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INTRODUCTION

Renal hy  the p of the 10n and
of the findings requires a thorough and detailed hnowledge of the renal
arteries and of their normal range of vanation The anatomy of the renal
arteries has previousty been studied mainly by classical anitomic methods
1n autopsy specamens The pattern of the intrarenal primary and secondary
branches and of the supplementary artenes has not been related to modern
concepts of the internal topography of the hadney

In the present wnvestigation which 13 based on clinieal matenal from
the Roentgen diagnostic Department of the University Hospital Lund renal
angography 15 used to study the anatomy iz stx This will broaden the
basis of the classical anatomy and convert 1t into chinical anatomy The
mestigation 158 concerned with the course and distnbution of single and
multiple renal arteries and their branches and of branches supplying adjrcent
renal structures
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Fig 1 Varatonn orga §doreal artery from renal artery (after ALBARNAN & PAwIY
1908}

of 80 ladnevs and bifureation in the sinus of the kidney i 6 9, Gfrarn
{1911) exanuned 207 hidneya and found a proumal erigin m 18 *5 g medial
1n 14 24 and a distal or smus ongm m 68 % Hot-JevseN (1930) found siamlar
frgures for £0 kadneys but Parvuso (1992) found m 34 hidneys a proximal
ongmn i 6% medial n 12% and a distal or simus bifurcation wn 829,

The branches of the renal artery have been desenbed acconding to ther
tiel 1 of supply as polar ventral and dorsal The ventral and dorstl arteries
have also been described 1n relation to the hadney pelvis

The dorsal arfery 13 usually gnen off before the renal artery enters the
fulum  but 0 rare cases it may branch from a ventraf srtery m the sinus
(ALBARRAN & Parry 1902 Hou Jenses 1930 MEerxnis & Micnres 1938)
(kg 1) The dorsal artery scldom divides before reaching the hilum It
enters the upper part of the snus erther erantal domal or ciudal to the ven
tral artery (Parvyso 1952) The vessel then runs crantal to the confluence of
the hdney pehus or mmmediatels dorsal to its upper part after whreh it
describes an are with the convexity facmg cranjolaterally As a rule the
dorsal artery furst runs horzontally mnto the smus but then bends in eaudal
directron after which it often runs parallel to the dorral hilir bip (Auparnay
& Parry 008 HeLestiow 1929 Hot JJENSEN 1030 GravES 1954 and others)
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(F1iz 2) When the vessel descends in candal direction 1t often crosses the
upper calyx (Graves 1954) Branches are given off from the consex aspect
and run to the dorsal part of the ladney

Opimons differ on the field of supply of the doral artery Grecome (1506)
was the first to trace the pattern of the arteries from therr entry mto the hitum
and their freld of supply in the parenchyma He clammed the extstence of a
separate artery for the dorsal and the ventral halves excluding the poles,
each of which was supplted by a separate artery The artery supplymg the
upper pole, honever stemmed from the dorsal artery Other authors (Zo\DER
1903, ALBarRaN & PAPIN 1908) expressed the view that the dorsal artery
supplied not only the center of the dorsal part of the kidney, but also the
dorsal part of the upper pele, while Broory (1901) helieved that the yentral
artery supplied the pars supertar Graves (1954} found that the dorsal artery
nourished the dorsal half of the Jadney with the exception of the most apical
part and of the pars mferior

The wentral artery 19, a3 a rule much greater m caltber than the dorsal
arterv and they are seldom of equal width {Broper 1901, Zo\pEs 1903
ALBARRAN & PArIN 1908 and others) As a rule, the artery arborizes mto three
or four branches immediately before or within the Tulum These branches
usnally enter the upper part of the lmlum eranial to the confluence of the kidney
pelv1s, whence they spread racially m the sinus over the ventral side of the
confluence (ALBARRAN & PAPIn 1909, GERARD 1912, Hou JensEN 1930, MERK
iy & Micugrs 1958) The ventral arteries branch further m the sinus and
follow the calyees to the level of the papilae, after which they enter the
columnae Bertint as imterlobar arteries The central branches of the ventral
artery supply the mddle of the hidney (Arvannan & Parrn 1808, GéRarD
1912) Prrwes (1935) clammed that an actery, which he designated @ cen
tralts, usually supphied the tentral middle part of the hidney Brrroce (1914)
showed that the Jower pole was supplied by branches of the ventral actery,
while other mnvestigators (BroprL 1901, GravEs 1954 and others) claimed
that the upper renal pole was also supplied by the yventral artery

GRAVES (1954) who divided the kidney mnto b segments, was able to shov
that the entral artery usually supphed 4 segments (Fig 3), whih he eallert
apical, upper, middle and lower segments The last three were vegularly
supphed by the ventral artery, wlile the nutnition of the apical segment (re¢
presenting the upper medinl part of the kndney} varied Thepenpheﬂl arterial
branches nere dependent, to a certun extent, on the topography of the calyces
(PrRIWES 1035, GRAVES 1954)

CrivEs reported that the artenal supply of the nuddle scgment of the

’
hidney arses ag a branch from the artery to the upper segment n 53 35 of



Fg > Uirseanimamifeats n I loralartery mat s {after Hot Jeners 1930)

Tadneys s 30 ¢, from the artery to the lower segment and 10 16 6 2, from
the same location as the two arteries to the upper and lower se.ments

Polar artertes — As mentioned opmuons differ on the artery) sufhy to
the 1y per pole This disagreement 12 due munly to the wexact defimtion of
the boundaries of the upjer jole of the hidney It may e zasd that the upper
pole 13 supphied by both sentril and dorsal arteries According to (iraves
the medinl upyp er [ art of the pole 1s supphed bs brinches of the ventral artery
wm 4319, of ludneys m 233 ¢, of dneys Ty a branch ermnating at the
ifurcation of the ventral snd dorenl arteries by & branch jroximal to the
rfurcation m 23 3 %5 or 1y branches from the dorsal arters in 10 °, of hulney s
The remanmng part of the upper pole 13 supplied by branches runmng cramaily
from tle ventral end o ral artenes Carstvano (195%) would not accept
the name polae arteries on the (roveds that there weee vo upper and fower
petar regions of snj 11y to be recogmzed He admitted that arteres oceasionally



POSTERIOR

Posterior Anterior

Fig 3 Dagram of rglt \ Iney show ng the five arter al sgments Tie apcal ani

lower segments occupy tle ventral as well as the dorsal halses of tho h duey (after
CrAvES 1054)

ran to the poles but that they were not 8o common as to justify classification
as normal variants

It 13 widely agreed that the Jouer renal pole 1s supphed by a ventral artery
dividing at the level of the lower calyx into a ventral and a dorsal branch
(BroDEL 1901 GREGOIRE 1206 BELLOCQ 1914 Gravrs 1954} Hou JENSEN
{1930} confirmed ths fact in 23 of 30 kidneys but in the remamder the lower
pole was dizded into a ventral and a dorsal part the latter betng supplied
by a branch of the dorsal artery

The varous secondary branches which thus supply different segments in
the Judney give off the mterlobar arteries These arteries enter the parenchyma
between two pyramuids and usually supply adjacent parts of the latter The
segmental artery with its mterlobar artertes can however supply only one
pyranud (ScHMERBER 1895 GLRARD 1012 Hou Jensen 1030) At the bases
of the pyranuds the vessels bend to form the arcuate arteries and grie off the
terlobular arteries to the cortex The interlobular arteries are readils de



a 3 <
Fig 4 Dgram of vanist onn ¢ e an { ram fieation of repal artery @ Typus mag s

trals 3 b Typw magstrals 11 ¢ Typus dupersatus {mod [l after hupnsanorr
1924)

monstrated m angrograms of operative or post mortem specimens but they
cannot be followed angtographically s 220

HiRTL (1872) who used corrosion preparatrons was the first to show that
the ventral and dorsal srteries were end artertes supplying their own separate
areas of the kidney This has amce been venfied by many in autopsy studies
(Bropet 1901 AvRaRRAN & Pary 1908 Hou-JEAsEN 1030 Pick & Axson
1640 NARATH 1051 GRAVES [9>4 SyiTHOUIS 1956 and others) and at operation
(HELLSTROM 1928 BEROENDAL 1936 and others) and by renal angrogrims
(1 psMay 1057 and others)

By d ing the mdependen of the ventral and dorsal
parenchyma of the kidney Hyrrr (1877) presented his thests on the natur
Iiche Tenbarkeit of the hidney Like BRODEL (1901) he believed these s ascular
regions to be completely separate from one another Hot-Jrasen (1930)
Fecus (1931) and T« FoREN (1949) however found that the ventral parenchy
mal arterics were sometimes demonstrable among the dorsal and that there
wag thus no avascular zone between the tvwo fields of supply

Broprr (1901} Hot Trseen (1930} Loraren (1949) and Caistbase
(19 5) found the field of supphy of the ventral artery to be larger in that the
veasel also supplied the ventral parts of the darenl prramuds Zospesn (1903)
arnved at the same concluston he found that the border between the fields
of the dorsal and ventral arterica was 0 5—1 v cm postersor to the lateral
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border of the kidney Lorarex (1949) found that the shape of the hlum
mdicated which part of the kidney was the Jeast vascularised, the part under
consideration bemg sitnated dorsally to the sprtium longitudinale

RUPRIIANOFF (1924) wlho injected contrast medunn into the renal pehos and artores
charted the ramefication of the latter but did not make any distinction between enteal
and dorsal artertes On the basis af his s estigations he dwided tho vasealar tree mto
tao mam types (Fig 4) magistralis and drspersatus

A Typus magistralis — The main artery enters unduded into the fultm Of ths
type there are two variants first (Type I) an which the main artery enters the upper part
of the lutum after whech 1t runs parallel to the latcral gurface of the hidney and gives off
branches on its way  NARATR (1851) therefore eatled this typn of vessel Ty pus magistrahs
longitudinalis Secondly (T3 po 1) the renal artery enters the muldle of the hlum and
then eontinues at right angles to the longitudmal axis of the kidney giving off rachal
branches on its way NamaTi (1951) called this form Ty pus magistrabs trans ersalia

B Typus dwpersatus — Tha mamn artery divides before 1t reaches the hlum
RKuUrRIIANOFF found this typo m about 35 % of ceses The magstral type was scort in
65 % of which Ty pe I was seen m somewhat more than two thirds

He deseribed the dispersed ty pe as being more common n the presence of extrarenal
peluis or hidney lobulation and clwmed that it roprescited a lowcr atate of deselopment
than the magisteal Intermediary forms were seen by KUPRIZANOFF 1t about 1 0,

PrivEs (1935) waa unable to conftrm KuPRIIANOF: 8 finchings mt every respeet but
found the dispersed type i kadneys with ampullary renal pelves, whi the pehas was
Dbetter deseloped in hidneys of the magwtral type Apart from the ebsersation that the
peripheral arborization of the vessels was to o certam extent dependent an the number
of calyces, mn man he was unable to demonstrate any defintta relationslup between the
shapy of the renal pehs and the arbanzation of tha artery In apumaly, however, he
often found the vascular pattern to vary with the shape of the renal pelvis

Curatpano (1955) studied extirpated hadacyn angiographeealty He found the arteris
to break up mamly inte 2 groups pamely branches runming paraliel to the sious and
branches runming at right angles to the snus Apart from this he could find no gy stematic
tond ney of the arborization of the vesscls SarTirors (1956} fourd casentially the same

pittern

SUMMARY

Eatensive amvestigations by varous authors have demonstrated vamed
courses of the renal artery to the hidney and of the ranufieation through the
smus  Different opintons are on record regarding the regions supplied by
branches of the renal artery GRAVFS (1954) was the first to deseribe a segmental
arrangement of the areas supphed by the renal artery In chnical renal
angiograms the course of the renal artery its ranification and the segmental
arrangement of the hrdney area supphed have not been ma estignted



AUTHOR'S INVESTIGATIONS

From a roentgen diagnostic pont of wiew knowledge of the segmental
istribution of the various branches of the renil artery 1s of particular impor
tance Gravrs as mentioned appears to be the only mvestigator to have
descnibed the vascular pattern in relation to the various parts of the renal
parenchyma which he divided mto 5 segments His studses are based on
apecimens removed post morient and cannot be apphed directly to renal
angiography because of the poution of the hidney iz 1110 Neither were they
based on the topographteal arringement of the pyramidal system which 15
the deterniming fictor for the form of the kidney

Stnee primary and secondary branches divide into mterJobar arterres runmng
1n the columnae Bertini 1t mght appear Jogical to describe the pattern of such
branchea 1n refation to the position of the pyrammds The description of the
distrtbution of the arteries 1s based on the fundamental v estigation of the

of the py ds by Loraren (194))

The artena) branches supplying the peramids also supj ly enclostng cortical
substance so that description of the drstribution of the branches among the
pyramds will i reality be a description of the branches to the renculi

NOMENCTLATURE

Lorerey recogiuzed three parts of the kidney nremely pars superior pee
intermedra and | ars inferior (Fig 5) the last tno parts together formmz ¢ o
lobns  nmordialts mferior Between these three parts grooses called s.g
interpartialis superior and infertor are seen mn more than 80 %, of all kiZ sy
s adults These sulcr racdhate shghtly from the lateral upper and Jows _ o
angle and the pars intermedia ltes betwcen these two

The kidney 19 made up of 7 potrs of pyramuds each pur conast + 4 ¢
sentral (V) and a dorsal (D) pyramid {pyr) Three | urs are situnted »  —
the pars supertor (heremafter referred to as pyr 1 3V D) 2m pars formpe
(T 4 5V D)and 21n pars mienor (psr 6 7V D) (Fig 5) The pyramyn = o
consulerably in shape and mize espeeially i the pars superior ard goun
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but their positions in the hidney are farrly regular The pyranuds w the pes
mtermedia may be angular becuse of the shape of the hilum Thus 1f the
lulum 15 on the dorsal sde the lateral parts of pyt 4-5 D will bend ventrally
so that the lateral part of the bases of the pyramids will form part of the
ventral surface of the kidney

Renal angrography will as a rule demonstrate the topography of the renal
vessels A thorough study of the nephrogram has shown that 1t 1s possible m
most cases to observe the above mentioned suler and the hulum The suler
appear as famt identations on the lateral surface of the kidney At the end
of the arterrl phase and early in the nephrographic phase accumulation of
contrast medinm 13 seen mn the cortex and columnae Bertinr pernutting distine
tion of the ditferent pyramids (Fig 6) The dorsal and veniral pyramuds of
each purare essentially on the same cramo caudal level but do not completely
comenle antero posteriorly because of some latero medial displacement

The fields of supply of the various arteries were studied on the basis of the
above topographic data No generally accepted nomenclature 1s asailable for
the primary and secondary branches of the renal artery The essential point
of any name used 1s that 1t clerrly indicates the field of supply and its relation
to the renal peluis The renal artery 1s cnlled a renahs unti! the departure of
the dorsal artery (a dors ) after which it 1s termed the ventral artery (a ventr)
These @ mamn branches are primary branches and course dorsal and ventral
to the | idney pelvis Fucther primary branches are also given off to dufferent
pacts of the hidney most frequently to the poles (r sup or r inf) before
the departure of the dorsal artery or together with the latter to form a tn
or quadrifurcation In an attempt better to defme the area of supply of the
primary branches the pjramud numbers are also gnen as welf ns the Jetter
% or D to denote whether the j yranuds are located n the ventral or dorsal
part of the hidney There are thus 4 types of primary branches They may be
defined n the following way (Fig 7a)

——r 5] 1D

s drsgyr 36D
a ventr pyr 3 o3
et mf3r 8\ "D

reralartery [—'

The dorsal and ventral primary branches give off seconlary brancles
(r dors and r ventr) If the arteries to the renal poles anse from the dorsal
or ventral arteries they are secondnry branches All of the secondary brinches
are scgmental artertes (ot subse_ mental artertes) since they only supply eertan
hmited parts of the renal parenchyma It the segmental arteries stem from
ventral or dorsal arteries the yasculature may be defined as follows (Fiy 7b)



Ventral

Fig 5 Dungram of tupaggraphy of lefs hylney based on the stu lies perfarmed by Lorarrs
{1949) Zumbera § 7 indicate surfaces corresponding to the venteal and dorsal pyramids

Promary artenes Sec or {aublsegmental arteries
rrodos pyr 1 2\D

T dom pr 34D

dors e 5D

vtz vt 3 4%

ventr pvr 3\

ventr pyr 8 VD

s dws per 121 15D

A ventr 337 37V 63D

Segmental artenies are further divided nto subsegmental arteries which supply
portions of o segment eg r dors pyr 5 D These subsegmental artenes also
branech directly from the primary arteries or from the renal artery

The nterlobar arteries depirt from the subsegmental atteries in the sinus
and enter the parenchyma between X pyramids The number vares, but as
a rule there are wufficent for each pryramud to be supphed by a subsegmental
artery s the prranuds represent the bauce segments of the kidney, there
14 & segmental supply  but each interlobar artery usially gives off Lranchea
to 2 adjacent pyramuds The division of the segments an therefore not bLe
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Fig 7 Dingram of left hidney showing nomenclature of dufferent segmental asterres 1n
formula below
—(2)r sup pyr 1 21D
e M a remx..|—{—(3)u dors pvr 3 6D
—_— (4)a ventr jyr 3 51
————(8) v f pyr 6 73, 7D

—{4) rr dors pyr 1-2VD
{2 a dors pyr 12V 1 5D—}—(5)r dors pyr 34D
b () [a renaim—] L—(6) r dots pyr 5D
— {7 1 xentr pyr 341
(3} a ventr pyr 3 71 6-7 D~}—(8} r ventr pyr 51
Lo(9)r ventr psyr 6-71D

exact On the other hand, the secondary Dbranches usually supply more
than one pyramid permutting diviston of the lidney into greater segments
and then the poor defimtion due to the mterlobar arteries will be of less

mportance
MATERIAL AND METHODS
AUTOPSY MATERIAL
Twenty three kidneys, each with a smgle renal artery, were studied regarding
the regions supphed by the arteres
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The kidneys wero removed together with the renal capsule and the aorta tho latter
being slit up from the yventral side 1 order to check that the kidney was supphed by a
single artery A suspension of colloidal BaSO, (Collobar Astra) was injected mto the renal
arter; which was ligated at its ongin The arteral vasculature was then studied m
three dufferent projections (1) the kidney lymg flat on the support (truo frontal projec
tion) (2) with the ladney tilted about 45° 50 as to obtamn an image corresponding to that
obtaned 1n a frontal view m tizo (3) with the hidney rotated so that the dorsal surface
faced medhally, ve aview to & true lateral (Fig 8) The contrast
medium (Coll sbar suspension or 50 %, Umbradil) was then mjected mto the renal pelyis
and the 3 above mentioned projections were repeated

CLINICAL MATERIAL

Thirty three kndneys (10 right 23 left] were examned m two projections
by selective angiography according to the method of Opyan (1936) Frontal
films were taken with the patient m the supine position (corresponding to
projection 2 above) and obhque films with the patient tilted to the mde to be
studied (projection 3 above) In some cases lateral films were taken mstead
of obhque In these projections 1t 1s possible to distinguish between dorsal
and ventral arteries (WEYDE 1954 Frruans Damnwn 1958) Selective angio
grams also permyt evaluation of the columnae Bertim and the outhue of the
hilum, and can therefore be used with advantage in the investigation of the
renal arteries 1 ttto

The findings from these renal angiograms were then compared with the
data obtained from the autopsy studies

It was soon realized that the frontal films alone were sufficient to decide
which of the arteries were dorsal the artema dorsahs being of charactenstic
course and appearance (Figs 2 8) ¢ The dorsal artery was often found to
anse as the first branch from the renal artery (whrch distal to that point was
called the ventral artery) & Its caliber was asa rule smaller than that of the
ventral artery ¢ It coursed in the sinus i a typieal nay with the descending
Tart often running v ertical and parallel to the posterior hilar hp d Its branches
crossed characteristic vessels of the ventral artery e Owing to the position of
ihe Jadney 2 1ito between the frontal and sagittal plane the field of supply
of the dorsal artery was lncated more medial than that of the ventral artery
In the pars ntermedia the peripheral branches of the ventral artery always
extended out to the lateral part of the kidney but never those of the dorsal
artery, provided the kidney was not malrotated Thus the material could be
extended to mclude examinations of other patients of whom films had been
taken 11 only one plane A further 100 kdneys (51 night 49 left) were there
fore studied with regard to the region of supply of the segmental arteries

Ongin course and segmental distribution of the branches of the renal






Fig 8 Autopsy specimen (left kudney) exammned i three projections

@b True frontal projection with kidney flat on examination table Branches of lorsal
artery do not cross one another neither do those of ventral artery except in lower pole
The course of dnrsal artery 13 charactenstic
e Y uw comparable to frontal projection tn sitw Dorwal artery and its branches appear

more medially 1 this semm lateral view
¢} True lateral p te view 10 obl que 1

wnoatn

artery were thus studied 1n 156 kidneys with & single renal artery which were
accounted for above namely 23 removed giost morfem 33 examined by selective
renal angiography 1n two planes and 100 kidneys of which renal angtograms
had been taken only m oune plane An attempt to divide the supplv of the
kidney mto the previously mentioned parts (pyr 1 33D pyr 451D pyr

€ 71 D) confirmed the findings by Svrruvis (195¢) that they did not comearde
with the fields of supply of the segmental arteries For example the subseg

mental artery to pyr 3V which belongs to the pars superior often encroached
upon parts of pyr 4V which belongs to the pars intermedia and the artery
to pyr 6\ often suppled the cramal portion of pyr 6\ The artenes to the
ntermediate ventral and dorsal segments had one charactersstic 1 common
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Table I Courso of renal artery from aorta to renal hilum (ehin cal ang ographic matersal)

Ascending Horzontal Descen ling
Sde num | Per | Vam | Per | O |num | Por | O | Totel
| ber | cent | ber | comt | VBB | hor | pene | ThS
Dlosis Pptosis

Right | 14 86 | 61 | 995 81 | 519 23 | 162
Left 61 | <01 | o6 | 434 | 2 25 | 65| 9 | 152
Total | 75 [ 230 | 130 | 414 | 2 109 [as7] 82 | aus |

RESULTS

COURSE OF THE RENAL ARTERY FROM AORTA TO RENAL HILUM

All of the anglograms were taken during the exprratory phase with the
patient supme In the classification of the course of the renal artery three
types were ! namely 1 and 4 ding In
soung persons the renal artery runs a fair]y straight course to the kidney
Most of the subjects in the present material however consisted of elderly
persons Though the aorta m such age groups may be of normal appearance
the renal artery may be of larger caliber and more tortuous than in younger
people The course of the renal artery was judged simply by the relationship
between the origin from the aorta and the level of 1ts entry into the hilum

A total of 314 kidneys (162 nght 152 left) were exammed m this way and
the results age given in Table 1

In about 10 per cent of the hidneys renal ptosis was observed mamly on
the right side Here a Judney affected with ptosis 1s to be understood as one
st ata]lbhalay ] o rance af lagel @ o h fop 19 n ol T

toul t LY !
e " '

g

1
'

hidney 13 abnormally low the renal artery runs a fairly strarght caudal course
and subtends a small acute angle with the aorta In these cases the vessel 15
distinetly elongated (Fig 10)

RAMIFICATION OF THE RENAL ARTERY

The first division of the renal artery may oceur m the prouimal middle or
distal third or even m the smus 427 hidneys were exammned mn thus respect
and the results are given 1n Table 2



Table 2 Ramifieation of rennd artery i the chnent angographic matenal

Proxumal | Meddal [ Distal imuy
e {"Ngm | Tor } Num | Ter | Num | Ter | Num | For | Total
bey cent ber cent. ber rent. bes eent a
R\ghh! a1 ’ X} } 3 166 | 14 | 51
5] 45 forfom
Lett | 10 47 20 93 o | 421 o4 | 430 | 214

53 1 324 [ oo4 [ ays | a0 | w5 | 4m

R

Tahle 3 Number of branches of renal artery befaro renal alum i the chinen! angio
graphie material

No ramifiention | 2 arteries 3 arteries 4 or nn
Sdo artenes [
Num | Py ‘ DMum | Per [ ™um | Por | Mume| Ver
ber eeng ber eend brr ceny | ber | oeent
' gt | 45 | 2te | 0 | 0] &t | ;0] | w0 | 2
, Lt o4 {930 o foas | o2 faes | 7 f s | 2w
119 | vrg | asr | osa7 | ogn g | s | ss | 27

The number of branches into winch the artery divided befare entermg the
hidney was also studied and the results are given m Table 3

Corresponding analyss of the topography of the artenies i the 23 ldneys
remorved post morfem showed that £ or moro branches were found before the
fulum m 16 kidneys and in only 1 hidney did the renal artery branch m the
sipus Proumal divison of the artery was noted i 4 hidneys, medial in ¢
and distal m 12 wlile in §, as mentioned, the artery Aid nat disle until it

renched the sinus

ORIGIN, COURSE, AND SEGMENTAL DISTRIBUTION OF THE BRANCHES
OF THE RENAL ARTERY IN 158 XIDNEYS
‘ * 0N aped consdernbly
was gupplied by
arteries In two

Pyr 12270 —~
{Table 4 and Fig .

artepes emanatng .
thirds of these hidueys ¢ ventr pyr 1-2 Y waa just as wide as ¢ dors pPyT

1-2 D (Figs 12 and 23) In the other kidneys the branches of the ventral
arters were defnutely wider, which mmplies that r ventr was responsibie for



Fg 10 Select ve renal ang agram of & left ptotic k dney Renal artery s el tgate 1
stra gl tened and has & steeply lescen I ng course Field of sup ply of lorsal artery iclades
psr 1 *VD Renal artery d v des into 1) ree arterics

——-a dors pyr 19V 1 6D
a ventr 1y 34V
' mfpyr57% 7D

[ romali—|

the mamn supply of the segment The branches of the dorsil artery often
multiple were frequently small and supplied only those parts of the pyr
1 2D near the sinus

In 11 5 °, the segment was supphied only by vessels from the ventral artery
(Fig 13) and n 21 2 %, by vessels from the dorsal artere (Figs 10 15 and 17)
The ventral artery and the dorsal artery entered the hlum 1mmediately caudal
to p3r 1-2VD so that r ventr orr dors pyr 1 21D had a short mam
trunk which soon thivided into ventral and dorsal subsegmental arteries which
followed the ealy < to the papillac On their way the segmental artenes gave off
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Fig 11 Diagram of left upper renal pol showing common variatians of arterial suj pls
ofpyr 1 2VD

Talle 4 Sanations w ongin of arterics to pyr 1 23D in the ehneal an | autopay

maternt
Ongm from
a renabs and @ sentralis and
Radneys a_dorahs
studhed a ) a a
renalis | g a vente | ventr | dom | (ente foqually
ventr | dors | +a lacgrat | lnrge
dore
Angiograms
1n one ple
(100) 3 4 10 3 12 21 16 3t
Angiograms
in two planes
i3 0 0 4 1 5 ] H 10
Post mortem
speermens
2 ' 1 a 0 1 ] 3 1
Total (150) | ¢ 5 14 4 18 33 | 26 | ™2
Per cont 26 w2 | 89| 26| ns| 22| 7] 33
147 500 |




Fag 12 Selectne renl angiogram (it kudney) Pyr 1 23D s supplied by a dorsal
as well a3 & ventral artery

a dore pyr 1-5D

{2 _enals a entr pyr 1-71,8 7D

to h P hyma The segment was often supplied by

several smalt arteries instead of one large one

Tn 26 °, of the kidneys one or mare branches left the renal artery before
the dorsal artery to supply pyr 1-2 VD (Fig 21) In 147 %, at least one branch
left the renal artery before or at the sanie level as the dorsal artery, but the
segment was also supphed by vessels from the ventral and dorsal arteries
(Fig 0

In 145 (93 %) kidneys the supply was fmuted to this segment In 11 the
supply also covered pyr 3V, and in 5 of them the pyr 3 D as well

Pyr -7 VD — One artery to the lower pole was always demonstrable
Tts area of supply vaned, ag did the level of ongin from the renal or the yentral
artery (Fig 14, Table 5)
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Fig 13¢ Oblique yrogection Obserse mcreased dustance between doral and yentral
actery as compared with frontal projection

mmmediately distal to the origin of r ventr pyr 1 2V (D) or at the same
ocation and then as a member of a trifureation m which the r ventr pyr
3 5Y was the thind component {(Fig 14 Table 5)

The course of the Jower polar artery m the sinus sarted with ats ongin
(Fig 14) A< mentioned the renal artery or its mam branches nearly always
rin n the upper part of the hilum cran:al to the renal pelus or at the level of
the upper part of the confluence of the kidney pehis In the majonty of
kadneys tmore than 80 % of the materral) where the lower polar artery eman
ated from the renal artery or early from the ventral artery the vessel ran 2
latero caudal course to the lateral lower hilir angle The more centeal the onigin
of the lower polar artery 1n the sinus the more vertical was its course In the 27
faduneys 1 which the artery to the fower pole was the last branch of the ventral
artery both often ran a characterrstie longitudinal course 10 most caces paraliel
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Talle 5 auations in field of supply and origin of lower polar artery {chnical and autopsy material)

\ Ongwn from renal artery Ongmn {rom entral attery Total
Pyramud
,ﬁ:ﬁ; v |Betore| 1 Quadn [Num | 15t | 201 {Tn | Lest [Num {Num | Per
drall e | fure | ber |bronch|branch| fure |branch| ber | ber | cent
artery
573 o 1 1 2 2| 13
57V 3 1 + 3 2 5 9} 58
673 3 | 2 5 1 1 1] 15 s | 2|17
7% 61D | 12 | 7 9 19 1 6 | o6 | 45288
87\ 71D 2 | 2 3 7 5 1 2 3 {n| 1s|us
57V 53D 1 1 0 1) 07
57\ 67D 9 | 8 vo[s | s 4 23 | 41263
57V "D 2 | s 5 5 1 6 1 70
"% 61D t 1 2 z | 4 5( 32
47\ /D [ 1 | 1 1| 07
Number [ 20 |26 s | 55 9 | s [ 27 | e [ 156
Por cent | we{er] 32§ ass| w2l s8] s3] wis{ es|

kidney Durmmng 1ts course 1t gave off branches first to pyr 1-21 (D) then to
3-5% and finally to 6-7 V (D) (Fig 13)

In none of the kidneys {56) exammed m more than one projection did the
artery to the lower pole run dorsally to the renal pelvis Before the artery
diviled and entered the parenchyma it ran adjacent to the lower calyx as
far as the level of the papillae In the cases in which it supplied dor<al py ramids
the astery gave off a branch to pyr (6)-7 D as a rule at the level of the lower
calyx but oceasionally proximal thereto

The lower polar artery 13 above all a ventral artery and therefore regularly
supplted pyr 6-7V Its field of supply often imncluded pyr 5V (Figs 8 and
10) and rarely pyr 4V (Fig 19 Table 5)

In 122 (78 2 %) of 156 ludneys the lover polar artery suppled not oniy
the two ventral pyranuds but also pyr 7D (Figs &8 10 and 21) and m 92
{390 %) 1t supplied the entire pars infertor (Figs 6 12 15 and 19) Only n
one Jadney did the supply include not only pars mferior but also pyr 5V
and D When the lower polar artersy did not supply the dorsal pyramids 1n
the pars nferior this part was suppled by the dorsal artery (kigs 13 and 17)

In the 27 ladneys wn winch the artery to the loner pole was the last branch
from the ventral artery 1ts field of supply was more ventral than otherwise
In 16 {69 2 °,) of these kidneys st therefore supplied ventrad pyramds only
as agatast only 18 (14 8 %) of 129 1n the rest of the matersal (Table 5 Fig 13)
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Fug 16 Dungram of left kadney showing common varations 1n origm, eourse and fio
of supply of segmental acterics to pyr 3 5

artery More commonly {86 kidneys=551 %) one pyranud (3V or 5 V) wn
supplied separately, while the other 2 were supplied by a common segments
artery (4 5V or 3—¢V) (Figs 8 and 10) In 51 (327 %) hdneys pyr 3-5°
were supplied by & common branch of the ventral artery (Figs 16, 17, Table 6)
In the remaining cases (11 kidneys=7 1 %) the supply was somew hat differen
m that a branch of the ventral artery to pyr 1-2V also supphed 3 V. Pyr
4-5V 1n these kidneys were supplied either by sey b hes (Fig 6)
or by a common branch of the ventral artery (Table 6)
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Tuble 6 Vamations in the supply of pyr 3-5V

Tudneys 3v, | 34y, Claveav 1ev, | 13y,

studied a5y | osv | 3BV 5y favsv| 4y | Towd
Angiograms m
one plane 3 19 37 3 2 3 100
Angiograms in
two planes 3 12 13 2 1 H 3
Post mortem
specimens 4 12 1 3 1 2 2
Number [ 13 | = | s | 4 7 | 1
Por cent | s3] ws] s271] 51 26 TR

The range of sanation of the vascular pattern of the vessels to pyr 1-2
VD and 6-7 VD was irmted by the outlme of the kidney poles The vanations
in the pattern of the vessels supplymg pyr 3~5 V were dependent on variations
in the arteries supplying the two polar segments while pyr 3V nught be supp
lied by the artery to pyr 1 2V {11 hidneys) and 5V (70 hidneys) and 4V (8
lidneys), by the artery to pyr 6-7V (D) In addition, the ongm of the seg
mental artenes to the poles vaned with an associated wide variation m the
course of the vesscls to pyr 3 5V (Fig 16)

Despite variations in other arteries the artery to pyr 3— V usually showed
a characterstic course Tt formed the direct continuation of the ventral artery,
mdependent of the fact whether r ventr pyr 1-2 V(D) was given off before
the segmental artery or not (Fig 17) Exceptions to the rule could, however,
be seen {(Fig 15) Inthose hidneys (11) inwhichpyt 3V wassupphed by arteries
to pyr 1-2V, the artery to pyr 4V was the continuation of the ventral
artery sometimes 1 combination with the artery to 5V In the 27 hidneys,
m which the lower polar artery was tho last branch the arterics to the pyr
3-56 V in that segment were given off erther separately to each pyramid or n
vanous combinations of the type illustrated in Table 6 In these kidneys the
segmental artery was given off late because of the literal position of the ventral
artery mn the snus (Fig 13)

In one kiduey an artery stemmed separately from the renal artery to pyr
3V before the ongin of the dorsal artery In 8 kidneys a branch of the renal
artery was gnen off to pyr 3 4V and m 8§ hidneys a branch to pyr 3-5V
as o member of a tr1 or quadnfurcation, where other arteries were reprecented
by the dorsal artery and arteries to pyr 1-2 VD and 6-7 VD (Fig 10)
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Fig 17 belective renal angiogram (left kidney) Obscrve dorsnl artory of about anme

caliber as ventral artery but supplies o larger number of pyrami Is Pyr 3-5V 18 supphied

by a main trunk which 13 a direct e mtinuation of renal artery R sentr pyr 51 runs

parallel to dorsl artery and Iateral surfaco of hidney Pyr 6-7 D s suppled by d real
artery

a dors pyr 1 21,1-7D
a ventr pyr 3 7%

[a renals]

The commonest variant of the ventral artery was the one, i which it
divided after the orgin of the lower poltr artery mnto two branches, one topyr
1-2 V(D) and one to pyr 3-4(-5) V (76/156=48 7 %)

Astar tentr pyr & V the vessel emanated separately from the renal artery
m 4 kidneys (2 6 %) and from the lower polar artery 1n 70 kadneys (44 9 %)
The course of the branch to pyr 5V m the former cases was caudolateral,
while the more caudal the ongin from the lower polar artery, the more hort
zontal was 1ts course (Fig 18) Occasionally the segmental artery ran cranio
laterally when 1t was given off from a distal part of the lower polr artery
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Fig 15 Disgram of left kidney showing common sanations m orimn and course of r
sentr pyr 5%

This was 50 1n the hadneys i which r ventr pyr 4 V also emanated from the
lower polar artery (Fiz 19) In one hidney the subsegmental artery was gsen
off 1n the angle between the arters to pyr 3-4 V and the Jlower polar artery
In the remamder of the kidneys the r ventr pyr 5V branched from the
artery to 3 4V Ther ventr pyr 5V was, asa rule, gien off last, but some
times 1t stemmed from the ventral artery before the segmental artery to pyr
1-2V (D) (Fig 18)

The artery to pyr 3 4V represented the Inst part of the ventral artery and
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Fig 19 Selectrve renal ang ogram (r ght hilnes) R ventr pyr 4an15% ar e fromr
ventr pyT 6-71V D and }ave an ascend ng an 1} or zontal course res; ct vely
[ remmiq—] % dom mT 123 15D
E ™l _axentrpyr 37V 6 D

mn the smus 1t usually ran horizontalls or somewhat cranally before its ifurce
tion m the upper part of the sinus As 4 rule 1t rin cranial to the renal pelvs
and crossed the besal part of the upper calyx After the bifurcation the r
sentr pyr 3 Vascendedsomewhat whiler ventr pyr 4 1 ranslightly caudaily
or horizontally The former vessel ran adjacent to the upper calyx on the
lateral side up toits pyrarmd wiuler ventr pyr 4V followed one of the muddle
calyces

R ventr pyr 5V when 1t arose from the artery to pyr 3—4V usuallv
ran caudally along the Iateral border of the sinus of the kulney and finally
followed & caly to its pyramud (Fig 17)

Pyr 3-5D — Asarule the dorsal artery orginated from the renal artery
before the hilum (Fig 20) In 80 (513 9,) of 156 kidneys the renal artery



39

Fg ) Dogran f1ftk Iney slowing commonsarat ms n rgn eo rse anifeld
of supply of @ reat artery
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duv1ded 1nto & ventral and a dorsal mun branch wathout giuing off any previous
branches (Figs 8 13 16 and 17) In 39 (250 %) of 266 hidneys the dorsal
artery was grven off at the same tume as 2 or 3 branches to the 3 other segments
m the kudney (Fig 10) In 37 kndneys minor branches were given off from the
renal artery before the dorsal artery usually to pyr 1 21D segment (Fig 6)
or pyr 6-7 VD rarely topyr 3 5V In 2 kadneys the dorsal artery was given
off distally m tle minus together with r ventr pyr 3-4V (Fig 21) In 3
Jadneys the dorstl artery arose from v mf pyr € 71D Fmally m one hidney
two dorsal arteries were observed one ongmated from the renal artery and
supplied pyr 1 2D and 6 D the other supplied 3 5 D and arose from the
lower yolar artery Only mn a few Lidneys did the dorsal artery divide before
the hilum The dorsal artery was m rare cases ag wide as the ventral attery
(Fig 17)

The dorsal artery usually entered the upper jart of the hilum as a sngle
vessel and there i most enses ran an almost honzontal course Most fre
quently 1t gase off branches to pyr 1 D which vamned from small often
multiple vessels supplying adjacent regions of pyr 1 2D to one wide artery
supplsing the entire pyr 1 > 1D (Figs 10 15 and 17) The artery then turned
candally to run an almost vertical course In the clinieal renal angiograms this
curve was not always distinet because of the position of the kudney n 1iro
(Fig 8) The crano lateral convexaty usually gave off the branches r dors
ryr 3D gometimes 4 D which followed the calyx to the tip of the pyramd
During 1ts further course the dorsal artery gave off branches to pyr 4 and
5D These branches came from the lateral asject or the terminal part of the
dorsal artery

As mentioned (p1ge 27) 1n 5 hilneys the pyr 3 D was suppled by the
artery belonging to pyr 1 >\ D segment In 3 of these the vessel arose from
the dorsal artery 1in one from the ventral artery and in one from the renal
artery Pyr 5D was supplied m one hidney by an artery belonging to pvr
6-7V D segment Pyr 4 D was re, ularly supphed by the dorsal artery (Table
7 Tig O0)

It was thus yosuble to show that pyr 3 5D was nearly alnays (98 °,)
supplicd by the dorsal artery

g 1 Mortcrenal ang ogram (left & they) Pyr 1 *VDuss pplelby arteres fo m
reral artery lorsal artery departa late i s n 1
T xpopyT 12%
———rF sp pT 1D
& T ol dom T 36D
a1 paly a ventr pvr 37\ D
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angiographic study showed that more than half of the right renal arteres
(02 %) have a descending course and seldom (9 %) ascending However the
course of the left renal artery mn 40 % was found to be ascending and only
16 % descending with as many as one third of the latter being situated lower
than normal

1f the findings of FDS)AN {1007) are taken into account then 1t 1s possible
to deerde n a plam film the course of the artery to the Judney as beng from
the level of the intervertebral disc betw een the first and recond lumbar v ertebrae
to the upper part of the lulum of the hidney This 12 of practical imy ortance in
performing selective renal angiography On insertion of the catheter mto the
renal artery the bent tip should more or less correspond to the course of 1t
to facihitate positioning of the catheter and to prevent the tip of the catheter
from bemng directed against the artenal wall When the renal artery has a
markedly descending course 1t might be difficult to feed the tip of the catheter
mto the artery unless 1t 15 bent in & curie to almost 180° By determumng
the position of the kidney m relition to the mtervertebral dise between L 1
and L IT i plamn before hy 1t 1s thus possible to
shape the catheter according to the course of the vescel

RAMIFICATION OF THE RENAL ARTERY

In earher morphologic studies the renal artery has been found to divide
before the llum as a rule mnto 4 or 5 branches Smular results were obtamed
1n €5 %, of kidneys removed post mortem 1n the present series The frequency
found by chineal angiography was definitely lower (5°, Table 3) On the
other hand the omgin of the first branches of the renal artery vared less in
this respect Table 8 compares these frequencies with those found m the
present mestigation

The present elinieal material differs from the autopsv studies deseribed by
other authors because the renal artery runs not only laterally but also dor
salls In chinieal angiodrams the renal artery appears shorter and particularly
1ts termunal part which 13 projected over the medial part of the hidney as s
clexrly shown by the post morfem specimens examined 1n different projections
(Fig 8) Thus the findings made at autopsy are not strictly comparible with
those made by clinical angiograms

Paruro (1902) nung anglograms of hidness removed post morfem showed
good agreement with our chaical results These results differed consi lerably
from those reported by eirher authors and from those made sn the present
post mortem mvestigation This difference masy be explamed by the fact that
Partupo examined preparations at an angle corre ponding to the frontal
projection tn tivo



Table § Onigmn of hiest branches from renal arters in previous and present antopsy
studies compared with the present eleueal material

Distat on
Author Number Provumai Vecia} garand
of casex ongn origin orgm in
sinus
Gésard (1911) 207 18, 140, 659,
Hon Jen en (1030} 50 120, 200, 68 °
Palumbo (1952) 34 [ 20 2 0
o 129, 820,
Pre ent
1) Post mortem 23 179, 28 @ 570,
2} Invino 427 7% 120, 81,

It 13 clear from the present clmcal angiogeaplie studwes that m about
7%, & branch arises provimally from the rentl artery Thts 18 tmportant n
selectrve renal angrography  because 1t may result n the tip of the catheter
entering the narrow early branch This may canse o sprem wath the nish of
complications because the renal artery 19 an end artery (F1g 22) ¥ a spasm
does not occur all the contrast medium may be depouted m that segment
supphed by the provimal branch with demonstration of only part of the
Ludney Consequently the bent tip of the catheter should not extend more
than about 1 ¢m mto the renal artery The tip of the catheter should be
siuated mmmediately adjacent to the left border of the vertebral body when
catheterzing the left renal artery and about 1 em medial to the right border
of the vertebral bods on ¢atheterization of the nght renal artery

In the present climieal senes the nght renal artery was found to divide
proumal to the hilum twice as often as the left Tiis may be due to the fact
that the night renal artery 15 somewhat longer thau the feft (Caivanper

1939 and others)

ORIGIN COURSE AND SEGMENTAL DISTRIBUTION OF THE BRANCHES
OF THE RENAL ARTERY

Pyr 1-2 1D — This segment which corresponds to the medial and
supertor part of the upper renal pole Atd a separate arterrsl supply m 93 °,
of the hidnevs while 10 the remammg 11 {7 %o} hadness the artenal supply
cearned ta extend to the entire pars supensor In 6 of these hidneys 1t conld
not be dectded with certmnty whether the arters supphed pvr 3D or 41
Lotare~ (1949) showed that pyr 3 D 1s the one that 15 nsnally Jeast developed
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Fg  Seloet o renal angogram {rght h Incy) Tip of earleter 3 placed
arters u L ng spsm 0 6l 3 vesscl Only ventral artery tlersfore (11 L Ohrer
bronehes of entral artcey 1> niot eross o1 0 anot! o7

an 1 1n several eases this pyramud 1z only sudimentary Pyr € Disthuss
more cranally anl tho veseel to the pyranud 1s then read Iy nustale
dors pyr 3D It 1s jrobable that 1n 7 °; of the caces the pars s mper
supp} ed by m tependent arteries from the dorsal an Yor ventral artery

Tyr 1 7\ D corresponds to what was usvally descnbed by earher
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as the upper pole (BrRoprL 1901, GREGOIRE 1906, ALBARRAN & Parmn 1908,
Berroc 1914, Hou-JENSEN 1930 Syitauis 1956 and others} Opmions huve
differed widely on its vascular supply This disagreement can be expluned by
the fact that there 1s a wide vartation 1n the blood supply, and also that opimons
differ on what should be regarded as the exact limuts of the upper pole Graves
(1954) charted the supply to the upper pole 1n segments, an apical an upper
and a posterior The 2 Jast mentioned extended down mto the pars mtermedin
on the ventral and dorstl sides respectinely The apical segment did not
correspond to pyr 1-2 VD but represented erther pyr 1-2V or 1-2 D This,
therefore explams the difference between the pattern of the supply found i
the present investigation and that described by Graves The reason why
preference was given by the present author to a larger segment was that m
35 9% of the kudneys pyr 1-2 VD was suppled by only one artery Graves
found that the dorsal artery supplied the apical segment i only 10 9% of the
ludneys, while the yventral artery did so m 433 % of kidneys This can be
explaned by the fact that the upper portion of the entro medral part of the
Lidney usually consists of pyr 1-2V and that ventral branches supply parts of
the dorsal pyranmds GRavES found that arteries to the apical segment stemmed
from the aorta or renal artery in 466 % of hidneys s agamnst 173 % to
pytr 1-2 VD 1n the present mvestigation This can be explained by the fact
that the present matenal ncluded only hidneys with a single renal artery
According to HELLSTROM (19.28) and BErRGENDAL (1936) artenies are given off
by the aorta to the upper pole m about 7 % The remaimng approximately
229, of hdneys may be explamed by differences in the clssification of the
arigin of the segmental arteries The segmental artery to pyr 1-2 VD anves
very close to that of the dorsal artery from the renal artery, so that in the
present material the ongmn of r ventr pyr 1-2'V was considered to be from
the ventral artery Graves on the other hand, considered the artery to branch
simultaneously with the dorsal and ventral arteries from the renal artery
HEerustro (1928) found that 1n 22 9 there was an extrahilar artery from
the renal arters to the upper renal pole In the present materal 19 hidnets
(122 %) were found to have cxtrihlar arteries running to the pars superior
In 11 kidneys theee vessels ran from the renal arter, and 1n the remamder
from the ventral or dorsal artepes Simee these vessels often enter the renal
parenchyma quite close to the halum angiography will not always dearde
whether the artery runs within or outside the snus There was thus reason
to suppose that many more arteries ran outstde the hilum to the upper pole
than we found
Pyr 6-7 1D — It1s known that the artery to the lower pole of the kidney
usually anses from the ventral artery (BeLLoco 1914, Hor-JENSEN 1030 and
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others) Graves (1954) believed that this artery was the most characteristic
and consistent in the vaseular tree Hou JENSEN (1930) found that 1n about
77 % (23/30 hidneys) both the ventral and dorsal part of the lower pole were
supphed by this artery while in the remang cases the dorsal artery 1tself
was responsible for the nutrition of the dorsal portion Graves (1954) did
not mentron this variant In 78 % of the Lidneys m the present maternl
pyr 6 7V and 7 D were supplied by the lower y olar artery while pyr 6 7V D
were supplied 1n 59 % In 22 9%, of kidneys the ventral pyramids alone were
supphed which was particularly common m those hidneys m which the lower
polar artery was given off as the last branch of the ventrl artery Pyr 6-71D
corresponds entirely to the segment GRavEs (19a4) called lower segment
Nutrition of the whole segment was seen m almost >3 ¢, of kidneys dis
tingwished by a sharp demarcation agamst the pars mtermedra (Table 6)
In a further 30 4 of the cases the vessel to the lower pole also supphed pyr
[EREA
Gravrs (1954) found that the lower jolar artery stemmed from the ventral
artery as the first branch in €3 °, of the cases In the present matenal 1t was
found that the lower polir artery (r mf pyr 6-7% (D)) ongmated from the
renal artery at the same level (20 %) as the dorsal artery or before (18 5 9.}
wlile 1n the rest of the hidneys 1t stemmed from the ventral artery Thus the
r ventr pyr 6-7VD represented the first branch of the ventral artery mn
578 °, m the rest of the hidneys In contradistinetion hereto 1 513 9, the
dorsal artery was the first branch given off by the renal artery and 1n a further
25 @, 1t left the renal ertery together with 2 or 3 other arteries
Pyr 3 51 — This segment corresponds to the ventral mid portion of the

ladney as descnibed by ALBsRRAN & Parin (1908) They found that the two
mtermediate ventral arteries ran to this portion of the hidney GRsvES (1904)

upper and muddle segments correspond approximately to pyr 34V and
pyt 5\ when pyr 1-2 1 comeides with hus apical segment  Each pyramid
m this segment was supplied by o sefirate artery (subvegmental artery)
usually stemming from a branch (segmental artery) given off by the ventral
artery Usuilly the r ventr pyr 3-4) arose from the sentral artery When
r ventr pyr 5V was a separate ! ranch it arose either from the same trunk
as that from which the other two pyranuds were supplied or from the lower
polar arters The findings agree essentially with those described by Graves
(1%4) In a fow cases r ventr pyr 31 and 5V aroso separately from the
renal arters A further vanant noted pyr 31 was sometimes supplied by
arteries belongig topyr 1 2VD It s remarkable that pyr 31 which belongs
to the | am superior was not supplied by the sime vessels as pyr 1-21 D
As mentioned the border of the sepments are not quite distinet and the upper
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part of pyr 3V s therefore supplied by the vessels to pyr 1-2VD bat the
mam supply emanates from the branch to pyr 4-5 V'

Pyr 3 5D ~ The area supphed by the dorsal artery varred considerably
but it almost always included pyr 3-5 D The dorsal artery supplied not only
this segment but often extended 1n both a crantal and caudal direction and
1n more than 20 % of the cases it also supplted prvr 1-2 VD and occasionally
pyr 1 3VD None of the other ventral pyramids recewed any supply from
the dorsal artery

Bropen {1801} and others believed the ventral nrtery to supply ventral
parts of the dorsa} pyramids The ventral artery can supply tie major portion
of the dorsal pyramuds i the pyr 1-2 VD segment as shown {page 25) and
small artertes were seen extending from the dorsal artery to pyr 1-2 D wiuch
supplied those parts of the dorsul pyramids near the sinus The ventral artert
to the loner pole was often the only supply to the dorsal pyrumds there
A ventral and a dorsal area of supply were always recogmzed m the pars
mntermedia where the segmental arrangement 1s best preserved The calibers
of the ventral artery and its branches were larger than those of the dorsal
artery when compared with the number of pyrands supplied This supports
the view of BropEL (1901) Hov JeNscvY (1930) and Lorore~ {(1949) that the
ventral artery slso supplies the ventral parts of the dorsal pyrimds The
branches of the ventral artery were never found to cross one another m the
pars mtermedie (Tig 22) as they did in pars superror and inferior where
they supplied entwre dorsal pyramuds This mterlacing of the ventral artery
and dorsal artery described by Fucus (1931) and Lororev (1949} was thus

localized to the poles
i } 1 artenes supplymg

It 18 cb terstie that seg or g
dorsa) pyramids cross arterres supplying ventral pyramids Should seleetine
renal angiography miss such a erossing m any region of the lidney a supple
mentary artery must be assumed I the hidney 1s exammned m more than ene
projection 1t will be etsier to detect whether any vessely aro mrssuing, but
once sufficient expenience has been gamed a single projection will be enough
The natural dnsion of the hidney as deseribed by HirTw (1872) could
thus be found only withm the pars mtermedia postenior to the suleus long:
tudinalis There 13 httle nish of impury to the larger vessels in association with
transrenal pyelohthotomy when the field 18 ay protched dorsal to suleus
longitudinahs Thts snleus 33 alnays seen m the muddle part {pars intermedin}

of the kidney .
The value of preop e renal angiography has been d by many
surgeons especinlly f partial sesectton 15 contenrplated (LJuNcoREs 1952,

SFym 1953 1955 Soit tze Beromans 1957 and others) particulatly since it
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usually 13 the lower pole that 15 resected (STEWART 1952 1953) Observations
made 1n the present matenal showed that the lower pole 13 most accesuble to
resection because 1n 60 per cent of all kidneys both the ventral and the dorsal
pyramuds m the pars mnferior are supphed by a single artery which courses
ventrally over the renal pelvis (Figa 15 and 23) In half of these cases ths
artery gnes off branches early in the sinus and these branches run to the
Jower part of the pars mtermedia ventralis On resection of the pars mferior
11 these cases the lower polar artery may be ligated dustally to the departure
of ther ventr pyr 5V

In the remaimng 40 per cent of kidneys the dorsal artery supphes the entire
dorsal part or the proximal part of the dorsal half of pars inferior

Course of arteries 1n the sints — To dimide the vasculature mto different
types as KUPRIZANOFF (1924) did proved unswitable On the other hand the
ndvidual segmental arteries showed a fairly charactenstic course so that the
supply to the vartous segments could be readily recognized

If the renal artery passed undivided into a hidney the vessel nearly alwavs
entered the eramal part of the smus independent of whether the vessel had
presiously ded ded or run h Iy If the renal artery drvided
before 1t reached the hilum the ventral artery and dorsal arters entered the
upper sinus 1nd gave off branches on their way to the various segments of
the kidney The courses of these vessels were fairly constant

Tentral artery — The r ventr pyr 1-2V (D) when present usually stem
med early from the xentral artery and ran along the upper calyx eramolaterally
or cranally

R ventr pyr 3 4( 5) v was the direct continuation of the ventral artery
and as a rule ran almost horizontally If r ventr pyr 51 was present 1t
ran caudally and often parallel to the Iateral border of the hidney 1n the lateral
aspect of the smus where 1t could follow & calyx to its pyramid The subseg
mental arteries to pyr 3V and 4V ran radially to their respective pyramids

R ventr pyr 6-7V (D) uvsually arose early from the ventral artery and
ay a rule ran caudolaterally and crossed the confluence of the hidney pelvrs
on the ventral side Sometimes the lower polar artery may anse early from
the renad artery and cross the aretery pels s junction (Bosrses to be pubhished)
This 19 of the greatest importance from a surgica) pomt of view because 1t
fuiours obstruction of the uretere pelvie Junction In none of the cases studied
m the prevent 1y estigation was any vessel supplyng the ventral part of the
lower pole seen to run dorsally to the renal peh1s not did a doreal artery ever
cupply the ventra]l pyranuds The lower polar artery sometimes gave off
dorsal branches early to pyr (6) 7D Before reachmg the confluence of the
hidney pelsis ¢ nf or ventr pyr 6-7 VD sometimes gave off one branch
4 Bawn
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coursing behund it to the dorsal part of the idney and another passmg
front of 1t to pyr 6~7 V Sometimes 2 branch left the dorsal artery early and
ran to pyr 6-7 D parallel to r tentr pyr 6-7V

The more central the onigw of the lower polar artery in the kidney the more
vertieally did 1b run The renal arteries also showed a charactersstic course
correspanding ¢o that given by Kurrizanorr (1024) for Typus magstralis T
or longitudinahs (Narats 1051) when r ventr pyr 6-7 1 (D) stemmed as
the last veseel from the ventral artery The dorsal and ventral arterics then
ran paradlel (o one another either within {Fig 13} or ontside of the sius
medsal to the hadney giving off segmental arteries on sts w ay hut such a course
was unusual

Ifr ventr pyr 5V stemmed from 8 prossmal part of the lower polac arters
1t ran cando laterally to the pyramid 3f it arose from a distal part 3¢ ran hor
zontally

The radisting branches of the ventral artery described by ArLnarran &
Parmy (1908) and Hou JunsEN (1930) can be confirmed hecause the different
ventral segmental arteries diverge from & powt wsuelly represented by the
ongin of the lower polar arters from the ventral artery The pownt was sttwated
within or outside the minus at the level of the upper part of the hilum This
fan hihe appearance was absent in those cases m whieh v ventr pyr 6-71 (D)
was grven off as the last branch

The dorsal artery nearly always has a characteristic course In 50 °, of all
cases 3t was the first vessel to branch from the renal artery and sts appearance
as seen in the angiograms agreed with that desertbed by earhier iy estigatora
(ALparnan & Pavin 1008 Hou Jensex 1930 Graves 1951 and others)
provided of course thet allovance be made for the position of a kudney i
wto Hrerustron (1028) stressed the importance of the surgeon being acquun
ted with the course of thie vesse] which was often concealed behmd the pos
terior hilar ip and could readtly be wnured m assocmtion with pjelotomy

Apart from the fact that the segmental artencs weually follow the ealsvees
1t 15 not possible to demonstrate any relation between the degree of samifica
tion of the renal peliis nnd the sascular pattern In the sus the ventral
and dorsal branches of the rena! artery he clase to one another so that the
veseels under certam circumstances can cause unpressiong on the renaf pels
(Fig 23) Tius will be the subject of a future paper

After having examined angiograms of 23 kidneys remosed post mortem 3t
was found that st was not posstble to chart the vasculature more exactly than
by engiography m t1ro The findimgs at autopsy were howeser sncluded
the matera! for evaluation of the vascular supply to the varneus segmeats
¥ xammation of the hidness at autopsy from different angles demonstrated
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i:;nrsx:;g’:::l:nd;tﬁ: ‘l}lesg,:::a] part of the hadney and another pasemng m
py times 2 branch left the dorsal astery early and

ran to pye 6-7 D paraliel to r ventr pyr 6-7 %

The more central the origin of the lower polar artery i the hidney the more
verticully did 1t run The renal arteres also showed a charagteristie course
corresponding to that given by KuPRuAaNoFr (1924} for T3 pus magastrahs I
or longttudmals (Naratit 1051) when r ventr pyr 6-7 V (D) stemmed as
the last vessel from the ventral artery The dorsa) and yventrs) arterses then
ran paraliel to one ancther either within {Fig 13) or outside of the sinus
medral to the hidney gtving off segmental atertes on 1ts & ay but such a course
was unusual

Ifr ventr pyr 5V stemmed from o prosimal part of the lower polar artery
1t ran caudo laterally to the pyramid if 1t arose from a distal part 1t ran hort
zontajly

The radiating branches of the yentral artery desenbed by Arvirzav &
Paprn (1908) and Hov JENSEN (1930} can be confirmed because the different
ventral segmental arteries diserge from & pont usually represented by the
origm of the lower polar artery from the ventral artery The point was situated
within or ontside the smus at the level of the upper part of the hlum This
fan hike appearance was absent n those eases ;n which r ventr pir -7V (D}
was given off as the last branch

The dorsal artery nearly alnays has a characteritic course In 50 °, of all

1 -

provided of course that allowance be made for the positton of a hidney 2
2120 HELLSTROM {1928) stressed the importance of the surgeon bemng aequam
ted with the course of this vessel which was often concealed behind the pos
terior hilar Iip and could readtsy be mnjured in association with pyelotomy

Apart from the f1ct that the segmental artertes usually foliow ti o calyces
1t 15 not possible to demonstrate any velation between the degree of ramifica
tion of the renal pelvis and the vascular pattern In the snus the ventral
and dorsal branches of the renal artery lie close to one another so that the
vessels under certmin circumstances can cause impressions on the renal pehvis
(Fig 23) Ths wil be the subject of a future paper

After havmg examned angrograms of 23 Judneys removed post morten 1t
was found that st was not possible to chart the vasculature more esactly than
by angiography tn tire The findmgs at autopsy were however included sn
the matenal for evaluation of the vescular supply to the various segments
Cxamnation of the hidneys at autopsy from different angles demonstrated
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Broadly speaking a ventral and a dorsal regton of suppls were recogmzed
which were located in the pars intermedia From the pars intermedia ventral
and dorsal arteries extended their supply 1n both cranial and caudal directions
The dorsal artery supplied predominantly in a cramal direction so that the
ventral pyramids (pyr 1 2V) could also be encompassed the ventral artery
n a caudal direction so that the dorsal pyranuds i the pars nferior (pyr
€ 7 D) could also be supphed The ventral artery also supphed dorsal pyranuds
m the pars superior and ventral parts of the dorsal pyramids n the pars
intermedia but was never the only source of supply to the latter

Ongin and course of the segmental arteries — The pattern of the vanous
segmental arteries in the smus was fairly constant The varations obsersed
were due to differences in the level at which they branched from the renal
dorsal and ventral arteries

In the pars mtermedia branches from the dorsal artery did not cross eich
other but crossed branches from the ventral arters In the poles however
the branches from a primary artery could cross each other The branches of
the dorsal artery were localised more medial than those of the ventral artery
because of the position of the kidney an 1120 The dorsal artery was usually
smaller than the ventral end was the first to branch from the renal artery m
about 50 %, of kidneys

It 18 stressed that detailed knowledge of the vascular anatomy 1s 1m] ortant
n surgery and m diagnostic roentgenology The roentgenologist should be
familiar with the course of the artery mn low lying hidneys as well as be avware
of the possibility of segmental branches amsing early from the renal artery
To be able to exclude the possibility of supplementary arteries 1 a gnen
<ase 1t 19 necessary to be famihar with the segmental sup ply of the kidney
Tt was shown thit m about €0 °, of all cases the jars mferior s e that part
of the hidney usuvally resected 13 aupplied by a single artery
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the medial posttion of the doreal artery n wiro These evammations al o
showed that the peripheral branches of the ventral artery never cross each
other as long as the ventral artery suppled only the ventral pyramuds This
13 applicable to peripheral branches of the dorsal artery when they supphed
only the dorsal pyrammds

The purpose of this mnsestigation was to chart the topography of the renal
arteres as they appear m clinical angiograms and thus the autopsy examina
tions were hinmted

SUMMARY

The normal roentgen anatomy of the kidney having one renal artery was
studied i chimcal anglograms and in kidney s removed at autopsy The course
of the renal artery from its origin to the renal hilum was studied 1 314 hidneys
1 vio and the ramification of the artery mn 427

In the chnical anglograms the onigin course and segmental supply of the
branches of the renal artery were studied 1 133 hudneys 33 of which had
been examined m more than one projection {selective angrograms) A total
of 23 kidney s removed at autopsy were exammed in 3 projections

Course of the renal artery from aorta lo renal hlum — The renal artery
usually ran a horizontal or descending course on the right side and a horizontal
or ascending course on the left The renal arferv entered the upper part of
the Itlum cranial to the renal pelvis In ptosis of the kidney the artery al
ways ran a descending course with the exception of a few cases when the
artery on the left side may run horizontally even n the presence of slight
ptosis
Ramification of the renal artery — DBecause of the laters dorsal courso of
the renal artery and the position of the Jidney sz 2110 the branches of the
artery medial to the lnlum will not be seen as often as i autopsy cases In
about 7 % of all hidneys a branch arose early from the renal artery which
was mmportint m selectrve renal angiography

Ongin course and scgmental distribution of the branches of the renal artery —
It was found that the charactenstie vascular pattern made it possitle to
distinguish between ventral and dorsal arteries in o film tahen 1 one plane
In nephrograms the pyrimdal arrangement could be distinguished

Segmental supply of the renal artery — On the basis of the topographie
arrengement of the pyramids in the hrdney 1t was found that the hidney hasa
segmental supply not comeiding with the borders of the lobes Four segments
were recogmzed namely (I) the two most cramal pairs of pyramds {I1) the
two most caudal pawrs of pyramids (I1I) the three middle ventral py ramids

and (IV) the three middle dorsal pyramids



EARLIER INVESTIGATIONS
FREQUENCY OF MULTIPLE ARTERIES

Autopsy studies — There 13 divergence of opimon n the hterature as to
the frequency of multiple arteries Thrs lack of agreement 18 partially due to
m 1 The freq giwven 1n the Literature thus vares

between 14 %, (ScuMERBFR 1895) and 47 % (WENsSTEIN Countiss &
DerBes 1940) Vost authors however give a frequency of 20 %, to 30 %,
On the basis of o personal series together with data given by 14 other in
vestigators Hou JEVSEN (1930) found that of a total of 2 56° kidneys 224 9,
had multiple arteries Later investigations however have revealed a some
what higher frequency Thus HeLrsTroM (1928) gave 265 % Ansov
RicHARDSON & MINEAR (1936) 3259, BERGENDAL (1936) 30G°, while
NMELRONIAN (1954) found multiple arteries 1n only 16 5 °, and Buscy (1954}
m 205 % If these recent investigations be added to those collected by Hou
JEASEN 1t wall bring the total up to 4 118 kidneys with multiple arteries i
609,

Clinical angiographic studies — Epsyiax (1957) studied the frequency of
multiple arteries anglographically Of 1 240 kidneys he found multiple arteries
m 2t °; In patients with hydronephrosis and obstruction of the uretero
pelvic junction Fpsuan found multiple arteries in 38 ©, In a clinieal angio
graphic series there 1s alway s an over 1on of cases of hyd ph
If these be excluded the frequency found by F psvav was 20 9,

FIELDS OF SUPPLY TOPOGRAPHY AND RELATIVE FAEQUENCTY
OF SUPPLEMENTARY ARTERIES

Autopsy studies — Two types of supjlementary arteries were recognized
namely hilar arteries and polar arteries the latter refernng to extra hlar
arteries running directly to the parenchima The anatomic studies have not
shown which regions are supplied by the hilar arteries The extra hilar arteries
run to either jole

Tuowreson (1891) found n 09 hidneys with multiple arteries an extralular



PART 1l
MULTIPLE RENAL ARTERIES

INTRODUCTION

Multiple arteries are said to be present when the kidney 15 supphed by
more than one artery from the aorta or ilac artery In the hterature such
arteries as well ag extrahular branches of a single renal artery are often referred
to as aberrant accessory abnormal anomelous or supernumerary It 13
therefore difficult to decido whether an author means a single renal arter
with extralilar branches or arteries ansing from the aorta or ihac artery
In order to avoid such confusion and because these arteries aro end arteries
and m addrtion usuvally supply as much as 20—50 ¥, of the renal parenchyma
these terms aro not used at the Roentgen diagnostic Department Unn ersity
Hospital Lund There any artery other than the mam renal artery and leaymg
the aorta or ilac artery 1s called a supplementary artery The term multiple
arteries 15 used when reference 1s made to the entiro supply to the hidney
{OLLE Orsson Lncyclopedia of Vedical Padiology in print}

As shown (Part 1) the branches of the renal artery supply separate segments
of the renal parenchyma though the segment or segments supplied by a
gnen branch may vary widely from one hidney to another This varmtion
majy be due m part to the arrangement of the pyramuds duning embryonil
Ife (which 1s due to the fusion of the pyramids in the pars superior and to a
certain extent m the pars inferior) and in part to differences in the level at
which the segmental arteries leavo the renal artery

The course and origin of these segmental arteries may however vary shilf
more when the arteries to smgle pyramids or groups of pyramids anise directly
from the sorta These artenes are of mmportance from a roentgenologmic as
well as surgienl pomnt of view Attention will therefare first be given to their
frequencs  vegrons of supply onigin an i course to the Lidney
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It has been stressed that the lower polar artery might be farly wide and
therefore supply a relatively large portion of the lower half of the hidney and
that the vessel should therefore not be hgated mn cases m which 1t causes
obstruetton at the uretero pelvie junction (WiLpeorz 1931, DEvG 1849
0O Conor 1955 and others}) McDorard & REMAELLy (1959) showed that 2
supplementary artery usually supplied 25—50 % of the parenchy ma

Clincal anmiographie studies — A thorough search of the hterature failed
to reveal any roentgen anatomic studies of the fields of supply and relative
frequency of supplementary arteries It has only been stated that selective
cathetenization of a kidney with multiple arteries 1s insufficient from a roent
genologte point of view because not all of the renal parenchyma will be filled
with contrast medism (Epsvan 1957) and thus the unfilled region may be
mistaken as & possible sign of tumour (EproLM & SELDINGER 1956)

The caliber of the renal artery vanes in proportion with the smount of
functroning parenchyma (Doss 1947 IDomRN 1904 1956 and others) This
also holds for the supplementary artery Epsyaw (1957) found that m 20 ¢,
of kidneys with multiple arteries the supplementary artery was of the same
width as the main renal artery

ORIGIN AND COURSE OF SUPPLEMENTARY ARTERIES

Autopsy studies — As a rule the supplementtry arteres ongmate from
the aorta at a level close to that of the mam renal artery but sometimes far
caudal to the latter SELDOWITSCH (1909) found that the supplementary
artery never originated more than 105 mm distal to the mam renal artery
Herrstrou (1928) measured the maximum distance as 70 mm  Asson
RicHarpson & Minear (103€) found the munmmum distance between the
arteries to be 7 mm and the maximum 80 mm They found that the supple
mentary artery left the aorta within 19 mm of the maimn renal artery m 50 %,
aml within 40 mm 1 60 °, which agreed with the findings of SELpowrTsen
AMETRONIAY (1954) Judged the level of onigin of the arteries m relation to the
orizm of the supertor mesenteric artery as well as to the distance between
multiple arteries The maximum distance between the origm of the mamn
renal artery and o supplementary artery ansing cranally to 1t woes 3% mm

Tho supplementary arteries may run together with the mam renal artery
to the hilum or separately to the hilum or direetly to the parenchyma depending
on the distance between the ongm of the main renal artery and that of the
supplementary artery (Gravrs 1936)

Clieal angrographic studies — Fnsyan (1907) found that the supplementary
arteries aro ¢ both erantilly and caudally to the omgin of the mam renal
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artery running to the upper renal pole in 30 % and to the lower polem 219,
Arparran (1909) found supplementary artermes running to the lower pole
to be more common SeLpowrrscn (1909) descrbed an extrahilar vessel
running to the upper pole in 9 (17 %) of 53 hidneys and to the lower pole in
5 (9 %) while n 81 %, of the total kidneys the supplementary arteries entered
the lnlum From ls fairly thorough case reports it 1s also possible to assess
the frequency of arteries to the lower pole In 55 9, of the kidney s with multiple
arteries @ suppl y artery supplied the lower pole LisENDRATH &
Srrauss (1910) whose material consisted of 28 kidneys with multiple arteries
found a supplementary artery to run to the upper pole m 18 % and to the
lower pole m 29 % E1sExprarn (1920) regarded hular v esecls as normal and
therefore recorded polar artertes as supplementary In 45 hidneys with supple
mentary vessels arteries ran to the upper pole i 13 (°9 %) and to the Iower
pole m 32 (71 %) HEeLLsTROM (1928) stressed the surgieal mmportance of
supplementary arteries and of 53 hidneys with multiple arteries he found a
vessel to run te the wpper pole mn 264 9 and to the lower pole m 84 %

while 1n 811 % of the total kidneys the supplementary arteries entered the
hilum  BerGENDAL (1936) whose material consmsted of 46 hidneys with
multiple arteries found the supplementary artery to run to the upper pole
1 196 %, and to the lower pole n 6 5 % while i1 80 5 %, of lus kidneys the
supplementary arteries entered the hilum WrinsTEIY CounTiss & DERBFS
(1940) found that of 192 kidneys with multiple arteries supplementary arteries
ran to the upper pole m 47 % and to the lower pole mn 68 %, The frequency
exceeds 100 % because in some of the kidneys there s ere more than one supple

mentary artery

Like the renal artery the supplementary arteries are end arteries As
early as 1901 hoLsTER pomnted out that the vessels retained their segmentation
even when the kidney was supplied by more than one renal artery At opera
tion for hydronephrosts due to supplementary lower polar artenies the latter
have formerly been lgated often with good results (BrroEsparL 1036
HecnenBacH 1939 Iaokr 1951 and others) Sometimes such ligation has
been followed by necrowis m the field of supply of the ligated vessel (Parcn
1920 WiLpporr 1931 Demie 1949 O Conor 1955 and others)

On the basis of corrosion preparations Griveg (1954 195¢) found that
the supplementary arteries were segmental arteries of relatively proximal
ongm He thus found that the ventral and dorga) middle segments of the
kidney and the apical and lower polar segments were supphed solely by the
supplementary arteries He considered that supplementary arterics ran more
frequently to the lower pole bectuse the lawer polar artery 13 the first to Jemve

the renal artery 1n 63 ©, of normals
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It has been stressed that the fower polar artery might be farly wide and
therefore supply a relatisely large portion of the lower half of the Jadney and
that the vessel should therefore not be bigated n cases m which it causes
obstruction at the uretero peluc junction (Witbnorz 1931, Deunc 1949,
O Conor 1955 and others) McDonsrp & KeSSELLy (1959) showed that a
supplementary artery usually supplied 550 °, of the prenchyma

Clinical angrogray fur stwdtes — A thorough search of the literature fafled
to reveal any roentgen anatomic studies of the fields of supply and relative
frequency of supplementary arteries It has only been stated that relective
catheterization of & kudney with multiple arteries 1s msufficient from a roe+
genologie point of view because not all of the rennl parenchyma wall be %4
with contrast medinm (Cpsuay 1957) and thus the unfilled regios mar bo
mistaken a3 & possible sign of tumour (Ennoun & SFLDINGER 1935

The caliber of the renal artery vanes in proportion with the ameope-e oo
functiong parenchyma (Doss 1947 IpBOMRN 1953 1056 and ctheer} Tive
also halds for the supplementary artery Eosutan (1307} found thas px 395
of kidneys with muitiple arteries the supplementary artery was ¥ ¢ » e2vp
width as the main renal artery

ORIGIN AND COURSE OF SUPPLEMENTARY ARTERIES

Autopsy studtes — As n rule the supplementary arteries ommesm fopm
the aorta at a level cdose 10 that of the main renal artery but sarmst mps 40
candal to the latter Sevpowirsen (1908) found that the FUP e b
artery never ongmated more than 105 mm distal to the mam sl zemey
HeLustrow (1928) measured the maximum distance as 70 mpy ln,;
Ricuarpso¥ & Viivear (1936) found the mmmum distance atyser « -
arteries to be ¥ mm and the maumum 89 mm They found that vy p o,
mentary artery left the aorta wathw 19 mum of the mun renal anee 5 ;’—.
and within 40 mm m £0 2, wluch agreed with the findings of Sgeey peey o
MrLRonTay (19%4) judged the level of ongn of the arters s 1 rehepn e
onigm of the supetior mesenteric artery as well a3 to the distars [Py
multiplo arteries The maxmnum distance between the onam of o, o "
renal arters and a supplementary artery ansing cramally to ot wy 3, ,

The supplementary artenes may run together with the mun pey_ ..,
to the htum or separately to the hitim or directly to the parenchyma g, ¢ *,
on the distance hetween the engm of the mam renal artery ap} xui :,"
supplementary artery (LRAVES 1626) -

Chinienl angograg e atudies —~ BOSMAN (1955) fonnd that 'ht‘pu’,-,_w“
artenies arose both cramally and cawhlly tu the orgin of the Fiv gt
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artery, but more often caudal When both the ipsilateral renal arteries were
equally wide, he considered the upper one as being the main artery, because
1t originated at the same level as & normal (single) renal artery

SUMMARY

Several investigators have studied multiple renal arteries from an anatomical
28 well ag surgical pont of view Differences m the frequencies of multiple
arteries given by many authors are due to some extent to differences 1n nomen
clature Anatomic investigations have shown the accurrence of multiple arteres
m 25—30 % of all hidneys

Graves showed that the supplementary arteries were segmental The
relative frequency of these vessels has been classed nccording to their hilar
or extra hilar course to the pole, but no previous attempts have been made to
determine 1if the hilar vessels had a polar field of supply No systematic ana
tomical examnations have been made of the fields of supply of the supple
mentary arteries

Although clmieal angiographic mvestigations have been made of the
frequency of multiple arteries no endeavours have been made to chart the
topography and field of supply of supplementary arteries In view of relatwvely
recent advances m chnical anglography, especially selective renal angiography,
detailed knowledge of the vascular pattern and fields of supply of multiple
arteries 13 more necessary now than formerly



AUTHOR’S INVESTIGATIONS
MATERIAL AND METHODS —

The present matenal consisted of 369 patients examme? » __ =
angiography Of these, 73 were exanuned by unilateral sea »— =
tion, while 1 8 patients both kidneys were studied sepeow = =
renal anglography Of the 89 kidneys studied by the sexw— -
were found to have multiple arteries, and for this reass 57 e _
afterwards studied by aortic renal angiography til

In the evaluation of the topography and frequency of zv oo ~
those kidney s were excluded which showed signs of fustm e, e ~ o
In addition, those hidneys were rejected 1n which the tze o ~
be studied completely This left a total of 638 kednerr . ~_

The ongmn, course, and field of supply of the =97 wirw v
142 kidneys could be scen in detail Tn the analyss of &r e

mical

such vessels could not be classified as hilar or prle £ o tiries
HELLsTROM (1928) and others It waa often impossliv s o
artery entered the hilum or ran directly to the parer, v, - rited
therefore named according to the pyramids they guy; .- = nlly
thus gives information not only of the field of supy? @ - the
of the vessel which 13 directly proportional to the y  ~ b
1t supplies VD
As a rule the caliber of the supplementary artoey 4, -
the mamn renal artery When both arteries were of ¢« o ral
that supplied tnter alte the 3 5 ventral pyramif =. s
artery, because in the mvestigation of hidneve w- ;. and
the vessel to pyr 3-4(-5) V was the direct eonts_,
which was tn turn a continuation of the renal artee artery
In additton to the chinieal matenal, contrars , .. 3V was
34 Jidnevs (17 pairs) removed at autopsy (for ter . able 11)
dinmeter
the hadney
w1
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Table § Frequeney of multiple arteries m 638 kidneys 1 the chmen! ang agraph ¢
matenal

lartery 2artcries 3arteries £ arteries Total

R ght 241 65 4 0 210

Left 245 79 3 1 308

Total 486 144 i 1 633

Per cent 2 22 1 01
RESULTS

FREQUENCY OF MULTIPLE ARTERIES

Of 638 kidneys 1652 (23 8 %) had multiple arteries [310 mght kidneys and
328left of which 69(22 3 %) and 83 (25 3 %) respectively had multple arteres]
{Table 7

Obstructive changes m the uretero pelvic junction causing hydronephrosts
were seen 1n 64 hidneys Of these 38 had multiple artertes (51 0 %) If these
61 hidneys are excluded from the series 1t will leave a total of 574 Judneys
of which 119 (20 7 %) have multiple arteries

In the present autopsy material (34 lidneys without hydronephross) 10
(29 4 %) were found to have supplementary artertes

FIELDS OF SUPPLY, TOPOGRAPHY AND RELATIVE FREQUENCY
OF SUPPLEMENTARY ARTERIES

The origin course and field of supply of supplementary arteries to 142
1idneys were traced (clmical renal angiography) I1ight of theso hidneys had
more than one supplementary artery Of the 142 hdneys 32 were hydrone
phrotic

Of 131 hidneys i which one supj lementary artery was ohserved the latter
supplied pyranuds n the pars inferior m 95 (70 9 9,) In 18 hidneys (134 °,)
1t supphed pytimids 1n the pyr 1 2V D segment and in 14 (10 6 °o) pyramids
within the field of supply of the dorsal artery In the remammng 7 kidneys
{62 9,) the suppl 4 artery supplied pyrimds m the ventral md
portion of the ladoey (pyr 3 4 51) (Table 10) In the 8 hidneys with more
than one supplementary artery all of the vessels were ordipary segmental

artenies
In the autopsy series of 10 kidneys with multiple arterses 6 had 1 supple
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Tolle 10 umber and types of supplementary arterics in the chnical and autopsy series

umber of sup| lementary arterica
fegments
wuppt e Living sul jects | Cadavers
1T 2 3 |Total | 1 | 2 | 3 | Total
ryr 123D 18 ! 1 w | 3 2 [ 5
Tyr 351 7 1 0 8 0 1 ° 1
Pyvr 6-7VD 95 7 1 103 2 4 0 [
Pyr 35D 14 5 1 20 1 1 0 2
Total number
of hidneys 134 7 1 142 6 4 0 10

Table 11 \arymg ficl L of supply « f suppl mentary artertes to pyr 1 2% D in the chmcal
and autopy series

Material <1%v [gyes{app| 13% [1-2\D ] 13D { Tatal
Clneat - 1 5 2 1 1 20
Autopmy 2 3 — -~ — — 5

2 [ s 2 R

mentary artery and 4 had 2 There too the segmental supply of the arterzes
was apparent (Table 10)

Pyr 1-2 1 D — Supplementary arteries to thiy segment were demonstrated
m 20 eut of M2 kudneys (14 1 %} The supplementary artery was usualls
narrow and supphed one or two pyranuds The artery usuails ran to the
nupper part of the pars superior and eupphed pyr (1 )2V or rarely (1 )2 D
{Fig 24) Onlv m 1 case did the supplententary artery supply pyr 1 3VD
(Table 11)

In 5 autopsy specimens supplementary artenies were found supplying ventral
ryramds i pyr 1 2V D segment (Table 1) In 2 hidnevs these vessels
ongmated together with the capsular artertes (kig 29) fromt the aorta and
supplied only part of & sinle pyramid

Pyr 351 — In 8(56°,) of the 142 hidness the supplemeatars artery
ran to pyr 3 5V In addition there were 3 hidneys i which pir 3V was
supphied by o branch of the supplementtry arters to pyr 1 211 (Table 11)

In all of these kidney s the supplementary arters was smaller in diameter
than the maint renal artery In one case not included m this group the hidnes
was supplied by 4 multiple artertes The arters to pyr 3 3V 0 this case was



Fig °f Aorte renal anglogram Observe supplementary artery to pyr 1 2% af left
kilney R sup pyr 1 2V arses early from the renal artery to nght kedney

of the same ealiber as the other 3 so that this was taken as the main renal
artery because it originated at the same level as the contralateral mamn renal
artery In 2 kudneys the supplementary artery supplied only pyr 3-4(-5) 1
(Fig 26) while in 41t supplied also the pyr 1-2V

Pyr 5V was supplied alternatively by the artery running to pyr 3 41
as well as by that extending to pars inferior, except m 2 kidney s i wiuch pyr
5V wag supplied separately by a supplementary artery arng from the aorta
In one of the Judneys the vessel also supplied pyr 6V (Fig 27)

Only m 1 of the autopsy apecimens did a supplementary artery run to the
pyr 3 5V segment In thia case 1t supplied only pyr 5V

Pyr 35D — In 20 (141 %) of the 142 kudneys the dorsal artery was
supplementary Its ficld of supply sared in the sme way as m Jadney s supphed
by a single artery As a rule the supplementary arters thus represented the
entire dorsal artery so that its field of supply extended from the pars inter
media 1n both cramal and eaudal direction In 17 kidneys the dorsal supple
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Fig 5 Autopsy spreimen Both hiineys are ¢ ipplied by a supjlementary artety to
PYF 1% The artery d vilea int> two branches of equal cal bsr 1o 8 1y phying the renat
parenct yma an 1 ono tk e fatty capsule

mentary artery supphed not only pyr 4 5D but alo pyr 3D and m 12
the entire dorsal portion of pars superior In 5 of these 12 hadaeys pyr 1 2\
wos also supplied by this sessel (Fag 2%) Caudally the field of supply often
extended to mcdude pyr 6 D (7 hidners) less commonly pyr 6 7 D (3 hadneys)

Occasionnlly  there was more than one dorsal arterv one from the mam
renal artery and one su) plementaty which then rupplied one or more dorsal
prmds The supplementary dorsal arters supplied only pvr 5D m 2
kidness and pye 4 61 n one (Fig 29) A further 5 kidnevs had 2 doranl
arteries each one arsing, from the mawn renal artery with an ordinary field
ol sujphv and & second with & suptlementars dorsal arters nourshing only
the dor<al pyranuds of the pars iferior (Fig 30} These 5 kadnevs are
clude t i the group of supplementary arteries to Pyr ¢ 7\ D

The autopsy materss) mclnded two speermens i which the dorsal artery
represented the supplementary arters and 1n both cases 1t supphed pyr
15D

Pyr 6 71D — Of 134 Lidnevs with only one suj plementany artery the



1 Aort c renal ang ogram Observe & ipplementary artery to pyr 1 2% of ] ft

Fg
Rilney R sup pyr 1 2\ anses early from tl o renal artery to r gh b k dney

of the same caltber as the other 3 so that this was taken as the mam renal
artery beeause 1t onginated at the same level as the contralateral mam renal
artery In 2 ladneys the supplementary artery supplied only pyr 3 4 5}V
{(Fig *6) while in 41t suppled also the pyr 1-2V

Pyr 5\ was supplied alternatively by the artery running to pyr 3 41
as well as by that extending to pars inferior except n 2 ht Ineys n which yyr
5V was supplied separately by a supplementary artery ansing from the aorta
In one of the kidney s the yessel also supplied pyr 6V {Ig 27)

Only 1 1 of the antopsy spectmens did a supplementary artery run to the
pyT 3 5% segment In this case it supylied onky pyr 53

Pyr 3-5D — In 20 (141 %) of the 142 kidneys the dorsal artery was
supplementary Its field of supply vared in the same way as n hidney s suj phed
by a single artery As a rule the supplementary artery thus represented the
entire dorsal artery so that ats field of supply extended from the pars nter
media m both cramal and caudal direction In 17 hidneys the dorenl sup) le



Fig 27 Aortic renal ang gram Nwrmal topograpl y of 1 it ka lney

Arteral phase Left 11iney supplie} by multiple arteries (1) & renalia pyr 1 4%

16D 2} a ventr pyr 58V (—) snl (38 mf pyr TVD () Thrartery to tle
lower pola «rigmates 110 mum caudal t the mam artery anl has a steejly ascen hing

straght extralalir course
b Nephrograj hie phase Tip of the eatheter 14 close to the ormn of the @ vente pyr
501 thersisth ref re o heavy lepaait of contraat medum in the cortex an | apasm
the artery with demonstration of pyr 5 6 4 a3 & consequence

a

pyramuds of the pars inferior were supphed n 93 In the 8 hadness with more
than one supplementary artery one of these constantly supplied the pyraymds
1 the lower renal pole {Figs 27 29)

In 83 kidneys the field of rupply of the rupplementary artery conld be seen
adequately for study The vessel had essentially the same field of supply as

the artery to pars inferior in hidnevs with a single renal artern Differences
S Anwm
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R

Fig 268 b Selectse angiogram flofs b Iney) Artens o pyr 34\ nre musng anl
thern s n ding defuet in the

¢ Aortic renal angrogram A supplementary ariery supplying pyr 3 4% [~-) anses
§ mm eramal to the mawn renal artery
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Fg °8 Sclectne {a—c}anlaorte (1)
r nal ang gram (left b1 lnev)
a-b Arterial plas  n frontal (1) anl
oblq e {t}s w Only the ventril astery
{ manartery=a vertr [yr 37V 6
D} scatleterzd

¢ Neplrograp! eplase N ace mil ton

of contrast n Apper and doral patt of

hidney except £ £ pure mfor © Obs Fe

characteristie wregalae marga it
1pper part of k Iney
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a

Aort ¢ renal ang ngram Tle ma n artery anl two sup plementary arter es

"y 9a
loms

upt ly tte malrotated rght kdney a renals suppyngpyr 13D 15V a

57 4 5D anda nf pyr 6-7VD Tlatwos pplementary arter » arise 6o an 1117 mm

au tal to of g n of ma n artery Both arter es Lo o & steeply ascen 1 ng co r<e and scem

bo stra ghtened puss bly as a 8 gn that they ! ave prevente 1 tl e normal rotat on of
the k dney The lower polar a tery stems irom the 1ac artery

b-¢ Urogram an 1d agrammat ¢ 5 per mpos t on of arter ogram e} ow ng rotat on
and the relat on between the pel sanithovase lar suyply
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Fg 3 Aorte renal angogram Course anl ranfcaton of supplementary lorsal
artery {—») resemble t at of ventralartery (1)a lors pyr 1 ®V 1 5D {°)a sentr 3T
37V 67D

renal artery at most 7 mm (Fig 34) In 19 kudneys the distance was °0—39
mm 1 10 40—59 mm and mn 4 60—79 mm The number of supplementary
arteries thus d d wrth g dist from the origin of tl ¢ mam
artery Caudally over 80 mm however the number agamn mereased so that
1n 18 hidneys the origm of supplementary arteries to the lower pole was distal
to thus level (80—99 mm from ongin of renal artery m 12 cases 100—119 mm
m 4 and greater than 1°0 mm n 2 hidneys) The greatest distance between
the mamn artery and the supplementary artery was 135 mm

The course of the supplementary artery to the kidney varied with 1ts ongin
from the aorta the position of the hidney and tle size of the kidney Like




5

nr
1
D normal kidneys
4
| . matrotated kidneys

-~

+10 LQ-10 20 30 40 50 60 70 80 90 100 110 120 130 140

41 ‘aratwns e diatance between orign of supplementary artery to pyr 673D
and main renal artery

L O =Level of ongin of the man artery
nd — denote onigin of the supplementary artery cranially and caudally respectrvely,
to the man artery

main renal nrtery, the supp)ementary artery somenmes ran a descending
ire, somettmes and

f the supplementary artery {lower polar artery) arose above the orygin of
maa artery of witlua 40 m distal thereto, 1t almost ahways ran a des
ding course The vessel often ran a horwontal course 1 the beginning,
allel to the mam artery especially if the two vessels originated at roughly
same level (Fig 31) If the supplementary artery arose st a more caudal
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Fig 34 Aortic venal angogeam Supplementary lower polar artery (—+) originates from
the aorta 7 mm cramal to the man artery and has & descending course

level 1t first ran cramally and then followed the main artery to the neigh
bourhood of the ilum Wathuin or just before the hilum the vessel would course
to the lower pole as an ordinary segmental artery (Fig 35)

The course of the supplementary lower polar artery in the Intum and sinus
wag latero caudally but owing to its more proximal orgin 1t was less steep
thanr ventr pyr 67 VI when the latter arose from the ventral artery

The course of the segmental artery to the kudnes was sometimes horizontal
when 1t orginated 40—70 mm from the main renal artery, but usnally 1t was
ascending Of the latter course two vanants were found the vessel running
either i a wide arc up to the lower part of the hilum (Fig 36, left) or runnming
a straight cranio lateral course (Fig 37)

All of the supp ary arteries g from the aorta above the ongin
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Fg 35 Aort ¢ renal ang ogram Supplementaty lower p lar artery ar ses 12 mm caudal
to the of gin of the ma n artery tur 15 cran ally and i ns parallel to the hitter ani tien
0 ts lethe} lum runs caulo laterally 1 ke an ord nary segmental artery

of the renal artery or within "0 mm caudal to it entered the kidney at the
level of the hitum and the origin was never below the middle of L IIT

Tn a total of 19 kidneys the supplementary segmental artery departed from
the aorta more than 70 mm distal to the mamn renal artery In 3 of these
kadneys the artery arose from the ilme artery (Fig 9) and m one from the
middle sacral artery (Fig 38) In 4 the supplementary artery ran a horizontal or
almost horizontal course (Figs 30 38 39) In 3 of these the kidney was mal
rotated while the fourth showed a double kidney pelvis the lower portion bemng

intrarenal (Fig 39) In these 4 kudneys there was no true caudal dystopia

although the lower pole of the kidney was low

The remaming 15 kidneys were situated at an ordinary level and the supple
Mentary artery ran an ascending course to the lower pole of the kidney The
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Fg 34 Aortczenal ang ogram Supplementary lo ver polar artery (—») or g nates from
the 80rta 7 mm cran al to the ma n artery and has o descend ng coure

Jevel 1t first ran cranally and then followed the mamn artery to the neigh
bourhood of the hitlum Within or just before the hilum the 1 essel would course
to the lower pole as an ordmary segmental artery (Fig 35)

The course of the supplementary lower polar artery 1n the lulum and smis
was latero caudally but owing to its more proximal origmm 1t was less steep
thanrt ventr pyr 6 71D when the latter arose from the ventral artery

The course of the segmental artery to the ladney was sometimes horizontal
when 1t origmated 40—70 mm from the mam renal artery but usually 1t was
ascending Of the latter course two varnts were found the vessel runming
erther 1n a wide arc up to the lower part of the lilum (Fig 3¢ left) or runming
a straight crano lateral course (Fig 37)

All of the suppl tary arteries g from the aorta above the orign




Foq 37a Aotte renal anEIOEE™ supplementery 1ower piit arters nmSte 60 mm
caulal to the ongi™ of the mai renal artery anlhas & «ten it cran © 1ateral coUFe 1o
Lywer pote of the fadney

» Urogram T peie S sntrarenst

DISCUSSlON

FREQUENCY OF MULTIPLE ARTERIES

Tn order to facihitate compan<en with i estigation® on record and the
evatuation of the frequency of udneys ¥ ith pultiple artenies fadneys ® ith
abnormakities nable to increase ths frequency were €XC uded In ctuneal
matersal dystopie adneys fused Yadneys & T
at the ureterd pelnie junetion &
shown that the supply to dystop® an
froona & TroNPSON 1903 D

Fosuan 1957 and others) and that such Jadneys 7€

multiple arteries

S 2
a8 8 Tule sup\\hed by
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Fig 3¢ Aortic renal angiogram  Supplementary lower polar artery to Ieft ki lnoy on
gunates 40 mm from tho mam renal artcry and runs 1 a wide are cranially to the Imer

part of tho renal htlum Supplementary right lower poler artery orginaten ¢l we to the
man renal artery and haa a tortuous courso to the lower 1 art of lutum

vessel also appeared to be stretched or straightened (Iigs 27, 29, 40) In 2
patients the same appearance v a3 secrt on both eides (I g 40) Of these kadneys
& wero obvionsly malrotated and 6 only shghtly as judged by the superimpost
tion of the confluence of the pelvis over the kidney ( mtrarenal pelvis)

Of the 19 kidnes s 1n which the supplementary artery stemmed at a distance
of more than 70 ntm from the mam renal artery, 1t ran a completely or partly
extrahular course m 13 and branched distally to L III (Figs 27, 29, 40} In the
remamning 6 Judney s the supplementary artery was grien off abasve the lower

third of L IIT 1n one hidney
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Fg 38b-c Urogram On laplacement of k Iney n eran 1 { ect n by al lonnal

compress on the L Ine} w1l rotate st 1l more beea 1se [ the tract on by the extral lar
lower polur artery

pelvic yunction n these 3 series taken together was 48 % wlich 15 defmtely
higher than m a normal series

After exclusion of the above mentioned kidneys the frequency of muitiple
arterics was 207 %, a figure agreemng well with what I psyan (1957) found m
an angiographie material (20 %) Epsuan reported a good correlation between
his { gures and those found n ear] er anatonuc nvestigations It 1s stribing

Towever that the two angiogriphic investigations gave a frequency of about
6B wn
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a

19 38a Malrotated ptotic hidney Aortic renal angiogram Supplementary lnwer
olar artery orignates from muddle sacral artery 75 mm distal to tho level of orgm of
main renal artery

ANDERSOY (1953) (72 operative specimens) and Ipsatan (1957) (angiograms
f 71 kidneys) showed that multiple arteries are much more common n the
resence of hydronephrosis with obstruction at the uretero pelvic junction
hese authors found multiple arteries 1n 55 % of hidneys and 38 % respectively
ympared with 51 % (64 kidneys) m the present matersal This relatively
rge difference 1n frequency might be due to the smallness of the 3 series
he overall frequency of multiple arteries with obstruction of the uretero
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Fg 39¢ ULrogram shows the louble huiney peh s anl the antrarenil | wer k Iney
s

In the aortic angiographic series the tip of the catheter was placed at the
fevel of ongin of the renal artenes and contrast mediam was injected 1
etrograde direction so that any arterics omgmating cranuaily to the main
tenal actery might not be proper)y Blled with contrast medinm 1f thishappened
characteristie segmental artenes would not show up but this feature was
ot chserved 1n the present material nor was any part of the hidney mussing
in the nephrogram

As will be npparent later artemes to pyr 1 2V D and supplying less than
one renculus do not show up in the film owing, to the smaliness of the Jumen
and the relativelv low density of contrast Therefore artenes to the segment



Fig 39a b Aortic renal ang ogram of a long double hudney Supplementary lower poltr
artery autses 95 mm distal to omgin of mam renal artery and has a} onzontal ca irse to
b lum

20 % wiile Hou Jensew (1930) mn a compilation of observations in autopsy
series consisting of a total of more than 2 500 kidneys reported 22 4 % and
later myestigators gave still hugher frequencies The total matersal on record
(4 118 Lidneys) showed a frequency of 26 0 °, The frequency found m the
present autopsy sertes was also higher 204 % The present autopsy series
included no cases of hydronephrosis In earher anatomic studies cases of
phrosis were not luded but such cases are probably so rare that

they will hardls mfluence the results
The discrepancy between clmical and post mortem studies can be explamned
by chneal phy failing to d tate all suppl -y renal arteries




Fg 196 Urogram shows rotated peliis On the £ ght a1 le bilum 3 1rected ventrally
o the lett fateraily

supplementary artery rarely supphed the entire segment On the other hand a
supplementary artery sometunes supphied more than one segment as in ludney s
with a single renal artery

Tt appears that the relative frequencies of different supplementary arteries
have hitherto not been studied in angiograms of living subjects or of endavers
Graves (1950 1957) sumply stated that snpplementary artemes ran to the
lower pole more frequently than to other segments On the other hand varions
eximuners have studied the frequency of supplementary polar arteries (extra
Iular artenies) at autopsy in refation to that of supplementary arteries entering
the hilum (Table 12)
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This apphes m particular to the findings of WensTEN Countiss & DErnes
{1940) which deviated widely from those of other authors They found supple
mentary upper polar artenies m 47 %, wlule other authors found about 24 ©,
The frequency found by the angiograms mn kidneys of cadasers in the present
study agreed fairly well with the figures given by Werssten Coosriss &
Derpes while the wnadence found in the chmeal angiographic series was
niore than 30 2, lower The frequency with which supplementary upper polar
atteries was found in the present climical series was also lower than that found
Dby other authors in the dissecting room despite melusion m the present matenal
of all artenies to pyr [ 23D This included those cases m which the artery
passed through the lalum to the segment However the supplementary arteries
runmng through the llum appeir o represent a seiy small percentage
sinee such vessels were never seen m the present autopsy series Pyr 31D
2lso belongs to the upper pole but 1n no mstance was any supplementars artery
seen to run only topyr 3V or D

Hyr7L (1872) pomted out that the cipsular artery coursing m & cramal
direction from the renal artery occsonally supplied small repons of the
renal parenchyma WENSIEIN Countiss & DERBES (1940} found that two
thirds of the supplementary arteres to the upper pole arose from suprarenal
artertes ANson Cavtpwril Prck & Braton (1047 134%) <tudied the inferior
phrenic artery and the suprarenal artenes at autopsy They found that these
veseels could give off fine branches supplying both the fatty capsule around
the upper renal pole and the renal parenchvma

The reason why these vessels escaped demonstration m hving subjects
was found on analyss of the autopsy semes In 5 post mortem specimens the
ventral pyramnds 1 the segment under discussion were supphied by a supple
mentary artery In all of them the artery gave off a capsular artery and in
2 kodneys these tug vessels were of the same width after dnasion (Fig 25)
In nortie renal angrograms the capsular and pelvic arteries are not often seen
because of their smali dameter and the relatisely tow density of contrist
medium  Since these small supplementary arteries to the pyramids i the
uy per renal pole are not wider than the capsufar arteries 1t 1s obvious that
they do not appear 1 the angiogram exther

Thus discrepancy 1n the supply of the upper pole between the clmcal and
the autopsy seres explains the loner frequency of multiple arteres seen
chmcal angrograms Thus m the present clmical mateml muluple arteries
Were seen 1n about 20 %, as against 28 % m compilations gnen by Hrurstrov
(1978) and BercE~NpAL (1936) for post mortem stuches 1e a difference of
about & 9, which corresponds to the difference 1n the supply to the upper
tenal pole m the ! sertes (10 %) WEISTEIN Countiss & DFRRES (1940)
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ZTalle I? Relative frequency of different types of supplementary arterses m | revious
i estigations with tlo present angiographse study of the ¢l meal
series and specimens from cadayers

I Supplementary Numbee
of
Author upper polar | lower polar | artery to artery to | Lydneys
artery artery 3-5% 35D with
Num | Per |Num | Pcr (Num | Per (Num | Per | multiple
ber | cent | ber | cent | ber | cent | Ler | cent | artemes
Thompson (1891) 20 263 21212 99
Sel lowitsch (1909) 9 |170 20 | 547 53
Hellstrom (1828) 4 264 5 94 83
Bergendal (1936] 9 /196 3 65 46
VWenstetn Countisg
and Derbes (1940} 80 [ 469 | 130 | 677 192
Boujsen
angrograms (climwcal) [ 20 | 141 | 103 | 725% 8 66] 20 | 141 142
Boyjsen angiograms
(post mortem}) 5 | s0 6 |60 1 |10 2 |20 10

* Extral ilar artenes to pars tnferior 1n 13 kudneys (9 1 %)

Pyr 1-2 1D segment — In the 20 kidneys m which the supplementary
artery to pyr 1-2V D segment was demonstrated by chimeal angrograms 1t
was found to supply the two ventral pyramids i the majority of cases this
part corresponding to the segment Graves (1954} called apical In one fourth
of the kadneys however the pyr 1 2 D segment was supplied by the supple
mentary artery ind then the apical segment was represented by the dorsal
pyramids Only m two kidneys was the entire pyr 1-2 1 D supplied by the
supplementary tery (Tables 11 and 13)

Of the 142 hidneys 1n the elinteal angrographic series with multiple arteries
1419, had supplementary arteries running to pyr 1 2V D segment In the
autopsy sertes the correspondmg frequency was 50 °, (Tables 10 and 12}

There was thus « considerable discrepancy between the frequency of supple
mentary artertes to pyr 1 21D segment as scen m angograms of Ining
subjects and cvdevers Tlus defference might, howerer be ascribed to the small
number of kidneys (10) having multiple artertes 1t the autopsy series

A compilation of earlier autopsy studies however shows that of all Ludneys
with multiple arteries supplementary arteries supply the upper pale m 34 %
(151/443 Table 12) Table 12 shows a considerable difference between the
results found by earlier s estigators concermng the supply to the upper pole
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Fig 41 Dwngram of the rete arterwosum urogenstde formed by asterws supplying me
son¢phros and later metanephres i earhy embry onal bic tafter Friax 1911}

fo have & supplementary dorsal artery The distribution of such supplementary
doraal arterres n the parenchyma vaned 1 the same way as of the vessel
Arose from the renal artery The primars field of supply of the dorsal artery
thus included all dorsal pyramsds Just as the ventral artery sapphed the ventral
pytamids In embryonal ie there 1s a well developed rete arteriosum around
the sorta and the kuduey (FEuix 1911 Breuzx 1915) (Fig 41) It13 the dege

neration of certasn vessels and the peraistence of others that account for the
variations m the hield of supply of the ventral and dor<al arterres respectively
m the adult The pars mtermedra 1s the centre of a field of supply of the dorstl
artery that extends a vartable distance m both a cramal and caudal direction

Smce the dorsal artery usually branches from the renal artery and continnes
undivided into the renal sinus this might very well explamn why supplementary
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Table 13 Vanations m field of supply of duferent types of supplementary asterses
(clinical material)

Supplemen Number of pyramuds Total
tary supplied number Remarks
artertes to o
1]2]3]4] 8 | Judneys
Pyr 1-2VD 1) g 1| —[1]—|—=] =0
Pyr 351 2] 1] 2|2 |—]— 8
Pir 35D 21l 2 2f6(—(6|2| =0
3| o/1|3s|8|1|—~]—] 70 | Deprtswithin70mm
Pyr 63D from mam artery
)7l 2l apr{—]—l1| 138 | Departs more than 70
mm from maun artery

found multiple arteries m about £7 %, a figure much higher than that mven
by other mmestigators but nevertheless n necord with the high frequency of
supplementary arteries to the upper pole mn their series Since two thirds of
these suppl ary arteries b hed from suprarenal arteries they were
very small in drameter and not demonstrable 1n the clmical angiograms This
mnabthty to detect narrow vessels to the upper pole mn the clinreal anglograms
explams the relitnely low frequency of kidneys with more than one supple
mentary artery m the material

Pyr 3-5V —In 56 9% of all ladneys with multiple arteries the angiograms
showed supplementary arteries which supplied mainly renculiin that segment
No separate supply to pyr 3V and 4V was observed, both pyranuds usually
being supplied by the supplementary artery (Fig 26), which sometimes extended
cramally so that 1t supplied also pyr 1-2'V The pattern of the supplementary
artery thus resembled that of the ventral artery in kidneys with a single renal
artery where the vessel to the lower pole arose early from the renal artery
(Figs 14 16) The supplementary artery was also obyviously & segmental artery
10 these cases In the idneys with 2 single artery 1t was found that pyr & v
was sometimes supphed by the artery running to pyr 3-4 Vortopyr 6-7VD,
but occasonally the vessel arose separately from the renal arter {Fig 18)
It was also found that pyr 5V was sometimes supphed separately by a
supplementary renal artery or by supplementary artery to the lower pole
or to pvr 34V The number of pyramids supphed by the artery running to
pyr 3-5\ segment, vaned between 1 and 5 (Table 1)

Pyr 3-5D — In all the Judneys with multiple arteriea 14 1

v
¢/ were found
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dorsa] branches tolors Pyramidg only are Uncommg,, When Compared y, 1th

supplementary branchey from ¢p, Ventira] artery g the othep hang fnee

the dorga) utery Jogy € the rengj artery a4 the firgy brancy, More !requenth

than otpe, segmentq} arteries ¢ 4, undexstand'zble that yf ) frequentl; seen
arte,

In ecordance With the above fmdmgs the supplementnr‘y dorsa} artery
“as founq ¢4 Supply 5.g Pyramuds 4, ™o thirgs of the kxdrw)s and onjy
oceas:omlly 12y amds gpg then tlxerenasa!urtherdorsn} artery br’mchmg
from the Mam repyy artery (Taple

Ins ktdne)s ©OB& or mop, dorsa] Myramgds ), the pape nferiop Were suppheqd
by a supplemenhx} artery These cases thyg Tepresente, & Yarng of the
dorsa} artery bug g Meluded 5, the nevy groy,

Pyr 6 7y D — of the entype Series witfy multyple arterieg ghe Supplementapy
rtery “Upphied the Pars inferyop m72g0, 15 frequency, 13 shghtl_; lugher
than what hag been found 4, 8topgy, Seres py, FLDOY 150y (1909) any
" EINsTRIN Cotvrgs & ErpEg (1949) Elsz:\umm (1920) foung 5 supy e
Mentary artery to the lower Tenal pole y 1% bug he hag 10t ineluded the
supplementary arterses entermg (e hitum Graypg (1056) descrsbed 4,

With those of 2utopg; Specimeng (7259 o0 2gamst ¢y %) can be exy lamed
By the fa4 that the formey &r0up melydeq also hidneys with h_}dmn(‘plll‘o B
with Obstruction t the uretero yely lunction 1, Such cases thepe was
llehmtel; Ingher !requenc) of sup plementnq arterses to 1ars infersor

The fielq of SupPply of the fower pojqr art
the ONgn of the | essel from the aorta Thyg
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More likely 13 that all supplementary arteries near the man artery represent
persistmg mesonephric arteries According to Browan (1908) and others
these vessels degenerate m a cramio caudal directson so that the caudal most
vessels will persist longest which mmplies that they have the greatest chances
of persisting 1n adults This means that the lowest renal segment (pyr 6-7 1 D)
18 most hkely to be suppled by supplementary arteries An observation in
support of this assumption 1¢ that one of these veswels always supphed the
lower renal pole 1n all kidneys in the clinieal and autopsy series with more
than one supplementary artery

The supplementary arteries to different segments arose from the aorta at
different dwstances from the man renal artery As a rule arteries to pyr
1 2V D arose cramal to the mam renal artery and those to pyr 6 7VD
distal thereto though oceasionally eranial to the mam renal artery The supple
mentary dorsal artery usually arose at a level close to the origin of the main renal
artery In those kidneys m which only single dorsal pyramids were supplied
by the dorsal artery the latter sometimes arose m a very distal segment of
the aorta but there was then a wider dorsal attery from the marn renal artery
Arteries to pyr 3-5V usually arose cramal to the main renal artery close to
1ts origin

The course of the supplementary arterzes varied with therr origtn from the
aorta jield of supply and posttion of the kidney The supplementary dorsal
artery and the artery to pyr 3 5V most frequently ran parallel and close to
the mamn renal artery while the artery to pyr 1 21D ran a more direct
usually extra hilar course to the upper pole

As to the orgm and course of the supplementary artery to pars inferior
the material could be divided into two groups namely vessels artsing within
70 mm of the orgin of the mam renal artery and vessels | ranching later

In those cases m which the artery arose within 70 mm of the mam artery
the ongin was never below the middle of L IIl These arteries represent
Tersistent mesonephric arteries which have taken over the supply after the
fimsh of the ascent of the kudney This group was by far the largest and re
Presented 81 9 of all supplementary arteries to the pars mferior In 50 %
of all kidneys with a supplementary artery to the lower pole the vessel on
Snated within 19 mm and m 68 ©, within 39 mm of the mam renal artery
These figures are m good agreement with those found at autopsy (SELDO
WITSCH 1909 Awson RicrARDSON & MINEar 1936) No correction was made
for the radographe enlargement fhis being wreles ant

Within 40 mm from the mamn renal artery the lower polar artery often
descended frequently i a common pedicle as i1 GRAVEs (1956) matenal
The artery did not run caudo laterally until 1t approached the kidney as a
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miestigation to call the wider artery the mam renal artery and the narrower
the supplementary artery

The artery which iter alie supplied pyr 34V was the mam artery the
artery to that segment normally bemng a direct contnuation of the ventral
and the renal artery (Part I) Epswuan g definition of the main renal artery as
bemng the one first to leare the aorta when multiple arteries were of equal
width was found to hold 1n the present material 1n all hidneys except 2 In
one of these hidneys 4 arteries ran to the kidney and the arterses to pyr
1-2 VD (the one that left the norta first) was of the same width as the others
In the other Lidney the dorsal artery was a supplementary artery and de
parted 12 mm cramal to the ventral artery {mam renal artery) both of the
same caliber In these two hidneys the artery supplying infer aha pyr 3-41
arose at the level of the main renal artery to the contra Iateral kidney

Understandmg of the wide vanation in the course of the multiple artertes
requires knowledge of the embryology of the l1idney During the ascent of
the hrdney 1t 15 supplied by arteries from the 1iac artery and the mddle sacral
artery (JEIDELL 1911} Later new arteries from the aorta appear, wlile the
lower ones atrophy (BREMER 1915) When the htdney has reched its final
site a mesonephrie artery situated at the level of the 21st aortic segment gives
off an artery to the hidney (FREDLRIC 1897, Brovan 1911 and others) As s
rule this artery takes over the entire supply of the kidney However the
mesonephric arteries may reach down to the 23rd aortic segment (Broyay
1908 FELrc 1911) (Fig 41) which may explam the supplementary arteries
down to this segment 1 ¢ down to the level of the middle of the L 11T Renal
artertes distal to this represent vessels that arose during the ascent of the
ladney but for some reason were not obliterated According to AREy (1944)
the appearance of yascular anomahes 1s due among other things to the chotec
of unusual paths in the primutive vascular plexuses and the persistence of
vessels normally obliterated

GRAVES (1956) beheved that the reason why the lower polir srtery was
the most common supplementary artery was because m 63 %, of cases it de
parted from the renal artery as the first segmental vessel when the renal
artery was single His assumption could not be confirmed m the present
matersal because the dorsal artery was found to Jease the renal artery 23
the st oranch mrach more frequently [Part T 58 % {dorsal avters) end 20 %
(lower polar artery )] In an earlier publication mn 1954 GRAVES gave the same
figure for the lower polar artery but then descrsbed 1t as ansing from the
ventral artery which comeided with the findings of the present 3 estigation
The higher frequency of the supplementary lovwer polar artery thus has nothing
to do with 1ts early ongin in normal cuses
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when 1t was rotated ventrally According to these authors, the more abundant
dorsal vascular supply contributed to the stronger growth of the dorsal renal
parenchyma, so that the kidney appeared to be malrotated

"The pre<ent tny estigations showed that the doreal 1 essels were of importance
not . the way beleved by Younc & Trowrsod, but rather as a purely
mechanseal factor The supplementary lower polar arteries were stretched m
malrotated kidneys In 3 kidneys the dorsal supply was predommant so that
m 2 kidneys only dorsal pyranuds (5-7 D Fig 30) werc supplied and the
third was supphed not only by the lower polar artery to pvr 6-7 VD, but
also by a dorsal artery commng from below to pyr 4~5 D (Fig 29) In all of
the other malrotated kidneys, the arter; was extrahular and suppled both
the ventral and dorsal pyramids (Fig £0) The extrahlar dorsal branch which
was situated medral m these cases, prevented further rotation of the kidney
Sometimes the kidney rotated mwardly before the supplementary artery
became taut, rotation then bemg mcomplete with a so culled intrarenal
pelvis, v e the confluence of the pelvis was projected over the medial part of
the parenchyma (Figs 37 and 39 lower renal pelvis)

These malrotated kndneys situated at normal level represent the only clear
malrotations mn the entire chinical angiographie material These observations
thus prove that arteries persisting from the time of the ascent of the kidney
Trevent normal rotation This taghtening up of the arteries during the ascent
of the ludney can even cause outward rotation (Fig 10 left)

CONCLUSIONS

1) The suppl 'y artenes are seg 1 and correspond to branches
of a single renal artery The importance of the segmental arteries bemng end
arterres should not be und: d from a 8! or surgical pomt

of view About 20 % of all kidneys were <upphed by a supplementary artery
large enough to be of diagnostic mportance Selective angiography will show
the presence of any supplementary arteres, both by the pattern of the mtrare
nal arterses and the distribution 1n the kidney and also by any defect in the
nephrog, This 13 d ated best by of the kidney from
ore than one angle The supplementary arteries can supply a central portion
of the hidney, 1 ¢ within the region of the dorsal artery when no defect will
be found 1n the nephrogram Detailed knowledge of roentgen anatomy, how
€ver, makes 1t possible to detect any absence of segmental arteries in the arterial
Phase n & single plane A defect 1n the angiogram due to lack of filling of a
uppl y artery can be d hed from a tumour because the defect
Produced by the former m the 1s of ch tically irregular
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group The malrotation was ascribed to the supplementary artery, because its
extrahilar dorsal branch presented normal rotation of the kidney In addition
to clear malrotation, some cases I this group showed an intrarenal’ pelyis
where the confluence was projected over the kidney, thereby mdicating 1n
complete rotation Such an intrarenal’ pelvis was also occasionally seen,
when the supplementary artery arose proumal but close to the 70 mm level
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supplied only a small portion of a pyramd 1n such cases When supplementary
arteries to the upper pole were demonstrable m the angiogram  they usually
supphied two pyramids usually pyr 1-2V, sometimes p3r 1-2 D seldom all
4 pyranuds

Pyr 3-51 segment — In 569, of the ludneys supplementary arteries
supphed this segment The field of supply of the vescel vaned from 1 to o
pyranuds

Pyr 3 5 D segment — Supplementary arterres to this segment were observed
m 141 %, The freld of supply of the vessel varied In tiwo thirds of the hudneys
1t supplied & 8 pyramuds (35 55 4 of the renal parenchyma}

Pyr 6 71D segment — Supplementary artertes were seen coursing to pass
mfertor m 72 5 % of the hidneys a figure somewhat ligher than that found m
studies in autopsies beeause the material contamed an over representaton of
eases of hydroneplrosis In 88 kudneys the field of supply of the artery was
demonstrated In about half of these the v essel supplted the entire pars infertor
and m nearly two thirds 25-50 % of the renal parenchyma The field of supply
varzed to a certam extent with the orgin of the vessel from the aorta

Origan and course of supplementary arterres — While the ventral and dorstl
supplementary artenies to the middle portion of the ladney ongmated from
the aorty ot 2 level closo to that of the mamn renal artery either crannlly or
cawudally and ran together with the renal artery in a common pedicle 1t was
found that the supplementary } olar artenes ran a separate course and branched
at varyng level from the maw artery

R sup p3r (1 } 2V (D)re ularly ongmated before the mun artery at ntost
17 mm and usually ran directly to the segment without entering the smus

R inf pyr (6-) 7V D varied the most Its orign varied from 7 mm eransal
to 135 mm caudal to the ongm of the mam artery In the majonty of hidneys
the vessel arose at a level very close to that of the mam renal artery with
which 1t ran a common course m the pedicle to the hilum s here 1 contmued
as & normal segmental artery

The frequency of a supplementary artery to the lower pole decreased with
mereasng distinee up to 70 mm distal fo the man artery Drstal to this level
the frequency wereased agan with & matmum about 90 mm from the rensl
artery (Fig 33} The former group represented persisting  mesone} by renal
artertes while the latter consisted of artertes whieh had ansen during the
ascent of the hidney Whtle the vessels m the former group usually ron a de
scendmg or horizontal course or 1n a crantal convex curve and then entered the
lower part of the lulum the majority of the latterranan extralular course direct
1y to the lower pole and appeared to be stretched All of the malrotated hidneys
sttuated at normal level had a supph y artery bel to the Itter




99

8roup The Malrotatio, %23 aseriheq to the supplemenzary artery becanse its
extrahiar dorsa] brancy Dresenteq Norma} Totation of the Iudne_) T addition
to clear nn]rotatmn, S0me cqgeg m thyg 8T0UP shay g an Mtrarenaps DPelvy,
where the confluence was Drojecteq Over the Iudnc} thcreb} mdlcatmg m
complete Totation Such ap Mtrareny) Pelvs g also oco'xsmnall) seen,
when the supplementar‘y artery argge Proumal by elose to ¢he 70 mm Jo, el



APPENDIX

VARIATION IN THE NUMBER OF RENAL ARTERIES WITH
DIFFERENT TYPES OF RENAL PELVIS

The present muestigation showed that the frequency of hidneys with
multiple arteries was twice as gh 1n the presence of changes at the uretero
pelvie Junetion with hy dronephrosis as in 2 normal sertes

Stnce aortie angiograms are preferable to selective if the kidney 1s supphed
by more than one renal artery pre knowledge of any multiple artenes »ould
reduce the number of cases first examined by selective angiography

Vilule 1t 1s well known that malrotated, dvstopic, and fused kidneys are
almost always supphied by multiple arteries no myestigations are on record
of the frequency of multiple arteries m kidneys with normal vartants of the
renal pelyis (vartatron m number of calyces and outline of shape of pelvis)
Since renal anglography 15 practically alway s preceded by urography , 1t would
be useful if the latter examination could dectde whether or not there nay any
reason to suspect the presence of multiple arterres, n a gtven type of renal
pelvis
In hidneys with a double pelvis Herrstrow {1927, 1928) found multiple
arteres i [ out of 6 Syuter Rusn & Dvans (1951) and Surrn (1953 1954}
seldom found the kidney to be supplied by a single artery n the presence
of a double pelvis and reported that the supplementary artery fed only a
small part of the kidney

The anatomic vanations w the shape of the renal pelvs (LEcuev 1871,
Gravian 1932, HERstav 1936, LororEv 1957 and others) as well as m the
number of calyces (Haven 1903, Loraren 1949 and others) have been eluct
dated LorGren (1957) homologized and restored the different t) pes of renal
pelhis to an antomucally umform basic type In the present mnvestigation,
howeter, use was made of the classification of the pehis described by LEGUEY
(1891) beenuse the ampullar and ramufied pelvis are widely used 1n roent
genologic hterature To these two were added an mntermediary type and the

double kidney pelvs
The type of renal peliss m 413 hidneys with a single renal artery was com
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Tabls 14 Multiplo arteries in different types of renal pelvis

Type of renal Asinglo ortery | Multiple arteries
pelvis Number | Per cent | Nurber | Per cent
Ramified 287 | 695 | 59
Tntermediary 83 | 213 s | 307
Ampullar 20 73 12 92
Double pelvis 8 19 8 62
| w3 | | 130 | |

pired to that in 130 kidneys with multiple arteries The results are given 1n
Table 14

1t 13 clear that the number of supplementary multiple arteries did not vary
with the shape of the renal pelvis In 16 kidneys with double kidney pelvs,
half were found to have multiple artenes, a higher frequency than normal
The frequency thus lay between that gien by HELLsTROM (1928) and that of
Swrri, Resn & Evans (1951) and Svrrn (1953, 1954)

As i SurTH s (1954) series, the present material contained no cases of double
pehis m which the supplementary artery supphied the entire primordial
mferior Jobe (pyr 4~7 VD) only pyramids in the pars mferior being supphed

The mtrarenal vascular pattern 18 thus independent of the appearance of
the ureteric tree This was also confirmed m the lobar division of the ladney
(Part T) The two first pairs of pyranuds formed one segment, and the third
parr of pyramids, which also belonged to the superior primordial lobe, was
mcluded 1n the field of supply of the 1entral and dorsal arteries together with
the pars mtermedia ventrahs and dorsahs

The frequency of multiple arteries 1n relation to the number of calyces
was studied sn 207 kidneys with a single artery and in 64 with multiple arteries
{Table 15)

Kidneys wath a large number of calyces did not hase multiple arteries more
often than those with a small number A very large number of caly ces suggest,
that the kidney 13 supplied by a single artery (Table 15) Thus elight difference
alo comeides with that found m mammals (Hyrri 1872, CuiFwiTz 1897)
m which multiple arteries are exceptionally rare and mdependent of whether
the lidney 13 uripapillar (e g rabbit, horse) or has a large number of papllae
{dolphin, bear) Inyestigations at the Roentgen diagnoshie Department of the
Unisersity Hospital Lund on kidneys of rat, dog and rabbut have also shown
multiple arteries to be extremely rare This 18 alo m agreement with the
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CONCLUSIONS
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PART 1

EXTRARENAL ARTERIES ARISING FROM
THE RENAL ARTERY

INTRODUCTION

The renal artery and 1ts branches supply not only the renal parenchima
but also the fatty capsule renmal pelvis the upper part of the ureter as well
as the adrenal gland These arteries are often vimbie wn selective rent! angio
graphy Oceasionally sucl) vescels ave also seen in 2ortic angtography  but
sinee vessels courstog to other abdominal organs are also filled and the denwsty
of the contrist medium in the perrenal vasculature is relatrsely Jow t as
not possible to discern therr pattern

The purpose of thus part of the mvestigation was Fartly to chart the tope
graphy of vessels ansmg from the renal artery or its mam branches and
supplymg the renal pehis the upper part f the urcter and the fatty capsule
and partly to elundate changes in the pattera of these vessels m some commeon
renal diseases

EARLIER INVESTIGATIONS
AUTOPSY STUDIES

Suprarenal arieries — The wnfertor phremic artery as well as the superior
and mddle suprarenal arteries occasronally arise from the renal artery s 2
rule hewever aof vessels to the adrenal only the swjemor suprarenal artery
vomes from the renal artery and usually gives off a capsular artery nhich
supphies the fatty capsnle around the upper pole of the kidney (HyrTL 1872
SCRVFRBER 1805 1806 Piox & Awsov 1940) Lzvi (1909 and Busca {1904)
found thus vessel to omgnate from other vessels usually from the norta
25—~30 per cent of their specimens

Capsular arterice — The superior capsular artery usually hrandhes from the
wfersor suprarcnal artery but occasonally threctly Jrom the renal arters
Hyrry, {1872) showed that when tlus artery arose directly from the renal
artery 1t sometimes supphed a small region of parenchyma m the upper pole
of the L1 Iney

Anson CavipwaLi Prox £ Bratos {147 1948) found that even when
the vessely arose from the aorta small capsalar asrterres from the snfenor
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phrenic artery and the superior middle and inferior suprarenal artertes
supplied small regtons of parenchyma i the upper pole These findings were
confirmed on angiography of kidneys removed post mortem {Part II) It
was also observed that such arteries often escaped observation m aortic or
selectrve renal anglograms because of their small caliber and mnute field of
supply

AMiddle capsular arteries — HirtL (1872) observed vessels given off by
the renal artery or 1ts branches which he called recurrent arteries and per
forating arteries because of their course m relation to the renal parenchyma
SCHVERBER {1896) and others confirmed these findings The recurrent arteries
arose from the dorsal and sentral branches of the renal nrtery m the lulum
orsmus They first ran medially towards the hular Iip and then laterally towards
the dorsal and ventral aspect of the Lidney where they supphed the fatty
capsule They were particularly abundant in the dorsal lay er (ScHMERBER 1895)
and anastomosed with other capsular artertes Smmilar vessels also supplied
the sinus fat (Aveier 1923)

The perforating arteres arose from mterlobar or mterlobular arteries pene
trated the capsult propria supphed the fatty capsule and anastomosed with
other capsular arteries These vessels were as a rule narrow and only scanty
m adults (HYRTL 1872 SCHMERBER 1896) Other authors (Dissg 1907 AvGeIFR
1923) have found them to be abundant

The middle capsular arteries include also vessels arsing from lumbar
arteries mesenteric arteries and colic arteries Capsular arterres mey also
ange directly from the aorta though rarely

Inferior capsular artery — According to SCHMERRER (1895) the spermatic
(ovarian) artery grves off a branch running to the fatty capsule at the level
of the lower pole This capsular branch runs cranmlly along the lateral border
of the kidney and anastomoses with other capsular arteries This branch forms
the vessel known as{ arcade exorenale (SCHMERBER 1895) along the lateral border
of the ladney together with the superior capsular artery Tins extrarenal
vascular arcade 15 of regular occurrence (Fig 42}

As a rule the nternal spermatic arfery 13 given off by the norta though
sometimes by the renal artery (Gfrarp 1913) or by supplementary renal
arteries (ANSON & hurTH 1955)

Renal pelvic and ureteric arteries — Narrow arteries arnsmng from the ventral
and dorsal arteries supply the renal pelvis (HyrTL 1872 SCHMERBER 1895)
DovuyILLe & HOLLNSREAD (1955) found a large number of small branches
extending to vartons levels of the renal pelvts These small vessels arose from
the renal ventral and the dorsal arteries and ther branches in the smus

and anastomosed with one another
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CLINICAL ANGIOGRAPHIC STUDIES

In the presence of malignant tumours of the renal pelvis one would expect
to find pathologic vessels origmating 1n the pelvic or ureterie artery, but no
such vessels have been observed in aortic angrograms (NELson 1942, Doss
1946, RunsTrov 1948 Paryrov 1952, WEYDE 1952, LnpBLOAM & SELDINGER
1955 Epsvar 1957 and others) Pathologic vessels have, however, been seen
m a selectrve anglogram of a case of cancer of the renal pelvis (PirovTI &
TarQUINI 1958) Whether the pelivic or ureteric artertes were mvolved 1s not
stated At asymposium held n 1957:1n Turm at which a large number of selectry e
renal angiograms were shown BronperTr & MaraNI pomnted out that the
ureterte artery could be demonstruted n such angiograms, but mentioned
nothing about 1ts appearance or diagnostic value 1n the investigation of renal
disease

ScHIMATZEL (1958) described an accumulation of contrist medmum in the
wall of the renal pelvis as seen in an aortic renal angiography mn a case of
adsanced chrome pyel hritis and hydronephrosis, but no description was
given of the pelvic or ureterc arteries

SUMMARY

The topography of the vessels supplyng the renal fatty capsule, pelvis
and ureter has been charted by autopsy and in corrosion preparations The
appearance of these vessels m a few cases of selective renal angiograms has
also been described, but no systematic mvestigations have been made of the
appearance of these vessels m health and in disease



AUTHOR'S INVESTIGATIONS
MATERIAL AND METHODS

Seventeen paws of kidneys together with the pemrenal fat adrenals and
aorta were removed en bloc post morfem The renal artery was ligated at its
ongn after which contrast medium was injected and angtograms were taken
at different angles (see also Parts T and 1I) One of the kidneys was rejected
because of leakage of contrast medium

The pattern of the arteries supplying the renal pelvis ureter and the fatty
capsule was studied 1 90 hidneys of Iving subjects examined by selectine
Tenal anglography The amount of contrast medium mnjected varied between
5and 10 ml according to the size and function of the kidney The contrast
mediam used was Urografin 60 per cent occasionally Hypaque 45 per cent
'The mjection pressure ranged between 2 5 and 3 hgfem? In all of the examina
tions the density of the contrast medium n the renal artery was optimal
The demonstration of extra renal vessels was not mfluenced by the amount
of contrast medium mjected

RESULTS
ANATOMIC STUDIES OF KIDNEYS FROM CADAVERS

Of the total of 33 specimens studied the infertor phreme artery and the
superior4+-middle suprarenal arleries srose from the renal artery mn 3 and
5 specimens respectively The supenor and middle suprarenal artenes often
appeared as a bundle of thin vessely with a charactenistic straight craniolateral
course (Figs 43 and 44)

In15of 33 kidneys a vessel was secn to arse from the renal artery or one of
its branches In § of these cases the 1essel stemmed directly from the renn}
artery 1n 4 from a primary branch of 1t and 1n 3 from a supplementary artery
to the pyr 1 2% D segment This vessel branched and ran partly to the
lower part of the adrenal as the snfertor suprarenal artery and partly adjacent
to the upper renal pole after which 1t ran a tortuous caudal course along the
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these Ludneys the artery dimided nto * branches of equal catiber (Fig 44)
onetopyr 11 and the other to the fatty capsule

In 13 of 33 kidnevs no arteries were seen to run to the adrenal or upper part
of the renal fatty capsule

In all of the hidneys except one narrow arterr} branches were scen to run
dorsally andfor ventrally to the ntermedinte part of the hidney — mudlle
Cpstlar arteries These nrteries depurted exther from the renal artery or its
mam branches rmost frequently from the dorsal arterv or sometimes from
other capsular arteries When the vessels arose n the sinus they first ran
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Fig 47 Autopsy specsmen (r ght Lulney) Supenor and inferior capaular arteries stem
from & supplementary artery to the upper pole and form  arca fe ezoré ale

renal artery and its primary branches (Figs 43 44, 46) These pelvic arteries
formed a fine network around the renal pelvis within the region of the con
fluence The vascular network could not be recogmzed peripherally because
of the accumulation of contrast medium mn the parenchyma

In 30 of 33 hidneys the angiograms showed a narrow artery that was wider
than the peliic artenies but narrower than the middle capsular arterses and
coursed to the upper part of the ureter as the ureteric arfery As a rule ths
artery arose from the lower polar artery but sometimes came from the renal
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artery or one of its primary branches (Figs 43 45 46) Some kidueys had a
dorsal and a ventral ureteric artery (Fig 44) The non visualization of the
uretentc artery in the remamning kidneys was due to the contrast medium being
viscous In 1 and not bemng injected mnto a supplementary lower polar artery
m 2

The middle capsular artemies the pelvic arteries and the ureteric artery
were thus regularly seen In about half of the specimens the imnferior suprarenal
artery and the supenor capsular artery were demonstrable Only occasionally
could the nfemor phreme artery superior-mddle suprarenal arteries 1n
ferior capsular artery and spermatic artery be identified

ANATOMIC STUDIES OF SELECTIVE RENAL ANGIOGRAMS

Select1s e angiograms of 90 kidneys were studied for the occurrence of extrare
nal arteries ansing from the renal artery Artenes of one or more of the above
mentioned ty pes were found m 65 of the 90 kidneys studied It was noteworthy
that the contrast medwum persisted longer m these vessels than m any of the
vessels in the hidney Extra renal s esels could therefore be readily distingmshed
from itra renal branches (Fig 48)

Infertor phrenic and supertor and mddle suprarenal artertes were observed
n only 1 hidney The arteries arose from the renal artery close to its onigin
from the acrta

Inferwor suprarenal artery andjor superior capsular urtery were demonstrated
1 30 kidney s (one third of the cases) usually both Vhen the tip of the catheter
was located medial to the orgin of the artery from the renal artery a fillmg
was obtaned of the capsulir arteries and suprarenal artenes as well as an
accumulation of contrast medwmm 1 a part of the adrenal (Fig 49) When
the tip of the catheter was situated penipherally to the origin of the suprarenal
and capsular artemes a filkng was obtamed of these vessels though the
contrast density was much lower and as a rule no filing was obtuned of the
adrenal The superior capsular artery had a characteristic course running
tortuously in a caundal direction along the Jateral border of the kidney often
far out laterally mn the fatty tisue (Fig 50)

In 3 cases the capsular artery departed from tho artery supplying pyr
123D (Fig 48)

Middle capsular artertes were observed m 36 out of 90 kidneys The vessels
arose from the dorsal artery and sometimes from the ventral and renal arteries
(Figs 50 and 55) Since the cxpsular arteries did not appear until in the late
arterial phase therr origin in the smus could not always be recognized beeause
of commencing accumulation of the contrast medium m the parenchyma

8 Boveen
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Fug 48 Selective renal angiogram (left kidney) Lho peripheral part of the supcrior
capsular artery 13 still demonstrable 1 the nephrogram

For the same reason 1t was usually not possible to follow the course of the
vessels on the dorsal or ventral aspects of the kidney The middle capsular
arteries were therefore obsersed mamly medial to the renal nlum as narrow
sessels with twigs runming cranally as well as candally

Perforating arteries were seen 1n a few small kidneys with a narrow renal
artery
Only 1n 2 anglogrums was a filling obtained of the snferior capsular artery
and n none was the wnfernal spermatic {orarian) artery demonstrable

The fine network of the peliic arfertes seen at the site of the confluence of
the pelvis m angrograms of kidneys from cadavers was never viablo i selec
trve angiograms On the other hand, a famt accumulation of contrast medum
was seen 1 the wall of the renal pelvis in 2 hidneys

In 27 of 90 kudneys one or more arteries were seen running to the lower part
of the pelsic confluence and the upper part of the ureter (urcferic arterses)



\\

grams of pos
Only m
and tie gretenc Gl
supenior cat" sular artery ant
yonstratiot oi the ot1 ®
tp of the catleter

Fg 19 Qelect V& mm\ ang O T ey
¢ thoorgn ol s v cal \m‘ mm ant ofef
contrast ® adycna\ 5 upt? ul' cn ‘h\\t\r art ©y % 19
nllow ryert fhe® ny
As m the examnatic of the Vu mortem™ spocimens ¢he ertery ¥ a8 usually
founito depart fr® \\c\o“ er po! rtery 81 doccas\ona\\\ from. ot\\er\xmnchcs
of the tenal arter, o rute the Lessel w8 arros DUt 131t was W et
than mlgm e expecte d from kh apperent® i the retenc artery angio
m 8} ecm’\
e the o8 sular artenes al pelvic arterie
sam Gunee ot

mo
a few nnw\ogt we
mes d monstrabl® at the

al artery arose



116

Fg 50a Soltary cyst m the central part of left k Iney and chron ¢ pyelonept rit «
Selective tenal a1 g ogram n early artersal phase Proximal parts of suprarenal (—») an 1
superior capsular arter es (-—») are seen a3 well as unusually w 1o ureter ¢ artery (3—)

ANGIOGRAPHIC APPEARANCE OF CAPSULAR AND RENAL PELVIC ARTERIES IN
SOME PATHOLOGIC CONDITIONS
In order to find out whether the appearance of the artertes m selective

renal angiograms might be of any d tic value the app of these
vessels was studied agamst the background of the clinical dragnosts or the

pathologie diagnosts when available
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Fig 51 Select ve renal ang ogram (left h Iney) Siper or capsular artery (—) ureter ¢
artery {—>) an | mtrarenal arter es are displace 1 by a large renal careir oma

tlus series was the stme as that i the material as a whole {about 30 per
cent})

Renal caresnoma — In 4 of 9 hidneys of renal careinoma the superior cap
sular arters was demonstrated and found to be of normal width In renal
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Fig 57 Rena) earanoma eentrally mn left hadnev @ Selective renal ang) gram b Arteno
gram of operatise specimen Uretenic artery (—) 13 w1 le and suppl e+ th e tumour

careinoma the capsular artery may be displaced to a varying extent depending
on the size and poution of the tumour {(Fig 51) In 3 ldneys the mddle
capsular arteries were demonstrated all were wider than pormal and all
appeared to supply the tumour In 5 kidneys the ureteric artery was also
outhned and mn 3 1t was wider than normal (Fig 53) In 2 of the enses no
vessels to surrounding tissues were observed

Renal tuberculosis — Perirenal vessels were seen n all 5 kidneys of renal
tuberculosis studied In 3 the middle capsular arteries and the uretenc arteries
were wider than usunl In one an accumulation of contrast medmm was seen
1n the pelvic wall and the upper part o( the ureter {k1z 53) Histologic examma
tion 1 this case showed b i 1on of the walt
of the renal pelvis

Cancer of the renal peluiy — In 2 of 3 hiduneys of cancer of the renal pelyis
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the tumour had caused constderable hydronephrosis In both cases the renal
artery was narrower than normally so that the supply to the hidney was
considerably redaced Pathologic vessels branching from mtra renal arteries
were observed m the region of the tumour and n both cases a wide ureteric
artery extended from the lower polar artery and also suppled the tumour
with pathologic vessels (Fig 5¢) The diagnoses were papillary and anaplastic
cancer of the renal pelvis respectively

In the third kidney there was a small papillary renal pehie cancer of the
ramus to the upper calyx No pathologic vessels were seen

Hydronephrosie — 4 of 11 hidneys of hydronephrosis studied showed
middle capsular artertes displaced by the dilated confluence (Fig 55} Only
1 3 were ureteric arteries seen and m 2 they appeared to be wider than normal
In the third the ureteric artery was not dilated but there was an accumulation
of contrast medium 1n the wall of the renal pelvis and early fulling of the pelvie
vens (Fig 56)

In some other cases of renal diseise capsular arteries were demonstrated
but were not dilated In a further ¢ kidneys urcteric arteries were also de
monstrated but 1n none were they dilated

DISCUSSION AND CONCLUSIONS

It 15 obviously easier to demonstrate the occurrence of vessels in angrograms
of autopsy specimens than i selective angiograms As a rule chmcal ango
graphy with ordimary contrast medizm will not outhine vessels less than 03
mm in diameter (MaTTSSON 1955)

In an attempt to form an opmion as to how often selective angiography
will show arteries arising from the renal artery (or the mam artery m the
presence of multiple arteries) to surrounding tissue selectne angiograms
were compared with the angiograms of kidneys from cadavers (Table 16)

The wnfertor phremc superior suprarenal nuddle suprarenal and the inferior
capsular arteries seldom oryginated and the snfernal spermatic artery never
took ongin from the renal artery “mnce it is usually the nternal spermatic
artery that gives off the infertor capsular artery 1t 15 obvious that it was not
possible to demonstrate SCHVERBER 8 (1895) arcade exorenale in the clmieil
angiograms W\ hen arteries ta the upper and intermediate part of the adrenal
and the mferior phreme artery anse from the renal artery they do se quite
close to the norta so that they are rarely demonstrable i selective angiograms
Aortic anglography appears to be preferable m the imestigation of adrenal
tumours because of the better prospects of obtainmg & filling of the adrenals

The frequency with which the supertor capsular artery and the tnferior
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Fig 54a T1t mzed mahgnant papilloma of the pelvis (tight kidney) The kidney was

enlarged and the parenchyma was severely reduced Selective renal angiogram Arterial

phase Intrarenal arteries are reduced 1n width and dwplaced A muddle capsular actery
(—) 15 chaplaced Ureteric artery ( —) 1s displaced and wide

suprarenal arfery were demonstrable was 6 % Iower 1n sefective angtograms
than m angiograms of specimens removed post mortem This difference may
also be explamed by the origin of the above mentioned arteries being close
to the aorta

The width of the superior capsular artery vared considerably with s
field of supply Sometimes the vessel extended only to the level of the upper
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Fig 55 Hy lroneplross (rglt k Iney) @ Select ve renal ang ogram MM 11lo caps lar
arteries (—s) are dsjlacel by tie llatel conflience & Retrogralo pyel gr m

exammation was fimshed defimtely dilated superior capsular arteries supp
Iying renal carcinoma were secn

As m the sertes of ANson CavLpwELL Pich & BEvToN (1948) the cajsular
artery was found to run to the upper renal pole together with a supplementars
polar artery (Part IT) In eases with a single renal artery the suj eror capsulr
artery sometimes arose from the artery to the pyr 12 1 D segment In all
of these cases and 1n contradistmetion to that found when the vessels left
the norta together the capsular artery was narrower than the segmental
artery
The yessels running to the penrenal fat on the sentral and dorsal asjects
of the hidney were called mildle capsular arteries In the post mortem angto
grams the vesels could be followed throughout their course wlule mn the
selectnne angtograms ti ey could as a rule be identified only medial to the
hilum bectuse the filling of the rest of their course was mashed by the exrhs
nephrographic phase Partls for this reason and partly because tle ureteric
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Tulle 16 Frequency of extrarenal arteries arsing from renal artery and demonstrater
m angmograms of

hudneys  hudneys

removel  mlnmg
post morten  bemga
{total 33 (total 99

Judneys)  Kadneys)

A phrenica mf 69, 10,
A supraren sup and media 99, 1o,
A supraren il an ! capsularss sup 399, 330,
Aa capsulares mediac 91 9, 100,
As nutnentine pehis 97 0, oo,
A ureterica 820, 300,
A spermatica int 09, 0o,
A capsutarrs inf 6o, 20,

artery was often sumlar i course and appearance the middle capsular arteney
could only be distinguished with difficulty from the ureteric artery e latter
ran caudo medially and could be followed further distally than the eapauly,
artery The uretenic artery often stemmed from the lower polar artery, ), ]r
the capsular artery branched more proximally from the renal artery nr'unel;
113 branches and also gave off brauches runming 1 eranial direction They gy
appeared to anastomose "
In the angiograms of the hidneys from cadavers a filling of 1, g
capsular arteries from the renal artery was nearly alwayg demony, H "
while in the selective anglograms they were seen m only 40 ah,
therr small size and close relationship to the renal parenchyma
In 5 angiograms the vessels appeared to be wuder than usyy]
3 with renal vand 2 with t 1
The vessels were often displaced by hydronephrosis or tumop,
degree of displicement provided a rough measure of the degree of
of the pels1s or size of the tumour
Peluic arterres — In almost all of the anglograms taken 5 aut
extrarenal fine network of pelvic vessels was seen around the - I an
the pelvis The vessels were so delicate that they could not be dm""’" of
in selective angiograms " tated
In 2 hudneys hypervasculanty was demonstrated by a famg o,
of contrast medum 1n the wall of the renal pelus T Yation
Of the ldneys removed post morfem ureteric arlerses “"e‘(‘fu
fitend
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A uretenie artery could be wdentified m only 3 of 11 Jidneys wmith hydro
tiephrosis (G with eo-existant wmfection of the kidney) Thus low frequency was
dve posubly to dimtmshed vasculansation of the Jodney which 15 common m
hydronephross

The hydronephrous group did not wehde the 2 kidness in which the dilata
tion wis dite to cancer of the renal pehvie In these the pirenchyma waz
marhedl) reduced and therefore the nephrogram was Jess dense and did not
mnsk the pathologie vessels 1n the peliie tamour In both the urctere artery
was widened and suppled the tumour and pathologic sessels were seen In
the third ease with & small papnltaey cancer of the renal pelsts the angrogram
shoved no pathologc vessels

Selectine renl angiography has eonsiderably incrersed the posubilities
of diagnosing cancer of the renal pelis because 1t 13 possible to obtan optimal



128

filling of the arterial tree with accumulation of contrast medium m the tumour
especially of the renal parenchyma 1s markedly reduced If the ureterc artery
supphes the tumour the artery will be wider than usual and m its freld of
supply there w1l be pathologic vessels A small intrarenal cancer of the pelus
can not be detected by angiography however becanse 1n such a case the
fumour 13 supplied only by the thin arteries in the renal smus which are too
fine to be 1dentified The accumulation of the contrast medyum i the normal
renal parenchyma will mask any pathologic aceumulation mn such 2 tumour

SUMMARY

Angrographie studies of the topography of extrarenal arteries arsing from
the renal artery or its b hes or from suppl tary artertes were per
formed 1n 33 khidneys removed post mortem and the results compared with
selectne renal anglography 1n 90 kidneys

Oning to their early origin from the renal artery the nferior phremc arlery
supertor suprarenal artery middle suprarenal artery and to a certam extent the
wnferior suprarenal artery and the superior capsular artery will be seen m the
selective anglography less frequently than might be expected from exarmina
tions 1n the post mortem specimens Aortic anglography should therefore be
given preference m the mvestigation of suspected space occupymg tumours
mvolvng the adrenals

The density of the contrast of the infertor suprarenal artery and the superior
capsular artery but not the other adnexal arteries varies with the positton
of the tip of the catheter If the contrast density m the mferor suprarenal
artery 1s high part of the adrenal will be outhned

The field of supply and thereby the width of the superior capsular artery
vares considerably The vessel runs a tortuous course along the lateral border
of the hidney The artery 15 liable to be displaced by space oceupying lesion

The mddle capsular arterses may be displaced by expanding tumours In
hy droniephrosts the size of the extrarenal part of the renal pelyis can be Judged
from the degree of displacement of the capsular arteries The vessels may be
dilated 1n the presence of space occupying and inflammatory processes

In pronounced chronic pyelonephntis any hypersascularity will be seen
i the renal anglogram as an accumulation of contrast medium mn the walt
of the renal pelvis The renal peletc arterses are so narrow that they do not show

up mn the angogram
The wreferic arfery may be dilated under certamn circumstances such as

chronte pyelonephritis renal earcinoma cancer of the renal pelvis and tuber
culosis It appears that 1t 1s only visible 1n the anglogram in such cases
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GENERAL SUMMARY

Utihization of recent advances m renal angiography requires better know
ledge of the normal anglogriphic pattern of the kidney Pre operative angto
graphy 1s an important guide 1n contemplated 1esection of the lidney In
such cases det uled information on the extent of the pathologie Jeston and the
topogtaphy of the mtiarenal vasculature 1s imdispensable This prompted the
present muestigation the purpose of which was to analyze the roentgen
anatomy of the vasceuliture of the hidney as seen m selective and aartic renal
angiograms of Iiving human bemngs and of post mortem specimens

The mvestigation consists of three parts

Part I deals with the angrogriplic pattern of the single renal artery The
results are summarized on page 52

Part I1 1s concerned with the frequeney wnd angiographic pattern of mul
tiple arteries The results are summarized on page 97

Part 11113 a study of extrarenal arteries ansing from the renal artery The
results are summarized on page 128
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