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Cl inical applications of
renal arteriography

lntroduction
THE FIELD OF UROLOGY is unique in that prac-

tically every part of the urinary s/stem usually can be
adequately visualised, either by direct instrumenta-
tion or X-ray contrast studies. lntravenous urography,
however, is often limited in that it outlines only the
pelvi-calyieal system, and lesions in the renal paren-
chyma must be inferred from it. When the kidney is

not functioning, intravenous urography may contri-
bute little to the precise diagnosis of the lesion. Re-

trograde pyelography usually does not add much to
what can be seen on intravenous urogram and in
obstructive conditions may be contraindicated. Renal
arteriography is an invaluable addition to the radio-
diagnostic techniques in urology, as a study of the
vascular pattern in the renal parenchyma may contri-
bute to a more precise and confident diagnosis be-
yond what is usually possible by intravenous uro-
graphy.

Technique
The technique used is that of percutaneous trans-

femoral catheterisation. The procedure is performed
under local anaesthesia on the sedated patient. The
use of image-intensifier-television control provides the
improved visualisation required for selective arterio-
graphy, and also minimises total screening time. Ra-
pid serial filming of adequate duration permits de-
tailed sequential study of the entire renal circulation,
including the venous phase which is of particular in-
terest in the angiographic evaluation of renal tu-
tTours.

ln general, two methods are available:
(1) Selective renal arteriography
(2) Aonography.
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(1) Selective Renal Arteriography
This provides the best demonstration of the intra-

renal vascular pattern, unobscured by overlying
branches of the abdominal aorta. lt is therefore the
preferred method.

(2)Aortography
Preliminary aortography has the following advan-

tages:
(a) Demonstration of multiple renal arteries will
require the selective injection of each artery, in
turn or simultaneously, for complete visualisa-
tion of the intrarenal vascular pattern.
(b) Demonstration of displacement and distor-
tion of the renal artery by a large tumour mass
will influence the choice of a suitable catheter
shape.
(c) Where doubt exists as to the renal origin of
a retroperitoneal tumour, demonstration of its
vascular supply by an aortic inlection will ascer-
tain the appropriate artery to catheterise.
(d) Demonstration of an unsuspected lesion in
the contralateral kidney.
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We do not feel, however, that these advantages

justify the routine performance of preliminary aorto-
graphy in all patients. With few exceptions, our own
practice has been to proceed with initial selective re-

nal arteriography, followed by aortography only
where indicated, or occasionally when attempted se-

lective catheterisation of the renal artery has been

unsuccessful.
There is little place for aortography alone.

Arteriographic Findings
The value of arteriograPhY lies in :

(11 demonstrating the presence, or otherwise,
of a spaceoccupying lesion when evidence on
plain abdominal film and on excretory uro-
graphy is inconclusive;
(2) determining whether a tumour, already de-

monstrated on urography, is benign or malig-
nant;
(3) assessing the operability of an establi*red

malignant lesion;
(4) eliciting the nature of a kidney lesion, the

diagnosis of which may be totally unexpected,
and
(5) delineating a retroperitoneal mass when
there is doubt as to whether it is renal or extra-
renal.

The following cases are presented to illustrate the
applications of renal arteriography.

(1) Tumour Or No Tumour?
Case 1 (Figure 1)

A 33-year-old male Chinese presented with right
loin pain, dysuria and hematuria of one week's dura-
tion. Physical examination revealed no abnormal find'
ings. lntravenous urography showed a definite bulge

of the upper outer quadrant of the left renal contour.
The underlying calyces, however, did not appear to
be displaced or distorted. A superficial subcapsular

tumour was considered. On selective left renal arterio-

9

1 (b)

Fig. l: la) lntrru€nous pyelograrn Crows bulge of upp€r outer quadrant of left renal contour witfi normal pelvicalyceal pattem,
rrggooting a srperficial srbcapsular lumour. (b) Renal arteriogram demomtrates normat left kidnqy with unusually Prominont
cortical lobulation.
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gram, there was no evidence of tumour. The abnor-
mal outline of the left kidney was seen to be due to
an unusually prominent cortical lobulation. Subse-
quently, the patient's urine cleared and his symptoms
subsided. The"final diagnosis was urinary tract infec-
tion. ln the absence of renal arteriography, surgical

exploration of the right kidney would have had to be

undertaken on the basis of his initial symptoms, uri-
nary findings and intravenous pyelogram.

{2} Benign Or Malignant?
Case 2 (Figure 2)

A 69-year-old male patient was admitted with pro-

statomegaly. An intravenous urogram, carried out as

part of his preoperative evaluation, showed stretching
and displacement of the upper calyces of the left kid-
ney suggesting the presence of a mass. Selective lcft
renal arteriogram showed an avascular, round mass,

measuring 4 cm. in diameter, in the middle third of
the left kidney. This was *rarply demarcated from
the surrounding normal parenchyma and had the

typical appearance of a benign renal cyst. A similar
lesion was present in the lower pole. No operation on
the kidney was required. The management of this pa-

tient was thus simplified.

Gase 3 (Figure 3)
A 51-yearold male Chinese complained of inter-

mittent left loin pain of seven months' duration, not
associated with hematuria. Plain abdominal film and

intravenous urography showed a left renal calculus
and a mass in the upper pole of the left kidney. Selec-

tive left renal arteriogram demonstrated this to be a

large avascular mass. The sharp demarcation between
the renal parenchyma and the mass gave the 'shoul-

der' appearance typical of a benign renal cyst. At
operation for the left renal calculus, the diagnosis of
renal cyst was confirmed. Pyelolithotomy afforded
the opportunity to confirm the arteriographic find-
ings. Surgery would not have been undertaken for the
mass alone, as the diagnosis of renal cyst was firmly
established on arteriography.

Fig.2: Lett r€nal arteriogram: (a) arterial, and (b) nephrogram phases *rorving typical appearance of renal cyst. (arrowsl
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Fig. 3: Loft ronal artoriogram: (a) atterial, and (bl nepftrogram phres Crowing avascular mass in upper pole of left kftlnry.
Diagnosis of renal qrst wc confirird at pyolo-lithotomy.

Case 4 (Figrrre 4)
A 16-yearold lndian boy complained of sruelling

in the left side of his abdomen since childhood and
intermittent left loin pain for the past four years.
There was no dysuria nor hematuria. Physical exami-
nation revealed a smooth, cystic, non-tender mass in
the left flank. On intravenous urograph.y, there was a

large mass in the lower half of the left kidney causing
displacement, deformity and dilatation of the left pel-
vicalyceal system. Renal arteriography showed this to
be an avascular mass, suggestive of a large renal cyst.
At laparotomy, a complete duplex left kidney was
found. The upper segment was normal, but the lower
half-consisted of a large hydronephrotic sac, filled
with infected urine. The cause of the hydronephrosis
was not apparent. Excision of the hydronephrotic
portion was carried out. ln this case, arteriography
did not significantly contribute to the diagnosis or
influence the management.

Fig.4: Aortogram Crows targe avascular mass in lover pole of
left kidnqt, causing displacemont of aorta ard left renat
artery. Excrat€d contrGt rnaterial delinoat€s upper colleting
system whicrr is also di$aed. Laparotomy rcvealed duplex
bft kilney, with nonrrl upper segmont and hydronephrotic
lower segment.
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Fig. 5: (a) lntrayenols pyelogram drows large nrss with irregular catcification occupying lower half of lsft kilnoy' (b)

Aortogram Ctows rdatirnty avascular lesion, but pielelEo of numsrous $normal tortuous vessels suggtcts malignancy.
Hastopathology of naphrctolny specimon wG that of clear ccll c.rcinoma.

Case 5 (Figure 5)
A 41-year-old Malay housewife complained of a

mass in the left side of her abdomen for the past 12

years, which had progressively increased in size. ln
the past four months, stre had had four episodes of
painless hernaturia. Physical examination disclosed a

left upper qudrant mass which was hard, non-tender
and ballotable. Plain abdominal film and intravenous
urogram showed a large mass in the lower half of the
left kidney, containing areas of irregular calcification.
Aortography *rowed a large partially calcified mass in
the lower pole of the left kidney, displacing the abdo-
minal aorta and its branches across the mid-line and
distorting the left renal artery. The intrarenal arterial
brarrhes supplying the lorer pole were markedly
stretched. The mass was relatively avascular and well-
demarcated from the adjoining normal parenchyma,
but the prssence of numerous abnorrnal tortuous ves-

sels in sore areas zuggested malignancy. At lapare
tomy, there was a large tumor of the loryer pole of

the left kidney, easily separated from the retro'
peritoneal tissues. Left nephrectomy with partial
adrenalectomy was performed. H istological exami na'
tion showed it was a clear cell carcinoma of the kid-
ney.

(3) Operable or lnoperable?
Case 6 (Figure 6)

A S8-year-old rnale Chinese presentd with pain

and sruelling of the right flank of one-and'a'half
months'duration, not associated with hematuria' He

had noticed marked weight loss for the past four
months. On physical examination, he was emaciated
and ill-looking. There was a firm mass in his right
flank, measuring about 8 ins x 4 ins. lntravenous uro'
graphy *rowed a non-functioning right kidney, with a

rnass in its lower pole. Selective renal arteriography
*rowed a vascular tumour, with distinctly abnormal
vessels, occupying the upper pole and mid'portion of
the right kidney, highly suggestive of a carcinoma'
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There was early filling of the inferior vena cava which
was occluded at the level of the renal hilum. Collate-
ral flow through the lumbar veins was noted. Aorto
gram showed tumor vessels in the suprarenal area dis-
placing the aorta towards the left side and stretching
the right renal artery. lnvasion of the inferior vena

cava indicated that the tumor was inoperable. The
patient subsequently left the hospital aginst medical
advice.

(4) Unsuspected Diagnosis
Case 7 (Firyre 7)

A 24-yearold Chinese housaryife presented with a

4-rrtreek history of intermittent right loin pain, not
associated with dysuria or hematuria. On physical

examination, the right kidney was palpable and
markedly tender. lntravenous urography *towed en-

largement of the right renal contour, with displace-
ment and compression of the pelvi-ureteric junction.
Selective renal arteriography was undertaken with the
diagnosis of renal tumor in mind. This revealed a frac-

ture of the right renal cortex, extending from the
rnargin of the upper pole to one of the superior minor
calyces. There was a large non'opacified mass sur-

rounding the posterior and lateral aspects of the
lower half of the right kidney due to a subcapsular
hernatoma. The renal parenchyma was displaced
medially with some kinking at the pelvi-ureteric junc-

tion. Direct questioning of the patient elicited the
reluctant admission that she had injured her right
flank four weeks previously as a result of an acciden-
tal fall down a staircase. ln vierirr of the localised ex-

tent of the renal injury and continuing clinical im-
provement while being investigated in the ward, con-
servative management with treatment of urinary tract
infection was carried out. The patient was well when
discharged.

(5) Renal Or Extrarenal?
Case 8 (Figure 8)

An l8-yearold Chinese girl presented with right
upper quadrant pain of two years'duration. There

Fig, 6: (al Sctctiw ,onC lrteriogrrm Crowc highly vacular trrnour in upper pole and mu-portion of rfuht kklnry. Appearancse
ale comistom with rcnal carcinoma, tnvasion of inferior vena caya (arrow) indicatc that l6aon is inoperable. (b) Aortogram
ihows extorcirro inuolwment of rrprannal ena.
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Fig. 7: Right renal arteriogram: (al artarid and lbl nephrogram phres crowing rsna! fraeturo larrqvl extending from outor
nrrgin of upper pole to snperier minor calyx. The diagnosis wc not irsp*td on intrawnous pyetography.

was no dysuria or hematuria. Physical examination
re\realed a tender right abdominal mass. An abdomi-
nal film and intravenous urogram showed a mass in
relation to the lower pole of the right kidney, con-
taining are€Is of irregular calcification. A selective
right renal arteriogram demonstrated that the mass
\ Es extra-parenchymal, and derived its blood supply
mainly from tortuous capsular branches of the ventral
division of the rnain renal artery. The aortographic
appearance suggestd that this was either a capsular
tumor or a retroperitoneal tumor, involving the renal
capsule. Although no tumor circulation was shown,
the vascular pattern was that of a solid lesion, and
malignancy could not therefore be excluded. Laparo-
tomy revealed a discoid mass, measuring 8 x 6 x 2
cm., adherent to the posterior abdominal wall and the
posterior surface of the right kidney. The renal cap-
sule was involved in the mass, but the kidney itself
was normal. The lesion was not resected. A biopsy
revealed benign fibrous adipose tissue with focal chro-
nic non-specific inflammatory changes, and no evi-

dence of neoplasia. The histopathology was thought
to be consistent with retroperitoneal fibroma or
retroperitoneal f asciitis.

Discussion
The majority of urological conditions can be accu-

rately diagnosed on the basis of history, physical exa-
mination, common laboratory tests, cystoscopy and
the uzual radiological studies. ln the case of renal
lesions, however, in many instances the clinician is

left with considerable doubt as to the precise diagno-
sis or as to whether operative treatment is indicated.
It is in thee doubtful situations that renal arterio-
graphy finds its place. The renal arteries down to the
fine branches can normally be outlined, or the renal
parenchyrna rnay be rendered opacified so that a non-
functioning area, such as might be caused by a cyst,
stands out in clear contr6t.

The diagnosis of space-occupying lesion in the kid-
ney is usually made with assurance when it is possible
to demonstrate enlargement and deformity of the re-
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Fig. 8: lal Intrawnous pyelogram drows irregutarly catcificl mas an relation to lcvor pole of right kidnqf. (bl Rena!

arteriogram dornonstrates that tumour is extraparenchymal

nal contour in addition to displacement and distor-
tion of the pelvi-calyceal system on intravenous uro'
graphy. Nevertheless, the pelvicalyceal system may
not be affected by a superficial subcapsular lesion,
and on the other hand, a small central lesion may
cause no deformity of the renal contour. ln these

situations, the plaguing question of whether to ope-
rate or not to operate can be resolved by arterio-
graph-y. This point is illustrated by Case 1, where a

bulge of the renal contour proved to be a prominent
cortical lotrulation. Pseudotumours such as this may
result from focal hypertrophy of residual tissue in
diseased kidneys which have suffered extensive paren-

chymal damage from trauma, pyelonephritis or in-

.#
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lc) Selective inietion of yontral division of main renal artery
demnstratB fiat blood supply of tumour is deriued from
tortu<xrs capcutar brancft es.

Histopathology wat thought to ba consistent with
rstroperhorral fibroma or retroperitoneal faciitis.
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farction , or they may be caused by developmental
variations.

When the diagnosis of a space-occupying renal
lesion is established, the question of immediate con-
cern to both the clinician and the patient is whether
it is benign or malignant- There is no difficulty in the
differential diagnosis when evidence of calyceal des-
truction is apparent on intravenous urogram or when
metastases are obvious clinically or radiologically. ln
many instances, however, the diagnosis of malignancy
can be establistred or excluded only by recourse to
arteriography. Cases 2, 3, 4 and 5 clearly illustrate
this point.

ln a recent revierry of '100 patientswith renal carci-
norna who had been submitted to arteriography, Wat-
son and his colleagues reported a diagnostic accu-
racy rate of 97%. High diagnostic accuracy rates by
arteriography have previously been reported by
Edsman, Boijsen and Folin. The arteriographic
diagnosis of renal carcinoma depends upon the find-
ing of abnorrnal tumor or 'pathological'vessels, in
addition to vessel displacement and distortion. These
abnormal vessels are dilated, irregular and tortuous,
and may be associated with a diffuse tumor 'blush',
contrast pooli ng, m icroaneurySms, and arterio-venous
fistulae resulting in early venous filling. Difficulty in
diagnosis rnay arise in the small group of poorly vas'

cular or avascular lesions, many of which appear to be

rystic. Suspicious features include: (1) the presence

of poorly defined marginal lips where the mass, if
peripheral, protrudes through the cortex, and (2)

thickness of the wall which, in benign cysts, is paper-

thin. The technique of cyst puncture has been advo-
cated as being of value in these cases. We have had
no experience rryith this procedure.

Occasionally, renal arteriography carried out to
further delineate a presumed condition reveals a to-
tally unsuspected diagnosis. This is illustrated in the
case of renal fracture (Case 7). A kidney mass adhe-
rent to or infiltrating the surrounding retroperitoneal
tissues rnay not move with respiration on physical
examination. Where there is doubt 6 to the exact
location of a retroperitoneal mass in the kidney re-
gion, renal arteriography can be of help (Case 8).

Summary
(1)The technique of renal arteriography is briefly

described. Cases are presented to'illustrate the
various clinical applications of rena{ arte-
riography.

(2) The place of renal arteriography in urological

_ diagnosis is discussed.
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