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ABSTRACT 

Al though
.

radiogra phi c a l  techn i ques to examine the 

ur inary sy stem are we l l  estab l i shed in dogs and human s, these 

techniques have not been wi dely accepted or appl i ed t o  examine 

the f e l ine uri nary sy stem . Considerab l e  confusion and contro­

ver sy exi s t  regarding anatomical features and rad iographical 

inter pretation of the f e l in e  urinary system.  Much of the 

curren t ly avai l able informa t i on on the f e l ine ur inary sy stem 

has been assumed f rom comparative s tudi e s  in other species, 

par t i c u l ar ly the dog . 

Thi s s tudy comprises a comprehens ive l i terature review 

of the anatomy and radiography in the f e l ine urinary t ract and 

inc ludes resu l t s  of a l imi t ed radiographical study of the 

urinary trac t  in 27 c l in i ca l ly normal cat s .  

The cat s s tudi ed were prepared for radiography and 

rest rai ned with variou s anaes thet i c  agen t s  and techni ques . Rad io­

graphi cal examinat ions of the urinary sy s tem invo lved standard 

rad iography, and the use of an image intensifier connected wi th 

a t e l ev i sion moni tor and 70 mm spot f i lms . The kidney was 

studi ed u sing p l ain radiography, intravenous and int r amuscu l ar 

exc retory urography, renal ar teriography and renal venography . 

Wi th these techn i ques the kidney l ocat i on, si ze, out l i ne, radio­

graphi c a l  den s i ty and bl ood supply were observed . Changes in 

kidney po s i t ion in various pos tures relative to the l umbar 

ver t ebrae were a l so studied • . The ureter a l  course, s i z e  and 

b lood supply wer e studied f o l l owing excretory urography and in 

some cats  the presenc e of vesi co-ureteral ref lux enabl ed retro­

grad e  uret erography . The l ocat ion, shape, size and radiograph­

ical  den s i ty of the ur inary b l adder were s tudied by p l ain 

rad iography , excretory rad iography and retrograde cy stography 

i n c l ud i ng po si t ive, negat ive and doub l e  contrast techn i que s .  The 

urethr a l  c our se , shape, s i ze and sex dif ferences were s tudied by 

retrograde and micturating urethrography. Following the radio­
graphi c a l  studi e s , a l l  cats were euthani zed and thei r urinary 

sy stem were macroscopi cal ly examined a t  postmortem . 
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S e l ec tive f inding s  of thi s study are as fo l l ows . The 

i n t erna l struc tures of the kidney , name ly the cortex , medu l l a ,  

ren a l  column s , pelvic diverticu l i , pelv i s  and renal ves se l s  

i i i  

were visua l i z ed.u sing contrast radiography . The interna l venous 

drainage of the kidney was demonstrated by selec t ive renal veno­

graphy . As previously de s cribed in the l i terature , the kidney 

l oc ation varied in ind ividu a l  cats pos ture respiratory phase and 

the geometrical rel ationshi p between the x-ray tube and the 

anima l .  However the ang l e  of the l ongi tudinal axi s ,  the l ength 

and width of the kidney and the ratio between the l eng th of the 

kidney and lumbar vertebrae were rel atively consi stent . The 

proxima l  uret ers had a character i s t i c  s tep- wi se course.  Vesico­

uretera l  ref lux was observed in 36% o f  cats s tud i ed during m i c­

turating cy sto-urethrography but no evidence of thi s ref lux was 

found in c at s  sedated with xy lazine . A l though the urinary 

bl adder expanded proportiona l ly during �i l l ing , i t  a ssumed an 

hour-glass- shape during mi c turi tion . The ma l e  urethra narrowed 

at the l eve l s  of the prostate and bu l bourethral g l an d s .  The 

f ema l e  urethra formed a bu l bous enl argement immediat ely proxima l  

t o  i t s  narrow external ori f i c e .  The total  l ength of the urethra 

was 1 1 1 . 3  mm in the mal e  and 64 . 2 mm in the fema l e .  
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LITERATURE REVIEW 

PART I :  ANATOMY OF FELINE URINARY SYSTEM 

A .  KI DNEY 

1 .  LOCATION 

The kidney s of cats  arc l ocated in the abdominal 

cav i ty on ei ther side o f  the abdominal aorta and posterior 

vena cava . They lie retroper i toneal in po si tion and the i r  

ventral surfaces ar e c overed wi th peri toneum ( Bloom , 1954; 

Rcighard and Jenning s ,  1 963; Crou ch , 1969 ) .  The anatomical  

relat ionshi p between the kidn ey s  and vertebral bodies  has 

been recorded by Bl oom ( 1954 ) ,  Reighard and Jennings ( 1963 ) ,  

Gi l bert ( 1 968 ) and N i ckel et al . ,  ( 197 3 ) .  Mos t  authors 

con s ider that the f e l i n e  kidneys are located at the l evel of 

the thi rd to  the f i f th lumbar vert ebra l bod i es ( Bl oom , 1954; 

Reighard and Jenning s ,  1963; G i l bert ,  1968 ) ,  however Ni ckel 

£!a l .  ( 197 3 )  found that the right kidney was u sua l l y  po s i ­

t ioned ventral to  the f i rst  t o  fourth lumbar t r ansverse 

processes  and the l ef t  was posi t i oned ventral t o  the second 

to fifth l umbar transver se proce s s e s . 

Reighard and Jennings ( 1963 ) and Crouch ( 1 969 ) have 

reported that the right kidney i s  one or t wo centimeters 

further cranial  than the l eft , whi l e  Bl oom ( 1954 ) con s i dered 

that the r ight kidney i s  sever a l  c entimeter s mor e  crani a l . 

Hor sbu rgh and Heath ( 1966 ) have however suggested that the 

l eft  and r ight kidney s are symmetr i ca l  in pos i t i on .  Lat i mer 

( 1939 ) has recorded the l ev e l  of the f e l in e  kidney s  in 23 2 

f etal  and 104 adu l t  cat s and has shown that in 74.3% of fetal 

c at s ,  88.5% of adu l t  fema l e  cats and lOO% of adu l t  ma l e  cats , 

the r ight kidney i s  more crania l ,  suggest ing in a sma l l per ­

c entage of c a t s  the l ef t  kidney may b e  l ocated more c r anially. 

Lines through the l ong axi s  of each kidney converge 

and transect s l igh t l y  c r anial to the right kidney ( Reighard 

and Jennings ,  1963 ) .  

The kidney locat ion i s  affec ted by s everal fac tor s 

i n c l ud ing t he status o f  adj ac ent s t ructures ( Chri st ensen ,  

1 964; El l enport ,  1 975b ) ,  respiration ( Chri sten s en ,  1964; 

Grandage,  1975 ) , posture ( Grandage ,  1975 ) and the loos eness 
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of rena l at tachment s ( B l oom , 1 954 ) . The l eft kidney i s  more 

var iabl e in l ocation than the r ight ( B l oom , 1954; Knel ler , 

1974; E l l enpor t , 1975b ) . 

2 .  PHYSICAL CHARACTERISTICS 

The l ight to dark yel l owi sh c o l oured kidneys of the 

cat are bean- shaped and smooth- surfaced (Bloom , 1954; Reighard 

and Jenning s , 1963; Wal ker , 1967; Ni ckel et a l . ,  197 3 ) .  They 

are however shorter , thi cker and more spher i ca l  than tho se of 

the dog ( B loom , 1954; Osborne et al. , 1972 ) .  The f e l ine 

kidney i s  thi ckened dorsoventra l ly ( N ickel et  a l. , 1973 ) ,  

ventra l ly convex and dorsa l ly f l attened Cu lmer et a l. , 1 971; 

N icke l et al . ,  1973 ) .  There i s  a central depression in the 

medial  surface termed the rena l hi lus in whi ch i s  the opening 

of the s i nus ( Reighard and Jenning s ,  1963; Wal ker , 1967; 

Gi l bert , 1968 ): Thi s latter s t ru c ture contains the renal 

pelvi s ,  wh i ch con tinues to the ureter , and the renal vesse l s .  

According to B l oom ( 1954 ) and Reighard and Jenning s  

( 1963 ) the kidney su rface contai ns grooves whi ch accomodate 

the promi nent subcapsular vein s whi ch radiate from the hi l u s .  

3 .  PERI - RENAL TISSUE 

The ki dney i s  enc losed in a spec i a l  loo s e  f i brous 

covering var iably cal l ed the c ap su l e ,  tuni ca f i brosa 

( Reighard and Jennings , 1963 ) or renal fascia ( U lmer et  al. , 

1971 ) .  According to Yadava and Calhoun ( 1956 ) the f e l ine 

renal cap s u l e  d iff er s f rom the r ena l capsu l e  of other domest i c  

species i n  that it  does not c ontain smooth mus c l e  f i bres . 

According to Reighard and Jennings ( 1963 ) ,  the r enal 

capsu l e  d i p s  inward at the hi l u s  wher e it l ines the r enal 

s inu s ,  the rena l ves se l s ,  and f o rms a cover ing of the renal  

pelvis to  the f ibrous c oat of the ureter . 

Each kidney i s  par t ly surrounded by a mass of f at 

( B l oom , 1 954; Wal ker , 1 967 ) whi ch hel ps to prot ect i t  and 

keep i t  i n  posi tion ( N ickel et a l . ,  1973 ) .  The f at covering 

the ventral  surface of the k idney i s  thin o r  absen t  ( Ni ckel 

�a l . ,  1 973 ) .  However , at the hi lus ( F i e l d  and Tay l or , 1 954; 

N i ckel �al . , 1973 ) ,  the cauda l po l e  ( N i cke l  �a l . , 1973 ) 
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and where the per i toneum passes from the kidney to the body 

wa l l , par ti cular ly at t he crania l end of the kidney ( Rcighard 

and Jenn i ngs , 1963 ) ,  the fat cover ing is u sua l ly wel l devel oped . 

The rena l f a s c i a  attaches the f e l i ne kidney s more 

l oosely to the body wa l l  than other an imal s ,  therefore they may 

vary mo re in po s i t ion ( B l oom , 1954; Osborne et al . ,  1972; 

N i ckel et� . ,  1973; E l lenport , 1975b ) .  
·--

4 .  SIZE 

a .  Length 

According to Ni ckel et a l . ( l973 ) the length of the 

f eline ki dney i s  wi thin the range of 38 - 44 mm . However 

considerable var iat ion o ccurs in the s i ze of the kidneys in 

c at s  of  s imi lar s i z e  and under c ertain circumstances , inc luding 

d eath , anaesthesia , hypo tention and aortography ( Hod son , 1961; 

L each , 1961; Johans son et  al . ,  1969 ) . Al though Ni ckel et al . 

( 1 973 ) reported that the width i s  27 - 3 1  mm and the thi c kness 

i s  20 - 25 mm , Bl oom ( 1 954 ) has stated that the d iment ion of 

the kidney may be mor e  a c curat ely expressed by the ratio of 

the length , width and thi cknes s  than by ac tua l measurement s .  

H e  found thi s  ratio t o  b e  1 . 0 : 0 . 7  0 . 6 .  

Barrett and Knel l er ( 1 97 2 )  measured , o n  contrast 

nephrograms , the kid ney s i ze of 30 condi tioned cats of vary ing 

s ex ,  age and weight . The mean l engths and standard deviat ion 

( S . D . ) of the r ight and l eft kidneys were 39 . 5±4 . 2  mm and 

3 7 . 7  ± 4 .  9 mm respec t i ve l y . They a l so found a s igni f i cant 

c orre l at ion between kidney and l umbar vertebral body l engths . 

The mean and S.D. of the second l umbar ver t ebra l  body l ength 

wa s 1 5 . 54 ± 2 .  2 mm and the kidney and vertebral body l ength 

ratio ( K /V )  was calculated to be 2 .  95 ± 0 . 04 for the right 

k idney and 2 . 46 ± 0 . 05 for the l eft . From these data , the 

f o l l owing l inear regression formu l a  was derived : 

3 

Kidney l engt h ( mm )  = 23 . 45 + 1 . 045 x L 2  body l ength ( mm )  

Lord et a l . ( 1 974 ) howeve r  repo rted that the range of the feline 

kidney l ength was 1 . 5  - 2;0 times the lumbar vertebra l body 

l ength when examined in·ven tro- dorsal proj ection rad iographs 

in norma l cat s .  
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b .  Weight 

The weight of the kidney in c at s , as c i ted i n  standard 

anatomy books , varies between 1 5  and 30 grams , or weighs 30 

grams on an average ( Bourde l l e  and Bres sou , 1953; N i ckel et al . ,  

1 97 3 ) . According to B l oom . ( l954 ) and Osborne et al . ( 1972 )  thi s 

compr i ses 0 . 6 to 1 . 0 % of body weight . 

S ince kidney wei ght i s  wel l  c orrel ated wi th body weight 

but no t wi th body l ength ( Lat i mer , 1936 ) ,  several correlating 

formu l i  have been recorded . However thi s corre lat ion between 

body weight and kidney weight vari es between ma les and f emales 

and al so wi th age ( Lat imer , 1936 ) .  According to Hal l and 

MacGregor ( 1937 ) the kidney weight relative to the body weight 

decreases as cats grow to a body weight of 1 .  75kg .  However 

when the i r  body weight exceeds 1 .  75kg ,  their kidney weight 

i ncreases progres s ively as the body weight increases in the 

mal e  bu t i t  remains fairly cons tant in the fema l e .  

Latimer ( 1 939 ) has a l so measured the ki dney weight 

of the c a t  and recorded the average kidney weight as 2 1 . 1 1 8± 

0 .  788 grams in ma les and 1 6 . 890:!: 0 . 43 2  grams i n  f ema les . His 

f ormula f or the weight o f  the kidney rel ated to the body 

weight i s : 

Y = 0 . 0089 X± 3 . 4  ( from 1 . 7 to 4 . 6 kg body weight mal es ) 
Y = 0 . 0069 X t 0. 205 ( from 1 . 5  to  4 . 0  kg body weight females ) 

where Y r epresent s the weight of the two kidney s and X repre­

sents the body weight in grams . A l though Hal l  and MacGregor 

( 1 957 ) repor ted no corre l at ion between body surface and kidney 

weight , V augham and Adams ( 1 967 ) recorded the fol lowing formu l a: 

B . S . A .  ( cm2 ) = 388 . 4  B . W.  ( kg )  + 896 . 5  

where B . S . A .  represents body surface area and B . W . represents 

body wei ght . There appears to be no appreciab l e  weight dif­

f erence between r ight and l ef t  kidneys ( Ha l l  and MacGregor , 

1 937; Latimer , 1939; N i ckel � a l . ,  1973 ) . 

5 .  STRUCTIJRE 

a .  Macro scopic Structure 

The detai l ed macro s co p i c  structure of the fel ine 

kidney parenchyma has been des c r i bed i n  standard anatomy 
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textbooks (Reighard and Jenni ngs , 1963; Ni cke l  et a l . , 1973 ) 

Nickel e t  a l . ( l97J) repor ted that the i nternal structure 

of the f e l i ne kidney is s imi lar to that of the dog and desc ribed 

i t  as fo l l ows : 

The parenchyma ·is divi ded into an outer , pa l er 

cor tex and an inner, darker medu l l a .  The cortex is brownish 

red and has a granu lar appearance. I t  contains l arge numbers 

of barely visible red dots , the renal corpusc l es .  The external 

part of the medul l a  cal l ed the zona i ntermedia is dark red , 

a lmost pur p l e, whi ch sets i t  off sharply from the cor tex . The 

i n t ernal part ca l l ed the zona basal is is a l ight e r , grayish 

red colou r  and shows dis t i nct striations . Narrow spikes of 

the medu l l a radiat i ng into the cortex are known as medu l l ary 

rays . The f e l ine kid ney has only a cone or n i p p l e  shaped 

pap i l la projec ting into t he pe lvis . However 14 to 18 bu ttress­

l i ke r idges with intervening f issures rise from the sides of 

the rena l papi l la .  On the apex of the papi l l a, c o l l ec ti ng 

tubes open as numerous pap i l lary f orami na, some of whi ch open 

at the bo ttom of an api c a l  depression of the papi l l a .  The 

pap i l l a is enc losed wi thin the renal pelvis whi ch is si tuated 

ent i rely inside the renal sinus a l ong wi th renal v essels and 

fat t issue. Two of three pelv i c  diverticuli  ( G rahame , 1953 ) ,  

f o rmed as a resu l t  of pe l v i c  mucosa l r ef l ect ion around 

ar t er i es and veins, extend into the renal parenchyma . In cats 

the rena l calyces are absent. The wa l l  of the renal pelvis 

consists of three l ayers i nc luding an externa l c onnec tive 

t issue adven t i t ia, a thin l ayer of musc l e  and a l i ni ng of 

mucous membrane . The adventi t i a  and musc l e  l ayer end at the 

base of the rena l cres t .  Only the mucous membrane whi ch is 

c om p rised of transi t i ona l epi thel i um continu es over the c rest . 

b. Nephron 

The uni t of urine p roduc t ion , the nephron ,  is simi lar 

to that i n  o ther mamma ls and has been described in detai l in 

var ious anatomy , physio l ogy and u ro l ogy t extbooks (Crouch , 1969; 

Gans , 1970; Lich.and Howerton , 1970; Osborne �al . , 1972; 

Warwick and W i l liams , 1 9 73; E1 l enport , 1975a ) .  
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The nephron con s i s t s  of a glomerulus , p roximal 

c onvo luted tubu l e ,  loop of Henl e ,  di s tal convo luted tubu l e  and 

c ollect ing tubu l e .  

i.  Glomerulu s 

The glomeru lus i s  a cluster of capillaries whi ch 

arise from the afferent arterio l e  arid end in the efferen t  

arteriole. These capillaries invaginat e in to the spherical  

glomerular capsule whi c h  i s  the blind upper end of the renal 

tubule. The glomeru l u s  and i t s  capsule consti tute a renal 

c orpusc l e  whi ch is l ocat ed in the renal cortex. Each fel ine 

kidney contain s  approximately 190 , 000 glomeru l i .  There i s  a 

shor t neck leading f rom the corpuscle to the proxima l  convo­

luted tubule. 

i i . Proximal convoluted tubule 

The proximal convoluted tubule which i s  approximately 

nine mi llimeters in l ength and s i x  microns in width , i s  

locat ed in the renal cor t ex.  I t  becomes narrower and pursues 

a short s t raight course i mmediat e l y  before continuing into the 

loop of Henle .  

i i i . Loop o f  Henle 

As the renal tubu l e  enters the medulla i t  becomes 

U shaped and is refe rred to as the loop of Henle. The l oop of 

Henle con s i s t s  of a s t raight descen ding l imb approxi mately 3 . 6  

to 1 2 . 0  mm l ong and 10 . 0  mi cron s  wide , and a broader ascending 

l imb whi ch i s  5 . 2  to 6 . 5  mm long and 18 . 0  to 27 . 0  mi c rons wi de.  

iv.  Dis tal convo luted tubu le 

The d i s tal convo luted tubu l e  is  a continuation of 

the ascen ding l imb of the l oop of Hen l e .  I t  l i es wi thin the 

renal cor t ex and is 20 to 24 mm in l ength and approximately 

1 6  microns in width . 

v. Co l l ec t ing tubu l e  
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Several d istal  convo lu ted tubu l es mee t  together at 

their dis ta l  extremi ties to form a col lec t i ng t u bu l e  whi ch i s  

a l so si tuated i n  the renal cortex . These tubu l es become 

l arger as adj acent tubu l e s  converge and uni te.  The tubu l es 

pass into  pap i l lary ducts as they near the renal papi l la .  The 

ducts open on to the apex of the papi l l a as t iny s l i t - l i ke 

o pening s known as the papi l lary foramina . 

The entire l ength of each renal tubu l e  i s  between 

40 and 50 mm .  

6 .  BLOOD SUPPLY 

a .  Ar tery 

The rena l arter i e s  usu a l l y  ar ise perpend i cu l ar l y  

f rom t h e  s i d e  o f  the aort a , sl ight l y  c audal to t h e  c e l iac and 

superior mesenteri c arter i es ( Tho rn ton , 1 9 6 2 ; Fu l l er and Hue l ke , 

1 9 7 3 ) .  They usual ly commence at about the same point (Reighar d  

and Jennings, 1963 ) ,  but the r ight renal ar tery may ar ise a few 

mi l l imet ers more cranial  than the l ef t  (Lindel l and Olin , 1957 ) .  

The lef t renal  art ery passes c audo- l atera l ly and the 

r i ght crani o - latera l ly to the kidney (Reighard and Jenni ngs , 

1 9 6 3 ) .  According to Lind e l  and Olin ( 1 957 ) the in ternal di am­

e t er of the renal arter i es var i es between 1 . 7  to 1 . 9  mm when 

measured on renal angiographs in cats weighing four to f ive 

k i l ograms . 

R i ec k  and Reis ( 1 9 5 3 ) recorded that ninety percent 

of the ki dneys in 1000 c a ts had a sing l e  artery originat i ng 
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a t  the ao rta . They observ ed an aberrant c ase in whi ch a sing l e  

a r tery arose f rom the aor t a ,  a t  a sho rt dist ance f rom i t s  origin , 

b i furcated t o  both l ef t  and ri ght kidneys . However F i e l d  and 

Taylor ( 1 954 ) considered that the r enal arteries w ere frequen t ly 

doubl e  in cat s .  . .._ 

Both rena l arter i e s  give branches to the adrenal 

g l ands (Reighard and Jenni ngs , 1963 ; U lmer et a l . , 1971 ) .  Ac-

cordi ng to Rieck and Rei s (1953 ) gonadal arterie s  originat ed 

f r om the renal artery in on ly four i n stance; in 1000 cats .  

However they did not stat e the sex of the animal s  and side of 

the renal arteries invo l v ed .  U l mer � a1 . 09 7 1 ) hm.,ever ,  



repor t ed that the l ef t  int ernal sperma t i c  artery a r i s e s  

f re quent l y  f rom the l ef t  r ena l artery whereas G i l bert ( 1 9 68 )  

con s i dered that both in t erna l spermat i c  and ovarian arter i e s  

ar i se from the aor ta .  

B remcr ( 1 9 1 5 ) exp l ai ned the se anatomi c a l  variations 

of the renal art eries and branches f rom the embryo l og i ca l  

aspec t .  H e  con si dered that doubl e o r  mu l t i p l e  ren a l  arter i e s  

from the aorta were derived f rom l ateral connections f rom the 

aorta to the pe r i aortic  p l exu s of art e ri es . He al so considered 

that a sperma t i c  or ovarian branch of the renal artery was due 

to t he per si stenc e  of the o r iginal mesonephr i c  uni on wi th the 

p l exu s and the d i s i ntegration of the me sonephri c t runks . 
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Fu l l er and Hu elke ( 1 9 73 )  found that the renal arter i e s  

bifurcated i n t o  ventral rami and dor s a l  rami before they entered 

the hi lu s .  They indicated that these two branches further 

d ivide into fou r  arteri e s  whi ch supply  the corre s pondi ng s i de s  

of  the kidney . However according t o  Reighard and Jenn i ng s  

( 1 9 63 ) and Gi l bert ( 1 968 ) the renal arteries u sua l l y  divide 

into two or mor e  bran ches and each of the s e  branches subdivide 

and resu l t  in  f rom two t o  s i x  art eri e s  enter ing the kidney 

( Rieck and Rei s ,  1 953 ) .  

Ri eck and Rei s ( 1 9 5 3 ) cou l d  not f ind any cat s whi ch 

r eceived an arterial  supply t o'the kidney except through the 

hi l u s .  

b .  Vein 

According to Crouch ( 1 9 69 ) the venae rectae 

around the l oop of Hen l e  drain into the arcuate and inter­

l obar vein s , whi l e  the capi l l ary network around convo l ut ed 

tubu l es drain into interlobu l a r  veins . N i ckel et a l . ( l 9 73 ) 

con s i d er ed that the capi l l a r i e s  of the medu l l a wer e  drai ned 

by s t raight venu l es whi cQ en ter ar cuat e  vein s .  The arcuate 

vein s  then form comp l ete arch e s  at the cortico-medu l la ry 

j unct i o n ,  and d rain i nto i nter l obar vein s which are as soc­

i ated wi th thei r arterial c ounterpart s  ( Crouch ,  1 96 9 ' ) . 

In add i t i on to this venou s drainage bl ood f ro m  the 

subcaps u lar arteria l netwo rk drai n s  into the co rresponding 

subcaps u l ar vei n s  ( Fu l l er and Hue lke , 1 97 3 ) .  The b l oo d  



supp l ied to the f ibrou s capsu l e  drain s to st e l l atc vein s 

( B loom ,  1 9 54; Os borne et al . ,  1972; N ickel et M·, 1973). 
Both the subcap su l a  and s t e l l a t e  veins drain into four to s i x  

superf ic ial veins which a r e  l ong, arbor 'izing and anas tomo s i ng 

and which occupy shal low grooves on the kidney ( Ka zzaz and 

Shank l in, 1 9 5 1 ; B l oom ,  1 9 5 4 ; N icke l et a l . , 1 97J) , These 

superf i c ia l  vein s  then converge and drain dis tal l y  in to the 

rena l vein at th e hilus ( Kazzaz and Shankl in, 1 9 5 1 ; B loom , 1 954;  

N icke l et  a l . , 1 973 ;  Fu l l er and Hue l ke, 1 9 73 ) .  

Rieck and Reis ( 1 9 5 3 ) r eported that bifur cated rena l 

vein s  j o in between the kidney and vena cava . According to 

Hunting ton and Mc C l ure ( 1 9 20 )  on the right side , the s ing l e  or 

dou b l e  rena l vein s , adrena l vein , and gonadal vein drain into 

the pos terior vena cava s eparat e ly , whereas the s in g l e  l ef t  

renal vein receives the gonada l and adreno - lumbar vein before 

entering the pos t e r ior vena cava .  However the variat ion of 

the renal vein s  in conj unct ion with the posterior vena cava 

deve l opment has been studied f r equen t l y  in cat s ( Darrach, 

1 906 ; Huntington and Mc C l u re ,  1 9 20 ;  Bu t l er et�. , 1 946 ; Rieck 

and Reis,  1 9 53 ; Fie ld and Tay l or , 1 9 54 ) ,  The venou s pat tern 

of the post erior ven a  cava has been c l as s if ied based upon the 

per s is t ence of four embryo l ogical venou s c hannel s name l y  the 

r ight po st erior cardinal vein ,  right supracardinal vein,  l ef t  

supracard inal vein , and the l ef t  posterior cardinal vein .  

R ieck and Reis ( 1 9 5 3 ) considered that the so- cal l ed B type 

venou s pattern in which the r ight supracard inal vein is 

present is the norma l patt ern . These authors have a l so 

r ecorded the f re qu ency of mu l t ip l e  renal veins in 288� cat s .  

They have shown that 7 1 . 77% o f  the kidneys have s ing l e, 26 . 93% 

have doub l e  and 1 . 25% have trip l e  renal veins . They have a l s o  

f ound one c at i n  whi ch fou r independent renal vein s  were 

observed . Al l of these vei n s , however , originate f ro m  the 

hi l u s  of the kidn ey . 

7 .  LYMPHATICS 

The l ymphat i c  dis tribut ion i s  re lated to the s t ructual 

unit o f  the k idney and lymphat ic drainage channe l s  accompany 

9 



the inter l obu l ar ,  and i n t e rl obar ves s e l s  in an i r r egular 

anastomo t i c  network ( P e i r ce ,  1 944 ) .  Thi s  netwo rk i s  r i cher 

around art eries  than vein s . According to Pei rce ( 1 9 44 ) ,  

there are probably no lymphat i cs in the medu l l ary ray s . How­

eve r  B l oom ( 1 954 ) has r eported the presence of lymphat i cs in  

the medu l l a a l though he has con s i d ered that they are mo re 

p rominen t in the co rtex . Moreover he has f ound peri - g l omeru l ar ,  

p er i -vascu l a r  and inter tubu lar lymphatics in the f e l ine kidney . 
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The renal lymphat i cs drai n into the grou p of cran i a l  

l umbar lymph nodes whi ch a r e  located a l ong the abdominal aorta 

between the renal arteri e s  a
'
nd the phr en i coabdomi nal  artery . The 

average d i nmeter of these lymph nodes i s  1 . 45 cm ( Sugimura et a l ., 

1 9 5 8 ) .  Crouch ' s  ( 1 9 6 9 ) d i agram however shows the renal lymph 

v e s s e l s drain i ng through t wo maj or routes . A larg er ve s s e l  runs 

wi th the r enal arter i e s  and vei n s  and drains into the ci s t ern 

chy l i .( Sma l l er branches , some of whi ch seem to connect wi th the 

fo rmer l ymph vesse l s , drai n i nto the ant erior l umbar lymph node .  

Some minor branche s drai n i ng in to the ad renal g l and f rom the 

k i dney have a l so been drawn . However Crouch ( 1 9 69 ) d i d  no t 

d e s cr i be the renal lymphat i c  sys t em i n  the text of  hi s art i cl e .  

8 .  NERVE SUPPLY 

The innervat ion of the kidney i s  derived chi ef ly f rom 
·--... 

the renal p l exus associa t ed wi th r enal ves se l s .  The renal p l exus 

i n  turn rece ives f i bres chi ef l y f rom the cel iac p l exu s and 

add i ti ona l ly f rom the secon d and thi rd lumbar s egmen t s  of the 

sympathet i c  trunk , f rom the ao rti c p l exu s ,  + rom the aor t i co ­

rena l gangl i o n , and f rom the l es s er and the l ea s t  s p l anchi c 

nerves ( Chri s t ensen et a l . ,  1 9 5 1 ) .  According to these author s 

and Crouch ( 1 9 69 ) ,  the ren a l  p l exu s surround s the extrarenal 

por t ion of the ren a l  artery throughout i ts l engt h .  

Harman and Dav i e s  ( 1948 ) fou nd autonomi c nerve f i bres 

in the renal s inu s and have identi f i ed postgangl i on i c  axons and 

p r egangl ioni c or aff erent f i bres . Chri s t ensen et a l . ( l 9 5 1 ) a l so 

f ound that pregang l i on i c  v agal components innervat e the renal 

p e l v i s  and ureter . However Harman and Davies ( 1 9 48 ) i nd i cated 

that the s e  nerves and nerve endings are found in the connectiv e  



t i s sues i n  conj unct ion wi th ves s e l s  and epi the l i u m  but they 

are rarely observed on smooth mus cl e  f i bres . 

Some nerve f i bres cont i nu e  into the parenchyma! 

t i s sue of the kidney through the r .ena l hi l u s  as sociated wi th 

the arter i es . The adven t i tial  p l exus i s  observed as far as 

the art er i e s  can be traced even in the cap i l lar i e s  i n  the 
•' 

medu l l a .  However di rect i nnervat i on o f  the r en a l  tubu l e s  has 

not been observed ( Harman and Davies,  1 948 ; Chr i s t ensen �al . ,  

1 9 5 1 ) .  

B .  URETER 

1 .  COURSE 

The ureter l eaves the hi lus of the kidney as a 

cont inui ng tube of the p e l vi s .  I t  curves caudal ly and i s  

s l ight ly conve� med ia l l y .  The abdomi nal part o f  the ureter 

passes  caudo - do rsal to  the par i etal  peri toneum , and ventral to 

the psoas mus cl e s  of the d e ep ci rcumf l ex i l iac arter i e s  and 

vein . The pe lvi c ureter enters the geni tal fold,  then passes 

t o  the l at era l l igament of the u r inary bladder and cro sses  

dorsal  to  the ductu s def er ens i n  the ma l e .  Near its  cauda l 

end , the ureter turns vent re - cr ani a l ly ,  and f i na l l y enters  

o b l i quely into the do rso - l ateral part of the urinary bl adder , 

( N i ckel et a l . ,  1 97 3 ) 

Gruber ( 1 9 29 ) con s id ered that the intra-ves i ca l  ureter 

Ho rks as a ves i co - ur eteral valve rather than the i nt ra- ruminal 

u r et er . However Osborne et al . ( l 97 2 ) stat ed that the o b l i qu e  

cou r s e  o f  the u reter through the u rinar� bladder wal l  prevent s 

ret rograde f l ow b£ urine f rom the urinary b l adde r  even though 

there i s  no anatomi ca l  valve present at thi s  s it e .  

2 .  SIZE 

Al though the actua l  l ength of the ureter is not ci ted, 

Osborne �a l .  ( 1 972 ) repo r t ed that , becau se of it s mor e  cranial  

l o cation,  the right u reter is  l onger than the l ef t .  

The d i ameter of the ureter i n  the cat has not been 

reco rded , however variatio n  of it s cal iber in human s  has been 

d e scr ibed by Li ch and Hower ton (1970). These author s  reported 
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three poin t s  of physio l og i c  narrowing namely ;  the uretero ­

pe lvic junction , the cro s s i ng o f  the i l iac artery, and the 

uretero - vesical j unction . Th e diamet e r s  of thes e  three points 

have been measured as t wd mi l l imcter s ,  four mi l l imeters  and 

one to five mi l l imeters respective l y .  The remaining par t s  

have been descri bed as two function a l  s pind l es , nam e l y  the 

proxima l abdominal spind l e  havi ng an average diamet er of  10 mm 

and the pelvi c spin d l e  having a diamet er of four to s i x  

mi l l imeter s .  

3 .  STRUCTURE 

The ureter i s  a mu scu l o - membranou s  tube ( Crouch ,  1 9 69 ) ,  

the wal l of whi ch con s i s t s  o f  a connective ti ssue adventi tia , 

a t ri p l e- layered mus cular coat , and mucous membrane ( E l badawi 

and S chenk , 1 9 69 ;  N i ckel et a l . , 1 973 ) .  The midd l e  cir cu l ar 

mu scl e coat i s  we l l  deve l oped whereas the internal and externa l 

l ongi tud i nal layers are not as  prominen t  ( B l oom , 1 9 54 ) .  The 

mucou s m embrane i s  arranged in four to five large l ong i tudinal 

f o l d s  and is covered wi th t rans i tional epi thel ium ( B l oom , 1 9 54 ; 

N i ckel e t  a l . , 1 97 3 ) .  

4 .  BLOOD SUPPLY 

The b l ood supp l y  of the fel ine ureter has not been 

cl ear l y  d escribed , but according to Crouch ( 1 969 ) the cranial  

ureteral artery ar i s es f rom the correspo nding renal artery and 

the cauda l ureter a l  artery ori g i nates f rom the cauda l vesi cal 

artery . These cran i a l  and caud a l  uretera l arteri es anastomos e  

a t  t h e  midd l e  o f  the ureter . 

Smal lwood and Si s ( 1 9 7 3 ) per formed arter iography of 

the renal region i n  the cat . They found that the cran i a l  

ureter a l  art ery i s  a cauda l ly d i rect ed branch o f  ei ther the 

renal art ery or  one of the i nt er l obar arteri e s . In  humans 

L i ch and Howerton ( 1 970 ) found t hat in add i t ion to the cranial 

and caudal ureteral arteri e s  the r e  are s e veral other ves se l s  

supplying bl ood t o  the u reter . 

The venous drainage of t he f e l i ne ureter has been 

recorded by Darrach ( 1 906) who f ou nd that the uretera l vein 
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f requ entl y drai ned into the gonadal vein . Crou ch ( 1 969 ) has 

shown that the c ranial and caudal ureteral v ei ns drain into 

the rena l vein and cranial ves ical veins respec tively . 

5. LYMPHATI CS 

The ly�phati c  sy s tem of the f e l i n e  ureter has not 

been descri bed in the avai l ab l e  l i terature .  

In human s however , L i ch and Howerton ( 1970 ) recorded 

that the ureteral lymphati cs accompan i ed the arteri es and 

drained i nto the p ro s tati c, i l iac , and lumbar or periaorti c  

l ymph nodes . 

6 .  NERVE SU PPLY 

In a mi c r o s copic s tudy in cats , E l badawi and Schenk 

( 1 968, 1969 and 1 9 7 1) recogni zed exi s tence of both para­

s ympathetic and sympatheti c  ureteral  nerve s .  They a l so 

observed a nerve p l exus around ves s e l s  i n  the ureter and 

that th e ure ter i s  provided wi th a gang l ion mechani sm for 

c o - o rdinati on of sympatheti c  and parasympathetic impu l s es 

simi l ar to that d e s c r i bed i n  the urinary b l adder . 

These gang l ion c e l l s  have a widespread d i s tri bu tion 

wi th marked var iati on i n  the dens i ty of bo th cho l i nerg i c  and 

adrenergic e l ements , however they have not been observed in 

the p e lvico - urete r a l  j unc tion ( E l badawi and Schenk , 1969 ) . 

The parasympatheti c nerve to the ureter may originate f rom 

u pper abdominal c on nec tions of the r ena l p l exus proximal ly 

and f rom the p e lv i c  nerve d istally ( Chri stensen et a l r, 1 951; 

E l badawi and Schenk, 1969 ) .  

C .  BLADDER 

1 .  LOCATIOO 

The location of the urinary b l adder i s  var iable 

dependi ng on vesi c a l  urinary vo lume ( B l oom, 1954; Osborne 

et a l . ,  1972; N i cke l et al . ,  1973 ) .  Some au thors ( Crouch, 

1969; N i ckel et a l . ,  1973; Greene and S co tt, 1975 ) have 

repo r ted tha t the b ladder l ie s  cranial to the pub i s  whether 

f u l l or empty but O sborne e t  al . (1972 ) considered that i t  
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l ies  wi thin the pelvi c cavity to some extent \-Jhcn i t  i s  

empty . Schnel l e  and Thorn ( 1950 ) reported that the d i st an c e  

between the u r i nary bladder and the c ranial border of the 

p e lvic f l oor wa s three or  four cen t i me t er s .  The urinary 

b l adder i s  s i tuated r etro - peri toneal ly ( B l oom , 1954; G i l bert , 

1 968 ) and i s  l oc ated between the abdominal wa l l  vent ral ly and 

the rec tum dor s a l l y in the ma l e ,  or the uterus in the fema l e  
. 

dor sal ly ( Reighard and J ennings , 1963; U lmer et a l . ,  197 1;  

N i ckel et  a l . , l 973 ) .  I t  i s  a l so c l o s e l y  in contact wi th the 

descending co l on and the l oop of the j ej unum ( B l oom , 1954 ; 

N i ckel et a l . , 1 97 3 ) .  

2 .  SHAPE 

The uri nary bladder is pear- shaped ( Wa l ker , 1967; 

Crouch , 1969; Osborne et a l . , 1972; Kuro sawa , 1975 ) or ovoid 

( B l oom , 1954; U l mer et  al . ,  197 1 ) wi th a broad rounded anterior 

e n d  when s l i ght l y  to moderately di s tended , and a narrow 

pos terior end ( Walker , 19 67; Osborne et al . ,  1972 ) . I t  becomes 

a lmost spher i c a l  when marked ly . di stended ( Osborne et al . ,  1972 ) .  

B l oom ( 1 954 ) repo rted that the muco sa i s  thrmro into 

many dist inc t rugae which are less prominent in the neck region 

i n  the empty contrac ted state • . However , Kurosawa ( 1 975 ) has 

r epo rted that the interna l surface of the d i s t ended bladder 

is smooth exce p t  where f o l d s  pro j ec t  from the openi ng of the 

u reters . 

3 .  PERIPHERAL TISSUE 

Although Ni ckel et a l . (197 3 ) consider ed that the 

per i toneum cover s on ly the expos ed surfaces , mos t  authors 

( B l oom , 1954; Reighard and Jenning s ,  1 9 63 ; Kurosawa , 1975 ) 

bel i eve that the uri nary b l adder i s  ent ire ly covered by 
. .._ 

peri toneum . 

There are three double per i toneal folds  of l igament s  

relating t o  the urinary b l adder i nc luding the med i a l  sus ­

pensory l igament and a pair of lateral l igament s (Ni ckel 

et a l . , 1 97 3 ; Kurosawa , 1 975) . 
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The medi a l  suspensory l igament of the urinary 

bladder in the foetus i s  the supporting fold  of the urachu s 

and extends al ong the ventra l  abdominal wal l  f rom the pe lvi s 

to the umbi l i cu s .  Mos t  o f  thi s  degenerates with the urachu s 

af ter bi rth but in carnivores i t  do es not degenerate comp l etely . 

The med i a l  suspensory l i gament i s  rather narrm.,r and extends f rom 

the pelv i c  inlet to the umbi l i cus as a narrow falciform fo l d  

on the l i nea a l ba .  The lateral l igament s  o f  t h e  urinary bladder 

are vascular folds containing umbi l ical arter i e s  in the foetus .  

In neonates , only the caudal port i ons of the arteries r emain , 

and they become funct ional later a l  l igament s .  The l igament s  

arise from the · later a l  pel vic wal l  and extend medial ly to the 

sides of the urinary b l adder . The l ateral l igamen t s  contain 

the umbi l ical arter i e s , ureter s ,  the duc tus d ef erens and fat . 

Thin cranial  f ree edges of them are t ermed the round l igament s  

(Nicke l e t  al . ,  197 3 ) . 

4 .  STRU CTURE 

The urinary bl adder i s  d iv i ded into three par t s , the 

vertex or apex , the body or corpu s , and the fundu s or  nec k .  

The uret ers open into the dorsal wal l  o f  the urinary 

bladd er near the inter nal urethra l or i f i c e .  The region whi ch 

i s  bound by the opening of the u reters and the in terna l ureth­

ral orif i ce is cal l ed the trigone . Thi s s t ructure is d i s t ing­

ui shed anatomical ly f rom the r e s t  of the bladder as it has a 

spec i a l  internal mu scul ature and a pair of fo l d s  whi ch run 

f rom the urethral orif i c e .  

The mucous membrane of the urinary bladder con s i s t s  

o f  trans i t iona l epi thel ial cel l s  which vary i n  thi ckness f rom 

a layer of ten cel l s  t o  a layer of two c e l l s  depending on the 

degree of bladder f i l l i ng .  The thi cknes s  of the submuco sa a l so 

vari es wi th bladder d i s t ension . 

The muscular coat i s  subdivided into three l ayer s ; 

an inner and an outer l ongi tudinal and a midd l e  ci rcular l ayer , 

but these three l ayer s intermingl e  and form an intimately 

woven mesh - work . No special musc u l ature capabl e  of act ing 

as a sphinc t er is p resent at the neck of the urinary bladder 



' . ' 

in the cat . The smoot h  mus c l e  bundl es of the urinary bladder 

cont inue into th e p reprostat i c  urethra and pro st at i c  .urethra 

in the ma le and into the equiva l ent par t of the fema l e ' s 

urethra . 

A thi ck connec t ive t i s sue and a thin mono l ayer of 

mesothe l i um or peri toneum surrounds the urinary b l adder as 

advent i t i a .  Thi s  per i t onea l c over extends to a l l  three 

l igamen t s  of the urinary b l adder and to the c rania l  part of 

the pro s t ate ( N i ckel �a l . ,  197 3; Kurosawa , 1975 ) .  

5 .  BLOOD SUPPLY 

A lmo st the who l e  of the l ower urinary t rac t receives 

i t s b l ood supply from the internal i l iac artery , a l though 

numerous variat i ons in i t s  pattern of branching have been 

reported ( Reighard and Jennings , 1 963; Crouch , 1969; U l mer 
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e t  al . ,  1971 ) .  I n  bo th ma l es and f ema l e s  the umbi l i ca l  arteri e s  

a r i se about one c entimet er from the or igin of t he internal 

i l iac art eries . They c ourse to the uri nary bl adder in the 

l at eral umbi l i cal l igament ( Greene and Scot t , 1 975 ) .  There 
. 

they divide to form two branches , the c ranial ves ical  branch 

whi ch sup p l i es the lateral surface of the urinary bl adder , and 

the cauda l branch \vhi ch supp l i es both the urethra and the fundus 

of the uri nary bladder ( U lmer et a l . ,  197 1 ) ,  Crouch ( 1969 ) 

f ound that the caudal vesical art ery aro se f rom the crania l  

urogeni t a l  art ery and gave a branch to the ureter as the 

c auda l ureteral artery .  He a l so repor ted that the c audal 

v esical  ar t ery in the fema l e  aro se f rom the uter i ne artery 

which in turn was der ived from the crani al branch of the 

u rogen i t a l  artery . 

U l mer et al . ( 19 7 1 ) con s i dered that a branch of the 

i nt erna l pudendal or  mid d l e  haemorrhoidal artery in the f ema l e  

and homo l ogous branches i n  the ma l e  supply the urinary bladder . 

The venous drainage of the f e l ine urinary b ladder 

has been bri efly described by U lmer et a l .  ( 1971 ) .  Thes e  

authors rec orded that t h e  urethrogeni tal or umbi l ic a l  vein 

passes f rom the urinary b l adder and drains i nto the internal 

i l iac vein . However they found c on s iderab l e  variation occurr i ng 



such as the umbi l i ca l  vein emptying at a mo re d i stal  pos i t ion 

into the interna l pudenda l vein which drains into the internal 

i l iac vein instead of j o i ni ng d i rect ly wi th the internal i l iac 

vei n .  According to them ,  the internal i l iac vein drains i nto 

the common i l iac vein and i t ,  in turn , empties  to the cauda l 

vena cav a .  

6 .  LYMPHATICS 

Consi derabl e  vari at ion in the presence , numbers ,  s ize 

and l ocat ion of the l ymph nodes in the pelvic region of the 

cat has been recorded ( Sugimura et a l . ,  1958 ) .  Two groups of 

lymph nodes , the externa l i l iac lymph nodes and int erna l i l iac 

lymph nodes receive l ymphatic  ves s e l s  f rom the urinary bl adder . 

The former are s i tuat ed bi lateral ly al ong the two s i des of the 

ao rta between the externa l i l i ac and deep c i r cumf l ex i l iac 

arteries and mo s t  l ymph nodes of thi s group are c lub- shaped and 

0 . 06 to 2 . 75 cm in l ength . The i nternal i l iac nodes are of 

s imi lar s i ze and are l ocated al ong t he caudal side of the 

interna l i l iac artery . Genera l ly ,  the internal i l iac l ymph 

nodes are horse- sho e - shaped , but in some anima l s ,  numerou s 

separat e nodes are arranged al ong the caudal s ide of the 

interna l i l iac artery. There are an average number of 4 . 1 7 ± 

2 . 6 1 externa l i l iac l ymph nodes and 2 . 58 ± 1 . 54 interna l i l iac 

l ymph node s .  

The efferent vessel s o f  these two groups of lymph 

nodes t ogether wi th t he caudal l umbar lymph nodes form the 

lumbar t runk and t e rm i nate in the ci s tern chy l i  ( Sugimura 

et al . ,  1958 ) .  

7 .  NERVE SUPPLY 

Comprehen sive l i terature reviews on the i nnervat ion 

of the f e l ine urinary bladder have been presented by E l l io t  

( 1907 ) , Gruber ( 1933 ) ,  Kuru ( 19 65 ) ,  Bor s and Commer ( 1 97 1 )  

and Ku ro s awa ( 1975 ) .  

The innervat ion to the urinary bladder var i e s  in 

origin and pathways i n  different i ndividual s  of the same 

spec i es and there i s  a l so var i at ion between nerves of the 
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right and l eft sides i n  the same anima l .  

The nerve sup p l y  to the urinary bladder comprises two 

main nerves , the hypogas t r i c  nerve ( sympathet i c ) and the pelvic 

nerve ( parasympathet i c ) .  

The hypoga s t r i c  nerve originates from the anterior 

roo t s  of the second , third , fourth and /or fifth l umbar seg­

m ent s of the spinal c or d . These f i bres enter g ang l i a  of the 

sympathet i c  t runk and rec eive po s t  gang l i oni c f i l ament s f rom 

the coel i ac gangl ion.  S ome of the f i bres end i n  the inferior 

mesentric gang l ion bu t o ther s extend i nto the vesical  p l exus 

of the wal l of the u rinary bl adder i t sel f . The hypogastric  

n erve i s  a mixed nerve w i th sen so ry and mo to r c omponent s .  

The pe lvi c nerve i s  the main mo tor nerv e  of the 

u r inary bl adder bu t it al so contains some sensory f i bres . I t  

ari ses mo st ly from the s econd and third sacral nerves , bu t may 

have add i t ional roo t s  such as the f i r s t  sacral nerve . These 

root s form the pelvi c nerve trunk and then some combine wi th 

hypogastric  nerve fi bres to fo rm the hypoga s t r i c  p l exus .  How­

ever many pe lvi c nerve f i bres have no obvi ou s connec tion wi th 

the hypogastric  nerve f i bres . The pelvic nerve fi bres p l u s  

some hypogastric nerve f i bres pass from the hypogast r i c  p l exu s 

t o  the urinary bladder . 

Au tonomi c gang l i a  are presen t  in the adventi t i a  and 

the mu s c l es of the urinary bladder . The pre-gan g l i onic_ 

sympathet i c  and parasympathet i c  nerves have been thought by 

recent au thor s to synap s e  in the u rinary bl adder wa l l  

( E l badawi and Schenk , 1968 and 197 1 ) .  They appear impor tant 

dur ing automatic contract i on of the urinary bladder . 

Ther e i s  a controver sy conc erning the f o rm and statu s 

o f  the nerve endings i n  the urinary bladder . However , gen­

eral ly speaking , the f inal branches are extremely tortuous 

whi ch fac i l i tates stretching. Some encapsulated nerve 

ending s  are found in the l ower uri nary t ract . 

n .  u�mAA 

1 .  LOCATION 

Al though the urethra of the cat has been descri bed by 

many authors ,  confusion i n  the anatomical t ermino l ogy of the 
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l ower uri nary t ract in the mal e  cat s t i l l  exi st s .  Thi s  

c onfu sion has been noted and a more reasonabl e t ermino l ogy 

has been proposed by Kurosawa ( 1975 ) .  In ma le cat s , the 

p reprostat i c  urethra i s  the narrow part of the l ower urinary 

t rac t which l i es crania l to the prostate and i s  a continuation 

of the urinary bladder . 

The port ions of the pro st a t i c  urethra and the urethra 

wi thin the bu l bourethral g l ands are d ef ined by the over lying 

g l ands .  The mu scul omembranous urethr a ,  located between the 

prostate and bu l bourethral gl and s , i s  the only part of the 

u rethra that is comp l etely surrounded by striated musc l e .  The 

prostat i c  urethr a ,  the u rethra wi thin the bu l bourethral g l and , 

and mu scul omembranou s urethra i s  referred to co l l ec t ively as 

t he pelvi c urethra . The portion of the urethra d i stal t o  the 

bu l bourethral g l and is referred to as the peni l e  urethra . 

The prostate and bu l bourethr a l  g l ands are s i tuated at 

the cranial border of the pubi s and at the cauda l border of 

the i s chiat i c  symphy s i s  r espective ly .  The prepro stat i c  urethra 

i s  l ocated in t he abdominal cav i ty whi l e  the mu scul omembranous 

urethra l ies in the pelvi c cavity (Booth and Chiasso n ,  1967; 

Crouch, 1 969; Snow , 197 2 ) .  

The pen i l e  urethra i s  directed caudal ly ( B l oom, 1954; 

Kurosawa , 1975 ) unl i ke the human and the dog . The d i stal 

aper ture i s  at the t i p  of the g lan s p eni s (U lmer et a l � l971 ) .  

In f ema l e cat s , the urethra cont inues from the fundus 

o f  the ur inary b l adder to the externa l urethral or i f i ce on the 

f l oor of the g en i ta l  tract at the j un c tion of the vagina and 

vestibulum .  

The vagina an d  the uter ine body are dor sa l ly r e l at ed 

to the urethra i n  the femal e whi l e  in the mal e ,  the c o l on and 

r ec tum are l oc a t ed dorsa l ly to the mu scu l omembranou s urethr a .  

Ventrally the m i dd l e  part o f  the urethra i n  the female and the 

pelvic urethra in the ma l e  are relat ed to the med i a l  part of 

the pubi s crani a l ly and the i schium caudal ly (Reighard and 

Jennings , 1963 ; Crouch , 1969 ) .  
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2 .  SIZE 

The u rethral luminal d iameter gradua l ly decreases in 

s i ze as i t  passes d i sta l ly .  �t  one part i n  the urethra within 

the bu lbourethra l g l and where a sudden dec rease in luminal 

s i ze occurs ( Jackso n ,  1 97 1  and 1975; Kurosawa , 1975 ) .  

The ac tua l luminal s i ze of the urethra has been 

measured by H erron ( 1972 ) in his  s tudy on the effect of cas­

trat ion and t estosterone admini s trat i on in young mal e cat s , 

The mean c i r cumf erence o f  the lumen varied between s i t e s  f rom 

1 . 93 to 2 . 03 mm and nei the r castrat ion nor testosterone admi n­

i s trat ion had any ef fect on peni l e  urethra l  size.  

Jackson ( 1971 ) has stated that at  1 5  mm from the 

external urethral orifice , the peni l e  urethra measured one 

mi l l imet er . The same author ( 1 975 ) has reported that in 

micturat ing u rethrogram the diameter of the urethra reduced 

from 3 . 2 mm to 1 . 6 mm at the i schi a l  arch .  Thi s author a l so 

not ed var iat ion of the ure thral lumina l  s i ze in ma l e  cat s .  

The urethral l eng th of the ma l e  cat s varies between 

9 . 5  to 10 cm ( Snow , 197 2; Jackson , 1975 ) .  Thi s  i s  compri s ed 

of four centimeters of prepro s tat ic u rethr a ,  three centime ter s 

of peni l e  urethra and three centi meters of pelvi c urethra 

( Snow , 1972 ) .  However Ai tken and Aughey ( 1 964 ) found the 

l ength of the preprostatic urethra to be two to three 

centimet er s .  

In the femal e ,  Kuro sawa ( 1 975 ) observed a s l ight 

en largement of the u rethra l  lumen immediat e ly proximal to the 

externa l ure t hral ori fice . Immed i at e ly caudal t o  thi s  

enl argement , t h e  urethral lumen was constri cted by epi thel ium 

and submucosal  t i s sue . He a l so found that the diameter of 

the urethral meatus in the femal e  cat was s imi l ar t o  that of 

the prepro s t at i c  urethra in the mal e .  However Osborne � a l . 

( 1 972 ) con s i d ered the urethra l diameter in the f ema l e  t o  be 

greater t han that observed in the mal e .  

I n  t he femal e ,  the urethra i s  much short er than that 

in the ma le (B l oom , 1954 ; Osborne et a l . ,  1972 ) 
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3 .  STRUCTURE 

a .  Mal e  

The urethra of the male c at i s  d iv i ded into five 

s t ru ctural ly character i st ic part s ,  namely , prepro s t at i c  

u rethra, pro s t at i c  urethra , muscul omembranou s urethra , urethra 

wi thin the bu l bour ethral g l and and peni l e  urethra ( Kurosawa , 

1975 ) .  The inter i o r  of 'the prepro stat i c  and pelvic urethra 

cons i st s  of l ongi tudinal muco sal f o l d s  ( B l oom , 1954 ) .  There 

i s  a seminal hi l l oc k  on the dorsal  surface of the pro s t at i c  

urethra , whi ch p ro j ec t s  into the urethr a l  l umen an d  whi ch 

i mpart s  a U- shape to the urethral lumen i n  thi s area ( Kurosawa , 

1975 ) .  

The urethra is  g enera l ly l ined by st rat i f i ed 

trans i t iona l epi thel ium except i t s  di s t a l  end where the strat ­

i f i ed t ran s i t ional  epi the l ium changes t o  th e st rat if i ed 

s quamou s  epi the l i um whi ch in turn con t i nues to the ext ernal 

surface of the g lan s peni s ( B l oom , 1954 ; Bharadwaj and Calhoun , 
I 

1959 ; Ai tken .and Aughey , 1964 ; Kuro sawa , 1 975 ) .  In the pre-

prostatic  and pelvic urethra , the t r ans i ti onal epi the l ium i s  

character i zed by the presence of glycogen whi ch i s  no t obvious 

i n  the rest of the urinary t ract ( Ai tken and Aughey , 1964 ) . 

The submu c o sa var i e s  among the different par t s  of the 

mal e  urethra . The s inu ses in thi s t i s sue gradua l ly increase 

in number and s i ze toward the di s t a l  end of the u r e t h r a .  Typ­

ical  cavernou s t i s sue h a s  been recogn i zed at the area of the 

bu l bourethra l g l and , as the bu l b  of the peni s and at the di stal  

end of the urethra a s  the g l an s  peni s ( Reighard and Jenn i ngs , 

1963 ; Crouch , 1 969; Kuro sawa , 1 975 ) .  

In the peni l e  urethra , the submucosa is  surrounded by 

dense f i brou s con nec t ive t i s sue except wi thin the g l an s  peni s 
• 

where the submuco sa i s  surrounded by kerat ini zed s quamous 

epi th e l ium with cornified spine s .  Exc ept in these region s ,  

the urethra i s  surrounded by both smooth and striated mu s c l e s  

( Kuro sawa ,  1975 ) .  The mu scul ature of the urethra has been 

studied by Reighard and Jenning s (1963 ) ,  A i tken and Aughey 

(1964 ) ,  Crouch (1969 ) ,  and Kurosawa (1975 ) .  A summary of the 

works of the above mentioned authors i s  presented . The 
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prepro s t atic urethra. i n  the mal e  i s  covered wit h  out er 

l ongi tudi nal  and i nner circu l ar smooth mu scles whi ch are 

ext en s io n s  of the detrusor mu s c l e  bund l e s . The stri ated 

mu sc l e  i n i t ia l ly commences between the smooth mu sc l e  and the 

submucosa and gradua l ly thi cken s . As it passes d i s tal ly , i t  

even tua l ly ent i re ly replaces the smooth mus c l e  t owards the 

external  urethral or i fice . S i x  d ifferent externa l s t r iated 

mu sc l e s  exi s t  assoc iated wi th the mal e  urethra . 

I n  the peni s ,  the urethra is assoc iated dor sal l y  

wi th the corpus cavernosum peni s ( Jackson , 1903; Kur osawa , 

1 975 ) .  The os  pen i s i s  incon s i s t ent ly present i n  the male 

and when pre sent , l i es i n  the g l ans peni s j ust vent ral to the 

urethra and does not rest rict  i t s  lumen ( Jackson , 1 9 03 ) .  The 

os pen i s cons i s t s  of a taperi ng cone- shaped so l id piece of 

bone 3 t o  5 mm in l ength ( B l oom , 1954 ; Jackson , 1 903 ) .  

There are two major g l andu l ar st ructures assoc i at ed 

wi th the ma l e  u rethra namely the prostate and bu l bourethral 

g l ands . The prostate g l and has been described by Jackson 

( 1 903 ) and B l oom ( 1 9 5 4 )  as a bi l obed g l and surroundi ng the 

urethra dorsa l ly and later a l ly . However Ai tken and Aughey 

( 1 964 ) and Kurosawa ( 1 975 ) found that a par t of thi s g l and 

( the med i a l  d i s semi nated po r t i on ) can be seen ven tr a l ly in 

the submu co sal layer of the urethra .  The prostate g l and i s  

somewhat bu lb- shaped and about 1 0  t o  1 2  mm in l eng th ( B l oom , 

1 9 54 ) .  I t  i s  d ivided into three part s ,  the medial d i s s em­

ination and the dor sal and lateral l obu l es ( Kuro sawa , 1 9 75 ) .  

The bu l bour e thral g land i s  located dor sa- l a t eral ly 

to the u r ethra , Thi s  compact rounded s t ructure measures l e s s  

than hal f a cen timeter i n  diameter (Ai tken and Aughey , 1 9 64 ) .  

A pai r  o f  duc t s  of the g l and f low into the urethra at the base 

of the peni s ( U lmer et a l . ,  1 9 7 1 ; Kurosawa , 1975 ) .  Both the 

pros tate and bu l bourethral g lands are surrounded by s t r i ated 

and smo o th mus c l e .  Some f i br e s  o f  these mu s c l es enter the 

g lands between l obes and l obu l es (Ai tken and Aughey , 1 9 6 4; 

Ku ro sawa , 1 975 ) .  

The urethra i s  covered by per i toneum nnd some f i brous 

t i s sue at  the prepro stat i c , and proximal part of the pro stat i c  

urethra ( Kuro sawa , 1 9 75 ) .  The pelvic urethra i s  surrounded 
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by l oose connec tive ti s sue ( Del l mann , 1 9 7 1 ) .  The body of the 

peni s i s  covered by the tunica a l buginea (Banks , 1974 ) and the 

f ree por t i on , the g l ans pen i s , i s  surrounded by an epi thel ial  

l ayer . 

b .  Fema l e  

I n  the fema l e  c a t , the transi t iona l  epi thel ium i s  

simi l ar t o  that of the ma l e  cat and mixes wi th and changes to 

s quamous epi thel ium at the externa l urethra l or i f i c e  ( Kuro sawa , 

1 9 75 ) .  Thes� f inding s d i ffer somewhat from tho s e  of Bharadwaj 

and Calhoun ( 1 959 ) who found that the urethra of fema l e  cats 
I 

was l ined wi th strat i f i ed cuboidal or col umnar epi thel ium . The 

urethral epi thel ium becomes thi ckened at the j unction wi th the 

v agina to form a surrounding f o l d  ( Ku ro sawa , 1 9 75 ) .  
I 

In fema l es , the vascu l ar i zed submucosa i s  as we l l  

deve loped as i t  i s  i n  the prepro static urethra o f  the ma l e .  

The mu scu l ature o f  the fema le urethra i s  simi l ar t o  

that o f  the ma l e  prepro s t at ic urethra .  The d i s t a l  part o f  the 

f ema le urethra i s  assoc iated wi th three striated mu s c l e s  

( Kurosawa , 1 9 75 ) .  

4 .  BLOOD SUPPLY 
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There i s  a s l ight controver sy among authors concerning 

t he anatomic a l  termino l ogy and branching of the arterial supply 

to the u rethra ( Rei ghard and Jennings , 1 9 63; Booth and Chi asson , 

1 9 67; Gi l bert , 1 9 68; Crouch , 1 9 69 ) .  However mo s t  have consi der ed 

that the entire urethra i s  supp l i ed by t he in ternal i l i ac 

artery . The prepro stat i c  urethra receives i t s  b l ood supply fro� 

the caudal vesical art ery which i s  a branch of the umbi l i cal 

artery .  Other par t s  of the urethra receive branches of the 

u rogen i t a l  artery ( Re ighard and Jenning s ,  1 9 63; Crouch , 1 9 69; 

U l mer !:!. a l . , 1 9 7 1  ) • 

The artery to the pen i s  i s  known as the "dor sal  branch" 

of the peni s ,  a l though i t  actua l ly runs a l ong the ven t ral 

surface of the peni s in the cat ( Ku ro sawa , 1 975 ) .  

According to Reighard and Jenning s  ( 1 963 ) in  fema l e  

c at s ,  a branch of the u r ogeni tal artery supply the u rethra . 



However Crouch (1969 ) considered that the urethra receives i t s  

blood supply from the crania l  branch o f  the urogeni tal artery 

aft er it has given off branches to both the uterus and the 

uri nary bl adder . 

The urethral venou s drainage has not been described 

in the cat . Sinc e t he peni s of the cat i s  a f ibrous type 

unl ike that of the human and dog ( Del lmann , 197 1 ) ,  con s i derab l e  

differenc es i n  venou s  drai nage of thi s area are l j ke ly to exi s t  

between c a t s  and the se spec i es . 

5 .  LYMPHATICS 

The lymphati cs of the f e l i n e  urethra have no t been 

descri bed . Thei r course has been no ted in both dog s  and humans , 

but i t  i s  unl ikely that a s imi lar patt ern exi s t s  in cat s .  

6 .  NERVE SUPPLY 

The urethra receives i t s  au tonomi c nerve supply through 

two main nerves , the hypogastr i c  ( sympathet i c )  and the pelvic 

( parasympathetic ) nerves ( Kuro sawa , 1975 ) .  

The somat i c  nerve supply t o  the urethra i s  the pudend a l  

nerve , wh i ch gives o f f  two branches ,  one of which reaches the 

urethral compre s sor musc l e .  The o t her branch suppl ies the 

surrounding stri ated musc l es of the urogenital  organs . The 

pudendal nerve extends into the p en i s  as the dor sal nerve of 

the peni s and supplys the g l ans peni s ( Reighard and Jenni ng s ,  

1 963 ) .  However l ike the art ery , i t  ac tual ly runs a l ong the 

ventra l sur face ( Kuro sawa , 1975 ) .  

Various encapsul ated nerve endings around the uret hra 

have been r eport ed .  Most author s  (Garry and Garven , 1957; 

Leach , l 9 6 1; F l etcher et a l . , 1969; F l etcher and Brar l ey ,  1969 

and 1970; Shehata ,  1 970 and 1 972 ) c onsi dered that they are 

P ac inian corpusc l es a l though some o ther type of encapsulated 

nerve endings have al so been repor t ed (B loom , 1954; Kurosawa , 

1975 ) .  Kur o sawa ( 1 975 )  a l so c l a s s i f i ed these encapsulated 

nerve endings into three types bas ed on thei r s i ze and l oca­

t ion . However the funct ion and the connec t i on to the nerves 

of these endi ngs have no t yet been e lucidated . 

24 



PART I1 : RADI OGRAPHICAL METHOD 

A .  INTRODUCTI ON 

1 .  HISTORY 

The use of radiography wa s f i r s t  repor ted in the dog 

and cat by Hobday and John son ( 1896 )  only a few months af ter 

the d i scovery of x- rays by Wi l helm Conrad Roentgen in November 

-- 1895 . 

In 1923 , Osbo rne et  a l . obtained rad iograph i c  v i sua l i ­

zation of the urina ry trac t fo l l owing intravenou s inj ect ion 

and oral  adminis trat ion of large amounts of sodium iodide . Tr-i ­

iodobenzoic acid d er ivatives Here introduced into d i agno s t i c  

pra c t i c e  i n  1950 , a s  the se had the advant age of cont ain ing 

three atoms of iodine in one mo l ecu l e  in s tead of the c onven­

tiona l two . In add i t ion , they were l ess ir ritant and toxic 

( Mes chan , 1963 ) .  

Var ious spec i f i c  radiographic t echni ques have been 
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u sed t o  visua l i z e  th e uri nary tract in sma l l anima l s . Hm.;rever 

mo s t  authors ( Car l son and Gi l l et t e , 1967 ; Doug las and Wi l l iamson , 

1970 and 197 2 ;  Osborne et  a l . , l97 2 ;  Kne l l er ,  1974 ; Park , 1974 ; 

Roo t ,  1 97 5 )  de scribed thei r u se in th e dog . Apar t f rom 

severa l c l inical case repor t s  few ar t i c l e s  s pec i f i ca l l y desc r i be 

rad io l og i cal  exami nat ion of the felin e  urinary tract . 

2 .  PREPARATION 

In order to o btain high qua l i ty radiographs of the 

urinary system, the anima l mu s t  be adequately prepared and 

mo st author s con s i d er that evacuat ion of the content s of the 

al imentary tract i s  neccessary to adequate ly vi sua l i ze the 

uri nary system .  In s tandard t extbooks ( Schne l l e  and Thorn , 1950 ; 

Car l son and G i l l et t e , 1967 ; Doug l as and Wi l l i amson , 197 2 ;  

Kne l ler , 1974 ; Par k ,  1974 ) ,  the r ecommendat ions are that food 

be withheld for 1 2  to 24 hou r s  prior to el ec t ive radiography . 

However Bart e l s  ( 1 9 7 3 ) who desc r i bed the techni que for int ra­

venous urography in c ats , con s i dered that it wa s imperative 



to wi thho l d  f ood for 3 6  hours and Osborne et a l . ( l97 2 )  reported 

tha t even aft er a 24 hours fas t , the in testines of ten con tained 

enough ingesta to int erfere wi th d iagno s t i c  interpretat io n of 

radiographs in urinary sy stem .  

Some author s ( Osborne e t  a l . ,  197 2 ;  Bar te l s , 1973 ) 
recommended the use of a mi l d  i rri tant cathar t i c  such as castor 

oil at the beginning o f  the fast ing p"er iod . HO\vever Roo t  0974 ) 
cons idered that v io l ent purgation wi th castor oi l shou l d  be 

avoided and recommended use of sal ine cathar t i c s  at this t ime. 

Roo t ( 1 974)  a l so reported that l ow residue foo d  may be f ed for 

1 2  to 24 hours prior t o  rad iography in debi l i t ated anima l s  for 

\vhich fasting may be con t raindi cated . He consi dered i t  unneces­

sary t o  d eprive the pat i ent of water dur ing the fast ing period . 

Faecal material  presen t  i n  the l ower int est inal t ra c t  

a t  the t ime of abdomina l pal pat i on o r  rad iography may b e  removed 

by the u s e  of an enema . For thi s purpo s e ,  Roo t ( 1974 ) prefer red 

the rec t a l  admi ni st rat ion. of pure wat er or i so t onic sal ine to 

2 6  

the use of commerc i a l  hyper ton i c  preparations . He a l so consi dered 

that the t emperature of the enema f luid shou ld be l e s s  than that 

of the body and found t hat thi s pr eparat ion had the advantage 

of expu l s ion of much of the gas whi ch usual ly r emains in the 

colon af t er warm or soapy enemas . 

Since enemas are of ten assoc iated with the introduc tion 

of air into the l ower intestina l  tract , they shou l d  be admin­

i s tered some hour s prior to el ect ive radiography ( Osborne et a l . ,  

1972 ; Finco et al . , 1 975 ) .  If wat er has been restric ted in 

preparat ion for intravenou s· urography , enemas shou l d  be avo ided , 

a s  they tend to r ehydrate the anima l ( Osborne et a l . ,  1972 ) . 
Some authors ( Schn e l l e  and Thom , 1950 ; Osborne et a l . ,  

1 97 2 )  have used vasop re s s in to  el iminate exc essive intest inal · 

gas , however since thi s drug cou l d  af fect the smoo th mu s c l es 

of the urinary trac t , i t  i s  probably contraindi cated prior to 

d i agnos t i c  urography ( Bar t e l s , 1973 ) .  

3 • RESTRAINT 

a .  Phy s i ca l  Res traint 

Mat thews and Barnhard ( 1968 ) who descr ibed a radiographic 

t echnique i n  conscious anima l s , found that co-op erat ion was mo st 



l i kely t o  be gained by gent l enes s  and under st andi ng on the 

par t of the attendant s .  They con sidered that a t echni c ian 

shou ld be wi thi n the sight and hear ing range of anima l s  during 

the actural exposure .  

Various immobi l i zation t echni ques for the restraint of 

conscious cat s during radiography have been descr ibed by 

Margu l i s  and Jones ( 1 968 ) and Matthews and Barnhard ( 1 968 ) .  They 

described the use of ropes or straps to attach the extremities  

of  ani ma l s ,  to the t ab l e  ·and the use of  spec i a l  movement res­

tric ting devices made of radioluc ent p l ast i c .  
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b. Chemica l Res traint 

A var iety of central nervous depres sant s and skel etal 

mus c l e  para l i zing agent s have been used to chemi ca l ly res train 

cat s  dur i ng radiography of the u rinary trac t . However Ol iver 

and Young ( 1973 ) in cy s tometry experiments in dog s  and cats 

showed that many drugs affect ed mictur it ion or provided inad­

equate res traint . They found that the use of ketamine in cat s 

interfer ed with the m i c tur i t i on ref l ex and that among the drug s 

they test ed , xy l azine was the on ly drug whi ch provided suffi­

cient restrain t in  dogs wi thou t inter fer ing wi th the mictur i t i on 

ref l ex .  

Ac cording to Kipni s ( 1975 ) ,  deep genera l anaesthesia 

affec t s  the vesico-uret era l valve an d  causes vesico-ureter a l  

ref lux in cat s .  

B .  KIDNEY RADIOGRAPHY 

1 .  PLAIN RADIOGRAPHY 

The kidney of cat s can · be vi sua l i zed on plain abdomina l  

radiographs ( Car l son and Gil l et te , 1967 ; Bar tel s ,  1973 ; Osborne 

et al . ,  1975 ) .  However Barte l s  ( 1973 ) and Knel l er ( 1 974 ) s tated 

t hat the con tour of the rena l shadows can not a lways be sati s­

facto r i ly determined in thi s fashion , and Kne l l er ( 1 974 ) found 

t hat the c ranial po l e  of the r ight kidney can not be d i s t ing­

u i shed becau se of the over lying l iver shadow . 

Car l son and Gi l l et t e  ( 1 967 ) and Doug las and Wi l l i am son 

( 1970 and 197 2 )  considered that the amount of surround i ng 



adipose t i s su e  i nf luenced v i sua l i zati on of .the kidney s i n  p l ai n  

radiographs becau se the radi ographic density o f  the ad ipo se 

t i s sue \-las l e s s  than that of adj acent t i ssues and thu s i t  acted 

a s  a natural " con trast agen t " . For thi s reason , the kidney s 

are more c l ear ly seen in obese anima l s ,  and it i s  very difficu l t  

t o  vi sual ize the kidneys o f  young ani ma l s  becau se o f  the absence 

of per i - renal fat t i s sue . 

Doug l as and Wi l l i amson ( 1970 ) compared vi sua l i za t ion of 

the kidneys i n  l ateral and ventra - dorsal projections on p l ain 

radiographs . They found tha t  the kidney s  were seen more c l ear ly 

in a l at era l f i l m  al though con si derab l e  superimpo s i tion of the 

two kidney shadows occured . In ventra - dorsal f i lms , the kidneys 

wer e no t a lway s  obvious due to superimpo sition over the l umbar 

mu s c l es and l iver shadows . 

2 .  EXCRETORY UROGRAPHY 

a .  Intravenou s Urography 

Intravenou s urography i s  commonly cal led i ntravenou s 

pyel ography and occasion a l l y  cal l ed desc ending urography . 

i .  Conventi onal method 

Mo s t  authors con s i der it neces sary to prepare an animal 
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by restrict i ng i t s  water int ake before obtai ning urograms . Osborne 

et a l . ( 197 2 )  con sidered that the d i l u t ion of contrast mat er i a l  

by water con s i d erably affec t ed the qua l i ty of urograms . They 

f ound that wi thho l ding wat er for as l i t t l e  as four hours improved 

' rena l contras t , however they recommended wi thho l d i ng water for 

1 2  to 15 hours prior to excretory urography . Other s ( Bar te l s ,  

1973 ) con s id ered that only when sma l l  amount s of contrast material 

wer e given , was the rad iographi c qua l i ty of urograms affec t ed 

by the con sequent admini stra t ion of water . 

Most author s recogni zed that i t  i s  neces sary to take 

ventra-dorsal and l ater a l  pro j ec t ions of p l ain rad iographs in 

dor s a l  and l at era l recumbenc i e s  respect ively before intravenou s 

urography . Acc ording to Car l son and G i l lette ( 1967 ) ,  Osborne 

et a l . ( 1 972 ) and Barte l s  ( 1973 ) ,  the advantages of such radio­

graphs are as fo l lows : they eva luate the adequacy of the prep-



arat ion of anima l s ; they eva luat e the expo sure factors; and they 

demon strate any radiographic changes in the kidney whi ch may be 

obscured by the c on trast medium.  

Two types o f  organ i c  iod i d e ,  tri iodinated and d i iodinated 

compounds ,  are current ly u s ed for excretory urography . The 

former i s  fi l tered by the g l omerulus  whi l e  the lat ter , i n  add ­

i t i on to thi s  mod e  of excretion , i s  a l so secreted by the proxi ­

ma l convoluted tubu l es , ( Meschan , 1 9 63; Osborne et al . ,  1 9 7 2 ) .  

Variou s o rganic iod ide con trast agent s are avai l ab l e  commerc ­

ial ly and most are derived from benzene an d  pyri done ( Me schan , 

1 9 63 ) .  

I n  the convent iona l met hod , these contrast mat er i a l s  

are admi n i s t ered s l ow ly t o  avo i d  undesi rab l e  side effec t s  

( S chne l l e  and Thorn , 1 950; Bi shop , 1953 ) .  

i i . High do se urography 

Recent autho r s  ( Bartel s ,  1 9 73; Lord et a l . , 1 9 7 4 )  have 

described the technique of high dose u rography in cat s .  Ac­

cording to Dure- Smi th et a l . ( 1 9 7 1 ) in thi s method , a rapid 

inj ect ion of a large dose of con trast med ium provi des a bo l u s  

effec t o f  high peak excret ion through t h e  kidney , and thus a 

high conc entration of iodine i s  obtained in a nephron at one 

t ime . 
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The dose rate recommended in thi s  method var ies bet\·Jeen 

850 and 1 550 mgl / kg body weight ( Bar tel s 1 9 73; Lord et a l . , 

1 9 74 ) .  Thi s dose i s  almo st dou b l e  that used in the conventional 

method . The contras t  mat er ia l s are inj ec t ed rapid ly through a 

large bore p l a s t i c  c annu l a  or need l e  ( Lord � a l . , 1 9 74 ) .  

Dure - Smith et al . ( 1 9 7 1 ) r eported a l inear r e l at i onshi p 

between the do se rate of contrast medium ( sodium diatr i zoate 

300 mgl / ml ) and the conc entrat ion of contrast medium i n  the 

bl ood and urine of dog s .  They found that the conc entration of 

contrast medium i ncreased uniform ly wi th i ncreas ing do s e  rat e s  

from 1 / 3  to 3 ml / l b of body weight . 

According to Lord � .� .  ( 1 974 )  high dose urography i s  

o f  par t i cular value i n  cases o f  r enal fai lure i n  whi ch the 

conven t i o nal method may not produ ce adequate renal vi sua l izat i o n .  



i ii .  Large vo l ume urography 

Large vo lume urography i s  a l so cal l ed dri p  infu sion 

pyel ography , infu s ion urography , or  saturation pyel ography 

( Bor thwi ck and Robbie , 1969 ) .  It shoul d  not be confu sed wi th 

high dose urography , doub l e  dose urography or concen trated 

urography . In l arge vo l ume u rography , a much l arger vo lume of 

a di l u t e  so lution of con trast medium i s  introdu ced intraven ­

ou s l y  by drip i nfu sion over a l ong per iod of time ,  

The fo l l owing advantages of thi s t echni que have been 

reported by Bor thwi ck and Robb i e  ( 1969 and 1 9 7 1 ) and Saxton 

( 1969 ) ,  . They are; ther e is no need f or preparat ion of the 

an ima l therefore it can be app l i ed to the emergency case ; i t  

can b e  ap plied even when certain rena l l e sions such a s  chron i c  

ren a l  fai lure ( wi th uraemia )  exi s t; f ewer radiographs are 

� . requ i r ed; there i s  no need to use a compre s s ion bandage ; and 

i t  i s  saf er than the convent i onal method because ther e is no 

untowards ef fec t ,  

30 

In the original work on thi s techn i que in cats , Bor thwi ck 

and Robbi e ( 1 971 ) u sed a so lut ion containi ng 240 to 3 25 mgi /ml by 

d i l uting commer c i a l  cont ra s t  medium wi th an equa l amount of 

d i s t i l l ed water , Thirty - five mi l l i l i t er s of thi s  solution was 

then administered into the c epha l i c vein over an ei ght minu t e  

period . Using t hi s  method they obtained urograms wh i ch ou t l ined 

the kidney pelves and part of the ureters af ter five minutes 

infusion,  and the urinary tract as far as the b l adder at  both 

20 and 30 minu t e s  af ter the start of the i nfusion , 

However the same author s have r eport ed that bet ter 

qua l i ty radiographs are obtained when u sing undi l u ted sodium 

and methylglucamine sa l t s  solution.  Osborne et a l .  ( 1 97 2 )  a l so 

consider ed that l arge vo l ume urography provided no advantage 

over high dose urography in sma l l  anima l s  because the vo lume of 

solut ion inj ected i s  much sma l l er than that of reserved body 

f luid . 

b .  Intramuscu l ar Urography 

Urinary exc r etory contrast medium has been intramuscular.l y  

admin i s tered to out l ine the kidney o f  cats  by Bi shop ( 1953 ) ,  \.Jho 



gave fou r cat s an unspec i f i ed inj ec t i on of 1 1 dye1 1  into the 

biceps femo ri s . However becau�c of the l eng th of t i m e  the dye 

took to reach the kidney , radiographi c expo sure was delayed 

unt i l  25 to 45 minutes af t er the i n j ection. The resul tant 

pyelograms were poorer than intravenou s pyelograms bu t some 

knowledg� of the rena l function was obtained . Accordi ng to 

B i shop ( 1 9 5 3 ) the advan tage of thi s method over intravenou s 

urography was i t s  s imp l i c i ty of inj ec t ion part i cu l ar ly in cat s 

in whi ch venepunc tur e  was difficu l t . 

c .  Subcutaneou s Urography 

Bharma s t  and Djahnsouz ( 1 9 76 ) r eported that sati sfactory 

u rograms can be obtained in cat s weighing three ki l ograms 1 5  

minutes after the subcut aneou s injection of eight mi l l i l i t er s  

of 1 1urograph i ne 761 1 ( 3 7 0  mgl / m l  o f  sodium and meg lumine d i a ­

t r i zoate) together wi th 2 5 0  iu hya l uronidas e .  

d .  Retrograde Pyel ography 

Retrograde pye l ography wi thout ureteral cathe teri zat ion 

has been repor ted in cat s by Farrow ( 1 9 74 ) .  Thi s author pro­

duced pye l ograms from cy s t ography wi th diatr i zoate sodium as 

a consequence of ves ico - u r eter a l  ref l u x .  However the product i on 

of pye l og rams by thi s  t echn i que i s  inconsistent ( Ki pni s ,  1 9 75 ) .  

Detai l s  of Farrow 1 s  techn i que are d escr ibed under the heading 

1 1 Re trograde Ureterography 1 1 • 

e .  Interpretation 

Knel l er ( 1 9 74 )  examined s i x  bas i c  radiographical s igns 

i n  his inter pretat ion of excretory urograms , namely number , 

s i z e ,  l ocat ion , contour , d ensi ty and func t ion.  

i .  Number 

Few var iations from the norma l number of kidneys have 

been reported in cat s , however , cases of rena l agene s i s  and 

r enal fus ion have been r eported ( B l oom , 1 954; Finco et a l . ,  

1 9 7 5 ) .  

3 1  



i i .  S i ze 

Accurate mea surement o f  the physiologica l  s i z e  of the 

kidney is diff i cu l t  as i t  var ies wi th b l ood pressure , blood 

f l ow r at e  and pharmaco l og i ca l  effec t s  of cont r e. s t  medium . Thu s 

the s i ze of the kidney may be affected by urograph i c a l  tech­

n i qu e s  invo l ving anaesthe s i a  and a l s o  by death ( Hodson , 1961;  

Johan s son , et a l . ,  196 9 ) .  ' ·  
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Measuremen t of kidn ey dimensions from excretory urograms 

in con scious cats probab ly gives an accurate est imat ion of the i r  

s i z e . However ,  for prac t i ca l  rea sons , only excretory urograms 

taken on anaes t heti zed cats have been u sed for thi s  purpo s e .  

Barret t and Kne l l er ( 197 2 )  fou nd that i n  a ser i es o f  anaesthe­

ti zed cat s placed in right lat eral recumbency , the mean l eng ths 

and t heir standar d deviation of the r ight and l ef t  kidney s  were 

39 . 5  ± 4 . 2  mm and 37 . 7 t 4 . 9  mm respec t ively.  A s igni f i cant 

correl ati on between kidney l ength and the second l umbar ver te­

bral  ( L 2 )  l ength \vas a l so observed and the fo l l owi ng l inear 

regre s s ion formu l a  determineq : 

Ki dney l ength ( mm )  = 23 � 45 + ( 1 . 045 x L2 l ength ( mm ) ) 

i i i .  Location 

The l ocat i on of the kidney s can be determined in 

excre tory urography even though thei r posi tion may not be 

obvio u s  in p l ain radiographs ( Kne l l er , 1974; Lord et a l . , l 974 ) .  

Al though th e locat ion of the kidneys var ies in cat s ,  

Knel l er ( 1974 ) has reported that the normal location i s  at the 

l evel of the second and thi rd l umbar vertebrae for the right 

kidney and the third and fourth lumbar vertebrae for the l eft 

kid ney . Knel l er ( 1 974 ) has a l so recorded that in r ad iographs , 

the kidneys l i e  one - third the d i stance. bet\veen the · spinal 

column and the lat eral body wa l l .  

i v .  Contour 

Root ( 1 975 ) descr i bed the kidney s  of the cat as being 

smooth in out l ine and more rounded than those of the dog . They 

may appear to have an abnorma l shape rad iographica l ly becau se 

of r o ta t i on ( Kne l l er , 1974 ) . 
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v .  Radiographi ca l  dens ity 
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The fol lowing factors af fect the den s i ty or opac i f i cation 

of the k itlneys in normal excretory u rographs : the type ,  dose , 

rate of concentrat ion , and rate of inj ect ion of the contrast 

medium ; the type of fi lm , equi pment , exposing factors and 

process ing techni que ; and the s i z e ,  pos i t ion , peri - renal t i ssues , 

hydrati on and rena l funct i on of anima l s .  

Mos t  author s consider that the qual i ty of urograms depends 

on the c oncen tration of contra s t  medium in the urin e .  However 

Dure- Smi th � a l . ( l 971 ) found that the qua l ity of urograms wa s 

more accurate ly r e l ated to the amount of contrast med ium excreted . 

Thi s  concept has been app l i ed t o  the f e l ine spec i e s  by Bar t e l s  

( 1 973 ) and Lord e t  a l . ( 1 974 ) who emphas i zed that a bo l u s  ef fec t 

i s  requ i r ed in order to produce maximum opacificat ion in excre­

tory urographs . 

Root ( 1 975 ) repor ted that the norma l renal shadow shou l d  

be uni formly opaque a t  one t ime i n  urograms . However cor t i co­

medu l lary separat ion in radiographic den s i ty can be recognized 

wi thin 30 seconds af t er a rap i d  intravenous inj ect ion of cont rast 

medium by Kne l l er ( 1 974 ) . and Lor d  et a l . ( 1 97 4 ) . Th i s  stage 

is ca l l ed the nephrographic pna s e  and it resu l t s  from the pres ­

ence of contrast media in the renal capi l l ar i es ,  nephron s and 

col lecting duc t s  and pos si bly a l so in a sma l l  intrac e l l u l ar 

el ement ( Hod son and Edward s ,  1 970 ; Kne l l er ,  1974 ) .  

The rena l pyramid and renal pe l vi s  are opac i f i ed between 

one and three minutes af ter an inj ection of contrast med ium 

( Barte l s ,  1973 ; Lor d  et al . , l974 ) .  At thi s time the nephrogram 

begins to fade rapidly . When compression devices are u s ed , the 

r enal p e l vi s ,  papi l l a and pelvic diver t i cu l a  are c l ear ly vi su­

a l i zed at  four to f ive minutes ( Barte l s , 1973 ) .  However the 

rate of excre�ion of contrast med ium var i e s  even in normal 

anima l s  ( Doug las and Wi l l iamson , 1972 ) and in cases of renal 

insuff i c i ency , may r each i ts maximum up to three hou r s  l a ter . 

vi . Funct ion 

Mo st author s  ( Car l son and Gi l l et t e , 1967 ; Osbo rne et al . , 

197 2 )  con s ider that excretory u r ograms do not provide any 



quantitative i nf orma t ion abou t ren a l  func t i on bu t o thers 

( Douglas and Wi l l iamson , 1 9 70; Knel l e r , 1974 ; Lord et a l . , l974 ; 

Roo t , 1975 ) cons ider that i t  may be uced as a guide to eva luate 

kidney funct i on in c er tai n condi t ions . 

3 .  RENAL ARTERIOGRAPHY 

a .  Introdu c t ion 

Arteriography was introduced i n to med i ca l  science in 
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the l a t e  1920 ' s .  S ince that time , i ts value in al l owing vi sua­

l i zation of var ious organs has been extens ively recogni zed 

( Kne l l er et a l . ,  1972 ; Smal lwood and S i s ,  1973 ) . Renal art er i o ­

graphy was used i n  the f e l ine by Linde l l and Ol in i n  1957 and 

s ince then i t s  u s e  has been repor ted by several au thors ( Knel l er 

e t  a l . ,  1971; Sma l lwood and Si s ,  1973 ; Barber , 1975 ) .  

b .  Procedure 

Renal arteriography has been c l a s sifi ed i n to three 

methods name ly non- selec t i ve ,  semi - sel ective and selec t ive 

( Barber , 1975 ) .  According to th i s  author the mo s t  defini t ive 

met hod i s  that o f  selective arteri ography . 

In the c a t , the c aro t i d  and femoral  arteri es have been 

mos t  common l y  u sed for ar t e�i a l  cathete r i zation and less  

commonl y  the c epha l i c  vein has  been u s ed in  a rapid intra­

venou s inj ec t i on techn i qu e .  According to Linde l and O l i n ( l957 ) 

and Knel l er e t  a l . ( l971 ) i n  non - selec t ive and s e l ec t ive rena l 

art er iography , the femoral arterial  rou t e  i s  superior to the 

carotid arter i a l  route because the femoral artery i s  easier 

to catheteri ze and this ap proach resu l t s  in bet t er fi l l ing of 

the renal arter i e s  wi th cont rast medium . 

c .  Equi pment 

Variou s catheter s have been used for rena l arteriography 

in cats and the l ength an d  d iameter of the arter i a l  catheter 

reported in the l i terature varies dependi ng on the method used . 

If a cathe.t er i s  too sma l l  in  diameter i t  i s  difficu l t  to 

con s i sten t ly in sert into th e renal artery ( Lindel and Ol in , 
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1 95 7 ) .  I f  i t  i s  t oo large i t  may occlude the renal artery and 

r e s u l t  in renal i s chaemi c damage in the sel ective method ( Linde l l  

and Ol i n ,  195 7 ; Shanks and Ker l ey ,  1970 ; Sma l lwood and Si s ,  1973 ) .  

Mo s t  author s vi sua l i ze the catheter under f l uoroscopy 

or image intensifier tel evi sion and thus radio- opaque catheter s ,  

po lythene catheters f i l l ed with cont rast medium ,  o r  catheter s in 

whi ch a met a l  marker is i mp l anted have been us ed ( L inel l and Ol in , 

1 95 7 ;  Smal lwood and S i s , 1 973 ; Barber , 1975 ) .  

d .  Contrast Medium 

According to Fi scher ( 1 968 ) ,  the impo rtant qual i t ies 

o f  arter i ographi c contrast media are iodine concentrat io n ,  vi s ­

c o s i ty ,  pharmaco logical act ivi ty and toxi c i ty . Fi s cher ( 1 968 ) 

compared var i ous cont rast media for ar ter iographic use . He found 

t hat angioconray 80% had the highest iodine conc entration and 

Hypaque 50% has the l east v i scosi ty . He al so found Hypaque ,  

Renographin , Conray and I sopaque wer e  l east toxi c . 

The amount of cont rast med ium inj ected in the non- selective 

t ec hnique used by Kne l l er et al . 0 97 1 ) and Finco et a l . 0975 ) \vas 

s i x  mi l l i l i ters , however in the sel ec t ive method u s ed by Lindel l 

and Ol in ( 1957 ) and Smal lwo od and S i s  ( 1 973 ) on ly o . 5  to 2 . 5  ml 

were requi red . 

e .  Timing of Radiography 

Accord ing to Barber ( 1 975 ) ,  renal art eriography can 

highl ight the rena l ar ter i a l  supply , the nephron , and the renal 

venous drainage depending on the t ime after inj ec t i on of contrast 

med i um that it is studied . 

Arter i a l  distr ibu t i on can be vi sua l i zed immediately after 

rapid inj ec tion.  Maximal cortical opac ification and cor tico­

medu l l ary separation can be seen during the f i rst s econd after 

the inj ec t i on i s  completed . The venou s drai nage of the kidney 

c an be observed between two and f our seconds aft er the inj ect ion 

bu t maximum venou s opacifi c at ion occurs four to seven second s  

� af t er the inj ec tion ( Barber , 1975 ) .  

U s ing a rapid int r avenous t echnique , renal arteries 

can be vi sual i zed 10 s econds after the inj ect ion of contrast 

medi um ( Lord e t  a l . ,  1974 ) .  



4 .  RENAL VENOGRAPHY 

Renal veins have been rad iographical ly v i sua l i zed by 

means of retrograde inj ec t ion of contrast med ium in man ( Ahlberg 

and Chidekel , 1965; Ahl berg et a l . , l966 ; Chidekel , 1968 ) .  In 

thi s method the cathet er is sel ec t ively introduced into the rena l 

� vein and contrast med ium i s  inj ec ted . 

Thi s  method has been emp loyed to di scover abnorma l 

configurat ions of renal veins which may be i ndicat ive of peri­

toneal tumours , out l in e  the gonadal veins ( Cope and I sard , 1 969 ; 

Lien and Ko lbens tved t , 1976 ) ,  the venou s drai nage of the kidney , 

and to detec t  l es ions resu l t i ng in rena l enl argement ( Sut ton , 

1970 ) .  

S ince the renal bl ood f l ow rinses out the contrast 
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med ium and prevent s  adequat e fi l l ing of the peripheral rena l veins , 

various methods have been emp loyed to overcome this prob l em .  Ol i n  

and Reut er ( 1 965 ) and Sorby ( 1 969 ) u sed vasopressor agen t s  such 

as adrena l i ne for the suppression of renal bl ood f l ow wi th resu l ­

tant increased f i l l ing of the per ipheral vei n s  wi th contrast 

medium , which enabl ed 'identificat ion of the inter l obar , arcuate 

and cor t i cal vein s .  

5 .  OTHER METHODS 

a .  Nephrotomography 

Tomography i s  a term app l ied to a spec ial type of radio­

graphy where contro l l ed mot i on during the actual radi ographi c 

exposure selectively b lurs the images of a l l  surround ing s truc t ­

u res whi c h  are no t i n  a predetermi ned p l ane . I t  can d i sp l ay 

selec t ively , a thin layer of an obj ect , much l ike a rad iograph 

of a cut s ection . Thi s method has been extensively emp l oyed wi th 

t he drip infusion technique in man ( Leader and Car l ton , 1970 ) .  

I t  was introduc ed into veterinary sci ence by Geary 

(1965 and 1 967 ) .  He u s ed thi s t echnique to examine the kidney 

during exc retory nephrotomography in dog s .  However , Lord e t  al . 

( 1974 ) cons idered that nephrotomography i s  unnecessary i n  proper ly 

p repared sma l l  anima l s  because of the relat ive thinnes s  of thei r 

abdomen c ompared wi th that of man . 
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b .  Renal Lymphography 

Lymphography has been emp loyed to vi sua l i ze the lymphat i c  

d rainage of various organ s .  Fi scher ( 1 9 6tl ) has revi ewed t h i s  

t echn i que i n  experi ment a l  anima l s  bu t did  no t men tion i t s  app l i ­

cat ion to the urinary sy s tem in cat s .  

C .  U RETER RADI OGRAPHY 

1 .  PLAIN RADIOGRAPHY 

Th e ureter s canno t be v i sua l i zed in a p l ain radiograph 

due to the i r  diminu t ive s i ze ( Doug l as and Wi l l i amson , 1970; 

Knel ler , 1 974; Osborne e t  al . ,  1 9 75 ) .  Therefore radiographs 

w i th contrast study shou l d  be emp l oyed for thi s purpos e . 

2 .  EXCRETORY URETEROGRAPHY 

The exc retory ureterography i s  the only practical  

method of radiographic vi sua l i zat ion of the uret er s in  cat s 

( Osborne et al . ,  1 9 7 2 ) .  Usual ly thi s can be obt ained as a con­

s equenc e of excretory nephrography or pye l ography whi l e  contrast 

medium is excreted from the kidney through the ureter . 
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S i nce the ureter i s  a narrow smooth mu scu l ar duct which 

has peri stal tic movement it  can not be seen in i t s ent i rety even 

during excret i on of contrast med i um .  Therefore various t echn i ques 

have been app l i ed to improve its vi sual i zat ion . 

Compress ion devi ces des igned to obstruct the uret er and 

pool cont rast med ium i n  t he upper par t of the urinary trac t have 

been used ( Douglas and Wi l l i amson , 1 9 72 ; Osborne et al . ,  1 9 7 2 ; 

B artel s ,  1 9 73 ;  Knel l er ,  1 9 74 ) .  

However ther e ar e several c r i t i c i sms of the use of 

compres sion devi ces in exc retory ureterograms . These are ; i t  

c auses d i s tension o f  the ureter s , i t  roasks the physio l ogical  

s tatus of the ureters , it  i s  unr e l i ab l e  in i t s  compre s sion of 

the ureter s ,  it i s  imprac ti cal for use in l at eral  pro j ect ion , 

and i t  has a c l inical l im i tation in weak animal s .  

The upper part of the ureter can be vi sua l i zed dur i ng 

i n j ection ( Doug las and Wi l l iamson , 1970 ) or  shor tly af ter 

i n j ec t ion i nt ravenou s ly of con t rast material  ( Bo r thwi ek 



38 

and Robbi e ,  197 1; Os borne e t  al . ,  1 97 2 ;  Lord et a l . ,  1 9 74 ) ,  The 

who l e  ureter can be vi sua l i zed 1 0  to 20 minu tes af ter inj ec tion 

of contrast med ium dur ing convent i ona l urography ( Osborne e t  a l . ,  

1 97 2 ) .  

When compres sion devi ces are used ,  the ureter above the 

c ompres sed part can be fi l l ed wi th u r ine containing cont rast 

med i um 10 to 15 minu tes af t er intravenous in j ec t ion ( Bar tel s ,  

1973 ; Kne l l er ,  1 974 ) . In thi s method , the l ower part of the 

u r e t er s  as we l l  as the up per par t  can be vi sual i zed af ter the 

c ompre ssion i s  released . Sati sfac t o ry vi sual i za t i on c an be 

obtained ei ther immediately or 60 se�onds af ter removal of 

c ompress ion ( Douglas and Wi l l iamson , 1970 ; Osborne et al . , l972; 

Bar t e l s ,  1 973; Knel ler , 1974 ) .  

Dyce ( 1 958 ) repo r ted that the ureter can be seen as 

a tube of fai r ly uniform cal ibre bu t wi th a tor tuou s kinked 

cou r s e  toward s the neck of the b l adder , However Root ( 1 975 ) 

r epo r ted that the ureter s have a straight course when compres­

s i on has not been u s ed .  He al so con s i dered that the u s e  of 

compress i on , tends to increase uret eral  length . 

Peri s t a l t i c  movement aff ec t s  the diameter and course 

of the ur eter ( Dyce , 1958; Root , 1975 ) and only por t i ons of it  

can be seen wi thout compre s s ion ( Root , 1 975 ) .  Moreover , the 

ureters cou l d  be affec ted by the t i ssue around them ( Kne l l er ,  

1974 ) .  According to  Doug l a s  and Wi l l i amson ( 1 970 ) increased 

int ravesi cal  pre ssure may a l so affect uretera l d i s t ension . 

A permanent angu l ation can be recogni zed at the l evel 

of t he lumbo - sacral j unc t ion where the ureter is def l ected into 

the lateral fold of the u r inary bladder (Dyce , 1958 ) .  

Radiographi c vi sual i zation of the terminal ( intravesi c a l ) 

part of the u reter i s  diff i c u l t  because of compr e s s i on by the 

b l ad der wa l l .  However i t  may be po s s i b l e  that , in  an ob l i que 

pro j ec t ion , it c ou l d  be s ee� · dur ing intermi t tant di scharge of 

contrast material ( Dyce , 1958 ; Roo t 1 1975 ) .  

3 .  LARGE VOLUME URETEROGRAPHY 

A technique of l arge vol ume infu sion of contrast mat er i a l  

t o  vi sual i ze the ureters has been introduced by Borthwick and 

Robbi e ( 1969 and 197 1 ) ,  Thi s method i s  dependent on an induced 



diure s i s whi ch resu l t s  in  f i l l ing o f  the urinary tract wi t h  a 

large quant i ty of  u r i ne containing cont ras t medium.  They 

reported that the ent ire ureters c an be vi sua l i zed 20 to 30 

minutes  after the commencement of i nfusion . 

Ac cording to Osborne et a l . ( 1 9 7 2 ) ,  the various 

cont ras t media u s ed in exc retory urography may induc e  d i uresi s 

and con s equent ly l arg e vo l umes of contrast so lut ions are not 

nec essary t o  i mprove the vi sual i zat ion of the ureter s .  Lord 

et a l . ( 1 9 7 4 )  produced sat i s fac tory ureterograms after a rapid 

inj ec t ion of  a high dose contra s t  medium in cat s . They c l aimed 

that not only a large vo lume but a l so a high concentrat i on of 

cont ras t med ium can be obtained in urine by thi s method , 

4 .  RETROGRADE U RETEROGRAPHY 

G raves and Davidoff ( 1 9 25 )  not ed that vesico - ureteral 

ref lux occurred in c at s .  They recorded five cases of vesi co­

ureteral ref lux out of  eight cat s exami ned . At that. t ime of·  

ref lux , t he average b l adder conten t s was 1 3 2  ml and the average 

pressur e . 49 . 3  g / cm2 . 

Gou l den ( 1 9 6 9 ) f i r s t  de scr i bed the use of a rad iographi c 

techn i qu e  t o  demonst rate ve s i co - ure teral ref lux in cats  wi th 

urinary d i s eases . Ki pn i s  ( 1 975 ) a l so recorded one case of  thi s 

phenomenon i n  a cat with urinary di sease but fai l ed observe i t  
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in  1 5  ma l e  and f emal e cat s wi th or wi thout urinary abnorma l i t i e s . 

A l though Gou l den ( 1 9 69 ) and Ki pni s ( 1 975 ) quest ioned 

whether ves i co - ureteral ref lux occurred i n  normal cat s , Farrow 

( 1 9 74 ) con s idered that the retrograde ureterography as a con­

sequenc e  of the ves i co -uret era l  ref lux can be app l i ed rad i o ­

graphi ca l ly t o  examine the upper u r inary t ract i n  these ani ma l s .  

Moreover h e  found th i s  method t o  b e  superior to excretory uro­

graphy and menti oned that it  had the fo l l O\ving advantage s ; it  

avoids a l l ergic effec t s  of  int ravenou s contrast mat er i a l , i t  

provides better vi sua l i zation of the urinary t rac t , i t  i s  app l i ­

cab l e  i n  cats  wi th r enal insuf f i c i ency , and i t  saves t i me .  

5 .  URETERAL ARTERIOGRAPHY 

When Sma l lwood and Si s ( 1 9 73 )  carr i ed out s e l e c t ive 

arteriography of the renal arter i e s  in cats , they recogn i zed 



that the c rani a l  ureteral ar tery cou ld be vi sual i zed . Thi s  

method c ari b e  u sed to vi sual i ze the ureters thems e lves whereas 

in excretory uret erograms only t he uret eral channel can be 

seen . 

Ac cording to Smal lwood and S i s  ( 1 9 73 ) ,  the cranial 

ureteral artery i s  a branch of ei ther the renal artery or one 

of the i nt er l obar arteri e s . 

D .  BLADDER RADIOGRAPHY 

1 .  PLAIN RADIOGRAPHY 

P l ain x- ray f i lms of the pelvi co - abdominal region in 
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cats provide vi sua l i zation of the urinary b l adder . Most autho r s  

( Car l son and Gi l l et te ,  1 9 6 7 ; Park , 1 9 74 ; Root , 1 9 75 ) rec ommend 

the taki ng of such f i l ms before c ontrast radiography of the 

urinary b l adder is performed . The pat i ent preparation for p l ain 

radiography of the u rinary b l adder i s  iden t i cal to tha t de scribed 

previou s l y  for radi ography of the upper urinary trac t . 

Al though i t  i s  nec es sary t hat two pro j ec t ions a t  ri ght 

ang l es should be t aken for adequat e vi sual i zat i on of the urinary 

bladder , Schnel l e  and Thorn ( 1 950 ) and Dyce ( 1 957 ) found t hat the 

lateral pro j ec t ion provided the be st view of the uri nary b l adder 

and i t s  conten t s .  

Some au tho r s  ( Schne l l c  and Tholll , 1 9 50 ; Doug las and 

Wi l l iamson , 1 9 70 and 1 9 7 2 ) sugge s t ed that the appl ication of a 

compres s ion bandage to the abdomen improves visual i zation of the 

ur inary b l adde r wi th plain radi ographs , however Doug l a s  and 

Wi l l i am son ( 1 970 )  point out that th i s  t ec hn i qu e d i s to r t s  the 

uri n�ry b l adder con t ou r .  

Because v i su a l i za t i on o f  t h e  urinary bladder i n  p l ai n  
radiographs depend s o n  the amount o f  urine within i t  and the 

quant ity of ad ipo s e  ti ssue around i t ,  the empty bladder particu­

larly i n  young cat s may not be c l early di sc ern i b l e  ( Dyce , 1958 ; 

Doug las and Wi l l iamson , 1 9 70 ; Osbo rne et a l . ,  1 9 75 ) .  However i n  

very thi ck o r  fat ani mal s i t  may a l so no t b e  c l ear ly seen ( Dyc e , 
. 

1 9 5 7 ) .  

The urinary bladder can be vi sual i zed extendi ng 

anteriorly from the pelvi c  brim when i t  contains suff i c i ent 



quant i ty of  urine ( Dy c e , 1 9 5 8 ) ,  however i t s  out l i ne may be 

affec ted by the pressure f rom adj acent organs or o bscured by 

l oo p s  of  i nt e s t i ne ( Doug l a s
'

and Wi l l i amson , 1 9 70 ) .  

Al though the urinary b l adder can u sual ly be observed 

on p l ain x- ray f i lms , many patho l og i c a l  l es ions are not obvious 

wi t h  thi s t echni que ( Car l son and G i l l e t t e ,  1 9 6 7 ) .  

2 .  CONTRAST CYSTOGRAPHY 
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Contrast cy s tography has been u s ed exte n s ively in smal l 

ani ma l  prac t i c e .  It  i s  a fast , simp l e  and safe d i agno s t i c  

t echnique for the examina t i on of the urinary bl�dder ( Park , l 9 74 ) 

and i t  i s  a l so a prac tical  method by whi ch the u r i nary b l adder 

c an be ful ly examined wi thout surgery ( Car l son and Gi l l e t te , 

1 9 67 ) .  However few ar t i c l e s  des c r i be i t s use in  cat s .  

Preparat ion of the ani ma l s  for cys tography has been 

we l l  desc r i bed by Park ( 1 9 7 4 ) and i s  s imi lar to t hat for uro ­

graphy . In add i t ion , mo s t  autho r s  evacuate the b l adder before 

proceeding wi th contrast c y s tography however some authors 

( Car l son and G i l l et te , 1 9 6 7 ) do  not con sider t hi s  e s sent i al . 

Catheterizat ion of the ure thra i s  necessary to intro ­

duc e  cont rast media dur i ng retrograde contrast cy s t ography . Some 

au thors ( Car l son and Gi l l et t e ,  1 9 6 7 ; Doug l n s  and Wi l l iamson , 

1 9 70 and 1 9 7 2 ) con s i dered t hat urethral catheter i zation i s  very 

d i f f i cu l t  or i mpo s s i b l e ,  however the method s of catheteri zation 

of the f e l ine urethra have been we l l  d e scri bed ( Os borne et al . ,  

1 9 7 2 ; Finco e t  a l . , 1 9 75 ; G r eene and Scot t , 1 9 7 5 ) .  

�he t echniqu e  can be c l assi f i ed into three categories  

according to  the cont rast material u s ed . These catego ries  are 

negat ive cystography , po s i t i ve cystography , and dou b l e  contrnst  

c y st ography . 

a .  Negat i ve Cystography 

According to Schn e l l e  and Thom ( 1 950 ) ,  Dou g l as and 

Wi l l iamson ( 1 9 70 and 1 9 7 2 )  and Park ( 1 9 74 ) ,  a i r  i s  a sat i s factory 

n egat ive cont rast med ium for u s e  in  the urinary b l adder . However 

since ai r embo l i sm has been as soc iated with pneuma - cy s tography 

in a dog ( Ackerman et a l . ·, l 9 72 ) ; Osborne et �. < 1 9 7 2 )  and Park 
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( 19 74 )  rec ommended the u s e  o f  more so l ub l e  gases such as nitrou s 

oxide or carbon d i oxide . 

Schne l l e  and Thorn ( 1 9 5 0 ) reported that 20 m l  of ai r 

inj ec t ed i nto the b ladder , enables  vi sua l i zation of c a l cu l i  i n  

a pneuma - cy s togram o f  a cat . Other authors (Park , 1 9 74 ;  Finco 

et al . ,  1 9 75 ) subj ec tively a s s e s sed the suffi c i ency of intra­

vesi ca l gas vo l ume by fee l i ng o f  the " back pressure on a syri nge 

p l unger or by the overf l ow of gas f rom the urethra or by abdom­

inal pa l pation . 

b .  Posit ive Cys tography 

i .  Retrograde cystography 

The three types of po s i t ive contrast materi a l s whi ch 

have been u sed in retrograde po s i t i ve cy s tography inc l ude sod i um 

iodid e , organ i c  iodides and bar i um su l phate .  

Conc entrat ions of con trast mat er i a l s  varying between 

5 and 20% of comme rcial ly · avai l ab l e  organ i c  iod ide have been 

u sed to produce po s i ti ve cys tograms by retrograde i n j e c t ion . HoH­

ever Dy c e  ( 1 9 58 ) found that the use of highly concen trated med i a  

may ma sk certain cond ition s  o f  the uri nary bladder . 

Three to f ive mi l l i l i ter s of cont rast medi um per pound 

of body weight was u s ed by Farrow ( 1 9 74 )  and Park ( 1 9 7 5 ) .  

· i i . Excretory cys tography 

Excretory urography has been emp l oyed to examine the 

urinary b l adder , in cats th�t were thought to be d i f f i cu l t  to 

catheter i ze into the urethra ( Carl son and G i l l et t e ,  1 9 6 7 ; Doug l a s  

and Wi l l i amson , 1 9 70 ) . 

Techniques used for excr etory cystography are the same 

as for i n t ravenou s urography . Accord i ng to Borthwick and Robbi e 

( 1 9 69 and 1 9 7 1 ) l arge vo l ume urography i s  suitabl e  for thi s 

purpo s e . Wi th thi s method , the b l adder c an be seen five to 1 5  

minu t e s  af ter an intravenous i n j ec t i on o f  contrast med i um but i s  

best s een 20 to 3 0  minutes pos t  i n j ec t ion ( Borthwick and Robbi e ,  

1 9 69 ; Osbo rne , et · a l . , l9 7 2 ) .  When compr e s s i on dev i c e s  are u sed , 

adequat e cys tograms c an be taken 30 to 60 s econds after the 

c ompres s ion is released ( Bar t e l s ,  1 9 73 ) .  

' . 



The hazard s  a s soc i ated wi th uret hral cathete r i za t i o n  

in cat s , s u c h  as damage to the peni s ,  vagina ,  urethra and 

b l adder or  the i nt roduc t i on of bac teria and other foreign 

mater ia l s  can be avoi ded wi th this method ( Borthwi ck and Robbi e ,  

1 9 7 1 ) .  However the presence of ves i co - ureteral reflux i s  not 

recogni zed and it is diffi c u l t  to pr odu ce cystograms in cases 

of rena l i nsuffi c i ency ( Lord et  a l . ,  1 9 74 ) .  

c .  Doub l e  Contrast Cys tography 

Dou b l e contrast cys tography can o� produced wi t h  the 

i n j ection of  bo th po s i t i ve and negat i ve contrast mat er i a l s .  Ac ­

cording to Park ( 1 9 7 4 ) i t  i s  the mo s t  desirab l e  cy stographic 

method ava i l ab l e  for s t udy of the ur inary bladder . 

The m ethod r equi res evacuat i on of urine from the 

urinary b l adder ; in j ec t ion of pos i t ive contrast medium , ro tation 

of animal s or  mani pu lation of the u r i nary bladder to ensure ade­

quate con t ac t  of the contrast med i um to the mucosal surfac e , 

r emoval of excess con trast medium , and subsequent inj ect ion of 

the negat i ve contrast medium . 

The procedure s  used in thi s method are the same as  

that used in simp l e  contrast c y s t ography , except that t he amount 

and qua l i ty of  po s i t i ve contrast med i um var i es from that u s ed 
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in other cyst ograph i c  t echn i ques . The po s i t ive contrast mater i a l s 

u s ed have i n c luded barium su l phat e , metal l i c  tanta lum powder or 

iod i ne compounds . 

Barium su l phate has been u s ed in sma l l  animal s by 

Osborne and Jes sen ( 1 9 7 1 ) and Roo t ( 1 975 ) .  The former author s 

c laimed that the advantages of thi s mat erial for dou b l e  contrast 

c y s tography were that it was pharmaco logi ca l ly i nert and tvas 

adhesive to the urinary bl adder surface . However Brodeur et al . 

( 1 965 ) repor t ed that bar ium su l phat e  caused rena l damage fo l l otvi ng 

ves i co- uteteral ref lux in man and for thi s r eason Park ( 1 9 74 )  did 

not r ec ommend the use of thi s agent for cystography . 

Met a l l i c  tantalum powder has been used experi ment a l ly 

as  a po s i t ive contrast medium in dogs ( B l ank et al . ,  1 9 70 ) .  The s e  

' authors considered that thi s mat eria l as we l l  as being pharmaco ­

l og i ca l l y  inert . a l so a l l ows bes t  vi sua l i zat i on of the mucous 

surface of  the urinary b l adder becau s e  of  the absence of vesical  



44 

l i quid . However the safety of the med ium has not been eval uated . 

The use of organi c  iodides  has been reported f or doub l e  

cont rast c y s tography by Osborne et  al . ( 1 9 7 2 ) and Park ( 1 9 7 4 ) . 

Osborne � a l . ( 1 9 7 2 ) considered that thi s agent did not adhere 

wel l to the ur inary b l adder wa l l  wherea s Park ( 1 974 ) and Zon t i ne 

( 1 9 75 ) u s ed highly conc ent rated water so luble organ i c  iod ides 

and found t hat they provided good mucosal  coat i ng . 

d .  Inte rpretat ion o f  Cys tograms 

Cy s tograms are usual ly· t aken in two pl ains u s i ng 

lateral and vent ra-do r sa l pro j ec t ions ( Roo t , 1 9 75 ) .  However in 

add i t ion t o  thes e ,  some authors u s ed obl i que pro j ect ions ( Osborne 

et al . ,  1 9 7 2 ;  Park,  1 9 74 ) .  

The neck of the u rinary b l adder appears s l ight ly 

funne l - shaped , ext end ing fo rward from the brim of the pubi s 

( Schn el l e  and Thorn , 1 9 50 ) .  The u r i nary bladder \va l l  shou l d  be 

smooth in o u t l ine and uni form in thi cknes s  ( Root , 1 9 75 ) .  However 

the out l i ne of the unf i l l ed uri nary bladder , unl e s s  t ensed , may 

be affec t ed by ad j ac ent organs ( Roo t , 1 9 75 ) .  

E .  URETHRA RADIOGRAPHY 

l .  l:'LAIN RADI OGRAPHY 

No adequate description of fel ine urethrography cou l d  

b e  found in the l i t erature . However Doug l a s  and Wi l l i amson 

( 1 9 70 )  repor ted that the urethra cou ld not be seen in p l a i n  

radiography un l e s s  a radio-opaque probe wa s inser ted . 

2 .  RETROGRADE URETHROGRAPHY 

Mo s t  desc r i p t i ons of ret rograde urethrography pres ent 

in the s t andard veterinary textbooks relate to the dog . In 

thi s techni que a catheter of su i t ab l e  s i z e  i s  pl aced into the 

di stal ur ethra , and contrast mat e r i a l  of var i ou s conc ent rations 

are in j ec ted through i t . 

According to  Roo t ( 1 975 ) the amount of cont rast ma terial  

used is  no
'
t c r i t i cal  and five to 10  ml  may be requ i r ed . He a l so 

sugge sted that any ai r bubb l e s  shou l d  be removed from t he c on t r a s t  

mat eri a l  a s  their presence in the urethra may confu se radi ographi ca l 

-.... 
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i nt erpretation . 

Morgan ( 1 9 75 )  and Zontine ( 1 9 7 5 ) u sed aqueou s  lubr i c an t  

a s  a d i l uent f o r  the contrast med i a  as they found , by s o  doing , 

that they cou l d  provide l onger retainm ent of  the contrast med i um 

in the urethra . Presumably thi s was due to greater adherenc e 

of  the contra s t  med i um .  

Later a l  and ob l i qu e  pro j ect i o n  rad iographs are 

u su a l l y  obtained during in j ec t ion of the last  few mi l l i l i t er s  

of  contrast med i um ( Zontin e ,  1 9 7 5 ) .  

Ac cord i ng to Root ( 1 975 ) retrograde urethrography i s  

v ery difficu l t  t o  perform in a f ema l e  due t o  a short and wide 

urethra . 

3 .  MICTURATING URETHROGRAPHY 

The procedure for obtai ning m i c turat ing urethrograms 

has been descri bed in dog s by Gou l den ( 1 9 68 ) .  Thi s au thor ( 1 9 69 )  

a l so app l i ed the techn i qu e  to mal e  cat s .  Mo re rec ent ly Jackson 

( 1 9 7 1  and 1 9 7 5 ) and Fi nco et al . ( l 9 7 5 ) a l so descri bed t ec hn i qu e s  

for thi s pro c edure . 

The animal i s  usua l ly sedat ed by xy lazine ( Finco e t  a l . ,  

1 9 75 )  or anae s theti zed by thiopen tone ( Goul den , 1 9 6 8  and 1 9 69 ) .  A 

s t eri l e  di spo sa b l e  catheter i s  then i n troduc ed asept i cal ly i nto 

the urethra . The uri nary bladder i s  f i l led wi th contras t med i um ,  

care being taken t o  avoid excess pressure . The ani mal i s  a l l owed 

t o  recover f rom the chemi cal  restraint and a catheter i s  r emoved 

as mic tur i t ion occur s . Whi l e  the anima l is mi cturating l at eral  

( Goulden , 1 9 68 and 1 9 69 ) or obl i que pro j ec t ions ( Finco et a l . ,  

1 9 75 ) of radi ographs are taken . 

In cas e s  when m i c turi tion does no t oc cur spon taneou s ly ,  

s everal proc edures have been descri bed to ini t iate this  ac t ion . 

These i nc l ude ; 
,
fur ther l i ghtening of the anaesthe s ia , the i n j ec �  

t ion o f  more c ontrast medium into the b l adder , far d i s t a l  i n j ec ­

t io n  of the contrast med i um i nto the ur e thra , rapid removal of 

the catheter , and gent l e  manipulation of the bladder . 

4 .  DOUBLE CONTRAST URETHROGRAPHY 

A l though dou b l e  c o n t r a s t  u r e t h rography has nu t been 

d e s c ribed in cat s ,  it has been used in man ( S packman , 1 9 7 7 ) .  
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Thi s au thor con s i d ered that thi s method gave exc e l l en t  diag ­

no s t i c  va lue when app l i ed t o  some urethral di sorde r s . 

The method cons i s t s  of  the r;t rog rade inj ec t i on of 

organi c iodide and the r et rograde i n j e c t ion of air into the 

urethra , during whi ch radiographs are taken . 

. . 
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A .  ANIMALS 

MATERIALS AND METHODS 

47 

Radiographi c a l  studies of the urinary sys tem were performed 

on 27 c l in i ca l l y  n orma l domestic  cat s of whi ch l l  were ent i re 

ma l e s ,  two were castrated ma l e s  and 1 4  were fema l e s . The mean 

body wei ght and s tandard dev i ation of the 17 cat s u sed mainly 

for upper urinary sys tem studies was 2 . 1 5 0 . 70 kg . The weigh t s  

o f  the other ten cats used f o r  lower urinary tract studi e s  were 

no t recorded . 

Food was withhe l d  from al l cat s for 24 hou rs prior to 

r a d i o graph i c a l  s t u d i e s  bu t wa ter wa s f r e e l y  supp l i ed a t  a l l 

time s . Al l cats r ec eived an enema1 two hour s prior to the study 

and , i n  addit ion , cat s u s ed for studies on the upper uri nary 

sy s t em were given 50 mg dioctyl  sodium sup l phosuccinate wi th 

50 mg danthron
2 

at the commencement of fasting .  

B .  RADICCRAPHICAL STUDI ES 

l .  PLAIN RADI CCRAPHY 

P l ain rad iographs were taken i mmediately prior to contras t 

rad iography . 

2 .  EXCRETORY UROGRAPHY 

a .  I ntravenou s U rography 

Seven ma l e  and ten fema l e  cat s wer e  s tudied by intravenou s 

urography . Three anima l s  were inj ec ted i n tramuscular ly wi th 

e i ther 20 mg/ kg body weight of ketamine hydrochloride3 or 0 . 5 

mg / kg body weight of acety l promazine4 . Tho se cat s which were 

premed i cated with acety l promazine were anaestheti zed by the 

l 
1 1 Mi c rol ax1 1  Pharmacia AB , U ppsal a ,  Sweden 

2 1 1 Co l oxy l wi th Danthron1 1  Fawn s and McA l lan ,  Au stra l i a  
3 1 1Ketalar 1 1  Park Davi s and Company , Sydney , Australia  
4 1 1Acety l promazine Inj ec t ion1 1  The Boo t s  Company Ltd . , 

Nottingham , Eng land · 



i n t r avenou s i n j ection of 2 . 5% thi openton e  sodium1
• Anaesthe s i a  

w a s  main tained by hal othane an d  oxygen mixture through a n  Ayre ' s  

T - p i ece and an endotrache a l  tub e ,  or through a Mag i l l  sy s t em 

u t i l i zing a face ma sk. 

B etwe en 0 . 9  and 7 . 1 4 m l l kg of Sod ium io tha l ama te 70%
2 

con t ain ing 420 mgl /ml  was i n j ec ted intravenou s l y . The inj ect ­

i o n  rate through a 2 5  G n ee d l e  var i ed f rom 0 , 08 to 0 . 25 ml / s ec . 

When the contras t  mater i a l  was inj ec ted through an indwe l l ing 

p l a s t i c cannu l a, 10 ml of c ontrast material were i n j ec ted wi th i n  

f iv e  seconds . 

The excret ion of cont r a s t  material  through the ureter s and 

u r i n ary bladder was moni tor ed u s i ng an image inten s i f i er \vi th 

c l o s ed c i rcui t t e l evi s io n .  Excr e tory urograms were ser i a l ly 

obtained of the kidney s , u reter s and urinary bladde r . 

For determi nat ion of k idney s i ze and locat ion , rad iographs 

were obtained wi th the ani ma l s  in r ight lateral r ecumbency and 

dor sa l  recumbency u s ing an i mage inten s i f i er wi th 70 x 70 mm 

spo t f i lms3 . 

The i nheren t magn i f i c a t ion of spo t f i lms was compared wi th 

that of conventional f i l ms by measuri ng marker s p l aced on the 

t ab l e  and the animal . 

To study kid ney movemen t as soc iated wi th change s  in  the 

animal ' s  po s ture , two rad i og raphs at right ang l e s  were t aken 

wi th the ani mal  in four di f f erent po s ture s , name ly right 

l a te ral , lef t  l atera l ,  dorsal  and ven t ral recumben c i e s .  

The effec t of al terat ions in  the d i re c t ion of  the x - r ay 

beam on the re l a t ive pos i t ions of radiographi c i mages of the 

kidneys , lumbar ver tebrae , and a marker on the skin were 

s tudied .  The x- ray tube \va s  pos i. t ioned 30° f ro!ll th� vert i ca l  

and the beam centred on t he skin marker ( Fig.  1 ) . Consequent ly 

three radiog raphs were taken wi th the anima l in v entral recum­

bency u s i ng a dor so-ventral pro j ec ti on .  

1 " ln trava l "  May and B.lk'=-! 1", Lt d . , !)argenham , Eng l and 
2 " Conray 42011 May and Baker , Lt d . , Dargenham , Eng l and 
3 " Croncx SF2 x-ray Spo t F i l m" Dupon t , U .  S . A . 
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Fig . Schematic diagram o f  the geome t rical relationship of t he 

x-ray tube, skin marker, lumbar vertebra and kidney, and 

the i r  radiographical images on radiographs taken in three 

different direc t i ons . 

4 9  
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The kidney l ength was d ef ined as the l ongest d i amet er of 

the k idney in a rad iograph . The kidney wi dth was d ef ined as 

the d i stance between a l ine d ra·Nn j o i ning the out l ine of the 

medial  curvatures and a para l l el l ine whi ch touched the latera l 

extr em i ty of the kidney in a dorso - ventral  radiograph ( Fig . 2 ) .  

The thi cknes s  o f  the kidney was def ined as the sho r t e s t  dia­

met er observed in a latera l radiograph ( F i g .  3 ) .  

50 

A compar i so n  was made of kidney l ength and l umbar vert ebral 

body l ength.  The latter l engt h  was mea sured on the m i d l ine in 

ventra - dorsa l and dorso- v en tral radiographs ( Fig . 4 ) .  In l ateral 

radi ographs ,
' 

vertebral body l ength was measured on the dorsal 

border of the v er tebral body ( Fig . 3 ) .  

The l ocation of the ki dney , stud i ed i n  dorso-ventral 

rad iographs , was determined by ext endi ng transver s e  l ines from 

the mo st cauda l and cranial  k i dney ou t l ines ( F i g .  4 ) .  B ec ause 

of t i l t i ng of the kidney , the mos t  cran i a l  and caudal out l ines 

were not nec e s s ar i ly tho s e  of the cran i a l  and caudal po l e s .  

The d i s tanc e  between kidneys was measured a s  the shor test 

space be tween the two kidneys in ventra - do r s a l  radiographs . Thi s 

was u sual ly the d i s tance between the c ranial medial  curvatu res 

of the two kidney s ( Fi g .  4 ) .  The l ongi tud i nal axi s \vas  defined 

a s  a l ine tou ching the mo s t  medial border of both c rani al  and 

caud a l  curvatur e s  in dor so- ventral o� ventra - dorsal rad iograph s . 

The ang l e  of the longi tudinal axi s was measured wi th a l ine 

para l l el to the vertebral c o l umn .  The total ang l e  of the l ong ­

i tudinal axes \vas def in ed as an ang l e  made by the two longi tudinal 

axes o f  bo th k i dneys ( Fig . 5 ) .  

Wi th intravenou s urography , mea surements of ureteral 

diamet er were a l so obtained . The diameter of the ureter was 

mea sured as the ureter l ef t  the rena l hi l u s  in three cats and 

the di ameter of the straigh t  part of the ureter was a l so 

e s t imated . 

b .  In tramuscular Urography 

I ntramuscu l ar urography was studied in three c a t s  weighing 

b etween 2 . 42 and 2 . 8 3 ki l ogram s .  The cats were anaes thet i zed 

wi th an i ntramu scu lar inj ec t i on of 20 mg / kg body wei ght keta­

mine hydrochloride and a hal o thane- oxygen mi xture admini s t ered 



Fig . 2 Vent ro-do rs a l  exc ret ory urogram s howing definit i ons 

o f  kidney lengt h and widt h .  

1 :  Kidney l engt h  

W:  Kidney width 
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Fig . 3 

Fig . 4 

Lat eral excre t ory urogram showing methods of measurement 

of kidney l engt h and thickness ,  and vert eb ral body lengt h .  

L :  Kidney length 

T : Kidney thickness 

V :  Vert ebra l  l ength 

Ventro-dors a l  excretory urogram s howing m e t ho ds of 

measurement of int er-kidney dis t anc e ,  location of 

kidney compared with vert ebrae and vert ebral body 

length . 

D :  Int er kidn ey dis tance 

Loc : Location of kidney 

V :  Vertebral body l ength 
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Fig , 3 

Fig , 4 



Fig . 5 Schematic diagram of ventra-dorsal excre tory urogram 

showing me thods of measurement s  of angle of longitudinal 

axis of kidney . 

R Angle of the right kidney ' s longitud inal axis . 

L Angle of the left kidney ' s longitudinal axis . 

5 3  

T Tot al angle of the longitudinal axis of the both 

kidneys . 



through a face mask . 

The c ontrast med ium ( 5Q% sodium diatri zoate1 contain ing 

300 mgl / m l ) together wi th 250 IU hyal uroni dase2 was inj ec ted 

at a dose  rate of 3 . 3  m l /kg body -weight into the quadr i c ep s  

f emoris musc l e s . Serial radiographs and spo t f i l ms i n  right 

l ateral and dor sa l  recumbenc i es were obtai ned for up to two 

hours af ter inj ec tion of contras t mater i a l . 

3 .  RENAL ARTERICGRAPHY 

Anaesthesia u s ed for rena l arteriography was as descr ibed 

under exretory u rography . Three mal e  and two fema l e  c a t s  

weighing 2 . 30 t o  2 . 90 ki l ograms were u sed f o r  t h i s  experiment . 

After the cats were po s i tioned in dorsa l  recumbency , a 

cathet er was p laced i n  ei th.er the femoral or caro t i d  artery . A 

polythene catheter prefi l l ed wi th contrast mat eri a l  or a radio­

opaque tube3 of 1 . 00 mm in diameter was introduced i nto the 

aor ta.  

Rena l arteriography wa s performed when the urinary sy stem 

cou ld be radiograph i c a l ly v i sua l i zed on a t e l evi sion moni tor 

connec ted to an image intensi f i er .  The catheter or tube was 

posi tion ed so that thei r t ip s  were si tuated in the aorta near 

i t s  j unction wi th the renal arteries ( non- s e l ec tive renal 

arteriography ) or in a renal artery ( s e l ec t ive renal arter i a -

graphy ) .  

Con t rast medi um u s ed for this  study was a 5 2% meg l umine 
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and 21% sodium iotha l amat e mi xture
4 

containing 400 
.
mgl /m l .  Wi th 

s e l ec tive renal art e r i ography , two to three mi l l i l i ter s of 

cont.ras t  medium were u sed whereas for the non - s e l ec t ive tech­

n i que up to five mi l l i l i t ers  of con trast medium were admini stered . 

Ser ia l  dor so-ven t ral spot f i lms and ven tra - dorsal  radiographs 

wi th animal s  in dor s a l  recumbency were obtained every second from 

immediately  before the c ommencement of inj ec t i on unt i l  the 

l "Hypaque 5011 Winthrop Laboratori e s ,  N ew York , U . S . A . 
2 "Hy la s e" Fi sons Limi t ed , Loughborough , Li c e stershi re ,  England 
3 " Steri f l  ex" Vygon GmbH rue Ade l ine , France 
4 • • cardia Conray 1 1  May and Baker , Ltd . , Dagenham , Eng l and 



i n j ec ti on was comp l e t ed . In add i t ion , spo t f i lms were s porad ­

i cal ly taken for up to 30 minu tes af ter the contrast mater ial 

was admin i s t ered to v i sual i ze the ureter s and urinary b l adder . 

4 .  RENAL VENOGRL\PHY 

Some of the anima l s u s ed for rena l arteriography were a l so 

u s ed for renal venography . 

In thi s techniqu e ,  both ar terial and v enous catheteri zation 

were under taken . The f emoral or  any l arge superf i c i a l  vein in 

a hind l i mb wa s expos ed and a l igatur e  of 2 . 0  l i nen was hel d  

but n·o t 1. igated on ei ther side of the cathet eri zation s i te . 

Trac t ion was ap p l i ed to the proxima l l igatu re to produce d i s ­

tention o f  the vein . A sma l l  l ongi tudinal s l i t  was carefu l l y 

made in the venous wa l l  immediately di stal  to the l i gature . The 

d i s tal l igature wa s u s ed to control haemor rhage . 

The venou s cathe ters u s ed were those d e s c r i bed for arter i o ­

graphy al though the sof t po lythene cathe ter was prefe r red . The 

movement of the catheter wi thi n the vein was monitored through 

an image intensi f i er c onnec ted to a t e l ev i s ion . 

Af ter the renal catheter was pos i t ioned in the r ena l vein , 

5 to lOO �'g adrena l in was inj ected into the renal ar tery through 

an arter i a l  catheter a l ready s e l ectively inser ted into the rena l 

ar tery . Twenty to thi r ty seconds after the inj ect ion of adr en ­

a l in ,  the con trast med i um was i n j e c t ed into the rena l vein . 

The contrast med i um u s ed for thi s techn i qu e  was the same 

as that u s ed for arter iography . An inj ec t ion of three mi l l i ­

l i t er s  ( 1 260 mgi ) prov ided sat i s factory renal venogram s . 

Serial spot f i l ms were taken every second during and for 

up to 30 s econd s after inj ec tion of contrast mat er ia l . The cat s  

were po s i t ioned i n  dorsal recumbency and dorso-ventral pro j ec t ­

ions were u sed .  

5 .  CYSTOGRAPHY 

a .  Negative Cy s tography 
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Three cat s ( one mal e  and two f ema l e s ) were used for negative 

cystography . The cat s were sedated wi th 20 mg / kg body -weight 

ketamine hydroch loride given int ramuscular l y . 
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A s teri l i zed tom c a t  cathe ter 1 1 . 0 o r  1 . 3  mm diameter , wa s 

inserted into the u r inary bladder through the u r e t h ra , Air  was 

inj ec ted unti l some e s c aped f rom the urethra around the cathet er 

i n  fema l e  cats , and u nt i l  pressure was f e l t  on the sy ringe 

p lunger in mal e  cats . 

Rad iographs \vere o btai ned wi th the animal s pos i t i oned i n  
. 

l atera l , ven tra l and dorsal recumbenc ies . Ob l i que radiographs 

wi th the animal s s l i gh t ly rotated from the above- mentioned 

po si tion were a l s o  obtai ned . 

b ,  Posi t ive Cy stography 

Pos i t ive cystogram s  were produced by bo th excr etory and 

retrograde methods . The me thod of excretory urography has 

already been descri bed . 

Retrograde po s i t iv e  cys tography was performed on six ent i r e  

mal e ,  two castrated mal e  and six f ema l e  cat s . The s e  anima l s  

were anae s thet i zed a s  descr ibed for intravenou s urography . 

Mi croni zed barium s u l phat e emu l sion2 ( 1 5 - 30% ) or sodium 

io thalama te ( 4- 40% con tain i ng 1 6 . 8 - 1 68 mgl / m l ) was u sed as 

co nt ras t ma teri al . 

The maximal b l adder vo lumes were determined when the 

contrast mediuw f l owed around the cathete r , or pres sure i nc reased 

on the syringe p lunger . 

Rad iographs wer e o btain ed i n  the same way a s  for negat ive 

cystography . 

The l ongi tudina l and vertical  diamet ers of the uri nary 

bladder were measu red f rom radiographs obtai ned inunediately  

prior to  commenc emen t  of mi cturi tion,  The defini tion of these 

measurements  are demon s trated in Figure 6 ,  The rati o  between 

these two measuremen t s  was then c a l cu lated . 

c .  Doubl e  Cont ra s t  Cystography 

When doubl e  con t ra s t  cy stography was performe� pos i tive 

con tras t  medium was p laced in the u rinary b l adder as  a l r eady 

1 "Jackson Cat Catheter" Arno l d  Veterinary P roduc t s , Ltd . , Eng l and 
2 ' ' Steri paque-V1 1  Damancy Company Limi ted , Ware , Her t s , Eng land 



Fig . 6 Lat e ral micturat ing cys to-ureth rogram and its schemat ic 

diagram showing t he pos itions of measurement of the . 

longitudinal and vertical diameters of the urinary 

bladder, and the urethral diamet e r  in female cats . 

VD : Vert ical diameter 

LD : Loneitudinal diameter 

DU : Diamet er of the urethra 

DE : Diameter o f  the dis tal bulbous enlargement 
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described . 

The con tra s t  media used were the same as for pos i t ive and 

negative c y s tography . Five to t en mi l l i l i t er s of con t ra s t  material 

were i n j ec ted through the urethral cathe t er . Af ter removi ng the 

contrast medium from the urinary b l adder , the procedure for neg ­

ative c y s tography was fo l l owed . Radiographs were obtai ned a s  

descri bed f or the o ther cys tographi c techni que s .  

6 .  URETHROGRAPHY 

a .  Retrograde Urethrography 

Two ma l e  cat s were u sed in thi s s tudy . During ket ami ne 

hydrochl oride sedation , a tom cat c a theter was in serted into  the 

d i s ta l  peni l e  urethra . 

One par t of 70% sodium iotha l amate was d i l u t ed wi th one or 

two pa r t s  of  ei ther norma l sal ine o r  a lubri cant j el ly 1 , and 

f ive mi l l i l i t er s of  the d i l u t ed mat erial were i n j ec ted th rough 

the urethra l cathe ter . 

Radiographs wi th the anima l s  in la teral recumbency Here 

obtai ned dur ing and after the inj ec tion . 

b .  Mi c tura t i ng Urethrography 

Mi c turating ure thrography was p erformed on the cat s u s ed 

for pos i t iv e  cy s tography . The ani ma l s  were anae s the t i zed wi th 

thiopen ton e sodium and main tained wi th a halothane-oxygen 

mixtur e .  

I n  add i t ion to the above ani ma l s ,  one ma le and two f ema l e  

cat s s eda t ed wi th xy lazine hydrochl or i de
2 

( 7 . 0 to  8 . 2  mg / kg 

body weight subcu taneou s l y ) Here u se d  to compar e the inc i dence 

of vesico-ureteral ref lux wi th that in  ani ma l s  under the above 

mentioned anaes thet i c  techn i que for cys tography . 

The t echnique f or mi c turating ur ethrography u s ed i n  thi s 

s tudy was s imi l ar to  that reported by Gou l den ( 1 9 68 and 1 9 69 ) • 

. t "K-Y Lubr' c at' ng J e l ly" John son and Johnson Ltd Eng l and .... ... , . , 

2 "Rompun" Bayer , Leverku sen , Germany 

< • ' 
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In the present s tudy 2 . 8  to 28% sodium iotha l ama te 

contain ing 1 6 . 8  to 1 68 mgi /ml was s l owly i nj ec t ed through a tom 

cat ca the ter . Di s tension of the u rinary bladder was detec ted 

in a s imi lar manner to that descri bed for cys tography . Af ter 

in j ec t ion o f  the con t ras t medium anaesthe tic  depth was l ight ­

ened . When the cat showed tongu e curl ing , and the pre s en c e  

of pal pebra l , wi thdrawa l and anal refl exe s , the urethra l cath­

eter was qui ckly r emoved . In c a t s  which did no t then u r i nate , 

the cathe t e r  was re- in ser ted and an add i tional amount of 
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con tras t medium was i n j ec ted . The p rocedures wer e then r epeated . 

The en t i re uri nary sys tem wa s vi ewed on a tel evi sion moni tor 

connec t ed to an i mage inten s i f i e r  f rom the commenc emen t of  the 

i n j ec t ion of contrast ma te ria l unt i l  the animal urinated . In 

repeated mi c turi tion s , l atera l , ven tro- dorsal and dor s o - v en tral  

p ro j ec t ion radiographs wer e o btained wi th ani mal s i n  l atera l , 

dorsal and v entral recumbenci es .  

The di ameter of the urethra was measured in the fema l e  j us t  

c ran ial t o  the pe lvi c f l oor and a t  th e l evel of the d i s t a l  

bu l bou s urethral enl argement ( F ig . 6 ) .  I n  ma l es , the ure thral 

d iamet er was measured j u s t  cran i a l  to  the pelvic f l oor , at the 

l eve l of the obturator foramen and at  the l evel of the final  

curve of  the peni l e  ur ethra ( F ig . 7 ) .  

The l eng th of the ent i r e  u rethra and l engths of i t s  

component par t s  were measured from la teral mi cturating u r e thra­

grams . 

7 .  DATA ANALYSIS 

Mean s ,  s tandard deviations and s tandard errors were 

c a l cul ated for the fo l l owing parameter s : kidney l eng th , wi d th 

and thi c kne s s  as measured at po s t  mo r tem ; ki dney l ength , wid th 

and thi ckne s s , lumbar ver tebr a l  body l engths , di s tan c e  bet\.,reen 

kidney s , ang l es of l ongi tudinal axes and the rat io between 

l ongi tudinal and ver t i ca l  diame ter s of the urinary b l adder a s  

mea sured from radiographs and body weight . 

Cor r e l at i on coeffi c i ents and thei� signi ficances were 

ca l cu l ated for a l l  the above ment ioned parameters wi th the 

except ion of  ang l es of l ongi tudinal axes and the ratio be tween 
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l ongi tudi nal  and ver ti cal diame t er of the urinary b l adder as 

mea sured f rom radiographs . 

Lin ear regres s ion coef f i c i en t s  were cal culated for kidney 

l ength v e rsu s the second to the fourth l umbar ver t ebral body 

l eng th. 

The s e  were c a l c u l ated wi th the aid of a compu ter programme 

( s tati s t i cal package for the soc i a l  s c i enc e s ) .  

6 1  
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A .  KIDNEY 

1 .  VISUALIZATI ON 

a .  P l ain Rad i ography 

RESULTS 

In p l ain radiographs , kidney shadows cou l d  be s een i n  

both dorso-ventral o r  ventre-dorsal  and lateral pro j ec t ions 

( Figs . 8 and 9 ) .  However the contour in dor so- ven t ra l  or  

ventre - dorsal proj ec t ions were some t imes i nsuffi c i ently  c l ear 

to enab l e  accurate measurement of the ki dney s i z e .  In  l a t eral  

pro j ec tions , the kidney s were superimposed . 

b .  Excretory Urography 

6 2  

Af ter rapid inj ection of a dos e  of contras t  medium , 

adequate v i sua l i zation of the kidney out l ine was obtained . The 

k idney s i ze c ou l d  be cons i s t en t l y  measured u s ing thi s t echn i qu e .  

However with o ther intravenous urographi c techn i ques , the kidney 

contours were often obscu red and accurate measuremen t of the 

ki dney s i ze was . no t con s i s tent ly obtai ned . 

The de l i neation of renal cortex and medul la fo l l owing 

rapid inj ec t i on of a high dose of contrast material  compared 

favourabl y  wi th that observed fol lowing renal arteri ography . 

U s ing a high do se , rapid intravenou s inj e c t ion techn i qu e , 

the rena l and other l ocal vi scera l arteries  were iden t i f i ed 

i mmed iat e ly pos t inj ec t ion ( Fig . 1 0 ) . The veno u s  drai nage 

f rom the kidney s cou l d  be fain t l y  s een wi th thi s t echn i que . 

U s i ng an i ntramu sc u l ar inj ec t i on of contrast materia l , 

the kidney r ad iographic densi ty was only s l ight l y  increased 

when compar ed with that obtai ned in p l ain radiographs , and the 

out l i ne of the kidney was not c l ea r l y  defined . U s ing thi s  

t echnique the rena l pelvis  and the upper part of  the ureters 

had inc r eased radiograph i c  den s i ty ,  which however , were no t as 

obv iou s as the den s i ty observed fo l lowing intravenou s urography . 



Fig . 8 

Fig . 9 

Vent ro-do rsal plain radiograph s howing the kidneys 

and urinary bladder .  
' . , 

Lateral plain radiograph showing the kidneys and 

urinary bladder . 
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Fig . 1 0  Arteriographic phas e of the excre tory urogram . 

The radiograph was taken immediately after a rapid 

intravanous inj ec tion of a high dose of c ontrast medium . 

' • > 
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Using conventional  metho d s  of intrav enous urography , the 

.best vi sual i zat ion of the kidney was u sual l y  obtai ned in radio­

graphs t aken immediately after the inj ection had been compl eted . 

c .  Renal Ar teriography 

The interna l ar ter i es of the kidney were be s t  vi su a l i zed 

u sing s e l ective r en a l  art eriography ( Fi g .  1 1 ) .  In the cats  

u s ed i n  thi s  s tudy , when bi furc a t ion of the rena l ar t ery occur ­

red i t  d i d  so immed iately aft er i t  l eft  the aorta ,  and c onse-

� quen t l y  on ly one o f  the two rena l arteria l branches was of ten 

observed . The bi furcated rena l arter i e s  were be s t  vi sual i zed 

u s i ng f emoral cathet eri zation when the t i p  of the catheter was 

s i tuated in the ao rta immediate l y  di s tal  t o  the origins of the 

r enal  ar t erie s .  Interlobu l ar arteri e s  cou l d  a l so be i denti f i ed 

wi th thi s techniqu e  but were not as c l ear l y  evi dent as tho se 

observed i n  s e l ec tive renal  arter iograms ( Fig . 1 2 ) .  

An ar terial ea theter of 1 .  0 mm di ameter was mor e  

sati sfac tory than a 1 . 3  mm diameter catheter due t o  the diff­

i cu l ty encountered i n  pas s ing the l arger catheter a l ong the 

femoral  artery . 

The mo s t  sat i s factory s e l ec tive and non- s e l e c t i v e  rena l 

ar teriograms Here obtained within a f ew seconds after the · s tar t 

of inj ec tion of the contrast medium .  The nephrographi c phase 

and venous phase were seen i mmediately pos t - inj ec tion ( Fig . 1 3 ) .  

Radiographi c den s i ty of the rena l paren chyma was greater than 

that o b s erved in exc retory urogram s .  Arterial .d i s tr i bu t i on in 

the ki dney was ma sked by radio-opaque ren a l  parenchyma in thes e  

phase s . 

B ecau s e  of renal excretion of the contras t ma terial used , 

the ren a l  pelvi s ,  ureter , and urinary b l adder were c l ear ly 

ou t l i ned fo l lowing thi s t echni que.  

d .  R enal Venography 

Renal v�ograms a l l owed adequate v i sua lization of the 

r enal v eins and in ternal v ei n s  in the kidney ( Fig . 1 4 ) .  The 

mo st s a t i sfac tory venograms were obtai ned when 100 )-1 g adrena l i ne 

was inj ec ted arteria l ly prior to s e l ec tive venou s inj ection 

6 5 



Fig . 1 1  Select ive renal art eriogram showing the art e rial 

distribution of one branch of a bifurcated renal 

artery. 
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Fig . 1 2  

Fig . 1 3  

Non-selec t ive renal arteriogram showing the arterial 

supply to the kidney t ogether with s ome other ma,jor 

abdominal art eries . 

Selective renal art eriogram showing the nephrographic 

phas e .  

Cortico-medullary s eparation can be recogniz e d . 

Renal v e ins and vena cava anterior to the renal veins 

.....___ can be s e en .  
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of contrast mate r ia l s .  No comp l ications were encountered 

dur i ng thi s  procedure. 

In anima l s  wi th doubl e  renal vein s , the contrast medi um 

i n i t i a l ly en tered branches of the cathet eri zed vein , bu t a 

sma l l  amount c ou l d  be seen in the non- catheteri zed vein 

( Fig . 1 5 ) .  

Since the r adio-opac i ty of the v e i n  gradua l ly increased 

during the i n j ec tion of ·  contrast medi um , the vein s were best 

v i ewed at the end of the i n j ection .  Shortly aft er thi s ,  the 

shadow of the veins s lowl y  faded out . 

When the con trast medi um was non - s e l ectively in j ec ted 

into the ven a  cava , the r enal vei ns were vi sual i zed , however 

the inter l obar v e in s  were not de l ineated by thi s techn i que . 

When adrena l ine was not sel ectively i n j ected into the appro­

priate r enal art ery , fi l l i ng of the i nt ernal veins of  the 

k idney wi th con t rast mater i a l  was inadequate .  

e .  Retrograde Pyel ography 

During· po s i tive and negative contrast cys tography the 

renal pelvi s was out l ined wi th cont ras t medium becaus e  of the 

exi s t ence of v e s i co - ureteral ref lux i n  s i x  out of 14 animal s 

( Fi g .  1 6 ) .  I n  three of the se s i x  cat s ,  uni lateral reflux was 

observed . I n  one animal , in  whi ch pneuma- cy stography and 

excre tory urography were u s ed s imu l taneou s l y , the renal pelve s 

were ou t l ined by the presence of a i r  ( F ig . 1 7 ) .  

2 .  LOCATION 

a .  Dor sal Recumbency 

The l ocation of t he kidney var i ed in i nd iv i dual animal s .  

Thi s variation i n  relation to the po s i t i on of the lumbar 
• 

vertebra l bodi e s  i s  shown in Figure 18 . The cran i a l  and caudal 

end s of a l l the r i ght kidney s s tudied were d i str i but ed around 

the midd l e  of the second lumbar vertebra and the c entre of the 

fourth l umbar v er tebra , respect i vely . The l eft kidney s in  a l l 

cats studi ed wer e  l ocat ed s l ight l y  caudal t o  the right kidney . 

The cranial  end s of the l ef t  kidney i n  the anima l s  observed 

were d i s t r i bu t ed around the i nter- ver tebral s pa c e  between the 

6 8  



Fig . 1 4  

Fig . 1 5  

Renal venogram showing venous drainage of the left 

kidney. 

A :  St ellate veins 

B :  Int erlobular veins 

C :  Arcuat e  vein 

D :  Int erl o bar veins 

E :  C ranial ureteral vein 

F :  Phrenico-abdominal vein 

G :  Tes t icalar vein 

H :  Right renal vein ( Double renal vein ) 

Renal v enogram showing a double renal vein from the 

right kidney. 
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Fig. 1 6 · Ret rograd e  pyelogram due t o  ves ico-uretera l  reflux 

during mic turating cys t ography. 

; 

Both renal pelv es and part of the ureters are clearly 

shown . The kidney parenc hyma is indis t inguishable .  
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Fig . 1 7 Lateral radiograph during s imultaneous exc retory 

urography and pneuma-cys t ography. 

A :  Renal pelvis 
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Fig . 1 8  Schemat ic diagram o f  the kidneys and lumbar vert ebrae 

of 1 5  cats showing the variation in kidney locat ion 

relativ e  to the lumbar vertebrae . 

A 

B 
B 
B 

n 

L 
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second and the third vertebrae and the c auda l ends d i stribu t ed 

around the cran i a l  end of the ·  f i f th lumbar bcrtebra.  

The mean di st ance between kidney s e s t i mated f rom spot 

fi lms taken whi l s t the ani mal s were in do r sa l  recumbency was 

33 . 5 1 mm wi th the standard deviat ion of 6 . 87 mm and the 

s tandard error of 1 . 7 7 mm . 

Corre l at ions  of the d i s tance between kidney s wi th body 

weight and kidney s i ze were not stati st i cal l y  s igni fi cant . 

b .  Change in Ki dney P o s i t ion wi th P o s ture 

The location of the k i dney s  var i ed with changes in 

po s ture . Thes e  changes were more marked wi th respect to the 

l ef t  kidney . The left kidney as sumed i t s  mo st cranial  po s i tion 

in r ight l atera l recumbency and its  mo s t  po sterior pos i t ion in 

l e f t  lateral r ecumbency . 

When the l eft kidney r eached i t s  most cranial pos i t ion , 

i t  was sometime s  cranial to  the ri ght k i dney . When the l eft 

k i dney reached i t s  mo st caudal po s i ti o n ,  it  was l ocated approx­

i mately one- thi r d  of the k idney l ength c auda l to the ri ght 

k idney . 

In the s tanding animal s ,  the kidney shadows were almo s t  

comp l etely super impos ed o n  each other in la teral rad iographs . 

Lateral  var iation of k idney po s i tion occurred wi th 

changes in po sture . In l ateral r ecumben c i es , both k idney s  

a l mo st touched each other . wherea s i n  dorsa l recumbency , the 

kidneys moved l a tera l l y and the maximum d i stance between the 

k idneys \vas o b s erved.  The d i s tance between the kidney s  and 

lumbar ver tebra l  bodies  changed wi th var iou s pos tures .  Thes e  

changes are shown schemat i ca l ly in  Figure 1 9 . 

The degree of  rotat ion of the kidneys a l s o  changed wi th 

pos ture . Since the f e l in e  kidney i s  near ly circular in shape 

an accurate d egree of rotat ion cou l d  not be asses sed from 

r adi ograph s .  

In the s tanding anima l s , the rena l hi lus o f  each kidney 

was d irec ted d o r sa-media l l y wi th the l eft kidney hi lu s being 

s l ight ly more dorsal l y  d i r ected . 

In dorsal and ventral  recumbenc i e s , the renal hi l u s  o f  

each kid ney was d irected toward s  each other . 
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Fig . 1 9 Schematic diagram of the relat i onship between the 

kidneys and lumbar vert ebrae s howing variation of 

the rela t iv e  anatomical locat ion in various pos tures . 
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I n  r ight and l ef t  l at er a l  recumbenc i es , the r i ght kidney 

wa s rotated l e s s  than the l eft , whi ch rotated a l most 90° i n  

the s e  r ecumbenc i es from i t s pos i tion i n  dor sal  or ventra l  

r ecumbency . 

c .  Change in Kidney Po s i t ion due to Other Cau ses 

When the d i rec tion of the x- ray beam was var i ed , change s  

in the radiographic r e l at ionship between the kidney and verte­

bral  bodi es were observed , a l though the actual anatomi cal 

r e l at ionships mu st have r emained the s ame ( Fig . 1 ) . 

In radiographs taken 300 from the vertical  beam in an 

an ter o - pos ter i o r  direc t i o n ,  the kidney shadow moved the 

d i s tance equiva l ent to abou t one- third of the l ength of the 

thi rd lumbar v e r t ebra l body . 

When vi ewed through a tel ev i s ion monitor connected to an 

image intensi f i er , the pos i tiona l change of the kidney due t o  

respi ratory movement \vas equiva l ent to a lmo st hal f  the l ength 

of the third lumbar vertebral body . 

d .  Long i tudinal  Axi s of Ki dney 

The ang l e  of the l ongi tudi na l  axe s of the kidneys were 

measu red in �xcre tory urograms of dor s a l ly recumbent cats 

( Tabl e  I ) .  

The ang l es of the axes of the right and l ef t  kidney s  

averaged 1 4 . 8° and 10 . 6° respect i v e ly . The tota l ang l e  of the 

axes var i ed between 1 1° and 3 6° wi th an average 25 . 3° . The 

var iat ion of the total ang l e  of the axes was much l es s  than 

. tha t  of indivi du a l  axes .  

On di ffer ent occasions i n  th e same cat , the total ang l e  

of the axes was con stant whereas indiv i dual axes var i ed 

considerabl y . 

3 .  OUTLINE 

The kidney ou t l ine v ar i ed with changes in posture of 

the animal , however the k idney contour in al l pro j ect ions \vas 

a s mooth curved l ine except at the ren a l  hi l u s  which was 

ini t ia l l y  funnel - shaped in u rograms ( Fig . 20 ) .  In l at er s tage s  
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Table I Angle of the longi tudinal axi s  o f  the kidney and i t s  

mean , s tandard deviat ion and s tandard error from 1 6  c a t s . 

Mean 

Standar d  
Deviat ion 

Standard 
Erro r 

Right 

2 2  

2 1  

1 6  

1 3  

4 

1 1  

1 2  

2 2  

2 

1 1 ' 

8 

1 8  

1 3  

3 1  

2 1  

1 1  

14 . 8  

7 . 3 7 

1 .  84 

Left To tal Angl e  

9 3 1  

1 2  33 

8 24 

1 9  32 

19  2 3 

1 7 28 

15 2 7 

0 2 2  

1 4  1 6  

1 2  2 3  

3 1 1  

7 25 

6 1 9  

- 3 2 8  

1 5  3 6  

16  27 

1 0 . 6 25 . 3  

6 . 5 9 2 . 28 

1 . 65 0 . 5 7  

7 6  



Fig . 2 0  Int ravenous uroeram of the kidn ey during nephroeraphic 

pha s e  showing the funnel shaped hilar notch and co rtico­

medullary separat ion • . 
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the out l ine of the kidney a t  the r en a l  hi l u s  changed in shape 

( Fi g .  21 ) .  

Some s l ight indentat ions on the l a teral margin of the 

k idney s Here often recogni zed in excretory urogram s  ( Fig . 2 1 ) .  

These wer e  no t seen in rad iographs t aken i mmediat e ly af ter 

i n travenous and intra- ar terial  inj ec tion of contrast medium 

during i·ntravenou s urography and r enal ar t er iography . These 

i ndentat ions appeared to be rel ated to the r enal par enchyma l 

c o l umn whi ch was s l ight l y  more rad i o l u c en t  than o ther par t s  of 

the kidney . B ecause of l eft kidney rotation , i t s  radiographi c 

ou t l ine in l at eral and dor sal or ventral  recumbenc i e s  Has 

s imi lar in each cas e .  The r ight kidney changed i t s ou t l ine 

wi th change in pos tur e .  When the hi l ar notch was no t obviou s  

i n  excretory urograms , the kid ney ou t l ine was general l y  

e l l i pt i ca l  o r  s l ight l y  f l a t tened dor so -ven t r a l l y  ( Fi g .  2 2 ) . 

However bo th dor sa l  and v entral con tours of the kidney were 

variab l e .  
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The shapes of the c audal and cranial poles  were frequent l y  

asymmetri cal  in  
.
any proj ec tion �rograms . 

4 .  S IZE 

The means , s tandard dev i at ions and standard error s of 

t he l ength , width and thi cknes s of the kid ney shadows , the 

l ength s of the l umbar ver t ebral shadows from the f i rs t  to the 

f i fth in radiographs , and the l ength , width and thi ckne s s  of 

kidney s measured at pos t  mortem are shown in Tab l e  II and Ill . 

Se l ec ted corr e l a t i on coeffi c i en t s  are shown in Appendi x  

2 and regre s s ion formu l i  appl i cab l e  to  kidney l ength and 

l engths of lumbar vertebrae from the second to the fourth are 

s hown in Tab l e  IV . 

The ratio of the l ength , width and thickn e s s  of the 

k idney at au topsy was c a l cu l at ed as  1 : 0 . 7 1 : 0 . 5 7 for the r ight 

k idney and 1 : 0 . 71 : 0 . 60 for the l eft  k idney . The rat i o s  of the 

l ength and width measured in dorso-ventra l pro j ection rad io­

graphs were 1 : 0 . 7 1 for t he r ight kidney and 1 : 0 . 70 for the 

l ef t  kidney . The rat i o s  between the kidney l ength and the 

thi rd l umbar vertebra l body l ength in dorso -ven tral pro j ec tion 

radiographs were 2 . 50 for both kidney s . 



Fig . 2 1  

Fig . 22 

Exc retory urogram s h owing the out l ine of both kidneys . 

Radiograph shows the typical out l ine of the renal s inus 

and indentations in the outline of the renal cortex 

( arrows ) .  

Lat eral excretory urogram showing the appearanc e of 

the renal pelvis , pelvic divert iculi ,  ure t e rs and 

urinary bladder . 
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Tab l e  I I  Meanz s t andard devia t ion and s t andard error of f e l i n e  

k idney and lumbar vertebral shadow l ength s  i n  urograms. 

l l n nw-ven t ra l  u •�o g ram 

Me an S t andard S taridard Number 
( mm  ) Devia t io n  Error 

Kidney Length R 4 2 . 7 2  3 . 74 1 . 00 14  

L 4 2 . 5 8 3 . 7 5 1 . 00 1 4  --.... 
Kidney W i d t h  R 30 . 4 3 3 . 2 6 0 . 8 7 1 4  

L 30 . 1 4 2 . 8 6 0 .  7 7  1 4  

Len g t h  o f  
Lumb a r  V e r tebrae L 1 1 5 . 20 2 .  0 1  0 . 54 ·  1 4  

L 2  1 6 . 08 1 .  90 0 . 5 1  1 4  

L 3  1 7 . 06 2 . 1 3 0 . 5 7  1 4  

L4 18 . 4 0 2 . 24 0 . 60 1 4  

L5 2 0 . 00 2 . 2 7 0 . 6 1  1 4  

Le f t  l a t e ral uro g r am 

Kidney Length R 4 4 . 1 1 3 . 90 1 .  0 1  1 5  

L 4 1 .  1 3  3 . 05 0 . 7 9 1 5  

K i d ney Th ickn e s s  R 2 8 . 7 0  3 . 4 3  0 . 88 1 5  

L 2 6 . 5 3 2 . 34 0 . 6 1  1 5  

Length o f  
Lumba r  V e r t eb r a e  L 1  14 . 9 2 2 . 1 6 0 . 65 1 5  

L2 1 6 . 1 2  2 . 1 8  0 . 5 6 1 5  

L 3 1 7 . 36 2 . 2 6 0 . 5 8 1 5  

L4 1 8 . 6 7 2 . 4 3 0 . 6 3  1 5  

L5 2 0 . 05 2 . 2 1  0 . 6 1  1 5  



8 1  

Tab l e  I l i  Mea n ,  s t andard devia t ion and s t an dard error o f  mea suremen t s  

o f  the f e l ine kidney at po s tmo r t em .  

Mean S t andard S t andard Number 
Dev i a t ion E r ro r  

Length R 3 3 . 1 5  3 . 9 0 1 . 04 1 4  

L 34 . 2 6  3 . 5 9 0 . 9 6  1 4  

W i d t h  R 2 4 . 86 3 . 1 7 0 . 8 5 1 4  

L 2 4 . 4 0 2 . 9 5 0 . 7 9 1 4  

Th icknes s R 2 0 . 05 2 . 98 0 . 80 1 4  

L 2 0 . 4 8  3 . 5 9 0 . 9 6 1 4  

. ...._ 



Tabl e IV Linea r regr e s s ion formul i of the kidney l ength on the 

l umb ar v e r t ebral l engt h  a s  meas ured i n  do rso-ven t ra l  

and l e f t  l a t eral urograms ( mm ) . 

·--.. 

Dorso - ve n t ra l  urogram w i th an imal in dorsal r e c umb ency 

Righ t K i d ney Len g t h  1 .  5 9  X ( S e cond Lumb a r  Ver t ebral Leng th 

1 . 4 5 X ( Th ird Lumba r  Ver tebral Leng th 

1 .  2 6  X ( Fourth Lumba r  Ver t ebra l  Length 

Le f t  K i dney Length 1 .  39 X ( S e c ond Lumb ar Ver t ebral Length 

1 .  3 5  X ( Th i rd Lumb a r  Ver tebral Length 

1 .  2 9  X ( Fourth Lumbar Vertebral Leng th 

Le f t  l a t e r a l  uro gram with an imal in r i gh t l a t eral re cumb ency 

Right K i dney Len g t h  1 . 6 3 X ( S e cond Lumbar Ver t eb ral Length 

1 .  4 8  X ( Th ird Lumb ar Ver t ebral Length 

1 .  3 2  X ( Fourth Lumba r  Ver t eb r a l  Len g t h  

Le f t  K i dney Leng t h  1 . 0 7  X ( Second Lumba r  Ver tebr a l  Length 

1 . 0 3 X ( Third Lumb ar Vertebral Le n g th 

1 . 0 2  X ( Fourth Lumba r  Ve r tebral Length 
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) + 1 7 .  1 5  

) + 1 8 . 0 2 

) + 1 9 . 4 5 

) + 2 1 . 64 

) + 2 0 . 7 3 

) + 1 9 . 9 3 

) + 1 6 . 3 3  

) + 1 7 . 3 1 

) + 1 8 . 2 6  

) + 2 3 . 8 2 

) + 2 3 . 2 4 

} + 2 2 . 0 7 



Scat tergrams of the r e l at ionship between both kidney 

l engths measured in dor so -v entral  and left l ateral  p ro j e c t ion 

u rograms and at autopsy are shown in Figure 23 . The differ­

enc e s  in l ength between the kidney s measu red in dor so- vent ral 

u r ograms and at  au topsy were insignificant , However in l ef t  

l a t e ral  u rogram s , the right kidney was a lway s l onger than the 

l ef t .  

The maj ori ty of the measu rement s  were s igni f i c ant ly 

corre l ated wi t h  on e ano ther , except for measurement s  re lated 

to kidney thi ckness . 

5 .  RAD� OGRAPHICAL DEN S ITY 

The total density of the kidney and the den s i ty of i t s  

componen t s  var ied wi th dif f er ent radiographi cal techn i qu e s . 

8 3  

The renal cor tex cou l d  b e  d i fferen tiated f rom the medu l l a 

by the high dose rapid i n j ect ion t ec hni que and by r enal arterio­

graphy . The arteries were obvious du r i ng r ena l ar t eriography 

and high dose urography , whi l s t  the veins were mo s t  apparent 

in renal venograms . The c o r t i cal col umn cou ld be r ecognized 

as  r adi o - l uc ent l ines rad i a ting from the pe lvi c diver t i cu l i  

i nto the renal cortex in radiographs t aken late dur i ng intra­

v enous u rography . The ren a l  papi l l a cou ld be r ec ogni zed dur i ng 

ei th er excretory urography or retrograde pyelography . The more 

d i stal  par t  of the papi l l a was mo re radio-opaqu e than the 

proximal part . 

The pelvic  diver t i cu l i  were obvious i n  radiographs 

t aken af ter any method of pyel ography . They appeared mor e  

radio- opaque than the r ema inder of the rena l pelvi s . 

The rena l sinu s  cou l d  be ident i f i ed in dor so-ventral or 

vent ro - dor sal  urograms as  a radio l u cent gap lying between the 

ren a l  pelvi s and rena l parenchyma . 

6 .  BLOOD SUPPLY 

a .  Ar tery 

The rena l art eries arose from the aorta at about the 

l evel of the thi rd l umbar vertebra. The r ight r en a l  art ery 

had a straight course to the kidney at a r ight ang l e  to  the 



Fig. 23a 

Fig . 2 3b 

Fig .  2 3c 

Scat t e rgram of kidney length at po s tmortem . 

Scatt ergram of kidney l ength in urograms taken from 

animals in dorsal recumbency. 

Scattergram of kidney length in urogram taken from 

animals in right lat eral recumbency. 
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aor ta . However the course of the l ef t  r enal art ery vari ed 

dependi ng upon the locat ion of the l ef t  kidney . The l ength of 

bo th r en a l  arter i e s  was approximately the same . In the cat s 

in thi s study , the renal art er i es had on ly one extra rena l 

branch , the cran i a l  uret eral art ery . 

In two of the three cats studied , the rena l arteries 

bifur cated very near the aor t a .  The remaining cat had comp l e t e  

dou b l e  renal art eries on each s ide ( Fi g .  24 ) ,  whi ch were 

confi rmed at aut opsy ( Fig . 25 ) .  

A l l renal arteries branched before they entered the 

renal parenchyma . Short ly after entering the kidney , they 

fur ther d ivided into eight to ten inter l obar arter i e s . The 

pattern of the in ter lobar arteries var i ed s l ight ly in i ndivid­

ua l an ima l s .  Mo s t  of these ar teries had a relat ive ly s traight 

course and divided into severa l  branche s .  Some l arge in ter ­

l obar ar teries gave off arcua te arter i e s  at the l ev e l  of the 

cor t i c o - medu l l ary j unction . O the r s  formed tuf t s  of many sma l l 

arterie s in the cor tex ( Fig . 1 1 ) .  

When non- s e l ec tive rena l art er iographi c t echn i qu e s  were 

used , o ther local maj or branche s  of the aor ta were appar ent . 

The phrenico- abdomi nal ar ter i e s  aro se per pendicu l ar l y  from the 

aorta about hal f the length of the thi rd l umbar ver t ebra 

proxima l to the o r igin of the r enal ar ter i e s .  These phreni co ­

abdomi nal ar ter i e s  d ivi ded into two maj or branche s whi ch \vere 

super impo sed over the kidney shadow in dor so-ventral  and 

ventra- dor sal pro j ec tions . 

b .  Vein 

I n  the thr ee cats s tudi ed , al l r ight renal vein s were 

s i ng l e  whereas the l eft renal v e ins were doubl ed in two ou t of 

three cases . 

Wi th one exc eption , vein s draining the kidneys pas sed 

into the vena cava c rania l  t o  the l ev e l  of the origin o f  the 

renal art eries . 

I n t ernal vein s of the kidney were. c l early demon s t r ated 

in renal venograms ( Fig.  1 4 ) .  The se. included the inter l obu l ar , 

arcuate , interl obar and s t e l l ate vein s .  The inter l obar veins 

were di s t ingui shed from the s t e l l ate vein s by their d i s tinctive 

8 5  



Fig . 24 Non-s electiv e  renal art eriogram s howing bilateral 

doubl e  renal arteries . 

Fig. 25 Pho t ograph of pos tmortem specimen showing t he area 

radiographed in Fig. 24. 
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cour se.  

In tho se kidney s  having doubl e  renal veins , when one of 

these veins was · ca theteri zed and contr a s t  medium was inj ec ted , 

the non - catheteri zed rena l vein cou ld be seen ( Fi g .  1 5 ) .  

In a l l  three cats , the left rena l vein af ter l eaving the 

kidney received three vein s ,  name l y  the c ran ial ureteral , 

gonadal and adr enal veins . The right r enal vein however 

received on ly the cranial ureteral vein during i t s course 

t oward the vena c ava . 

B .  URETER 

1 .  VI SUALI ZATION 

The ureters could not be seen i n  p lain radiographs . 

However they cou l d  be identif i ed wi th contrast rad iographic 

techni que s ,  espec ial ly the high dose r apid inj ection method . 

Wi th this  metho d , approximately the c r ani al t\.,ro- thi rds of the 

uret er Ha s consi stent ly v i sua l i zed , and in some cases the 

d i s t al  part pf the ureter was also seen . 

In lat era l pro j ec t ion radiographs ,  the r ight and lef t  

ureters were d i f f i cu l t  t o  d i s t ingu i sh a s  they were frequent l y  

superimpo sed upon each o ther . 

As previous ly ment ioned , the vesi co-ureteral r eflux 

oc curred during pos i t ive cystography in f ive ou t of 1 4  ca ts , 

In some of the se cats , the ureters were c l ear ly evident in 

l a teral radiographs ( Fig s .  16 and 26 ) .  In o ther cases , the 

renal pelvi s was ou t l ined but the contrast medium was no t 

obvious ly presen t within the ureter s .  

Vesico-ur eteral ref lux on ly occurred when anima l s  wer e 

deeply anaesthet i zed with halothane aft er induc tion wi th 

thiopentone sodium and pre -medication wi th ketamine hydro­

chloride , When xy l azine was u sed for c hemical res traint in 

· three cats , no evi dence of ves ico-ur e t eral  ref lux was obs erved 

even though the urinary b l adder was mani pu l ated by gent l e  

d i gi ta l pressur e , In one of these c at s , reflux occurred when 

i t  was deep ly anaestheti zed with ketamine ,  thiopentone and 

halothan e .  
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Fig . 2 6  Lateral mic turat ing cys togram . 

Showing reflux of the contras t mat e rial into the 

uret ers and renal pelves . 

. . 
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2 .  COURSE 

The pelvico-uretera l junction cou ld not be accurat e ly 

i dent i f i ed rad iographica l ly .  Variations in the s tepwi se cour se 

o f  the cranial  part of the ureter in three cats are shown in 

Figure 27 . The remainin g part of the ureter had an a l mo s t  

s t raight cour s e  toward t h e  uri nary b l adder . 

In l at eral urograms wi th the animal in lat eral recum­

bency , the u r eter pursued in a do rsal direc tion ini t i a l ly and 

af t er a sho r t  distance ,  c ontinued on an a lmos t  strai ght cour se 

toward the urinary b l adde r .  

Near the ves i co -uret eral j unc ti on ,  the ureter s  cour sed 

medio- ventra l l y  and then c ont inued al ong the urinary b l adder 

wa l l  for a short di s tance . 

3 .  SIZE 

The l uminal s i ze o f  the ureters was difficu l t  to 

ac curately measure bec au s e  of peri s ta l t i c  movements observed 

when the st ruc tures were examined wi th a t e l evi sion moni tor 

c onnec ted to an i mage intensi f i er . The average l umi nal dia­

met er of the ur eter at the renal hi l u s  was 2 . 0  mm in three 

dor sal ly recumbent ani ma l s as measured from ventra-dorsal 

excretory urograms . 

4 .  BLOOD SUPPLY 

In mos t  arteriogram s , the cranial uretera l arteries 

could be recogni zed pursui ng in a caudal d i rection para l l e l  
. 

t o  the ureter s .  However the o rigin of the c rani a l  ur eteral 

ar tery was no t apparent due to i t s  superimpo si tion upon the 

r enal and i nter l obar arter i e s .  

The c r anial uretera l veins were vi sibl e in rena l veno ­
'grams. Thei r entry into the renal vein i s  shown in Fi gure 1 4 .  

C .  BLADDER 

1 .  VISUALIZATION 

The u r inary b ladder containing u rine cou l d  be seen in 

p l ain rad iographs , par t i c u l ar ly tho se taken in l at eral 
pro j ec t ions ( Figs . 8 and 9 ) .  However , the rad i ograph i c  densi ty 
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Fig . 27 Exc ret ory uret erograms f rom three different cat s . 

Showing the charac t eris tic cours e · of the upper part 

of the ureters 
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of the u rinary b l adder was l ow and consequent ly i t  was diffi­

cu l t  t o  d i s t ingu i sh from surrounding t i s sues . 

In cy s tograms taken after the inj ect i on of air into the 

ur inary bladder , i t s  thi n wa l l  cou l d  be vi ewed . The air 

frequen t l y  en tered t he prepro s tatic  urethra . 

Sat i sfactory posi tive cys tograms were obtained when 

contra s t  medium was introduced in to the urinary bl adder ei ther 

by excret ion through the kidney ( Fig . 28 ) or by re trograde 

inj ec t i on through a urethr a l  catheter ( Fig . 29 ) .  When the 

exc retory techn i qu e  was used , ' sati sfactory cys tograms were 

consi s t en t l y  obtained 30 minu tes af ter intravenou s in j ection 

of the con trast med i u m .  

2 .  LOCATION 

A l though the s i ze of the urinary bladder varied dependi ng 

on the vo lume of i t s  contents , the vesica - u r ethra l  j unc tion did 

no t change in its l oc ation.  However it  did vary with changes 

in po s ture . 

I n  mo st lateral radiograph s  wi th ani ma l s  in l at era l 

recumbency ,  the vesi ca-urethra l j unc tion wa s located at the 

j unction of a l ine ventra l ly extended from the lumbo - sacral 

junction and a l ine c rania l ly extended from the pelvi c f l oor 

( Fig . 29 ) .  However when the h i nd l egs wer e f l exed cran i a l l y  

the ves i ca-urethral j unc tion moved crani a l l y by the distance 

equival ent to abou t the l ength of the seventh lumbar ver t ebra . 

In dor so -ventra l or ventra - dorsal radiographs wi th 

dorsa l l y  recumbent cats , the v e s i ca - urethral junc tion was 

l ocated at the l eve l of the sacra l vert ebra ( Fig . 28 ) .  

9 1  

The ver tex of t he fu l l y d i s t ended uri nary b l adder extended 

forward to a maximum cranial  pos i tion corresponding with the 

l eve l of the thi rd lumbar vertebra . 

3 .  SHAPE 

The shape of the ur inary b ladder var i ed . In some cases , 

the out l ine was smooth wi thou t indentat ion s ,  whi l e  in o thers ,  

various change s in ou t l i ne related to the abdominal wa l l  and 

the contents and pos i t ion of the intes t ine occurred . 



F i g .  28 Dor so-ventral excretory cyst ogram. 
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Fig . 29 Typi c a l  lateral retrograde po s i t ive cys togram i n  

a mal e  cat . 

A tom cat catheter i s  present i n  the urethra • 

. . ' 
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The ou t l ine of the urinary b l adder was a l most independen t 

of pos tur e .  

The ur inary b l adder at the ve s i ca - urethra l j unc tion was 

funnel shaped . Thi s funnel became broader in ou t l ine whe n 

l arger vo l umes of f l uid were . in j ec ted . 

9 4 

From radiographs obtained immediately prior to micturi tion , 

an es tima te of bl adder s i ze was observed when the ur inary bladder 

was con s idered fi l l ed to i t s  phy s i o l ogical  l imi t . The average 

ratio between ver ti ca l  and l ongi tudinal diame ter obtained from 

l ateral cys tograms in right l ater a l  recumbent cats was 1 . 3 90 . 

The s tandard deviation was 0 . 1 8 2  wi th the s tandard error 0 . 05 5 . 

As the vo lume of the con trast medium in the urinary 

b l adder increased , the l ongi tudinal and ver t i c a l  diameters of 

the urinary b l adder increased propor tiona l l y .  During emptying 

( mi c turi t ion ) however the uri nary b l adder became hou r - g l a s s  

shaped ( Fi g .  30 ) .  

4 .  SIZE 

The s i z e  of the ur inary b l adder var i ed depending on the 

amount of con tras t medium pre sent . The largest uri nary b l adder 

found wa s 9 . 5  cm in l ongi tudinal d i ame ter and 6 . 3  cm in ver t i c a l  

diameter . In mo st cases , ho�ever , before the urinary bl adder 

reached 6 . 0  cm in l ongi tudinal d i ame ter and 4 . 5  cm in ver t i ca l  

diame ter , the cats s tarted to mic turate . 

5 .  RADI OGRAPHICAL DENSITY 

The den si ty of the b l adder con tents var i ed depending 

on the techn i que used par ticu l ar l y  the concentration of the 

contrast medium in the urinary b l adder . 

When l ower concentration s of con trast medium were u s ed , 

the radio- den s i ty of the urinary b l adder increased in a 

peripher a l  t o  central  direction . The radio - den s i ty of the 

urinary b l adder obt ained after the excretory urography was 

�. s imi l ar to that obtained in ret rograde cystograms when 40 mgi /ml 

c ontrast med ium was us ed . 



Fig . 30 Serial mic turatinG cys tocrams and c omposite line 

drawing showing chan&es in the shape of the urinary 

bladder during mic turition . 
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D .  URETHRA 

1 .  VI SUALIZATION 

Using p lain radi ography , the urethra cou ld not be seen , 

bu t i t s  out l ine was o bviou s duri ng ei ther re trograde urethro ­

graphy or mictu rating urethrography . 

In order to v i eH the ent i re urethra , par ticu l ar l y  that 

par t  superimposed on the shadow of the pelvi c bones and the 

head of the femur in l ateral proj ection radiographs , a high 

conc entration ( 1 68 mgi /ml ) of contrast medi um was required . 

2 .  COURSE 

The typi cal urethral course in latera l pro j ection 

radio graphs . taken dur i ng mi cturi t ion in bo th ma l e  and fema l e  

c a t s  i s  shown in Figures 6 and 7 .  

The straight cour se o f  the urethra in vent ra - dorsal 

pro j ec t i on radiographs in both ma l e  and fema l e  cats is shown 

in Figures 3 1  and 3 2 .  

3 .  SHAPE 

In lateral mi c tura ting ur ethrograms i n  ma l e  cat s , the 

u rethra l diameter was consi stent from the funnel shaped vesica­

urethra l j unction to t he l evel of the i schi a l  tubero s i ty .  At 

thi s latter poin t the urethra suddenly narrowed and changed 

course ven tra l ly .  From the l evel of the i schi a l  tubero s i ty , 

the urethral diameter g radual ly narrowed as i t  ap proached the 

end of the external u rethra l ori fice ( Fig . 7 ) .  

In ventra- do r s a l  proj ec tions of mic turat ing u rethra ­

grams in mal e cats , the urethral lumina l diameter narrowed for 

a short dis tance at the level of the crania l  edge of the obtu-

• rator foramen . In thi s pro j ec tion , the d i ame ter of the pelvic 

ur ethra was s l ightly narrower than in l a ter a l  proj ect i on ( Fig . 

3 1 ) .  

In both lateral and ventra - dorsal  pro j ec t ions of mi c tu­

rating urethrograms o f  f ema l e  cats , the cran i a l  par t  of the 

urethra was simi l ar i n  shape to tha t of the ma l e  except that 

there were no indentations in i t s  out l i n e .  At the l evel of 

9 6  



Fig . 31  
. , 

Dors o-ventra l  micturating uret hrogram in a male cat . 

A :  A cons t ric t ion of the urethral lumen a t  the level 

of the pros tate gland ( Black arrow ) . 

B :  A sudden narrowing o f  the urethral lumen a t  the 

level of the bulbo-uret hral gland ( Whit e arrow ) . 
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Fig . 32 �ors o-ventral mic turat ine urethrogram in a female cat . 

A :  D i s tal bulbous enlargement of the urethra . 

B :  Ext ernal urethral orifice which is the narrowe s t  

part of the urethra . 

C :  Ves tibulum . 

' . ' 
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the caudal part o f  the obturator foramen the urethral d i ameter 

increased for a sho r t  dis tanc e ,  bu t i t  t e rminated di s ta l  to 

thi s  as a narrow o r i fice at the vestibu lum ( Fig s .  6 and 3 2 ) .  
At the commenc ement and comp l etion of micturi tion,  the 

pelvic u r ethra in the ma l e ,  and the urethra Hithin the pelvi s 

inc luding the bu l bou s area at the di s tal  end of the femal e 

urethra , . were obser ved to pu l sate Hhen vi ewed by a te l evi sion 

connec ted to an image intens i f i er .  These pu l sations \vhen 

vi ewed i n  urethrograms cou l d  be seen as s l i ght i rregu l ar i ti es 

of the ou tl ine of the urethra at this par t . 

I n  retrograde urethrograms , par t i c u l a r ly Hhen a l ubri can t  

Has u s ed as a d i luen t , only the pelvi c urethra Has found to be 

d i s tended . 

4 , SIZE 

The l engths of  the to t a l  ma l e  urethra , and i t s component 

par t s  in lateral mi c turating u re thrograms t aken in four ma l e  

cats a r e  shoHn in Tab l e  V .  The to tal l engths o f  those par ts 

of the ure thra which lie cran i a l  and cauda l  to the pelvi c brim 

and v e s t i bu l um in f ive fema l es ar e shown in Tab l e  VI . To a l l ow 

an assessmen t of the size of the cats examined , the l ength of 

the f i f th lumbar ver tebral body in the same radiographs is a l s o  

included i n  these Tables . 

The average l ength of the urethra cranial to the pelvic 

brim was 2 . 6  cm in a l l  ani mal s .  

The lumina l d i ameter of the urethra a t  the prepro stat i c , 

pelvi c  and peni l e  parts measured in l ateral mi c turating urethra ­

grams in four mal e  cats are shoHn in Tab l e  VII . Thi s tab l e  

al so i n c ludes the wi dth of the urethra as measured crania l to 

the l eve l of the pe lvic brim in five f ema l e  cats and the \.Jidth 

of the bu lbou s area near the dis ta l  end of  the urethra in three 

of these fema l es . 
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T a b l e  V Length of ma l e  ure thra and f i f th l umb ar vert ebra ( mm ) 
as measure d  i n  l a t eral urograms from four c a t s . 

To t a l  P re p ro s t a t i c  Pelvic Peni1e L5 
Len g th Ure th ra Ure thra Ure th ra Leng th 

1 0 6  2 6  4 6  3 4  2 1 9  

1 2 2  2 6  4 9 . 5  4 6 . 5  2 5 0  

1 0 3  1 9  5 0  34 2 38 

1 1 4 2 3  4 8  4 3  2 4 0  

Mean 1 1 1 . 3  '2 3 . 5  4 8 . 4 39 . 4  2 3 7  

Tab l e  V I  Length o f  fema le ure thra , ve s t ibulum and f i f th l umb ar 

vertebra ( mm ) a s  mea sured in l a t eral ure thrograms 

f�om f ive c a t s .  

To t a l  Cra n i a l  t o . Cauda l  t o  Ve s t ibulum L5 
Length P e l v i c  Brim Pelvic B r im Len g th 

54 2 1  3 3  1 4  2 0 8  

5 3  1 7  3 7  1 4  2 2 5  

7 1  3 8  3 3  6 2 1 2  

80 3 5  4 5  1 2  2 1 5  

6 2  3 1 3 1  '1 3 2 0 8  

Mean 64 . 2  2 8 . 4  3 5 . 8  1 1 . 8  2 1 3 . 4  



Tab l e  VII W i d th o f  urethra as meas ured in l a t e ra l  m i c tura t ing 

u r e thrograms f rom four male and f ive fema l e  c a t s . 

Male 

P re p ro s t a t i c  Pelvic Pe n i l e  
Urethra Urethra Urethra 

. ...._ 

3 . 2  3 . 3  1 . 8  

2 .  7 2 . 8  1 . 5  

2 . 4  3 . 4  1 . 5 

4 . 0 3 . 8  1 . 3  

Mean 3 . 08 3 . 3 0 1 .  5 0  

Fema le 

Cran ial to D i s t a l  Urethral 
Pelvic B r im Enlargemen t  

3 . 3  4 . 6  

3 . 4  5 . 3  

2 . 6  3 . 2  

4 . 6  S t r i c t e d  

3 . 3  S t r i c ted 

Mean 3 . 4 4 4 . 3 7 
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A .  KIDNEY 

1 .  LOCATI ON 

DISCUSSION 

PART I : ANATOMY 

The posi t i on of f e l i ne kidneys have often been 

1 02 

desc r i bed r e l ative to the lumbar vertebrae . However , the kidney 

l ocation in cat s var i e s  wi th changes in posture , respiration 

and certain di sease cond i t ions . For val i d  c ompari sons , the 

condi t i ons under whi ch kidneys and l umbar vert ebrae are mea sured 

mu st be s tandard i zed . 

In the present s tudy , rad iograph s wer e taken with 

anima l s  in dorsa l r ecumbency i mmediat e ly af t er expi rat ion . The 

d i s t r i bu t i on of kidney locat ions observed in thi s  s tudy was 

s imi lar to that of N i ckel et al . ( 1 9 73 ) and El l enport  ( l 9 7 5 b ) , 

but di s s i mi l ar to that of  B l oom ( 1 954 ) , Reighard and Jennings 

( 1 963 ) and Gi l bert ( 1 9 68 ) who al l r eport ed that the kidney s lay 

at abou t the l eve l of t he thi rd and fi fth l umbar ver tebrae . How ­

ever al l these au tho r s  d id no t state the cond i t i ons under whi ch 

they det ermined kidney locat ion . Thus thei r finding s  are no t 

d i re c t l y  c omparab l e  to r e su l t s obtained in the present s tudy . 

The relative pos i t i on between kidney s wa s var iabl e .  

When dorsa l l y recumbent an ima l s  were rad iographed , the r i ght 

kidney was found to be on average about a ha l f  l eng th of the 

thi rd l umbar ver tebra cran i a l  to the l ef t . Thi s f i ndi ng wa s in 

accord wi th the ma j ori t y  of previous r epor t s . 

When latera l ly r ecumbent cats were s tudi ed , the l ef t  

kidney l ocat ion was extremely var iable and was , on occasion s ,  

c ranial  to the r ight . S i mi l ar findings were recorded by Latimer 

0 9 39 ) from a pos tmor tem study . l ie recorded tha t the r i gh t  

kidney was no t c rani a l  to the l ef t  in 1 1 . 5  % o f  5 2  fema l e  c a t s .  

The present s tudy showed conc lusively  t hat kid ney posi t i on 

var i e s  with change s  i n  po s ture . Thi s finding i s  s imi l ar to tha t 

observed i n  dog s  by Grandage 0 9 75 ) . The uneven movemen t of the 

kidney wi th changes in the posture may , as  G randage thought , be 



a s so ciat ed wi th the i r  weigh t s .  The a t tachmen t o f  the kidney i s  

very loose i n  c at s .  Since the l ef t  �i dney i s  mor e  movabl e  than 

the right kidney , the unequ a l  at tachments of the kidneys prob­

a b l y  p l ay an i mpor tant r o l e  in kidney movements . 

The changes i n  kidney pos i t ion due to re spi ratory 

movemen t s  observed in thi s s tudy wer e l e s s  than tho se recorded 

i n  dogs by Chr i s tensen ( 1 9 6 4 )  and G randage ( 1 9 7 5 ) .  

In radiographic d e t ermi nations of kidney po s i t ion , 

c ognizance shou l d  be taken of the po s i t i on of the x - ray beam 

in r e l at ion to the kidney . If the x-ray beam i s  no t c entred 

d i r ec t ly over the kidney s , the kidney shadows do no t repres ent 

thei r  true posi t i on relat ive to the l umbar vertebrae . In thi s 

s tudy when the x- ray beam was def l ec ted 30° from t he ver t i cal , 

and the focu s - object  di s t ance was abou t one met er , the shadows 

of the kidney s moved approximat e l y  one - third of the l ength of 

the thi rd l umbar ver tebra . 

In human s ,  the ang l e  whi ch the l ong i tudinal axi s of 

the kidney makes wi th the m id l i ne ,  is of diagno s t i c  va lue ( Li ch 

and Hower ton , 1 970 ) .  A l though the l ongi tudi nal axi s in  cats 

has been refer red to by var ious authors ( Reighard and Jennings , 

1 9 63 and Barret t and Kne l l er ,  1 9 7 2 ) ,  thi s au thor cou ld not f i nd 

any pub l i shed measurement s of the angel of thi s axi s . 
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In th i s  study , al though the ang l e  made by the l ongi tudinal 

axi s of each kidney on the mid l ine var i ed considerab ly , the 

t o t a l  ang l e  ( Fig . 5 )  was found t o  have on ly smal l var iation 

among cat s . Thi s sugges t s  that the total  ang l e  of the l ong i t u ­

d i nal axi s c ou l d  b e  o f  di agnos t i c  value in condi tions in whi ch 

kidney di s l oc a t i on occur s . 

When estab l i shing t he l ongi tudinal axi s  o f  the kidney 

i n  thi s study i t  was convenient t o  draw a l i ne whi ch touched 

the mo s t  med i a l  par t  of the two med i a l  curves of the kidney 

( Fi g .  5 ) .  Thi s l ongi tudinal axi s d i ffers f rom that u sed i n  

humans where a l ine pass ing through bo th crani al  and caudal 

po l es i s  u sed . 

Since the d i stance between the two kidne y s  among c a t s  

wa s qui t e  variab l e  and s i n c e  thi s d i s t ance was not we l l  cor ­

r e l ated wi th body weight , kidney si ze , or lumbar vertebra l 
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l ength , i t  i s  un l ikely t o  be of diagno s t i c  value . 

2 .  SHAPE 
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The radi ographical out l ine o f  the kidney var i e s  depending 

on the direct i on of the x - ray beam to the kidney . B ecause of 

the very mobi l e  nature of the kidney , i t s radiographical out l ine 

was not con s i s t en t in any s i ng l e  radiographic pro j ec tion .  How­

ever , the kidney was usual l y  bean- shaped out l ine when observed 

in ventra-dor s a l  or dorso-ventral rad iographs i r re spec tive of 

posture.  In the se rad iographs ,  the h i l ar notch was c l early 

i dent ified med ia l ly .  In l at eral proj ectio n ,  the kidney out l i ne 

was gener al ly egg or rugby bal l shaped . 

The hi l ar notch can be a u sefu l  guide to indi cate the 

degree of kidney rotatio n .  When the hi l ar no tch was not appar ­

ent radiographi cally , a l at eral pro j ec tion of th e kidney was 

pr esumed . In excr,etory u r ograms , the radiographical  out l ine of 

the pelvic diverticulum was more indi cative of the degr ee of 

kidney rotati o n .  

Roo t ( 1 9 7 5 ) reported that the no rmal radiographi c a l  

ou t l ine o f  the feline kidney was smooth.  No o ther repo r t s  o f  

t h e  radiographical  ou tl ine of fel ine kidneys wer e sighted by 

the pre sent author . The present study indicates that in norma l 

ca t s ,  the cauda l and crani a l  por t i on s  of the kidney are frequen t ly 

asymmetrical . A l so i n  excretory u rograms , there are smal l indent­

a t i ons on the c i rcumf eren c e  of the kidneys . The s e  arc loc a ted 

at the cortical extremi t i c s  of the renal colunm s .  B ecause they 

appear in the la te s tages of nephrograms , i t  seem s  l ikely that 

these indentat ions are r e l ated to the kidney vascu latur e .  Since 

s te l lat e vein s  are we l l  devel oped in cat s , the se i ndentations 

are probably grooves in the renal surface whi ch accomodate the 

s t e l late vei n s  and sur face arteries t B l oom , 1 9 5 4 ; Reighard and 

Jennings , 1963 ) .  

3 .  SIZE 

In thi s s tudy the l ength and wid th of the kidney measured 

at au topsy were l es s  than these r eported by Ni ckel et a l .  ( 1973 ) 

whi l e  the average thi cknes s  of the kidney was within the l ower 

range as indi cated by N i ckel � a l . ( 1 973
'
> .  However the ratio 
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of the l ength , width and thi ckne s s  obtained in t he p r esent 

s tudy was s i mi l ar to that r epor t ed by B l oom ( 1 9 54 ) . 

The di fference between r enal measurements obtained in 
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thi s s tudy and the s tudy of N i ckel et a l . ( 1 973 ) may be exp l ained 

by po s s i b l e  d i f f erenc e in average body wei ght of anima l s .  In the 

presen t  exper imen t , the cat s wer e r e l a t iv e ly l i ght in  compar i son 

wi th what cou ld be expec ted in an average adu l t  cat  popu l ation 

( Wi l k inson , 1 9 6 6 ) and as previously ment i oned , the kidney s i ze 

i s  cor re l a ted wi th body s i ze . 

The l ength of the kidney measured i n  radiograph s  was 

a lway s long er than that found at autop s y .  Thi s probably was 

cau s ed by th e geometrical magn i f i cation effec t of radiography . 

The rat io s between the l ength and wi dth of the kidney s 

obtai ned f rom certain exc r e tory urograms were found to be very 

con s i s t ent . These urograms were taken in dorso-ven t r a l  or ven tra­

dor s a l  proj ec t ion wi th the animal s in do rsal or ventral  recumbency . 

I n  the se urograms , differ enc e s  between measurement s o btained f rom 

ri ght and l ef t  kidneys were minimum . Thu s it i s  pos s i b l e  that 

these measuremen t s  are of d iagno s t i c  value in cases  where changes 

of kidney s i z e  are su spec t ed . 

In another study , the l ength of the kidney has been compar ed 

wi th the l ength of the second lumbar v er t ebra ( Barr e t t  and Kne l l er , 

1 9 7 2 ) .  However the pre sent s tudy sugg e s t s  that the third and 

fou r t h  l umbar vertebra l l engths are mor e  high ly correl ated \.Ji th 

kidn ey l ength than are o ther l umbar ver tebrae , in radiographs 

t aken in dor so - ven tral pro j ec t ion . Thi s is no t surpr i s ing since 

the c entre of the fel ine kidney is  norma l l y  abuut the l evel of the 

t h i rd and fourth lumbar vert ebrae . In radiograph s c en tred over 

th i s  area , the vertebrae away from thi s po int wi l l  be geomet r i ­

c a l l y  mor e  magn i f i ed .  

In the present s tudy , the rati o  between th e k i dney l ength 

and the thi rd l umbar vertebral l ength was 2 . 50 for both kidney s . 

Thi s  var i e s  f rom the r e su l t s  reported by Barre t t  and Kne l l er ( 1 9 7 2 )  

and Lord e t  a l . ( 1 9 74 ) .  The former author s compared kidney l ength 

w i th the second lumbar vertebral l eng th in la tera l proj ec tion in 

r ight latera l ly recumben t an i mal s .  They found that the di fferenc e 

in l ength of the righ t  and l ef t  kid;.eys was abou t t wo mi l l imeter s ,  

and thu s the ratios between the l engths of r igh t an d  l ef t  kidneys 

and the s econ d  lumbar vert ebra were lllilrkcd ly di fferen t .  Lord e t  ..£..!.. 



( 1 9 7 4 )  found that the rat i o s  between the lengths of kidney s 

and lumbar ver tebrae varied between 1 . 5  and 2 . 0  in  ven t ra­

dorsal pro j ec t ions . However they did not state spec i f i cal ly 

whi ch l umbar ver tebra was u s ed for comparison . 

The l i near regres s i on formu l i  ( Table IV ) Gou ld probab ly 

provide a prac t i ca l  and ac curate estimate of no rma l l eng th of 

the kidney s compared with l ength of the lumbar ver tebrae in 

rad i ographs . 

In the present s tudy there was l i t t l e  dif ference 

between the righ t  and l ef t  kidney l engths measured at  au topsy 

and as  t hey were measured i n  excretory urograms taken i n  do rso­

ventral proj ec t i on . However when l ef t  l ateral pro j ec t i ons were 

u s ed , the right kidney was a lway s longer than the l ef t .  Thi s  

dif ference may b e  exp lained by the geometrical magni f i cat ion 

whi ch normal ly occurs in radiographs . Obj ects c l oser to the 

x- ray focus are magni f ied s l ig� t l y  more than tho s e  c l o s er to 

the f i l m .  Since in th i s  study t he x- ray tube was s i tuated 

under the tab l e ,  when spot f i l m s  were u s ed , the right kidney 

in r j gh� l atera l rec umbency was s l ight ly more magni f i ed . Al ­

though Barret t and Kne l l er ( 1 9 7 2 ) used standard rad iographic 

t echni que s  with c a t s  in right l a t eral recumbency , the r i ght 

kidney was s t i l l  bigger than the l ef t . Therefore the r e su l t s  

obta ined in the present s tudy cons iderab l y  differ from those 

of  Barret t and Kne l l er ( 1 9 7 2 ) ,  It  is  d i f f i cu l t  to  iden t i fy 

wi th c er tainty the right and left kidneys in latera l pro j ection 

rad iograph s .  It i s  general ly cons i dered that the right kidney 

l i es s l i gh t ly mo re c ranial than the l ef t . Al though in r i ght 

lateral recumbency thi s is not th e cas e ,  s ince the left  kidney 

t ends to be more cranial than the r ight . I t  i s  pos s i b l e  that 

tho se o b s ervat ions may exp l ai n  the conf l i ct ing resu l t s  of 

Bar ret t and Kne l l er ( 1 9 7 2 ) . 

4 ,  STRUCTURE 

In thi s s t udy various s t ru ctures in the kidney were 

separate l y  identi f i ed . dur ing c ont rast radiography . Dur i ng 

renal arteriography and intraveno u s  urography renal v e s se l s  

were vi sua l i zed .  Init ial ly in these t echniques , the renal 

cor tex wa s opac i f i ed and cou l d  be d i s t i ngu i shed from the 
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medu l l a ,  due to differ en t i a l  perfu sion of the renal cor t ex 

and med u l l a, ( Knel l er ,  1 9 74 ; Barber , 1 9 7 5 ) .  Thi s was more 

obv iou s i n  renal ar t eriography than i n  i n travenous urography . 

The renal c o l umn s , whi ch ac comodate the maj or i n tra­

renal v e s sel s wer e v i sual i zed in nephrograms as rad i o- lu c ent 

s tructur e s  radiating between the pelvi c diver t i cu l i . 

I n  contradis tinc tion to man , in py el ograms the p e l v i c  

diver t i cu l i  were u su a l ly more rad io-opaque than the r enal 

pelvi s . 

The renal sinu s e s  were r ecogni zed in late nephrogram s . 

They con t a in the r enal pelvi s ,  v e s se l s  and adipose ti s s u e .  

When the art ery was radio-opaque dur i ng the ear ly s tage s  of 

renal arteriography or i ntrav en o u s  ur ography the r enal s inu s 

was not d i s tingu i s habl e  from the renal cortex .  However the 
. 

renal cortex remained radi o - opaqu e dur i ng late s tage s  o f  the 

nephrogr am .  At thi s time ,  tha t  part of the renal s i nu s  

contain i ng fat ti s sue and b l ood v e s s e l s  was radi o - lucen t  and 

cou l d  be dis tingu i s hed from the ren a l  parenchyma a l though the 

r enal p e l vi s was radio- opaqu e . 

The fac t  that these s tr u c tures dif fered in thei r 

radio- opa c i ty dur ing excretory u rography contra s t s  wi th the 

opinion of Root ( 1 9 75 ) that the norma l renal shadow remai ns 

unifor m l y  opaque at  each s t ag e .  

5 .  BLOOD SUPPLY 

a .  Ar tery 

Rad iographi cal ly the r i gh t  rena l art ery aro s e  perpen ­

dicu lar l y  from th e aorta a t  abo u t  the same l evel a s  the l ef t  

r enal ar tery o r  a few mi l l i me ter s c ran i a l  t o  thi s poin t .  The s e  

observat ions conf irm the f in d i ng s  of previous au thors ( Lindel l 

and O l i n , 1 9 5 7 ; Thornton , 1 9 6 2 ;  Reighard and Jenning s ,  1 9 6 3 ; 

Fu l l er and Hue lke , 1 9 73 ) .  Whi l st the d i rec tion of the right 

renal a r tery wa s a l mo s t  always perpend i cular to the aor ta i n  

the c a t s  s tudied , the d i r ection o f  the l ef t  rena l artery var i ed 

depend i ng on the l ocation of the relat ively mobi l e  l ef t  kidney . 

V ariation in th e d i rec tion o f  the l ef t  renal art ery was not 

noted by Thorn ton ( 1 96 2 ) , Reighard and J enning s  ( 1 9 63 ) ,  and 

Fu l l er and Hue l ke ( 1 9 73 ) .  
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Radiographi cal l E:mg.ths of the r ight and l ef t  art er i e s  i n  

the cats s tu d i ed were s imi lar . Thes e  f indings vary from tho s e  

r epor ted for dogs ( B l oom , 1954 ; Mi l l er ,  1 9 6 4 )  and humans ( Warwick 

and \h l l iams , 1 9 73 ) where the r i ght r ena l artery i s  l onger than 

the l ef t .  

A l though numerou s authors ( Ri ec k  and Rei s ,  1 9 5 3 ; Rei ghard 

and Jenning s , 1 9 6 3 ; U lmer g a l .  1 97 1 ) con s i der that the 

ar ter i a l  branches to various organ s  such as gonads and adr en a l  

g l and ar i se f rom th e rena l ar tery , i n  thi s  study , wi th the 

exc ept ion of the cran i a l  ureteral ar tery , no arter i a l  branches 

were found ar i s ing f rom the rena l  a r t ery . Some s l ight anatomical  

var iat ion in thi s area obviou s l y  o c cu r s . Thi s has been demon ­

s t rated by R i eck and Rei s ( 1 9 5 3 ) who found on ly four ou t of 

1 , 000 ca t s  in  whi ch the gonadal art ery aro se f rom the rena l 

arter y .  

According t o  Rieck and R e i s  ( 1 9 5 3 ) ,  B l oom ( 1 954 ) ,  and 

Fu l ler and Hue lke ( 1 9 73 ) ,  the renal arteri es of the cat may 

bifurcate anywhere be tween their o r i g in at the aor ta and the 

hi lus of the kidney . These observ a t i ons are commensurate wi th 

f indings i n  the present study . In two cats s tudied the r ight 

and l ef t  ren a l  arter i e s  had a s i ng l e  or i g i n and bo th subs equ ent ly 

div ided into two arteries before r eaching the kidney . In one 

cat bi l a t er a l  dou b l e  renal ar t e r i e s  wer e observed . Thi s ana­

tomi c a l  var i ation of the renal ar tery has been exp l a ined by 

Bremer ( 1 9 1 5 )  who has shown that the renal ar t e ry i s  der ived 

f rom severa l embryo l ogical  vesse l s  whi ch ar e par t of the 

l ateral  p l exus of the aorta.  

The r enal arteries  further divided into a variab l e  

number of  i nter l obar ar teries whi ch i n  turn d ivided into smal l er 

inter lobu l ar art er i e s . 

The arcuate arteries arose f rom some of the large 

inter l obar arter ies  at an ang l e  u su a l ly s l ight ly l es s  than 

90° . Thi s observation suppor t s  the findings of Fu l l er and 

Hue l ke ( 1 9 73 )  bu t dif fer s  f rom the find ings of B l oom ( 1 9 5 4 )  and 

Crouch ( } 9 69 )  who report ed that arcuate ar ter i e s  aro se per pen ­

dicu lar l y  f rom i nter l obar ar t er i e s . 

Rad iographi ca l ly no anas tomo s i s between individual 

arcuate a r t eries  was observed , suppor ting Crouch ( 1 9 6 9 ) Hho 



con s idered that thi s anas tomo s i s  was no t present i n  the f e l i n e  

k i dney . 

The rad i a t i ng pat tern of branches of the arcuate arter i e s  

( in ter l obu l a r  ar teri es ) s een in thi s s tu dy was s i mi l ar t o  that 

described by B l oom 0954 )' and Crouch 0 9 69 ) .  

As previously men t i oned , two r enal arteries  ent ered each 

k idney . By s e l ec t ive catheter i zat ion of one branch of the 

r enal artery in renal ar t er iography , these two arteries were 

shown to supply blood separat ely to  the dorsal and vent ral 

port ions of the kidney . Thi s observa t i on conf irms the opinions 

o f  Mori son ( 1 9 26 )  and Fu l l er and Hu e l k e  ( 1 9 7 3 ) .  However Barber 

( 1 975 ) when d i scus sing the arterial  pat tern of the kidney , 

suggested that each bifur cated renal artery was s e l ec t ively 

d i s t ri bu t ed t o  ei ther the crania l or c auda l segmen t of the 

kidney . It i s  pos s i b l e  that when Barber ( 1 9 7 5 ) u s ed s e l ec t iv e  

arterial cathet e rizat ion , the catheter may have ent ered a 

s egmental inter l obar artery and con s equen t l y  only the int ern a l  

arter i e s  suppl ied by thi s inter l obar art ery were observed . 

A l though the i nt er l obar art ery cathet eri zed by Barber ( 1 9 75 ) 

suppl i ed on l y  a quarter of  the kidney , the radiog raphical  

appearance may have sugges t ed that it  \vas supp lying ha l f  of  

the kidney . 

b .  Vein 

No radiographic description of the renal vei ns i n  the 

cats  cou l d  be found in the l i t eratu r e . 

In thi s study , the re'nal veins were found to drai n into 

the vena cava s l ight ly an terior to  the junction of the ren a l  

artery and aorta . 

The present s tu dy suppo r t s  the finding s  of Fi e l d  and 

Tay l o r  ( 1 9 5 4 ) that the r ight renal vein drai ned into the vena 

cava cauda l to the l ef t  r enal vein . Because of  the embryo ­

l ogi cal deve l opment of the renal v e i ns ( Huntington and McC l u r e ,  

1 9 20 ;  Bu t l er et a l . ,  1 9 46 ; Rieck and Rei s ,  1 9 5 3 ) ,  the r i ght 

renal vein should drai n i nto the vena cava po s terior to the 

l ef t  in mo s t  adu l t  cat s . However mo s t  other authors ( Ho r s burgh 

and Heath , 1 9 6 6 ; Booth and Chi a s son , 1 9 6 7 ; Ni ckel et al . ,  1 9 73 ) 

have repor t ed that the right renal vein drains into the vena 
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cava an terior to the l ef t .  

The l ef t  renal vein was found t o  b e  l onger than the right 

whi ch can be expl ained on the bas i s  of embryo logi cal  deve l op­

men t s .  The l ef t  renal vein ar i s e s  no t on ly from i ts embryo ­

l og i cal counterpar t ,  bu t al so from par t  o f  the l ef t  supracard ­

inal  vein . 

The fact that the renal vei n s  were var iab l e  in number i n  

t h e  c a t s  studi ed , agrees w i th the f indings o f  Ri eck and Rei s 

0 9 53 ) . 

In the kidneys in whi ch dou b l e  r enal v eins were presen t , 

the pat tern of f i l l ing of contrast medium sugge s t s  that each 

br anch of the renal vein separately drai ns the dor sal and 

ven tral por t io n s  of the kidney . Some anas tomo se s  of these 

veins was probabl y  presen t  becau se uncatheteri zed ves s e l s  were 

found to con tai n con trast mater i a l  dur ing s e l ec t ive r ena l 

venography . These anas tomo ses l i ke l y  occur in th e ar cuate 

veins ( Crou ch ,  1 9 69 ) .  

The pa t t ern of venou s drainage of the kidney , accord i ng 

to  Field and· Tay l or ( 1 9 54 ) ,  i s  s imi l ar to the arterial pattern . 

However ,  two maj or differences between venou s and ar teria l 

pat terns were observed in  the pre s c •:1 t s tu dy .  F i r s t l y  t h e  
m a j o r  surface v e i n s  were r ecogni zed bu t no su rface ar ter i e s  

were seen . S econd l y  the ma jor vei n s  indiv idua l ly drain into 

t he renal vein at the hi l u s  whereas the corresponding ar ter i e s  

branch s tep by s tep a l ong thei r cour s e . The se pat terns \vere 

reported by B l oom ( 1 9 54 ) , N i ckel  et a l . ( 1 97 3 )  and Fu l l er and 

Hue lke 0 973 ) .  

Du ring r enal venography retrograde f i l l i ng of vei n s  by 

con trast med i a  was achi eved af ter suppression of the ar t er i a l  

supply to the corresponding part of the kidney by adrena l i ne . 

The di fferen c e  in the rate of f i l l i ng of contrast med i a  betwe en 

su rface and interlobar vein s may have been du e to differen t 

re spons e s  to adrenal ine.  The different function of surfac e 

and inter l obar vein s , which indepen d en t l y  drai n the periphera l 

cor tex and i nner - co r t ex r espec ti v e l y , has been repor ted by 

N i ssen and h i s co l l eagues ( 1 9 6 6 , 1 9 68 and 1 9 7 2 ) .  

Hun t i ng ton and McClure ( 1 9 20 )  found that several vei ns 

draining other organs j o ined the r ena l vein on the l ef t  s i de 
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whereas onl y the c ranial u reteral  vei n j o i ned the r enal vein 

on the right s i de . They explained the s e  finding s on the bas i s  
' 

of d i f fer en t  embryo l ogical  origin s of  the right and l ef t  ren a l  

vein s ,  the observa t i ons in  the pre sent s tu dy agree wi th thes e  

f i nding s .  

B .  URETER 

1 .  COURSE 

The pelvico-ureteral junc tion c ou l d  not be i dent if i ed i n  

u rograms , bec au s e  there was n o  obviou s c hange i n  appearance o f  

the pelvi s or ureter at t h i s  point . Acco rding to Ni cke l  et a l . 

( 1 9 7 3 )  the pelvi s and ure ter are not h i s to l ogi cal ly identi cal . 

Thu s i t  may be c onc luded that no di s t inc t ana tomic a l  or phy s i o ­

l og i c a l  point d emarcates the origin • o f  the ureter . 

Immediat e l y  af ter the ureter l ef t  the kidney i t  had a 

charac ter i s t i c  s t ep-wi se cauda-med ial  course.  Thi s feature of 

the f e l ine ureteral  cou r s e  has not been previou s l y  recorded . 

P r eviou s  desc r i p t ions of the ureteral course i n  c a t s  ( Dyc e ,  

1 9 58 ; NickE d  e t  �- , 1 9 7  3 ) sugges ted tha t the ureter curve s 

c audal ly from t he renal h i l u s  and i s  s l ight ly convex med ia l ly .  

As Roo t ( 19 75 ) suggested , radiograph i c a l ly the rema ining par t  

o f  the uretera l course was almo s t  a s traight l in e ,  The cog­

n i zance of the s e  radiographical  f eature s of the ureter may be 

of  impor tance when diagno s i ng abnorma l i ties of  thi s s tructure ,  

Before the ureter en tered the b l adder , i t  appeared to 

l i e  in con tact wi th the u r i nary b l adder su rface for a sho r t  

d i s tanc e ,  Thi s por t ion of the ureter was shown by Kurosmva 

( 1 975 ) to be c overed wi th per i ton eum corrunon to the b l adder . No 

p r eviou s men t i on was found of thi s  feature of the ureteral 

c ourse i n  the veterinary l i terature r ev i ewed . Previous au tho r s  

( Gruber , 1 9 29 ; Osborne e t  a l . , 1 9 7 2 ) r epor t ed the exi s t ence of 

a ve sico -uret eral va l vu lar func t i on a t  the ves i co-uretera,l 

j unc tion , bu t the ureter running a l ong the b l adde r  surfac e 

appears unl i ke l y  to p l ay �ny part i n  thi s valvu l ar act i o n ,  
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2 .  S IZE 

The l ength of the ureter cou l d  not be accurat e ly 

mea sur ed in urograms due t o  i t s  winding proxima l c ou r s e .  

Osborne e t  al . ( 1 9 7 2 )  repor ted that the r i ght ureter i s  l onger 

than the left becau s e  of the more cran i al posi t i on of the 

right kidney .  However , in thi s  s tudy , t he d i fference in the 

r e l a t i ve . l ocation between kidneys was found to be mini mum 

and variabl e.  

The present s tudy r evea l s  that t he u reteral diameter 

at the r enal hi l u s  during excretory urography was on average 

2 . 0  mm .  The lumina l diamet er of the uret er gradual l y  

narrowed a s  i t  approached the urinary b l adder bu t no rapid 

var iat ion in the di ameter was seen . No reports on the luminal 

s i z e  of the f e l ine u reter wer e s ighted by thi s author . 

3 . BLOOD SUPPLY 

The cranial  u retera l artery as s een in renal arteri a ­

grams i n  thi s  s tu dy was si mi l a r  t o  t hat r epor t ed by S ma l l wood 

and S i s  ( 1 9 73 ) .  These autho r s  repor ted that the c rani a l  

ureteral artery originates from ei ther the renal ar t ery or 

one of the inter l obar ar ter i e s .  The pre sent s tudy cou ld not 

con f i rm thi s po i n t  becau s e  t he shadow of the origin of the 

crania l  uret era l artery was superimpos ed on o ther l ocal 
ar teries  during r enal arteriography . 

Crouch ( 1 9 6 9 ) recorded that the c ranial ureteral 

artery anastomo s e s  with the caudal ureteral art ery . Thi s  was 

not proved in the present s tudy becau .s e  only the upper part 

of  t he crani al u r e t eral artery was suf f i c i en t l y  fi l l ed wi th 

con trast medium . 

The po si t i o n  of the cranial ureteral vein was seen 

as i t  drained i n to the r enal vein near the renal hi lus . No 

prev iou s radio l og i c a l  s tudy demon s t ra t i ng thi s c ou l d  be found 

in the l i t eratu r e .  The fi nding s  in t hi s s tudy were not in 

accord wi th thos e  of  Darrach ( 1 906 ) who r epor t ed that the 

ureteral  vein very frequen t l y  ent ered the gonada l vein . 

The c ran i a l  uret eral vein at i t s  p roxima l  ext remi ty 

near the renal h i l u s , did not run al ong the ureteral wal l and 
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i t  i s  pos s ible  that the b l ood supply of the mos t  prox ima l par t  

of the ureter cou l d  drain i n t o  the inter l obar or renal surface 

vei n .  

A l though after adr enal ine admini s trat ion the interna l 

vei n s  of  the kidney were wel l  f i l l ed wi th contrast media , thi s 

did no t occur i n  the cran i al ureteral vei n .  Thi s  may suggest 

the exi s t ence of an a l ternative arter i a l  supply to the ureter . 

C .  BLADDER 

l .  LOCATION 

As previ ou s l y  shown ( B l oom , 1 954 ; Os borne et al . ,  1 9 7 2 ;  

N i ckel e t  al . ,  1 9 73 ) the l oc at ion of the u r inary b l adder 

var i ed depending on the vo lume of fluid  present . The change 

in the l o cation of the u r inary bladder i s  r ea l ly a ref l ec t ion 

of the change in i t s mo s t  cran i a l  pa rt , the ver t e x .  Thi s  part 

of the urinary b ladd er var i ed in pos i t ion in the present study 

from a l evel oppo s i t e  the third to f i f th l umbar vertebral 

bodi es . Thus , the vertex of the uri nary bl adder c ou l d  come 

in con tact with the l oop of  the j e junum or even beyond the 

umbi l i c u s  as sugges t ed by B l oom ( 1 954 ) , Crouch ( 1 969 ) and 

N i ckel et a l .  ( 1 9 7 3 ) .  Because the shadow of the uri nary 

b l adder was some t im e s  super impo s ed wi th that of the kidney s ,  

the u r in ary bladder shou l d  alway s be emp t i ed prior t o  excre­

tory urography . 

The area arou nd the vesi ca- urethral  j unct ion , the 

fundu s moved on l y  s l i ght ly . When an�ma l s  wer e  in  l ateral  

recumbency , i t  was u sual l y  l ocated at abou t the l evel of the 

lumbo- sacral junc ti on , and po s i t ioned anter ior to the l eve l 

of the shadow of the pe lvi c br im . 

During m i c t u r i tion , the l ocation o f  t he vesi ca - urethra l  

j unc t i on was con st an t , thu s whi l s t expan s i on occured , the 

ve s i ca-ur ethral j un c t ion r emained in a r e l a t i ve l y  f i xed 

pos i t ion . Thi s obser vat ion support s  the f in ding s of Crouch 

( 1 9 69 ) ,  N i ckel et a l . ( 1 9 7 3) and Greene and Scott ( 1 9 7 5 ) but 

i s  not i n  accord wi th thos e  of  Os borne e t  a l . ( 1 9 7 2 )  \-Jho 

s tated that the empt y  urinary b l adder may be located wi thi n  

the pel v i c  cavity . 
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When anima l s  were radiographed in do r sal or ven t ra l  

r ecumbency , the u r inary bl adder t ended to  become def l ec ted 
. 

l a t era l l y  from the mid l ine to on e side or t he other . I t  i s  

i nt ere s t i ng to not e  that the ves i ca-ure thra l j unction was 

def l ec ted in a s imi l a r  manner indicat ing tha t thi s area was 

a l s o  f reely movab l e .  

2 .  SHAPE 

The urinary b l adder was pear- shaped o r  almost e l l ip­

t i cal  in al l cystograms studied .  However when the b l adder 

was no t fi l l ed wi th f lu i d , the out l in e  of the ur inary bladder 

was affec ted by surrounding s truc tures . 

The fundu s was funne l - shaped on mo s t  occasion s .  

A l though the s l ope o f  thi s funnel of the fundus changed 

dependi ng on the vol ume of f l u i d  in the u r inary bladder , when 

the ur inary bladder wa s expanded and t en s ed , the rat i o  between 

the l ong i tudinal and ver t i cal  diamet ers wer e  no t marked l y  

al ter ed .  

I n  con t ras t  t o  the proport iona l  incr ease i n  the 

diamet er s of th e u r i nary b l adder dur ing f i l l i ng , du ri ng one 

s tage of natural emp tying ( mi c tu r i t i o n ) the ur inary b l adder 

a s sumed an hour - g l a s s  shap e .  This charac te r i s t i c  contract ion 

of t he u rinary b l add er i n  the cat has no t been previou s ly 

repor ted . 

3 .  SIZE 

Carpenter and Root ( 1 9 5 1 ) reported that the maximal 

capa c i t y  of the f e l ine u rinary bladder var i ed between 60 and 

1 30 m l . Tang and Ru sh ( 1 9 5 5 ) reco rded that the normal size 

of the f el ine ur inary bl adder was abou t 7 2  m l . In the pre sent 

s tudy , when the maximum s i ze of the u ri na ry bladder was 

measured in cys t ograms taken immediat e l y  prior to mi ctu ri tion , 

the average longi tud i nal d i amet er was 6 . 0  c m  and the average 

vert ic a l  diameter 4 . 5  cm . In one except ional cas e ,  the se 

measurements wer e  9 . 5  cm and 6 . 3  cm respec t i vely . 

Becau s e  the shape of  the ur inary b l adder in cystograms 

taken in the var iou s recumbenc i es u s ed was a l mo s t  e l l i p t i cal , 

the f lu i d  vol ume i n  the u r i nary bladder cou ld be calcu lat ed 
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using an e l l ipsoidal model . When thi s c a l cu l ation was appl i ed 
to tho se measurements  obtained from cystograms the average 

maximum volume was cal cu l ated to be 63 . 6  m l . Thi s is s imi l ar 

t o  that reported by Tang and Rush ( 1 9 5 5 ) and i s  in  the l ower 

range of that reported by Carpenter and Root ( 1 9 5 1 ) .  
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In the exc e p t ional case mentioned above , the maximum 

u r i nary b ladder c apacity was calculat ed as 1 99 ml . Thi s amount 

i s  far beyond the range previo u s ly repo r t ed , although thi s cat 

was consi dered c l inical l y  norma l . Such a s i tuat ion may pos si b l y  

occur i n  we l l  trained hou se-ho l d  cat s ,  the urinary b l add ers of 

whi ch may . have unu sual ly l arge capac i t i e s  ( B loom , 1 9 54 ) .  

4 .  RADIOGRAPHICAL DENSITY 

The actual i ndividual s t ructu re s  of the urinary bladder 

were not radi ographi ca l ly differentiated i n  norma l cat s .  On l y  

the b l adder wal l  wa s recogni zed a s  a uni formly thi n s t ructure . 

However the cavi t y  of the ur inary bladder wa s c l ear l y  vi su ­

a l i zed i n  con tras t cys tograms . 

U sual ly the den s i ty of the u rinary b l adder was uni form 

i n  pos i t ive and n egat ive cystograms . However \vhen l e s s  concen ­

t rated contrast med i a  were u s ed , the cen t r a l  par t of the u r i nary 

b l adder was more d en se than the per i phery . Thi s may simply be 

due to the e l l i psoidal  shape of the urinar y  bladder . 

D .  URETHRA 

1 .  COURSE 

The cou r s e  of the fel i ne urethra , has not been we l l  

described in the l i terature , bu t was r ecorded in thi s study . 

A characteri s t i c  course of the ur ethra i n  both ma l e  and fema l e  

cat s obs erved in both lateral and ven t r a - dorsal pro j ection 

urethrograms ha s been descri bed i n  the body of this  thesi s .  

I t  i s  of i n t erest to note that the l evel of the 

urethra wi th in the p e lvi s was d iffer en t  between sexe s .  In 

l atera l  pro j ect i o ns , the f emal e urethra cou ld be v i sua l i zed 

throu gh the obtur ator foramen whereas the male urethra t ended 

to pass dor sal to thi s area and thu s the en t i re pelvic urethra 

of the ma l e  cat was superimpo s ed on the p e l vi s .  Thi s differ -



en c e  i n  the l evel wi thin the pelvi s pf the mu l e  and fema l e  

cut s may i n  par t b e  due t o  t lw fac t that i n  lllll le  cut s the 

pt'\IS t a t o  und bu l bo u t' u th-ru l g l un d n  JlAl,· L l y uu t" t't..�untl l hu pu l v l c  

u ret hra ( L\i tken nnd L\ughey , l !J ul1 ; Ku rosuwn , l <J 7 5 ) ,  und Hil lY 

a l so be due to the dif ferent mu scu l ature surround i ng the 

u re thra as repo r t ed by Reighard and Jennings ( 1 9 63 ) and 

Kuro sawa ( 1 9 75 ) .  The s i ze of the obtu rator foramen i s  gen ­

eral ly thought to di ffer between sexes bu t in the present 

s tu dy , no signi f i can t  sex dif fer ences i n  the s i ze of the 

obturator foramen were observed . 

Two relat ively sharp curves wer e  f ound in the ma l e  

u re thra a t  the l eve l s  o f  the bu l bou rethra l g l and and a t  the 

m i dd l e  of the pen i l e  port i o n .  Immed i a t e l y  pro:cimal to these 

par t s  urethral obstruct ion frequen t l y  occurs in cats ( Jackson , 

1 9 7 1 ) .  I t  seem s  pos s i b l e  tha t these charac teri s t i c  sharp 

curves in the ma l e  urethra may part ly i nf luence the l odgemen t 

of u ro l i ths and / o r  other mater ia l s  in these pos i tion s . 

2 .  SHAPE 

The u rethral out l i ne cou ld be s een i n  bo th mic turat i ng 

and retrograde u r ethrograms .  The out l i n e  of the ure thra was 

s l igh t ly differen t  in th e s e  two metho d s , bu t ac cording to 

Fi nco et . a l . ( 1 9 7 5 )  the t rue physio l ogi ca l ureth ra l shape i s  

mor e  l ike ly t o  b e  obtained f rom micturat ing urethrograms . 

The ent i r e  mal e  ur ethra when vi eHed f rom ventra - dor s a l  

pro j ection ure thrograms had a smooth ou t l ine exc ept at tHo 
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- . poi nt s . At the s e  poin t s  whi ch l i e  in the area of the pro s t a t e  

and bu l bour ethr a l  glands , the ure thra l l umen narrowed . Al though 

narrowing of the urethra at  the bu l bou rethra l g l ands and the 

character i s t i c  U - shaped l umen due to  p ro t rus ion of the sem i na l 

h i l l ock at  the pros tate have been previou s ly reported ( Jackson , 

1 9 7 1  and 1 9 75 ; Kurosawa , 1 9 7 5 ) there are no repo r t s  that the 

u rethra a l so narrows at th e leve l of the pro s tate , Thi s may 

be due to the f a c t  tha t  mo s t  other au thors viewed the ureth r a l  

prof i l e  in l a t e ra l  pro j ec t ion rad iographs and a t  autopsy . 

A compa r i son between the s i ze of  the urethral lumen 

i n  l a tera l and ventra - do r s a l  proj ec t ion radiographs , showed 

the urethra l lumen as ovoida l shaped and f lat tend l a t era l l y .  



Thi s  f inding differs  from that recorded by Kurosawa ( 1 9 75 ) ,  

who found t�e expanded urethra in po s t  mor tem spec imen s  to be 

ovo i d  shaped , bu t f la t t en ed dor so - ven t ra l ly . The shape of 

the urethra l  l umen in the present study probably c l os e ly 

r epresents the phy sio l ogi ca l shape of  th e urethra . 

In the f ema l e ,  the d i s ta l  end of the urethra as sumed 

a bu l bou s shape and then narrowed to en ter the ves t i bu lum . 

Thi s finding has been previou s ly repor t ed by Kuro sawa ( 1 9 7 5 ) 

and i s  simi lar to an en l argement of the f ema l e  urethra whi ch 

o c c u r s  in humans ( Warwi c k  and Wi l l i am s , 1 9 73 ) .  This  urethral 

bu l bou s enl argement has no t been reported in  other spec i e s . 

Anatomi ca l l y ,  the external urethral  or ifice  c an be 

seen as  a longi tudinal s l i t  in the ves t i bu l um ( Osborne et a l . , 

1 9 7 2 ) .  S imi lar ly , in mictu rating u rethrograms , the external  

urethral or i fi c e  was found to  be narrower when vi ewed from a 

ven tra - dorsal di r ec t ion . Thi s junction o f  the u rethra wi th 

the vagina is sur rounded on ly by epi thel ium and submucosal 

ti s sues ( Kuro sa\va , 1 9 75 ) and con sequen t l y  i s  qui te d i s ten ­

s i b l e .  Thi s i s  of  inter e s t  in  relation t o  the f e l i ne urethral 

obs t ruc tion synd rome . Al though narrowing of the f ema l e  

urethra occur s ,  the pos i t i on o f  the nar rowing and nature of 

the surrounding t i s sue a l l ows obs tru c t ive mat erial  i n  the 

u r e thra to be r e l atively eas i ly pas s ed . I n  the ma l e  uret�ra 

the narrow poi n t s  previou s ly mentioned and non- d i s tens i b l e  

surrounding ti s s u e  faci l i tates trappi ng o f  obst ru c tive 

mat eria l .  

The u re thral diameter in the p e l v i c  u rethra of the 

ma l e  and the di s ta l  hal f  of the f emal e occasiona l ly var i ed .  

Thi s var iat i on may be due to urethral pu l sation observed i n  

thi s  region , whi ch occurr ed immed i ate ly af ter the commence­

ment and immedi atel y before the c es sa t i on of mi c tu ri tion . The 

. pu l satio n s  are probably a consequ enc e  of con traction of the 

u rethral mu s c l e  in th e f ema l e  and the mu scu l o-membranou s 

mu s c l e  in the male  as  repor ted by Jackson ( 1 9 75 ) .  I t  i s  

i mpor tan t to real i ze tha t  the se i rr egu l arit ies o f  the u rethral 

l umen in the radiograph shou l d  not be confu s ed wi th 

u rethral l es i on s , such as patho l ogi ca l  stri cture . 
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3 .  SIZE 

Since the urethra as sumed a straight course i n  ventra­

dorsal pro j ec t ion urethrograms , it  might be feas i b l e  to  

accurately measure the uret hral l ength i n  urethrograms taken 

9 0° to ven t ro - do r s a l  proj e c t i o n .  Al l owanc e  has to be made 

for geometrical magn i f ication present in a l l  radiographs . 

In the ma l e  cat s s tudied the average total ure thra l 

l ength was 1 1 . 1  cm . Thi s i s  s l ight ly l onger than that repo r t ed 

by Snow ( 1 9 7 2 ) and Jackson ( 1 9 7 5 ) .  The p roport ions of the 

individual l engths of the prepros tat i c , pelvic  and peni l e  

urethra were measured a s  2 1 , 44 and 3 5 %  respec t ivel y . These 

d i f fer from those rec orded by Snow ( 1 9 7 2 ) . The def i n i t ion of 

the divi sions of  t he urethra i n  the pres ent study may be 

d i f f erent from t rue anatomi c a l  def i ni t i on s , thu s compar i sons 

of anatomi cal and rad iographi cal measuremen t s  of the l ength 

of each par t  of  the urethra may not be comp l etely val id . Ho\v­

ever radiograph i c a l  mea surement s of the l eng th of the ur ethra 

ar e  probab ly �o r e  physio log i cal ly accura t e  than mea su remen t s  

o f  the ur ethra i n  cadaver spec imens . 

The ave rage l ength of the fema l e  urethra measured was 

6 . 4  cm in the present s tudy . Al though t here are no comparab l e  

previou s  repor t s  conc ern ing the fema l e  u rethral l ength , Osborne 

� � ·  ( 1 9 7 2 ) stated that the fema l e  urethra is shorter than 

that of the ma l e . 

The average l ength of the urethra cran i al t o  the pelvi c 

brim ( 2 . 6  cm ) mea sured radiographi ca l l y ag rees wi th Aitkcn and 

Aughey ( 1 9 6 4 )  bu t was shorter than that observed by Schn e l l e  

and Thorn ( 1 950 ) and Snow ( 1 9 7 2 ) . Thi s part of the ure thra 

i s  the only part l ined wi th peri toneum and f l exi b l e .  The 

l eng th of thi s part therefore may be variabl e .  

The di amet er of the urethra a t  the preprostati c ,  pelvic  

and peni l e  par t s  were measured in  l at eral  pro j ec t ion mictu­

rati ng urethrograms . The peni l e  and pelvic  urethral lumina l  

d i ameter s were found t o  b e  si mi lar t o  that recorded by Jackson 

( 1 9 7 1  and 1 9 75 ) .  However they d i ffer from the pen i l e  urethral 

c i rcumference s  reported by Herron ( 1 9 7 2 ) .  Thi s  is not 
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surpri s ing a s  i t  i s  d i f f i c u l t  to measure the diamet er of the 

p en i l e  urethra becau s e  o f  i t s d iminu t i ve s i z e .  

Fel ine u rethra l obs t ru c t i ons common ly occur 

i mmedia tely  p ro:(imal t o  the pro s tate g l and ( Jackson , 1 9 7 1 ) .  

The pre sent s tudy revea l s  that at the prostate g l an d , the 

u r e thra is narrower than that par t crania l to the pro state 

g la nd , thus it appears l ik e l y  that urethral obstru c tion occurs 

a t  thi s poin t simp ly as a resu l t  of narrowing of the u rethral 

d i amet er . 

The d i ameter o f  the fema l e  urethra cranial to the 

p e lvic  brim was very simi l ar to that o f  the mal e ,  Hmvever 

the diameter of the u re thra in the fema l e  var ied con s i derabl y  

among cats  and because of · a n  insu f f i c i en t  number o f  cats  

s tudied , no  s tat i st i ca l  analy s i s  of correl ations between the 

u r e thral diameter , body s i ze and ki dney s i z e  \vas u nder taken . 

The func tion of the bu l bou s en l argemen t at the d i s t a l  

end o f  the f ema le urethra i s  of intere st . I t s  d i ame ter ( 4 . 3 7  

mm a s  an average ) was con s i derably larger than the r e s t  o f  the 

u r e thra . However thi s par t of th e urethra c an cons tr i c t  even 

· though the r e s t  of the ure thra remains di s tended . Kur o saHa 

( 1 9 75 ) has shown accumu l at ion o f  s t riated mu s c l e  around th i s  

bu l bou s enlargement , and cons equen t l y  thi s part of the ure thra 

i n  f ema l e  c a t s  may work a s  an e:�ternal urethral s phinc ter in 

c on j unc tion wi th the ureth ral mus c l e .  
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PART I I : RADIOGRAPHICAL METHOD 

A .  INTRODU CTION 

1 .  PREPARATION 

A number of au thor s  ( S chn e l l e  •and Thorn , 1 9 50 ; Car l son 

and Gi l l e t t e , 1 9 6 7 ; Doug l a s  and Wi l l iamson , 1 97 2 ; Kne l l er , 

1 9 74 ; Park , 1 9 7 4 )  have emphas i zed that remova l of al l i ngesta 

f rom the al imentary t rac t is desirable befor e rad iog raphi c 

e;caminat ion of  the urinary sy s tem . In thi s s tudy al though a 

m i l d  cathar t i c  was given ora l l y  and food was wi thheld for 24 

hours and an enema given at l east  two hou r s  pri o r  to e��amin­

at ion , i n  some cats feca l mat erial was s t i l l  seen in  the 

l mver i n t e s t i ne .  The def i c i ency in comp l e t e  r emova l of 

fecal mat eri a l  from th e i n tes t i ne by a s imi l ar r egimen has 

been r epor t ed by Os borne et al . ( 1 9 7 2 )  and Bart e l s  ( 1 9 7 3 ) .  

A l though the fecal mat erial  presen t did no t mas k  the upper 

ur inary t rac t ,  the u r i nary bl adder ou t l ine was affec ted and 

the shadow of fec al  mat e r i a l  was superimpo s ed over the 

ureters i n  c ertain pos i ti ons . Thus i t  seems that in order 

to remove fecal mater i a l  comp l etely from the in t e s t i nal  trac t , 

a more vigorous preparat io n may be necessary . 

A l though Osborne et al . ( 1 9 7 2 ) ,  Roo t ( 1 9 7 4 )  and Fi nco 

et a l .  ( 1 9 75 ) have sugges ted that a commer c i a l  hyperton i c  

enema shou ld no t b e  u sed prior to rad iography of the ur inary 

sys t em ,  because of the intr�duct i on of bu bb l es into the 
colon , no sign of bubb l e s  were s een in rad i ographs taken i n  

the present s tudy . 

Thi s study al so showed that sat i sfac tory kidney 

den s i ty c ou ld be obtain ed wi tho u t  water r e s t r i c t ion prior to 

radiography if a high dose rapi d  i n j ec ti on techn i que was 

u sed . Thi s agrees with the f i nd i ngs of Bar t e l s ( 1 9 73 ) ,  Lord 

et al . ( 1 9 7 4 )  and Root ( 1 9 74 ) ,  

2 .  RESTRAINT 

a .  P hy s i cal  Re s traint 

A l though mos t cats us ed i n  the present s tudy were 
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very cooperat i ve , phy s i c a l  met hod s of r e s t ra i n t  we r e  i n su f f i ­

c i en t  to keep ani ma l s  s ti l l through the rather l engthy radio­

graphi ca l  procedures , U n l e s s  only sho rt per iods are requi red 

for radiograph i c a l  examinat ion of cats , more rad i c a l  restraint 

may be nec e s sary . 

b .  Chemical  Restraint 

A l l  chem i c a l  method s  of  re s t raint used in t hi s s tudy 

al l owed sat i sfac tory immobi l i zat ion o f  anima l s  throughou t the 

radiographical  procedure . The mos t  u s eful  method appeared to 

be a s ingie  i n t ramuscular i n j ec tion of ketamine hydrochlor i de 

fo l l m.;ed by app l i cation of ha lothane-o:cygen mi:�ture through 

a face ma sk.  

The effec t s  of  chemic a l  re s trai nt have been previo u s l y  

d i s c u s s ed by Ol i ver and Young ( 1 9 7 3 ) .  These au thor s reported 

that in  dogs , xy l azine has l east  effect on lower u r i nary 

trac t func tion during cyst ometry and provi des su f f i c i ent 

immobi l i zat ion of  anima l s .  In the p re sent s tudy , i n  three 

cat s fol l owing the use of xy l azine , a l thou gh mic tur i t ion 

occurred eas i ly and good con t rac t i on of  the detrusor mu sc l e  

and peri neal mu s c l es were s een , n o  ves i co -ureter a l  ref lux was 

observed . In one of the three cats  which was deep l y  anaes the­

ti zed aft er the { nitial  m i c turat ing u rethrograph i c  s tudy , 

vesi co-ureteral ref lux r ead i l y  occurred . Thu s i t  appear s that 

xy l a z ine cou l d  have advantages over the other mthod s of 

chemi ca l restraint used in  thi s s tudy , s ince it may not pre­

di spo se the u r i nary t raGt t o  v es i co - u reteral ref lux , and more 

impo rtan t ly the mu sc l es o f  mi c tu r i t i o n  appeared to con tract 

mor e  for cefu l l y .  

B .  KIDNEY RADIOGRAPHY 

1 • PLAIN RADIOGRAPHY 

The maj o r i ty of aut hors ( Ca r l son and Gi l l e tt e ,  1 9 67 ; 

Bar t e l s , 1 9 7 3 ; Osborne e t  a l . ,  1 9 75 ) have reported that f e l i n e  

k idneys can be vi sua l i zed i n  p l ain radi ographs . The f i ndings 

of  the presen t  s tudy concur wi th these opinions . 
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A l though the kidney s  were mo re eas i ly seen i n  l atera l 

proj ection f i l m s  wi th latera l ly recumban t anima l s , i n  thi s 

po s i t ion , the ki dneys super impo sed on each other wi th con s e ­

quent inadequate vi sua l i zation of i nd i v i dual kidney out l ines . 

Thi s conf i rms the observation of Dou g l a s  and Wi l l iamson ( 1 9 7 2 ) .  

I t  i s  obv i ou s  from radiographs obtained in the present 

s tudy , that to c l early vi sua l i ze the u r i nary system , con trast 

radiography is e s senti a l . 

Of the r emaining par ts of the u r inary condui t  sy st em , 

only the urinary b l adder was recogn i zed when i t  con tained 

u r i ne in p l ain rad iographs . However ,  agai n the ou t l i ne of the 

u r i nary bladder was nu t a lways d i s t i ngu i shed f rom s u r round i ng 

t i s sues wi th thi s techniqu e ,  

2 .  EXCRETORY UROGRAPHY 

a .  In travenou s Urography 

One of the difficu l t i es encounte red in admi n i st ration 

of  high do ses o f  con trast media to cat s was that a large bore 

need l e  or p l a s t i c  cannu l a  was neces sary to faci l i tate a sho rt 

i n j ection time , Becau se of  the d i minu tive s i ze of  cats vein s , 

i t  \vas d i ff i cu l t  to insert large bo re n eed l es and cannu lae.  

And since the skin  of  cat s was d if f i cu l t  to pierce , an  i nc i s i o n  

w a s  made ove r the vein i n  order to introduce the p l astic dou b l e  

c annu la or l arge need l e ,  Thi s pro cedu re enabl ed easy i nsertion 

of  a cannu l a  or  need l e  and al l owed repeated rapid inj ec t ions 

o f  con t rast med i a ,  

Abdomi n a l  compre s si on devi c e s  were no t u s ed becau s e  

t h e  disadvantages mentioned by var i ou s  au thors ( Lord e t  a l . ,  

1 9 74 ;  Finco et al . ,  1 9 75 ) .  Neverthe l es s  \vhen high do s e  rapid 

i n j ection me thod s were u s ed wi thout compre s s ion devi ces , the 

r enal pelvi s and upper par t of the u r eters were con s i sten t l y  

c l ear ly v i sua l i zed . Thi s suggests that when these par t s  o f  

the urinary system are requ i r ed t o  be exam ined , i t  i s  unn ec e s ­

sary to u s e  any abdomina l compression . I n  a maj o r i ty o f  cat s , 

the l mver part of the ureters cou l d  a l so be vi e\ved sat i sfac ­

torily with the high dose rapid i n j ec � ion techn i qu e ,  however 

i n  some c at s , adequate vi sua l i zati on was no t achi eved wi th 

thi s techn i qu e . In these c i rcumstanc e s  abdominal compre s s i o n  
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may be of benefi t .  

I n  t he veter inary l i teratu r e , the dose rate of con t ra s t  

medium u s ed i s  of t en indi cated b y  i t s  vol ume . However the 

concent rat ion of iod ine in a gi ven vol ume is cons iderab l y  

variab l e  and depends o n  the chemi c a l  compound and concen t ration 

u sed . Thu s the actual conc ent rat i on of iodine per g i ven 

volume together wi th the quan t i ty admi n i s t ered shou ld be 

r ecorded . The s l ow in j ec t ion of a l ow dose of con trast med i um 

( descri bed as the convent ional met hod ) has been used by mo s t  

veter i nary radio l ogi s t s  ( B i sho p ,  1 9 53 ; Dyc e ,  1 957 ; Tho rn ton , 

1 9 6 2 ; Dou g l as and Wi l l iamson , 1 9 7 2 ; Osborne e t  a l . , 1 9 7 2 ;  Roo t ,  

1 97 4  and 1 97 5 ; Finco e t  a l . ,  1 9 7 5 ) . The se authors con s idered 

that the c onven t iona l method may avoid untoward ef fec t s  as soc­

iated with the use of contrast medium.  However recent advan c e ­

men t s  i n  t h e  manufac ture o f  con t r a s t  medi um a l lmv rapid 

inj ection of high doses of con t r a s t  medium wi thout not i c eab l e  

side ef fec t s .  

I n  the presen t s tudy , various amount s  of contrast  med i a  

were admi n i stered at  varyi ng s peed s .  General ly higher doses  

given within short du rations improved the qua l i ty of urograms . 

A l though i t  i s  difficu l t  to obj ec t ively j u dge the qua l i ty of 

urograms , when mor e  than 1 000 mgi / kg of contrast med ia \·las 

i n j ec t ed within a f ew seconds , high qua l i ty urograms , which 

.enab l ed r e l atively ac curate measurement of the kidney s i ze 

were c ons i s ten t l y  obtained . I t  appears that the h i gh qual i ty 

obtai ned was a consequence of  a bo lus effe c t  \·lhich o c cu rred 

when the con t rast  material 0er fu s ed the kidney and wa s exc reted 

throu gh the urinary sy stem . Thu s the dose  and rate o f  con t ra s t  

media admi ni s t rat ion referred to  above may represent the 

minima l  r equ i r emen t s  for sat i s fac tory urograms . 

Large vol ume urography i n  cat s has been repo r t ed by 

Borthwi c k  and Robbie ( 1 9 7 1 ) who consi dered thi s me thod had 

advan t ages over convent iona l met hods , par ticularly when s tudy i ng 

the uret e r . Large vo lume urography wa s no t used i n  the 

present s tudy becau se some au tho rs i ndi cated that thi s t ech­

n i que has no advan tages over the high dos e  method ( Os bo rne 

e t  a l . , 1 9 7 2 ) .  However s i nce t he l ower part of the u reter 

was no t consi s t en t ly seen wi th tl?c high dos e method u sed , 
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to adequat ely vi sua l i ze th i s  part of the u r e ter , the l arge 

vo lume method may be neces sary . 

b .  Intramu s cu l ar Urography 

The use of i n tramu scu l ar urography wa s descri bed by 

B i shop ( 1 953 ) .  In the presen t  s tudy int ramu s cu l ar inj ect ion 

of con trast medium wi th hyaluronidase for u rography c au sed 

only a s l ight inc r ease in den s i ty of the r ena l pelvi s .  Thi s  

resu l t  may not be any better  than that recorded by B i shop 

( 1 9 5 3 ) .  Whi l s t  one of the advantage s  of th i s  techn i qu e  i s  

that o f  simp l i c i ty o f  the admini st rat i on o f  contrast medium , 

i t  seems unl ike l y  that thi s method r e l i ab l y  produces adequate 

vi sua l i zation of the kidney . 

Baharmas t  and Dj ahn sou z ( 1 976 ) subcu taneou s ly inj ec ted 

con tras t medium and hyaluroni dase in s i mi l ar quan t i t i e s  u s ed 

for i n t ramuscu l ar u rography in the pre s ent s tudy . However 

t heir di agrams of urograms app ear to be simi lar to tho se 

ob tai ned in the p re s ent s tudy using the i n t ramuscular method . 

3 .  RENAL ARTERIOGRAPHY 

The catheter sizes  u s ed for rena l arteriography by 

var ious authqr s  ( Li ndel l and O l i n ,  1 9 5 6 ; Knel ler et a l . , 1 9 7 2 ; 

Smal l wood and S i s ,  1 9 7 3 ; Barbe r ,  1 9 75 ) have var i ed be tween 

0 . 90 and 1 . 8 mm in diameter . In the present study a catheter 

one mi l l i meter in d i ameter proved sat i s fac to ry . Thi s s i ze 

wa s s e l ec ted becau s e  i t  provi ded good arter i a l  f i l l ing of 

con trast med ium wi thout any obvious techn i ca l  d i ff i cu l ty of 

inser t ion . Whi l s t  large cathe ters cou l d  be inser ted into the 

artery relat ive l y  easi l y  i n  cats , they tended to cau s e  art e ri a l  

con traction and thus proved d i ff i cu l t  to  con tro l in  the art ery . 

As the rena l ar t er i a l  d iameter has been r e por ted to be 1 . 8  mm 

by L indel l and O l i n  ( 1 957 ) ,  du ring s e l ec t i ve renal arterio­

graphy , the l arge catheter may occl ude the renal artery . Con ­

s equ en t ly i schem i c  damage to the kidney m ay resu l t  ( Smal lwood 

and S i s , 1 9 73 ) .  

The d i sadvan tages as soc iated wi th the u s e  of  smal l 

di ameter catheters  such as migration in to the lumbar art ery 
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( Lindel l and O l i n ,  1 9 5 7 ) or the inabi l i ty t o  provide an ade­

quat e  bo lus of con trast med ium wer e no t encountered in the 

pre s en t  study . 

Smal l\vood and S i s  0 9 7 3 ) and Barber 0 9 75 ) u sed a 

catheter with a comp l exly curved t i p  for s e l ec t ive renal arter­

iography . However the simply bent catheter u sed in the presen t  

s tudy appeared t o  b e  relative ly easy to u s e  and since the renal 

artery ar i ses a lmos t  in a per pendicular fashion it  seems l ikely 

that this  catheter can be u s ed prac t i ca l l y .  
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According to Barber ( 1 9 7 5 ) , s e l ec t i v e  renal arteriography 

provi de s  the be s t  v i sual i zation of the detai l ed r enal arter i a l  

d i s tr i bu tion . Thi s  f indi ng was confi rmed in the presen t  study . 

One of the probl em s  con c erned wi th thi s t echnique i s  that the 

catheter may en t er one of the ear ly branche s of the renal ar tery , 

becau se the fel ine rena l art ery bi fur cates at any point betHeen 

the ao rta and kidney ( Ri eck and Rei s ,  1 9 5 3 ) .  Thu s i t  i s  very 

d i f f i cu l t  to j udge wh ich ar ter i es are in fac t catheter i zed . A s  

a con sequenc e ,  non - s e l ec t ive renal  arteriography shou ld alway s 

be per formed prior to sel ec tive rena l ar teriography . 

Bo th femo r a l  and caro t i d  ar ter i a l  approaches have been 

u s ed in renal arter iography . However as i ndi cated by Linde l l  

and Olin  ( 1 9 5 7 ) i t  i s  difficul t to pas s  a cathe ter from the 

caro t i d  to the d e s c ending aor ta at the ao r t i c  arch . The femora l 

approach enab l ed rel ative l y  easy p l acemen t of the cathe ter near 

or in  the renal ar tery an d be tter ar ter i a l  f i l l ing of contra s t  

medium dur ing non - s e l ec t ive r ena l arteri ography as r epor t ed by 

Kna l l er et al . ( 1 9 7 1 ) ,  Thi s be tter f i l l i ng during non- selec t i v e  

r ena l ar teriography may in par t b e  d u e  to the fac t tha t the 

catheter par t i a l ly obstruc t ed the aor ta d i stal to the origin 

of the renal ar teri es , and thu s 111o re con t ras t mcd i n  t ended to 
en t er the renal a r t ery . 

4 .  RENAL VENOGRAPHY 

Rena l v enography obtained by means of .catheteri zation 

of the rena l vein and · consequent inj e c t ion of cont ra s t  med ia 

has not been previous ly repor ted in c a t s . Al though the tech­

n i que has been u s ed widely in humans ( Ah l berg and Chi deke l ,  

1 9 6 5 ; O l i n  and Reu ter , 1 9 6 5 ; Ahl berg e t  a l . , 1 9 6 6 ; Chi deke l , 



1 9 68 ; Cope and I s ard , 1 9 69 ; Sorby , 1 9 6 9 ; Lien and Ko l ben s tved t , 

1 9 7 6 ) .  Previ ou s l y ,  r en a l  vein s  wer e radiographi ca l l y vi sua­

l i zed only du r i ng the venou s phase o f  renal arteri ography or 

high do se i n t ravenous urography ( Barber , 1 9 7 5 ) .  However i n  

these techni qu e s , the i n ternal vei n s  i n  the kidney cou l d  not 

be seen and the vi sua l i zation of the r ena l vein i t s e l f  was 

i nefficient . 

The proc edure of  r enal venography used i n  thi s study 

wa s simi l ar to that u sed i n  human s by O l i n  and Reu ter ( 1 9 6 5 ) 

and Sorby ( 1 9 69 ) . The on l y  maj or modi f i ca t i on of the proc edu r e  

was an increa s e  in the d o s e  o f  adr ena l ine inj ected in to the 

rena l artery . The admi n i s tration of adrena l i ne pr i or to ren a l  

venography suppre s s e s  rena l b l ood f l mv and al l mvs  be t ter 

f i l l ing of i nt erna l veins wi th con t ra s t med i a .  In man , Sorby 

( 1 9 69 ) suc c e s s fu l ly u sed 20 fA gm of adrena l in e  for thi s purpo s e , 

However i n  cat s , thi s do se proved i nsuffi c i en t  for opt ima l 

f i l l ing of th e i n terna l r�nal vein s . The be s t  vi sua l i za t i on 

of the i n tern a l  vein s \va s obtai ned af t e r  lOOp gm of adrena l in e  

was s e l ec t i ve l y  i n j ec ted into the renal ar t e ry .  The nec e s s i ty 

for large do s e s  of adrena l ine i n  c a t s  may i nd i cate spec i e s  

var iat ion i n  vasopres sor effec ts  o f  adrena l ine in the k i dney . 

No c l i ni ca l  s ide effec t s  o f  adrena l i ne admi n i s trat i on 1verc seen 

i n  the cats  s tudi ed ,  

A l though catheteri zation o f  th e f emoral vein was no t 

difficu l t ,  b ecause of the acu te ang l e  of the junc t ion between 

the po s terior vena cava and rena l vei ns , s e l ec ti v e  catheter­

i zation of  r en a l  vei n s  wa s often d i f f i cu l t .  The presen c e  o f  

doubl e rena l veins par t i cu l ar ly f r o m  the righ t ki dney i s  <!ommon 

in eats ( Hu n t ington and McClure , 1 9 20 ;  Ri eck and Rei s ,  1 9 5 3 ; 

Field and Tay l or ,  1 9 54 ) ,  Thu s comp l e te f i l l i ng of the ent i r e  

i nterna l vei n s  of the kidney was no t achi eved in thi s s tudy 

by s i ng l e  ca theteri zation . However ,  becau se of generou s venou s 

anastomo s e s  i n  the ki dney , s l ow fi l l i ng of branches o f  non­

cathet eri zed vei n s  were o ft en seen . 

Renal venography may be a valuab l e  c l ini cal aid in the 

diagno si s of  r enal l e s i on s . Vas cu lar changes wi thin the kidn ey 

i t se l f  can be diagno s ed wi th thi s techn i que . Becau s e  super ­

f i c i a l  vei n s  o f  the kidney are we l l  deve l oped i n  ca t s , l es i ons 
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of stru c tu r e s  surrounding the ki dney whi ch exert pres su re on 

s t el late vein s , may a l so be detec t ed wi th th i s  techn i qu e .  

C .  CYSTOGRAPHY 

The ma j or i ty of veterinary authors ( Carl son and 

Gi l l e t t e , 1 9 6 7 ; Park , 1 9 74 ; Roo t , 1 9 7� ) consi der ed that p l ain 

radiographs t aken in two p l ai ns are required before contra s t  

s tudy of the urinary b l adder . These p l ain radiographs provi ded 

assessmen t of expo sure fac tor s , ani ma l  po si tion , and po s s i b l e  

d i s ease i n  c a t s  used i n  the present s tudy .  

A l though urethral catheteri zation has been consi dered 

by some au thors as d i ff i cu l t  i n  c a t s  ( Car l son and Gi l l et t e ,  

1 9 67 ; Dougl a s  and Wi l l iamson , 1 9 70 ) , o ther s have s tated that 

i t  i s  no t d i f f i cu l t  when proper e qu i pment is avai l abl e ( Os borne 

e t  a l . ,  1 9 7 2 ; Finco et a l . ,  1 9 7 5 ; Greene and Sco tt , 1 9 7 5 ) .  No 

d i fficu l ty wa s encountered in catheteri zation of ei ther sex i n  

thi s s tudy . For both sex� s ,  a tom cat  cathe t er 1 . 3  mm i n  

diame ter Has sati sfac tory and in add i tion ,  bi tch urethra l 

catheters 2 . 7  mm in d i ameter Here a l so used for fema l e  c a t s . 

In the pre sen t  s tudy , variou s amount of con tras t med i a  

Here inj ec ted into the u rinary b l adder fo r cystography . The 

appropri ate amount cou ld be det ermi ned by back pre s sure on 

the syringe plunger , or by ove r - f l ow of contrast med i a  around 

' the ure thra l catheter as descri bed by Park ( 1 974 ) and Finco 

et a l . ( 1 9 75 ) .  A l though thi s techn i que may be rea sonabl e  i n  

normal an i ma l s ,  i n  cases Hi th po s s i b l e  rupture o f  the u r i nary 

bladder , these indications of b l adder fu l l ne s s  Hou ld not be 

app l i cab l e .  
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A l t hough Zon tine ( 1 9 75 ) con s i dered a large amount of  

con tras t  med ia to  be nec es sary wi th resu l tan t b l adder d i s t ention , 

thi s  was no t found to be the case i n  this s tudy . Since the 

b l adder wal l  has automa tic tone wi th any vo lume of con tent s ,  

adequate c y s tograms were obtai ned by an i n j e c tion of 20 to 30 

ml con t ras t  media.  

Con t rast  media such as ai r and barium su l phate may 

cau s e  fata l side effe c t s  i n  some species  ( Brodeur � a l . ,  1 965 ; 

Ackerman e t  a l . , 1 9 7 2 ) .  No su ch s id e  effec t s  \vere seen H i th 

the ma ter i a l s  u sed in the pre sen t s tudy . , However becau s e  of 



an i n suffi ci en t  number of anima l s  e:�ami ned and becau s e  the 

ani ma l s  used were norma l , the safety of these con trast media 

r emains specu l a t ive.  

Bor thwi c k  and Robbi e ( 1 969 and 1 9 7 1 ) and Osborne e t  a l . 

( 1 9 7 2 ) reported that excr'e tory u rography provides sa t i sfac tory 

po s i t ive cys tog rams of the dis tended urinary bladder . In the 

presen t  s tudy , cystographs taken 30 minu tes after i n t ravenou s 

i n j ection of c on tras t med i a  were adequate for vi sual i zat ion 

of the ur inary b ladder . Thi s resu l t  d i ffer s from Zontine 

( 1 9 75 )  who cons i dered that suffic i ent d i stention of the 

u r inary bladder cou l d  not be achi eved i n  exc retory urography . 

The den s i ty of  con t ra s t  med ia i n  the u rinary bladder 

dur ing exc reto ry cys tography was s imi l ar to that obtai ned when 

40 mgi /ml con t r a s t  med ia were i n j ec ted i nto the u r i nary b l add er 

dur i ng retrograde cys tography . Thi s subj ec t i ve observation 

s uggests  that the con c en t ration of con t rast media presen t  i n  

the urinary b l adder during e�cre tory c y s tography may be i n  

the region o f  40 mgi / m l . 

Exretory cys tography has s everal advan tages over i t s  

retrograde cou n terpar t . I n  addi t i on to  i t s  s imp l i c i ty ,  i t  

avo ids hazard s assoc iated wi th cat het e r i zat ion of the u r ethra 

such as damage to the pen i s , vagina , u rethra and urinary 

b l adder and i n t roduct ion of bac teria and foreign ma teri al s 

in to the uri nary tract ( Ca r l son and G i l l et t e ,  1 9 67 ; Douglas 

and Wi l l iamson , 1 9 70 ;  Bor thwick and Robbi e ,  1 9 7 1 ) .  A fur ther 

advan tage of t h i s  method i s  that when u sed in con j u nc tion wi th 

n egative cy s tography the u re tera l cour s e  immediat e ly before 

en t ry i n to the urinary bl adder c an be c l ear ly vi sual i zed. 

E:cc reto ry cys tography however has su 1ue d i sadvan l age s .  

For examp l e  the presence of ves i co - u re t er a l  ref lu� canno t be 

r ead i l y  det e c t ed and i t  may be d i f f i cu l t  to produce reasonabl e  

qua l i ty cys tograms in cases  of rena l i nsuff i c i ency ( Lord e t  Ql . , 
1 9 74 ) .  Moreover , i f  fur ther con tra s t  exami nations of the 

l ower urinary t ract appear nec es sary , the concen tration of 

contras t med i a  pre sent in the urinary bladder i s  usua l ly 

i nsuff i c i en t . Consequen t  cathet eri z�tion of the urinary 

b l adder and i t s emp ty ing and ref i l l i ng wi th con c en t rated 

con tra s t  med i a  may then be nec e s sary . 
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In the presen t s tudy ves i co-uretera l reflux wa s observed 

duri ng retrograde cy s t ography and mi cturat i ng cys to-u rethrography 

in 5 out of 1 4 c a t s  ( 36% ) . Thi s phenomenon has been previ ou s l y  

repor t ed in c l in i ca l ly d i s eased cat s ( Gou l den , 19 69 ; Ki pni s ,  

1 9 75 ) and in 5 out o f  8 exper i men tal cats  ( Graves and Davidof f , 

1 9  25 ) .  

The l mver i n c i dence of  vesico-u retera l ref l u :� i n  cats 

i n  the present study compa red wi th that repo r t ed by Graves and 

Davidoff ( 1 9 25 )  may be due to d i fferen t anae s thet i c . techn i ques 

and amount s of f l u i d  inj ec ted i n to the urinary bladder . S i nce 

the cat s showed this phenomenon in the pre s e n t  s tudy under 

deep ha l othane anae s thesia but not under :�y l azine sedat ion , 

anaesthesia may be on e of  the mo st impo rtan t  sing l e  fac tors 

inf luenc i ng the occurrenc e  o f  v�s i co - uretera l ref l u :c .  The 

i rr i tat ion of the v e s i c o - u reteral junc tion by the catheter 

may a l so be impo rtant becau se a phy s io l ogi c a l  ve s i c o - uretcral 

va l ve may e:c i s t  at  this  junc t i on (Gru ber , 1 9 3 3 ; Osborne et al . ,  

1 9 7 2 ) .  O the r fac to r s  whi c h  may i nf luen c e  the occurrence of 

the vesi co-ureteral ref lux inc l ude age , pos ture , i n t ravesical  

pre s su re and urinary di sorders ( Chri s t i e ,  1 9 69 and 1 9 73 ) .  Sim­

i l ar l y  i t  i s  i n t ere s t ing t o  note that the i nc iden c e  of ves i c o ­

ureter a l  ref l ux i n  norma l  dog s under s imi l ar condi tions ( 38 . 6% )  

i s  s imi l ar to that o btained in the pre sen t s t udy ( Chr i s t ie , 

1 9 69 and 1 9 73 ) .  

Farrow ( 1 9 74 ) has suggested that ve s i co - ureteral ref lux 

c ou l d  be used to rad iograph i ca l ly examine the upper urinary 

- trac t .  However s i n c e  i t  occurs unrel i ab l y  i n  norma l anima l s  

and s i nc e  i t  may no t b e  present under norma l phy s i o l ogi cal 

cond i t i on s , it appears un l ike l y  to be a prac t ica l t echn i que 

for thi s  purpo s e . 

D .  URETHROGRAPHY 

S i nc e  the urethra can no t be seen in plain rad iographs , 

con tra s t  rad iography mu s t  be empl oyed t o  e:camine the u rethra l 

lumen . Two ma j or . me thods fo r aehi eving th i s  arc rceorded i n  

the l i teratur e ,  i nc luding retrograde urethrography ( Di xson , 

1 9 7 5 ; Morgan , 1 9 7 5 ; Roo t ,  1 97 5 ; Zont i ne , 1 9 75 ) and mi c turating 

u re thrography ( Gou l den , 1 9 68 and 1 9 69 ; Jackson , 1 9 7 1  and 1 9 7 5 ; 



Finco e t  a l . ,  1 9 75 ) .  

Some d i fferenc es i n  appearanc e  of the urethral ou t l i ne 

were found wi t h  each of t hese metho d s . U s ing ret rograde 

techni que s ,  t he pelvic urethra was wider and the rest of the 

urethra narrower than that obtained during mic tura t i ng ure th­

rography . I n  addi tion , no pu l sation s  of the urethra were 

seen in ret rograde ure thrograms . A further di sadvantage of 

thi s  techn i qu e  i s  that it i s  d i f f i cu l t to apply in f ema l e s , 

becau se of the anatomi ca l configuration of the urethr a .  The 

reason for the pel vie ur ethra bei ng much \vider i n  retrograde 

techn i ques i s  not known bu t i t  cou l d  be due to exc e s s i ve 

pre ssure of  contrast  medium wi thin the pelvic urethra whi ch i s  

su rrounded by s t ria ted mu sc l e .  Thi s  mu sc l e  may b e  con s iderab l y  

affected by gen er a l  anaes thesia . In support of thi s vi e\v , i t  

shou ld b e  no ted that Hhen a l u br i c ant \vas used as a di l uent 

for the cont ras t medium as sugges t ed by Di:cson ( 1 9 75 ) ,  Morgan 

( 1 9 75 ) and Zon t ine ( 1 9 7 5 ) ,  the width o f  the pelvic urethra 

ap peared even great er . 

Hhen the urethra was vi e\ved th rough an imag e inten s i f i er 

wi th c l osed c i r cu i t  te l evi sion du r i ng mic turating urethrography 

obvious cont ractions of the mu s cu l a ture in the p e l v i c  area Here 

observed . The ure thra l pu l sations \vere seen immediat e l y  after 

the commenc emen t and before the c e s sa t ion of mi c tur i t ion . The s e  

movement s may r epresent physio l og i c a l  contrac tions o f  ure thra 

du ring mi c turi tion.  Thu s mi c tura t i ng urethrography may r ef l ect 

more accurately the phy s io l ogi c a l  state of the ur ethra than 

does retrograde urethrography ( Finco e t  a l . , 1 9 75 ) . 

One o f  t he probl ems assoc i at ed wi th mi c tura t i ng u rethro ­

graphy i s  the diffi cul ty i n  i n i t i a t ing mi c tur i tion . Various 

me thods arc recorded in the l i terature t o  achi eve mi c L u r i l l un 

du ring radi ographi cal and phys i o l og i cal  C)CLUn inati ons . �lu s t  of 

these methods such as rapid i nj ec t ion of contra s t  med i um and 

man i pu l ation o f  the ur i nary b l adde r may interfere Hi th the 

normal func t i o n  of the urinary bl adde r and cause exc e s s i ve 

pressure . 

I n  the present s tudy , cats  s ed ated wi th xy lazine t ended 

to voi d  cont ra s t  med ium i mmed i a t e l y  af ter i t s introduc t i on 

i n to the urinary b l adder . Thi s obs ervat ion i s  s i mi l ar to tha t 
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found i n  dogs by Ol iver and Young ( 1 9 7 3 ) who con s i dered that 

xy lazine cou l d  have v ery l i t t l e  effec t on the function of the 

l ower u r inary trac t .  Thi s drug s eems to have advan tages over 

other anaesthetic me thods for mic turating u r e thrography . 

In  addi tion to  the use of xy l az ine , s t imu l i  such as 

urethral f l ow and d i s tention can ini tiate and mainta in mi c t ­

u r i t i on ( Kuru , 1 9 6 5 ) .  Thu s the above menti oned techn i ques 

used to cause exc e s s ive in trave s i cal  pressure might no t be 

neces sary to ini tiate mi c turi t ion . 

I n  thi s s tudy , the urethra l ou t l in e  was superimpo s ed 

over the pe lvi c and f emo ral images in radiographs . In  order 

1 3 1  

to d i s t ingu i sh the u re thral ou t l ine f rom over lying s truc tures , 

highly c oncent rated cont ras t med ia were requi red . Whi l e  

previou s authors ( Gou l den , 1 9 69 ; Morgan , 1 9 7 5 ; Roo t , 1 9 75 ; 

Zontine , 1 9 75 ) u sed r e lat ive l y  l ow conc entrat ions of contrast 

media , in the p re sen t study , a concent ration of the con tras t  

media a t  l east 1 1 2  mgi / ml was neces sary t o  provide suffi c i ent 

radio - densi ty to iden t i fy the en tire urethra in any pro j ec t ion s . 
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APPENDIX I 

Def i n i t ions of P o s tures and Projec t ion 

Do rsal recumbency : 

An l mal l y i ng on i t s  bac k .  

Vent r a l  recumbency ( St ernal recumbency ) : 

Anima l l y i ng on i t s  abdomen and s t ernum . 

Right lateral recumbency :  

Ani mal l y i ng o n  i t s  right s i de . 

Left lateral recumbency; 

Ani mal l y i ng on i t s  l ef t  side . 

Projec t ion : 

Term u s ed t o  i ndicate the direc t ion of the x- ray beam 

f rom the tube to the f i l m  or image i n t ensifier . 

The name of variou s pro j ec t i on s  u s ed in thi s s tudy are 

simi lar to tho s e  previ ou s l y  descr ib�d ( Habe l !:.!: al . ,  1 9 6 3 ; 

T i cer , 1 9 7 5 ) .  They are described in three way s : 

l .  By the di rec t ion of the x- ray through the body from 

the tube to  the fi lm , e . g .  dor so- ventral pro j ec t ion ; 

2 .  By the surface of the body ad j acent to the f i l m ,  e . g .  

r ight l at er a l  proj ec t ion , or 

3 .  By a combinat ion of 1 and 2 .  

This l a s t  method i s  u s ed for obl i qu e  proj ections . 

When standard radiography was per formed in thi s study , 

the animal was p l ac ed on the f i l m  t o  whi ch a ver t i c a l  x- ray 

was directed . Thus the name of the pro j ec tion was simi l ar 

1 3 2  

t o  that of the anima l ' s  po s ture , e . g .  r ight l atera l pro j ec t ion 

in  r ight l at era l recumbency . 

However whe n  the i mage intensi f i er and spot f i l ms \vere 

u s ed ,  the x - r ay beam came f rom under the tab l e  on whi ch the 

animal was p l ac ed and thus when po s i t ioned on the right s i d e , 

the radiograph taken was a l ef t  la t era l pro j e c t ion al though 

the animal was in r ight l at eral recumbency . 

A diagramma t i c a l  represent at ion of  the pos tures and 

proj ec t ions i s  shown in Figure 33 . 



Fig . 33 Schematic diagrams showing the repres entation of pos tures 

and projec t ions . 
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APPENDIX ' I I  

Corr e l a t ion c o e f f i c ien t s  b e tween rnea s i red fa c to r s . 

BW L R  LL WR WL TR TL VLR VLL VWR 

RL4 . 9 0 3  . 8 78 . 84 5  . 8 8 2  . 7 8 6  . 5 3 9 *  . 8 1 1  . 8 1 6  . 8 35 . 7 6 7  

RL 3 . 8 6 2  . 84 2 . 7 8 9  . 84 9  . 7 56 . 5 0 7 *  . 7 7 7  . 7 9 1  . 8 2 6  . 7 7 5  

RL 2 . 8 7 2  . 8 5 7  . 8 1 8 . 8 6 7  . 7 6 4  . 5 4 4 *  . 7 9 5  . 7 80 . 8 2 5 . 7 5 6  

RT L . 4 9 4 *  . 4 1 9 *  . 3 7 4 *  . 36 5 *  . 4 4 1 * . 0 2 1 *  . 4 5 5 *  . 7 3 8  . 74 6  . 80 6  

RTR . 6 30 . 7 5 1  . 7 3 6  . 7 3 2  . 6 9 3  . 6 2 5 . 5 00* . 7 7 7  . 7 3 9  . 6 7 8  

RLL . 8 3 5  . 7 9 6  . 7 5 3  . 7 6 2  . 7 5 5  . 4 8 7 *  . 6 5 5  . 9 4 1  . 9 6 7  . 8 5 2  

RLR . 8 2 8  . 7 4 3  . 6 6 4  . 7 0 3  . 6 9 4  . 3 9 5 *  . 6 60 . 9 7 6  . 9 7 8  . 9 5 3  

VL4 . 8 8 2  . 8 7 1  . 8 2 0  . 8 7 7  . 8 1 1  . 5 7 0 *  . 7 5 6  . 7 5 8  . 7 8 8  . 7 1 8 

V L 3  . 8 7 3  . 8 5 8  . 7 8 1  . 8 5 8  . 8 1 7  . 5 2 0 *  . 7 4 9  . 8 2 2  . 8 3 7  . 8 1 2  

VL2 . 8 7 8  . 8 6 7  . 7 9 0  . 8 60 . 8 5 1  . 5 3 5 *  . 7 74 . 80 8  . 8 2 6  . 80 4  

VWL . 7 6 6  . 6 8 8  . 6 1 6 *  . 6 90 . 7 9 7  . 4 1 2 * . 64 3 *  . 8 5 6  . 8 9 2  . 89 3 

VW R . 7 7 9 . 6 32 . 5 1 4  * 0 .  64 1 . 6 39 . 2 6 9 *  . 5 3 1 *  . 9 4 0  . 9 2 8  

VLL . 8 5 5  . 7 7 8  . 6 9 1 . 7 5 7  . 7 3 2  . 4 7 0 *  . 6 6 2 * . 9 7 2  

VL R . 8 7 1 . 7 7 2  . 6 8 3  . 7 5 6  . 68 1  . 4 5 7 *  . 6 5 2  

T L  . 6 6 0  . 8 6 2  . 8 7 0  . 7 8 5  . 7 4 8  . 70 0  

T R  . 5 5 2 *  . 8 4 1  . 8 4 1  . 7 6 8  . 7 3 8  

WL . 7 7 5  . 89 6  . 8 6 8  . 8 8 5  

W R  . 89 7  . 9 60 . 9 5 2  

LL . 8 0 5  . 9 6 7  

LR . 86 5  



1 3 6  

VW L  VL2 VL 3 VL4 RLR RLL RWR RWL RL2 RL 3 

. 7 3 1  . 9 36 . 9 3 8 . 9 54 . 8 0 7  . 8 1 4  . 5 5 9 *  . 64 3  . 9 7 9  . 9 7 3  

. 7 0 3  . 94 7  . 9 54 . 9 5 5  . 7 8 0  . 7 6 4  . 4 9 8 *  . 64 8  . 9 9 2  

. 7 1 0 . 9 39 . 9 4 3  . 9 6 2  . 7 7 9  . 7 68 . 5 2 2 *  . 60 7  

. 6 9 2  . 6 5 6  . 6 7 7  . 5 7 8 *  . 7 9 6  . 7 4 6  . 4 3 7 *  

. 6 2 0  . 8 00 . 804 . 7 7 6  . 6 2 2  . 6 8 8  

. 8 5 8  . 7 8 3  . 7 89 . 7 5 1  � 94 7  
> 

. 9 2 6  . 8 05 . 8 05 . 7 3 7  

. 6 7 5  . 9 74 . 9 7 9  

. 7 3 2  . 9 9 4  

. 7 5 1  

L i s t  o f  abbr evia t ions used in t h i s  addend ix . 

Pos tmo r t em Do rso -Ven t ra l  Le f t  Lateral 
Urogram Uro gram 

Kidney Len g th 

Righ t LR VLR RLR 

Le f t  LL VLL RLL 

K idney Wid t h  

Righ t WR VWR 

Le f t  WL VWL 

K idney Th i c kn e s s  

Righ t TR RTR 

Le f t  TL RTL 

Lumb ar Ver t eb ra e  

S e c o nd VL2 RL2 

Th i r d  VL3 RL3 

Fourth VL4 RL4 

Body We i gh t  BW 

* Ind ica t es no t s ig n i f icant a t  the l evel o f  0 . 0 1  ( P 0 . 0 1  ) 
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