=}
while with R2 greater than 1a further noise reduc
tion 1s achieved The spatial correlation 1n the noise
1s low In the onginal 1mages and increases after
filteitng This gives a coarser structure to the pro
cessed 1mages which may lead to a greater risk of
erroneous evaluation if the observer 1s not aware of
thus effect

The pomnt spread functions of the filtered images
are widened as demonstrated by the autocovanance
matnices This 1s probably not a senious problem for
fesions with mmor attenuation gradsents provided
they are not too small

The limtted ability of the eye-bram system to de
tect mean attenuation vanations over extended re
grons 1s evidenced by the fact that the mmimum
detectable sphere was smaller in filtered imnges thay
1 the ongmal ones

SUMMARY

Two homogeneous water phantoms were recorded un
der vanious CT scanner settings and the reducing effect of
vanous comvolution filters on the noise level w,q
evaluated The change in noise texture introduced by the
filtenng process was assessed for a limited range of <Can
ner settings by noise analysis of the AUIOCOVArInce matyy:
before and after filtering  The results indjcate that redy, o
ton of noise expressed as RMSD by a factor of about R‘C
possible with the filters avarlable in the software picka o
of the Oho-Nuciear Delta 50 FS 1omagraph with wrge
sacrifice 1n spatral resolution Results of pr limina cnc
penments with an nhomogencous phantors are 1 :y'cx
ment with this finding and indicate thyy fil ery o
smaller lesions to be detected 1R alfos
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JRONARY ANGIOGRAPHY AND ANGINA PECTORIS Sympo
im of the European Soctety of Cardiology Hanover
swmany Editedby P R Lichtlen Georg Thieme Verlag
atgart 1976

The first section of the volume 1s devoted to technical
sects JOTTFN gives a review about equipment and
wer supply an equipment now however replaced by
new a fact the rapid
velopment m the field of cardicangiography GUDDEN
HorMaNN discuss the modulation transfer function and
applicability for example 1n evaluating progress
age intensifiers
A number of authors report expenences with their own
hmques of coronary angiography but no comparison
tween different methods 1s attempted It 1s surprising
read about the difficulties encountered by SONES m
wding the most useful projections In his hospital 6000
ients are submitted to coronary angiography every year
id one third have normal arteries The frequency of
mplications 1s very low
Myocardial infarction and angna pectons in patients
ith normal coronary arteries and Prinzmetal angina also
patients with normal artenes are discussed in the fol
wing section Coronary spasm during angiography s
viewed by LICHTLEN He claims that in with

amnation being performed later when they are at 1 stage
requurng surgery

BRUSCHRE et coll discuss the prognosis of coronary
artery disease on the basis of angiographic observations
The survival rate was found to be considerably low then
two or more branches of the cosonary artertes are 1
volved

The thud section deals with evaluation of the heart
chambers at coronary artery disease Investigations requur
ng heghty sophisticated techawal equipment for example
for determination of changes in the diameters of the left
ventncle are reported This 1s of sctentific interest but has
only mnor significance 1n routine practice A group from
Hammersmith Hospital London recommends that left
evaluation of the left ventncle be performed dunng phys
ical work when possible 1n order to better reveal scars
and non functioning segments of the left ventnicular wall
The application of this procedure for postoperative evalua
tion has not yet been reported In case that the patent
15 not able to carry out physical work the heart rate should
‘be increased by pacing and the use of drugs

The fourth part of the volume deals with coronary angio-
graphy and left ventncular angiography after surgery
especially revasculanization It has been claimed that fol
low g attachment of a bypass to a coronary artery the

2roulh s pressure law the velocity of the blood flow 15
aummaly tncreased m the part of the vessel narrowed
¢ the spasm for mamtenance of a normal flow This

may be ho t 1s probably
ore correct to conclude that the mean flow 1s reduced
1 spite of an mcreased flow velocty m the constricted
art KALTENBACH and report ST

of the part of the artery proximal to the
anastomosis increases This opimon ts cnticized by AMIEL
and associates Their findings indicate that this may be
merely a question of flow competition when the contrast
mediwsm 1njected mto the bypass does not reach the proxt
mal part of the coronary artery this may be due o a
counter flow 1 this artery giving the mmpresston of an

uring physical exercise angography revealed athero-
slerosis of the descedning branch 1if the coronary artery
rather uncommon phenomenon

MocceTTt et coll deal with progression ot caronary
rtery disease assessed from cineangiography In 84 pa
ents who were re submitted to coronary angtography
fter an average mterval of 192 months the coronary
rtery disease had clearly progressed mn about 50 per cent
1the other half no change had occurred They concluded
hat the course of this disease 15 not a uniform one and
hat at least two groups of patients can be distingutshed
e with stepwise progressing disease periods of progres
10n alternating with longer mtervals of stabihity and one
roup with rapid and continuous progress This conclu
ilon seems to be open to discussion however It may be
wgued that thewr results are based upon data from the
#roups as awhole 1n which certain factors may have been
verlocked e g the stage of the disease at which the
imtial e was n the pa
lients Thus i patients who are operated upon this 15
Usually done at a late stage when the disease 1s progress
mg less rapidly whereas in the non-operated patients the
‘tral angiography was performed at an earlier more
Tapidly progressing stage of the disease—the repeat e<

Between 1967 and 1973 bypass operations were
performed 1n 6 375 patients at the Cleveland Clnw and
the long termresults are reported by SONES The mortality
from bypass surgery has decreased to 1 5 per cent If 75
per cent of the grafts are stll open and functioning 2t the
5 year level this should be considered a good result The
Cleveland Chinic has the most extensive expenence of by
pass surgery m the world but follow up angiography 1s
not camed out to a destrable extent which 1s to be re
gretted

Left ventncular cardioangiography after surgery 1s
discussed by several authors Bourassaetcoll found that
an gjection fraction below 0 50 was associated with a much
higher postoperative mortahty than one exceeding this
value The ejection fraction was not significantly increased
postoperatively n patients with patent grafts They con
clude that myocardial revasculanization 1s probably not
mdicated m patients in whom the myocardwum is severely
myured

SCHONBECK reports an mncrease i left ventricular func
uon including the ejection fraction after bypass surgery
with patent grafts and NEUHAUS et coll armved at symilar
results

A session was devoted to special techniques in relation
to coronary angiography A morphometnc analysis of the

~r— o
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coronary arteries 1s presented by RAFFLENBEUL and as
sociates One Interesting observation was that post
stenotic didatation of the left ventricular artery s ysually
found only in constrictions of less than 60 per cent Thus
post stenotic difatation should mdicate an obstruction of
lesser seventy However in general the evaluation of
coronary morphology on angtography 1s inadequate and
often leads to an overestimation of obstruction The equip
ment used afllowed an accurate measurement of the arterial
i} s Such equip 15 NOt g Iy ble 1n
chnreal practice and there 1s much subjective influence
m the evaluation of coronary artery stenosis

RUTISHAUSER and associates consider that only a deter
mination of the regional flow 1n relation to local wall mo
tion wilf provide an adequate understanding of the true
character of coronary heart disease

Comparisons of let ventncular d d at

symposium for the estimation of snsufficiency of cardae
valves

One section of the sympositm dominated by E H
Wood and his collaborators deals with the theoret alarmd
practical solutions of the problem of obtaining high tem
poral resolution trans axia} sections of the heart i Inwmng
subjects They propose and have under comtruction 3
general purpose scanner with 28 separate radatine
sources The techmcal development in this field progress
es rapidly now a little over two years after the sym-
posium new types of roentgen tubes are under construe
tion permutting more simple and much luss expensise
solutions

The sy also the 1mp of the
development of inexpensive  micro-Computers and
memonies for the videodensitometric techmgue The de

lop goes 1n the direction of modularly built v

angiography and echo-cardiography are also presented
The results are not well correlated and this 1s also true
for companisons between measurements made in lwo
dimensions and those made n one

The volume ends with a report mcluding considera
tions on colfateral artenial formation and new principles
of drug treatment the mnfluence of calcium upon cardiac
function being one of the topics

Thus this volume offers an excellent review of the
present state of the research and therapy of angma pec
torts

Uno Erikson

ROENTGEN VIDEO-TECHNIQUES FOR DYNAMIC STUDIES OF
STRULCTLRE AND FUNCTION OF THE HEART AND CIRCULA
TIoN Second International Workshop Conference Edited
by P H Hemizen and J H Bursch 273 figures 17 ta
bles Georg Thieme Verlag Stuttgart 1978

The proceedings of this second Symposium organized
by Professor P H Heintzen m Kl include 80 con

eodensitometnc mstruments for specific and well-defined
exammations with micro-computers providing the neces
sary calculating capactty

Another question 1s whether all information should be
digttalized The experience of the Uppsala group seems 10
indicate that the mexpensive analogue technique can ¢
used for many purposes

In summary the book gives a comprehensive and com
plete survey of the present state of videodensitometry 1t
15 ded to everyone int g 10 the deselop-
ment of physiologic and quantitative radiotogy

Lars Bjork

RONTGENOLOGISCHE DIFFERENTIALDIAGNOSTIR Band It
Erkrankungen der Bauchorgane Filth edmon By W
Teschendorf and W Wenz 638 pages with 734 tllustra
tions and 43 tables Georg Thieme Verlug Stuttgart 19 8
The fourth edution of this 10 Germany well es(:bh\h:rl
work 1s twnelve years old Since then the development

diagnostic radiology has proceeded rapudly and ne\l*
of hy Isotope examinatons U

tnbutors and gine a 7 view of the develop
ment of vid y and Y

A new technigue for the measurement of total and re
gional blood flow in organs 1s descnbed by Enkson et coll
Their techrique permits both relative and absolute meas
urements of total and regional blood flow i organs with
pood spatial resolution and without need for measunng
vessel diameters

Videometry 1s stll used for measurements of cardiac
volume 1 spite of the well Anown difficulties encountered
mn the geometneal c. A J
determimation of the outlines of cardiac chambers fucili
tates the measurement

‘deodensitometne determination of volumes of the
cardiac chamber 15 described 1n several seports With this

h no of regular 1 shape of
the cardisc chambers 1s needed and jeregularly shaped
sentrcles can be measured accurately In the future vid
codensitometry will probably become the standard proce
dure for measuning the volume of cardiac chambers cal
culating e)ection fractions and aleo as reported n this

trasound and computer tomography have been i
duced which has made this new editron necessary 5"[' ¢
twelve co-authors participate 1 this edition the qs\t ‘2
and style of the chapters ddfer but 1n general the edito
have siceeeded 1n giving the chapters a umform shape .
An mtroductory chapter on acule abdommal dm;«cs;
followed by 13 chapters on diseases of the d-rrerenl:
domtna! organs including a chapter o the oper "
stomach A further chapter deals with the rclmpcﬂl('f:“
space and includes general considerations on lhcdr-:lsr: .
of abdomnal masses Fach chapter 18 introduces h)lh!
short descriphion of the examunation methods uhuA bk
author considers relesant for the speaific organ e
scniption of the normal roentgen Jn stomy 15 rolluwm
the developmental anomalics and a dicussio
rocesses
" :g:i‘:;::(p methods of operation Jc\durm‘“;x‘:'
anomalies and morphologic changes are often ulljt'.f:‘h .
cally demonstrated dipgrams  The my ml)“'K find
fisting indieations clinis! symptoms and radwolog!
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estructve aod valmble The i Lstratioas e al ©
meand of luch quality

chapters on the stork and the bosel mve an
ait presetation of <mge ard doutlr<or e
1evaminations

he chapters on galinladder ard bile ducts th am
s nomenclature for cholegraphy and ¢ho a -
\sconfusine Carcmmora of the head of the pan—us
be bist of contra mdicaaons for percutarsot L
ccholnmagraphy but v m the opmwn of t e r

r i fact one of the mamn mdations

chapters o1 e spleen and panc(eas or

d for a complete clearly ard conupely v

rof doeases ex.runation wethods and d T«

s The percutaneous transhepatie puii-tur

sen would seem fo be more pertment t*
:Cd!pk‘nopcn;\l and transurrbilical exar

h

amnl the role of ultrasound and cornute
vistotethaustrvely treated A mrore ext™”
" especially 1 the chapters on the hidre
dads unnary bladder and retropent
‘have been desirable

*book ¢an be recommended for postsTa
adfor clmial reforence

Wolf an~ Ret 1

IS SERIES DU CORPS HLMATN ANATOMIE PaDi-

SUNNER. By J Gambarellh G Guennel L
WM Mattes et collaborateurs 290 pazes 550 fig
;:;Btdmunl\iassan et Springer Pans/Berln 197

$iolume 15 an atfas on sectionad anstomy of the
pbody as displayed by computer tomography (CT)
Moductory comments on the theory and practicat
gtmenl of whole body CT scanning
#head and upper neck regions are presented n 16
% and 16 coronal sections the neck and male
"8 sonsecutive transserse sections with 19 adds
““ﬂwns of the fernale pelvis Finafly the arm and
"Presented by a few selected sectons
7semun 15 displayed on two facing pages sized
SmX31 cm with a fay-out consistently vsed
B0 the book one diagram indicating the level of
Un one leoend wah French and Latin numes of
;‘ftdstm:mrts one conventional fitm of a specimen
72 one CT ymage of a corresponding section
3 of equal size. 50 to 100 per cent [372%F than
05"‘;2" €T images on Polarord film one farger dix-
e oy OWentional film provides extensive numbet
Abil;‘{d"ﬁnous anatomic structures 1 the “cxl:l:\‘s
e, dizerams use no fess than 12 coded Pi\‘n“
& g UPSS of issue such as bone fat e
e ES€IC In roughly haff of the head an ¢
. 2 olour geprodyction of a correspPnding Spec
100 has been snserted size as farge 3% the dit
leg 21912 10 the authors colour display s Have beet
(g ™nly i anatomically complex difficult <2
Behead and torso While the diagrams are made

tror ard are thus adentwcaf wib the specrrer atum
diplaved as comenana? fIms  the colour savtioes as
well as the €T tmages ropreset approvurma ~h corres
purdmx sactons
The aurceptut prnenea s lozeal thepetrestd
part edacaae il ard easy of access H wever there i
al»o cane e ety The cueventiceal @~ d play of
the hemd sevtiers i rather portless 3 the sersitivaty of
s rode p A0 k% as te exclude pont ol the anatorw
detall of the bramm It & a Trtle surpnsm. that the repro-
Jduced CT imares do not « ffer much mpeoverrert Onthe
wther fapd sich o pot the ane with the body seuteas
r anvenanal redecaphy whrh dememstrate npo-
eraphie relatonsho m oustderate detad
The €T warey have been photowunphed fim the
~ eencta TV monitor e 2 thrique that enhances a
~ arbir lize pattern s orstmes with a deletern us eftect
e raxe The overall mnres wafthe CT mars >
Jat o f suhcptorem qualiny moentra tard eesche wn The
ramterm_ «f sructures oe the CT mases appeans un
reteynary e ne as adequa € bibellirs b provded m
tre dazrams
The povr qualits of the CT prazes rmakes the reader feel
that havmg the faction f conventienal bodv sectien films
xpanded at the expemse of the CT reprodintaons weuld
have been advantaseous m the head more pace could
hane been avadable £ hih gualin CT mases with the
arsskn of cumvernonal film savtions Notwith tandin.
the valuable mf rruton contuned m the anatomic specr
men de plavs and the dizgramy the drawbacks are enows
m an atlas at such 2 hnh price

Lif Bervall

CLINIC AL RADIOLOGY [N THE TROPICY By Peter Covkshott
and Howard “Middlemuss 2.2 paees Churchill Liv
mgstoae Edmbargh 1979 Pn-e £17 -

All radiclomsts who have worked n the tropics have felt
2 great need fur 3 modern tethook. which could pronwde
gurdance on the mam occasions when a mdiok gt from
the ndustnalized cuuntries €XPERENLEs URCRTLAINY tn the
face of enureh unfamiliar roentgen images The old b
ble of tropual mdwlogy (Tropwcal Radmoloey 1961
edited by Howard Middlemuss) has long been out of print
and onlv coptes bartered almo t 10 the potat of extinction
are pow to be fund at some of the {arzer d=partments of
radiolyey 1n the trupics Tt s therefore an event of consd
erable importance that two of the wordd's most expen-
enced tropical radioloasts have now published a new
modern textbook 1 thy field
This new book differs from 1ts predecessor in two 1m
portantrespects Itincludes notonly tropecal di eases but
also conditons whih previously  were  common
esenwhere but which sull persist as considerable prob-
lems m deselopms countries 1n the tropics Amons such
condimons for mstan-e are the more unusual forms of
tuberculosts whrh are <eldom or mever encountered
countries with advanced health and medical services The
Tob another example of

M Vi



816 BOOK REVIEWS

conditions not intninsically allied 1o the tropics but eccur
g predominantly in those regions

Another important difference compared with the old
textbook of tropical radiology 1» the classification accord
tng 1o organs {previousfy accordmg to diseases) In the
reviewer sopimnion the presentation of the information has
benefited by this change the book having thereby become
easter to use as a manual 1n the daily work

The book 1s not intended as a sophisticated encyc
lopedia for those wishing to carry out research in the field
of tropical radiology It does not go into subtle details of
mierest munly to seientssts but on the other hand 115 2
high-class textbook for radiologists engaged 1n practical
worh n the tropics

It contuns a large number of illustrations of surprising
1y high quality considening the technical standard prevarl
ing 1n the countries from which they were collected

This book must be regarded as an hingly impor

not divided 1nto subject areas as could be expected The
collected mater! mncludes 176 cases concerned manly
with abdomml pathology including gynecology and
obstetrics but dealing also with pathology of the thyroud
testes nd prostate  All the cases nre presented with
proven pathologic diagnoses
The construction of the book m thes 1t possible to use
for self testing Each case bugins onaright hand pige wuh
a present ition of one or more selected scans fellowed by
chmcal data and specific questions to be answered Onthe
followng left hand page the sime scins are to be found
this time together with diagnosts and commetits by the
authors and with references corresponding to the problem
for further reading However the cases in the book donot
appear i any logical order -
Many positive things may be said about the book 1
particular the brief but wequate comments on £ach € ¢
h | diagnostic considerations and

tant and valuable complement to all medical hibranes in
the tropics Nobody working with dragnostic radiclogy in
those regrons should fail to make use of it and 1t should
also be mdispensable at hospitals in industnalized coun
tries handling patients with tropical diseises a clentele
which 1s increasing steadily with the expansion of tourism
and service m developing countries

Geory, Fredrik Saltuman

CASF STUDIES IN ULTRASOUND By Royal I Bartrum Jr
and Harte C Crow 435 pages W B Saunders Company
Philadelphia London Toronio 1979 Price £14 95

Even though several good books on abdomumal ul
trasound examunation are already available the present
publication meets a demand and as the authors point out
mthe preface the book can be used for many purposes as

practical 1dvice are very useful Admuttedly many of
these diagnostic points -re wcll known to expenenced
examiners but the book 15 1 good recapitulation and an
excellent source of practical and theoretic sformation [
those undergomng trunng i ultrasound

The cases are well selected with 1 wide spectrum «f
pathology presented it a pleasant way In the piefee the?
authors state that this 1s important 1 order to stimulate
the reader s nterest The am of the authors gppears to
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216 P EpHowM I FERNSTROM K LiNvpLovwnd S |
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217 FoLKE EDsMyR Carcinoma of the vulva Anana
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mental study m the pig 1966 Price 5w Ar 30
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I kat SETALa Differences m pharmacodynamic re
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radiated rats [965 Price Sw Ar 35

1 KA1 SETALA Decorporation of radiostrontum Ra
dicactive assay techniques—An expenmental study on
mice 1965 Price Sw Ar 30

Im 1966 Edited by K Liden and

Erlk Lindgren Prece Sn Kr 35

255 LAWRENCE JOSEPH VAN CURA Applration of digrtal
computers m radiation dosimetry 1966 Price Sn Ar
35

256 Hans LubiN  Aortography Fluid dymamics and
technical problems 1966 Price Sw Ar 35

257 HIALMAR BoLIN Contrast medium tn hidney durimg
anglography—A densitometnc method for estimation of
renal function 1966 FPrice Sw Ar 30

258 ELISABETH JOHANNISSON  PER  ROLSTAD and
GUNNARSODERBERG Cytologic vascular and histologic
patterns of dysplas;a carcinoma i situ and early i
vasive carcinoma of the cenvix 1966 Price Sw Kr 40

259 PauL EDHO[ M Anatomic angles determuned from
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and meastrement techmque 1966 Price Sh Kr 40

260 TORSTEN AIMEN A steenng device for selective
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observed 1n 1ts chrucal apphication 1966 Price Su Ar
40

261 KAl SETALA BIORN I INDROOS and OTTO Nyysso.
NEN Cancer ch h studies cy barrser

7 SHiNgT TAKARASHI C di

Rotation techniques as applied to radiography and radio
therapy of cancer 1965 Price Sv kr 40

3 I T VANDERWERFF Radioactive bismuth **Bi—
Expenmental studies and clinical 1965

m epidermal cells agamnsg lh; effect of col
chicine—An electron microscopic study m mice 1966
Price Su Kr 25

262 hus Rossl\okEN Hyaline membrane disease—4

Price Sw Ar 35

M SaMUELS KUROHARA Fffects of iomzing rachation
on creatme metabolism in patrents treated for malign
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15 PER WESTLING Studies of the prognosis i Hodg
kin s disease 1965 Price S Ar 35

4% SVEN GOTTMAR ERICSSON Quantitative microradio
graphy of cementum and abraded dentine—A methodo
Jogical and biological study 1965 Price Sw Ar 35

47 MAURIWIL)ASALO Lymphographic differential diag
fiosis of neoplastic disease 1965 Price Sw Kr 35

n rabbits 1967 Price Su
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263 JANNI LSON Angiography 1 tumours of the urmary
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with experimental pneumonia 1967 Price Sn Xr 39

265 Ka1 SETALA O(TO NYVSSONEN and BIORN Linp-
rOOS Ultrastructural changes in bensgn and malignant
epidermal states in mice after topical beta radiation
1967 Price Sw Ar 30
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66 GORAN NYLANDER Vascular response to vasopres
sin as reflected n angiography-—An experimental study
inthe dog 1967 Price Sw Ar 35

67 JonaN FOLIN Angiography in renal tumours—Its
value 1n diagnosis and differential diagnosts as a com
plement to conventional methods 1967 Price Sw Ar
35

68 EERO TALA Carcinoma of the lung—A retrospec

286 JORGEN JENSEN  Malformations of the inner ear gy
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Price Sw Ar 35 !
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Ar 35
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graphy—A techmcal anatomic and climical study 1967
Price Sw Ar 35
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35
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1967 Price Sw kr 30
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size and vasculanty of cervical carcinoma—A colpo
photographte and clintcal study 1968 Price Sw Ar 35
75 SuNE ERIcsoN  The parotid gland in subjects with
and without theumatoid arthritis 1968 Price Sw Ar 40
76 ROLFJFNSEN Antenor teeth relationship and speech
Stud using d hy synch d with
speech recording 1968 Price Su Ar 35
77 SVEN AHLBACK Osteoarthrosis of the knee—A
radiographic investigation 1968 Price Sw Ar 35
278 IRENT SIOGREN KJELL BERGSTROM and HCRMAN
Looin  Echoencephalography in infants and children
Comparnison with cerebral pneumography i measuring
ventricular size 1968 Price Sn Ar 35
179 BERTIL JARPLID Radiation induced asymmetry and
lymphoma of thymus 1n mice 1968 Price S Ar 35

P g 1969 Price $n Ar 35

289 SIRKKA WILIASALO Lymphographic polymorphism=*
in Hodgkin s disease—Correlation of lymphography o *
histology and duration 1969 Price S» Ar 35 %

290 ULF WELANDFR Multicolor combination images in £t
subtraction phy—A new ph phtc method
and 1ts applications 1969 Price Su Ar 40 b

291 ILONA SCHRECK PurOLA Fatlure of malignant ept-
dermal cells to respond to vinblastine sulfate—A stud ¢
1n skin tumor resistant mice 1969 Price S Ar 35

292 GtovanNt RUGGIERO  GiNFRANCO CRisTt and
CLAUDIO TRLVISAN Clmical aspects of encephalogra
phy 1969 Price v Ar 30

293 PERKA VIRTAMA and TAPIO HELELA Radiographe
measurements of cortical bone—Vanations in a normal |
population between 1 and 90 years of age 1969 Price
Suw Ar 20

294 L STIERNVALL E E NishaneNand J TARRAN
NEN Penetration of cytoplasmic barmer i malgoant 2
epidermal hyperplasia by colchine m dimethyt sulf
oxtde—A polanzation microscopic study 1n shin fumor .
resistant mice 1969 Price Sw Ar 70 !

295 RAARINA TOURU KaISiLa Heart size determination
by photofluorography 1970 Price Sn Ar 35

296" HANS ROVSING Otosclerosis—A tomographic-<inr
cal study 1970 Price Sw Ar 35

297 Prr {.ANGEUND Population screentng for female ®
breast tumours A climcal mvestgation 1970 Price
Sw Ar 35

298 JOHAN EDGREN Effect of cysteine on chromosome
aberrations induced by radiation of human Iymphee)ies

Vit 0 Price Sw Ar 30

29l9" l;l:?mw? N Select i3 hy of the et \‘
gastric artery 1970 Price Sw Ar 35 "
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the use of multiple disciminant analysts 1968 Price
5w Ar 35

282 KARL RARLSTFDT Carcinoma of the uterine cor

pus—Factors bearing on the curability 1968 Price
Suw Ar 35
283 L0 STIFRNvALL Pharmacodynamic resp of

rint

30‘1’ M)anrm Ultrasound examination ofp!cur;’dst’;‘
ques—Expenimental  pathologic nd clmnical s
1970 Price Sn Ar 35

302 NG MAR JOLLSSON Radiotherapy
the uterine cervix with special regar
radiation 1970 Price Sn Ar 35 A

303 AAARINA AANTA Location of the placenta o
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S
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3 to evterndt

epidermal hyperplastas to topical vinblastine treatment
1968 Price Sw Ar 35

284 Hans FLoDH Distribution and kinetics of labelled
wvitamin By 1968 Frice Sw Ar 35

285 ERnKI honvisto Comparanve study of roentgen
duognostic elaswifications—Computer analy sis of 124496
roentgen reports 1969 £ rice Sn Ar 35

graphy 1sotopes 197t Zrice 1 Ar 25
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w6 TRYGVE AAKHUS Angtography sn acute mechanical
obstruction of the small mtestine 1971 Price Su Ar

40

37 PerTTU METSaLA Effect of dimethyl sulfoxide
{DMSO) on cytoplasmic barrer of malignant epidermal
cells—An mvestigation 1n skn tumor resistant mice
1971 Price Sw Ar 35

308 JORGEN RYGARD Mechamsm of blood clearance of
collodal gold 1n mice—An atoxic climcal

327 ERICBERGQUIST Tentonal notch and adjacent major
vessels in carotid angiography 1973 Price Sn Ar 45
328 O HasstErand S O HIETALA Anglographic ab
normaltties m the urmary bladder wall after wradia
tion Part I Anmimal expenments Part II Cleucal in
vestigation 1973 Price Sn Ar 45

329 OLOF EckerDAL Tomography of the temporoman
dibular joint—Correlation between tomographic image

usmg acttvation analysts 1971 Price Sw Kr 35

309 LAURI PATOMAKI A mathematical model for radia
ton fields of telecobalt treatment umits—With special
reference to the 1sodoses of Rocus 1971 Price Sw

Ar 35

310 RADIOBIOLOGIC INVESTIGATIONS Edited by Enk
Lindgren and Bernhard Trbukait 197! Price Sw
Ar 45

31 HALvOR VERMUND Enhancement of radimtion ef
fects by chemotherapy 1971 Price Sw Kr 35

317 PerTTI KaSkl Osteomedullography of the tiba
1970 Price Su Kr 40

313 PROCEEDINGS OF THE SIXTH CONFERENCE OF THE
?(\Rmcusoclmow OF CLINCAL PHYSICS held in Athus

nmark 1970 Edited by C B Madsenand h Lidén

|17 Price Su kr 45

31 BirGER HELIN Heart volume in human kidney trans
lantation 1972 Price Sw Kr 25

315 Uno WEGELIUS Angiography of the hand Clinical
and postmortem investigations 1972 Price Sn Ar 35

316 P E S patMer Haemanguosarcoma of kapost
197" Price Sw Ar 35

317 JUHANIRAUSTE Lymphographic findings in granulo
matous and tissue d
Differential diagnosis between these diseases and lym
phomas 1972 Price Su Kr 30

318 OVEMATTSSON Formation of the m

and 1! sections in a th system
1973 Price Sw Ar 40

330 Jorua RANTANEN Radiation mjury of connective
t A with expenimental

granuloma 1973 Price Sw Kr 40

331 FRANZ PauL PROBST Congenital defects of the cor
pus callosum—Morphology and encephalographic ap-
pearances 1973 Price Su Ar 50

332 GUDRUN ALM CaRLSSON Dosimetry at mnterfaces—
Theoretical analysis and measurements by means of
thermolummescent LiF 1973 Price Sn Ar 40

333 MATTIVALLE P coronary h
1973 Price Sw Kr 40

334 I JOELSSON A Sanprt and H L KOTTMEIER
Carcinoma of the utenine corpus—A retrospective sur
vey of individuahized therapy 1973 Price Sw Ar 40

335 METRIZAMIDE A NON IONIC WATER SOLUBLE CON
TRAST MEDIUM—Expenimental and prelmmary chnrcal
mvestigations 1973 Price $n Ar 50

336 SVEN SCHELLER and LaRS MARTENSON Traumatic
dislocation of the patella A radiographic investigation
1974 Price Sw Ar 50

337 OssikoruHoLA Myocardial scintigraphy and estima
tion of regional blood flow with xenon 133 1974 Price
Sw Kr 40

338 KURT ASTRAND and SVEN REICHMANN Optimised
tomography Theoretical and practical analyses of the

of h

;gt—K\Vth special reference to blummng 1972 Price
% Kr 35
319 ProgRess 1N VETERINARY RADIOLOGY Proceedings
of the 2nd International Conference of Veternary
Radiolognsts held 1n Stockholm 1970 Edited by Sten
31!‘3rﬂt Olsson 1972 Price Sw Kr 45
0 Tiakko KUIPERS Carcinoma of the utenne cervix
Aspects of clmical oncology in patients referred for
’ll’zdlalmn therapy 1972 Price Sw Ar 50
BoLunpsTrOM Angiographic abnarmalities follow
8 percutaneous needle biopsy of the kidney 1972
’fmeSn Kr 40
RS BLOMQUIST Mode of accumulation of 1wodo
phenylatlanines 1n the exocrine pancreas and certam
Pmmours 1972 Price Sw Kr 40
i’l;;EREROLlN Radiologic reporting 1973 Price Su
o
¥ :ar’cnuo TELARANTA The role of host tissue 1 skin
sxm‘::’gencsls—An mvestigation with shin tumor re
Sene ?;d skin tumor susceptible mice 1973 Price
o
L:n e]l:;v.s GUNNAR LINDQUIST Accumulation of drugs on
peoamn 1973 Price Su Kr 40
HN ERIK JOHNSSON Hysterography and diagnostic

Curettage in caremoma of 1
w Ar g0 of the uterine body 1973 Price

errors m 1974

Price Sw Ar 40

339 ILkha SURAMO Lymphography m tuberculosis
1974 Price Sn Ar 40

340 EEva NORDMAN ™Se sodum selemte scintigraphy
i diagnosts of tumours 1974 Price Sw Ar 43

341 ILPO LAUTEALA Pelvimetry with image intensifier
camera A low radiation dose method 1974 Price Sw
Kr 50

342 ANDERS MOLLER Pneumography in paraventricular
and mtraventricular tumours of the posterior fossa
1974 Price Su Rr 60

343 HAKAN JORULF Roentgen diagnosis of intraperto-
neal flud A physical anatomuc and chmical mvest
gation 1975 Price Sw Ar 55

344 Skeletal development growth rate and hip dysplasia
Experimental mvestigations with special reference to
the effect of estrogens growth hormone and nutrtion
Edited by Sten Enk Olsson 1975 Price Sn Ar 70

345 HaNs Kuisk and FAizM KHAN Nommnal standard
dose and tumor standard dose Tables for radiation
therapy planning and analysis 1975 Price Su Kr 65

346 Computer tomography of bram lesions Edited by
Enk Lindgren 1975 Price Sw Ar 73

347 Tenth Symposwum Neuroradiologicum Edited by
Enk Lindgren 1975 Price Sn Ar 148
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348 Sepro Lappe Cineangiographic determmnation of
Jeft ventricular volume—Accuricy of methods 1976
Price Sw Ar 50

349 hat TaLLROTH Lymphatic dissemination of bone
and soft tissue sar A lymph g
ton 1976 Price Sn kr 50

350 Bo FREDRIN ZACHRISSON Thyroid angiography
1976 Price Sw Ar 65

351 KARL GUSTAV STRID Analysis of secondary screen
ng with special reference to gads for abdomunal radwe
graphy 1976 Price Sw Ar 65

352 SEPPO SAKSANEN Rel between P

BRAND Clinical companson between monochrome co-
lour film and black and white film 1978 Frice Sw
Ar 7

357 NiLSG Biurstam Radiography of the female breast
and axilla 1978 Price Sn Ar 105

358 O hond n d Ty —~Patho-
genests and pathology n pigs horses bulls turkeys
and broilers with comparative aspects on osteochond
ntis dissecans i man Edited by Sten Enk Olsson
1978 Price Sw Ar 150

359 LEfF I SAMUELSSON Mechamsm for evoclectron

manly from LiF 1979 Price Sw Ar 70

graphic and soctal perfor —A Sta
tistical analysis of 915 patients with partial or permanent
occupational disability 1976 Price Sw Ar 60

353 T R MOLLER U B NORDBERG T GUSTAFSSON
J E JounssoN T G LANDBERG and G SVAHN TAP
PER Planming control and documentation of external
beam therapy 1976 Price Sw Ar 75

354 PauLt HexaLl Coronary angrography and chinical
symptomatology 1976 Price Sw Ar 65

355 Metrizamude Amipaque The non 1onic water solub-
le contrast medwm Further clinical experience in
neuroradiolopy Edited by Enk Lindgren 1977 Price
Sw Ar 150

356 HANS DAHLIN ULF WELANDER and HERMANN WiL-

360 PeR SeANNF Thermolumunescence dosumetry  the
#Gy range—Theoretical and expenimental imvestin
tions of the optimum performance of a LiF TLD
system 1979 Price Sw Ar 75

361 ARE GULLMO Herniography—The diagnosis of
hernia i the grom and incompetence of the povch of
Douglas and pelvic floor 1980 Price Sn Ar 100

362 lohexol A non tome contrast medum Pharmaco-
logy and toxicology Edited by Enk Lindgren 19%0
Price Sw Ar 120

363 STIG A LaARSSON Gamma camera emission tomo-
graphy—Development and properties of a il sec
tional emission computed tomogriphy systeM 1550
Price Sw Ar 100
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