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Digital subtraction angiography (DSA) was incorporated into 
the initial radiographic evaluation of 51 potential living related 
kidney donors. Forty-nine patients underwent combined DSA and 
excretory urography, and 2 patients underwent staged studies. 
Each of the 51 patients also underwent nephrectomy to confirm 
the accuracy of the DSA images for identification of the number 
of renal vessels to the donor kidney. In the entire series, 35 donors 
(69%) had bilateral single renal arteries, and 16 donors (31%) had 
multiple vessels on at least one side. Six patients (11.7%) required 
the performance of standard catheter angiography due to inade-
quate DSA studies. Of the 45 patients who underwent DSA alone, 
44 had a single renal artery as verified during surgery (accuracy 
rate, 98%). Thus, potential donors can be spared the risks of 
standard catheter angiography in most cases and can be fully 
evaluated on an outpatient basis. 
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With the untimely passing of Dr. Bruce H. Stewart, the 
urologic community has lost a great innovator, educator, 
and practitioner. His free-spirited and direct approach to 
difficult clinical problems was a sterling example for all of 
his students. It is appropriate that this report describes an 
innovative approach to the radiographic evaluation of po-
tential living related kidney donors. Dr. Stewart, one of 
the early practitioners of clinical renal transplantation, 
taught many Cleveland Clinic fellows the technique of 
living related donor nephrectomy.1 His description of a 
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cost-effective, noninvasive evaluation of patients 
with a pheochromocytoma is followed in many 
medical institutions today.2 

Digital subtraction angiography, performed 
with an intravenous injection of iodinated con-
trast material (IV-DSA), is a modality that uses 
computer processing to enhance image clarity. 
This technique appears to be less invasive and 
more cost effective than standard catheter an-
giography. A prospective study was performed 
in our center to compare IV-DSA and standard 
angiography for the evaluation of living related 
kidney donors.3 The accuracy of IV-DSA, estab-
lished in the prospective study, has led to the use 
of this technique as the principal imaging method 
to evaluate potential donors. 

Materials and methods 
Fifty-one consecutive potential donors (29 

men, 22 women; age range, 21-59 yrs old) were 
selected for evaluation based on the immunologic 
assessment of donor-recipient compatiblity (ABO 
and tissue type, as well as a mixed lymphocyte 
culture). Prior to the radiologic evaluation, each 
potential donor was screened for metabolic, in-
fectious, congenital, systemic, or psychologic pa-
thology that would preclude organ donation. If 
these evaluations were satisfactory, a radiologic 
examination of the urinary tract was performed. 
Scout views of the abdomen and pelvis were 
obtained routinely. Next, a 6.5-F pigtail-shaped 
catheter was positioned in the right atrium via a 
percutaneous antecubital or transfemoral ap-
proach. Glucagon (1 mg) was administered 
through the catheter at the beginning of the 
procedure to reduce gastrointestinal peristalsis. 
The angiographic studies were then performed 
using a commercially available unit (from ADAC 
Laboratories, 255 San Geronimo Way, Sunny-
vale CA 94086) fitted with a 12-in image inten-
sifier. After an injection of contrast media (Ren-
ografin-76, Squibb & Sons, Inc., P.O. Box 4000, 
Princeton NJ 08540) at a rate of 25-35 mL/sec 
for a total volume of 40-50 mL, the initial im-
aging series (anteroposterior projection) was ob-
tained. The routine imaging sequence included 
one image per second for five seconds, two im-
ages per second for five seconds, and one image 
per second for 10 seconds. Additional image 
series were obtained, either using a posteroanter-
ior or a slightly oblique (right or left pos tenor) 
projection, when the information yielded by the 
first series was not entirely adequate (i.e., when 
mesenteric vessels were superimposed over a 

renal artery). When a satisfactory IV-DSA series 
was completed, an additional 50 ml of contrast 
material was administered through the catheter 
prior to its removal in final preparation for ex-
cretory urography. 

The patient was then transferred by stretcher 
to an adjacent uroradiology suite where 14 X 17-
in full abdominal images were obtained. Abdom-
inal views were obtained with and without the 
use of compression. A series of three tomo-
graphic sections of the kidneys were also ob-
tained. These images, together with the scout 
views, obtained before the performance of IV-
DSA, constituted the excretory-urography por-
tion of the examination. 

Each of the 51 potential donors underwent 
surgical nephrectomy, and the number of arterial 
vessels in the donor organ was verified. If the 
two organs were anatomically similar, the left 
kidney was removed due to the longer renal vein 
and ease of reimplantation. The kidney with a 
single renal artery was used if the contralateral 
organ had multiple vessels. The smaller of the 
two kidneys was used if the renal length, accord-
ing to the anteroposterior projection, differed by 
more than 2 cm. A kidney with a congenital 
anomaly, ptosis, or cyst was used in preference 
to the normal-appearing opposite. 

Results 
The radiologic examination of the urinary 

tract was successfully completed in 51 patients. 
Forty-nine of the 51 underwent combined IV-
DSA and excretory urography without compli-
cations. Two donors, whose recipients had adult 
polycystic kidney disease, underwent separate 
screening excretory urography and computed 
tomography prior to IV-DSA. A single series 
(anteroposterior projection) was adequate to im-
age the kidneys in 19 patients (37%). Two series 
(anteroposterior and oblique projections) were 
adequate for 27 patients (53%). Three series 
(anteroposterior and posteroanterior or oblique 
projections) were required for 5 patients (10%). 

Using the 12-in camera, IV-DSA usually dem-
onstrated both renal outlines and the abdominal 
aorta from the level of the diaphragm to the 
aortic bifurcation (Fig. 1). The later images vis-
ualized the renal veins and a portion of the infe-
rior vena cava (Fig. 2). In most studies, the main 
renal arteries and first-order branches were seen, 
but rarely were intraparenchymal vessels distin-
guished. 

Standard transfemoral catheter angiography 
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Fig. 3. This angiogram is inadequate due to patient and bowel 
motion. 

mesenteric branches on the IV-DSA views. In the 
entire series, 35 donors (69%) had bilateral single 
renal arteries and 16 donors (31%) had multiple 
vessels on at least one side (Table)-, this included 
15 patients with double renal arteries (Fig. 4) to 
at least one kidney, and 1 patient with three renal 
arteries. 

A total of 34 left kidneys and 17 right kidneys 
were removed, each with a single renal ar tery 
demonst ra ted by preoperat ive angiography. In 
45 patients, only IV-DSA was usee! to image the 
renal vasculature. A single renal ar tery was found 
in 44 patients dur ing nephrec tomy for an accu-
racy rate of 98%. A second renal artery, not 
imaged by IV-DSA, was found in one patient 
(Fig. 5). A microvascular end-to-side anastamosis 
of the branch to the main renal ar tery was nec-
essary. I he 6 patients who required s tandard 
catheter angiography in addition to IV-DSA also 
had single renal arteries; this was verified dur ing 
surgery. 

T a b l e . Frequency o f mult ip le vessels in potent ial 
kidney donors as d e t e r m i n e d by a n g i o g r a p h y * 

Number of vessels Left kidney Right kidney 

1 40 46 
2 10 5 
3 1 0 

T O T A L 51 51 

* In this series, 31% (16/51) of all patients had multiple vessels. 

Fig. 1. Angiogram (anteroposterior projection) reveals bilat-
eral single renal arteries. The aorta is visualized from the diaphragm 
to the bifurcation of the iliac arteries. 

was required in 6 of the 51 donors (11.7%). In 3 
patients (5.8%), the IV-DSA images were subop-
timal because of ei ther patient or bowel motion 
or overlying bowel gas (Fig. 3). In an additional 
3 patients (5.8%), catheter angiography was re-
quired to confirm the presence of multiple renal 
vessels which were obscured by superimposed 

Fig. 2. Later phase of the IV-DSA study. The image shows the 
renal veins and a portion of the inferior vena cava. 
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Fig. 4. This potential donor had two right renal arteries. The 
left kidney, which was used for the transplantation, had a single left 
renal artery. 

Discussion 
Renal t ransplanta t ion f r o m a healthy, well-mo-

tivated, and immunological ly compat ib le living 
re la ted d o n o r is p r e f e r r e d for pat ients with end-
stage renal disease. Potential donor s requ i re a 

Fig. 5. This patient had two left renal arteries and a single 
right artery initially identified by IV-DSA. The right kidney was 
removed and found to have an additional lower pole vessel which 
was partially obscured on the angiogram by bowel gas. 

t h o r o u g h evaluat ion to disclose any under ly ing 
medical or psychologic condit ions which could 
impair the i r f u t u r e heal th . An impor tan t pa r t of 
this process is the radiologic evaluation of the 
ur inary tract , which is r equ i red to disclose the 
n u m b e r , size, posit ion, and s t ruc tu re of the renal 
units, as well as the n u m b e r of renal vessels. In 
the past, this in fo rmat ion has been d e t e r m i n e d 
by excre tory u rog raphy , and on a separa te day, 
abdomina l mids t ream ao r tog raphy with or with-
out selective renal a r te ry injections. T o p e r f o r m 
angiography , pat ients may requ i re in t ravenous 
hydra t ion , six to eight hours of observat ion a f t e r 
the study, and may suf fe r one of several, a l though 
in f r equen t , complicat ions as descr ibed by Kin-
caid.4 In most hospitals, ang iography requi res 
one to two days of hospitalization. 

T h e utility of digital subtract ion ang iography 
for the evaluat ion of the renal vasculature has 
been descr ibed. 5 , 6 Prospective compar isons with 
the results of s t andard ca the te r ang iography 
when screening fo r main renal a r te ry lesions have 
revealed a g rea t e r than 95% accuracy rate . 7 8 A 
pilot study p e r f o r m e d at the University of T e x a s 
Medical School conf i rmed the accuracy of IV-
DSA for the evaluat ion of the potent ial living 
re la ted kidney d o n o r . 3 We used ca the te r angiog-
raphy when IV-DSA studies were inadequa te or 
equivocal. By using this fo rmat , 88% (45 /51) of 
the potent ial donor s descr ibed h e r e did not 
u n d e r g o invasive angiography. In the en t i re se-
ries, 98% (50 /51) of the kidneys r emoved p roved 
to have a solitary renal a r te ry . T h e f r equency 
of pat ients with multiple renal vessels (31% 
[16/51]) was comparab le to o the r r e p o r t e d se-
ries,9 and the results ob ta ined with IV-DSA were 
similar to those r epo r t ed when only ca the te r 
ang iography was p e r f o r m e d . 1 0 " In addi t ion, no 
aort ic o r renal pa renchymal abnormal i ty was 
missed. 

T h e m a j o r cause of IV-DSA inaccuracy is d u e 
to the super imposi t ion of mesenter ic vessels over 
the renal out l ine. Since contrast material is ad-
minis tered intravenously, the abdomina l vessels 
a re opacif ied as shown on a single exposure (an-
te ropos te r io r project ion) . T h e p e r f o r m a n c e of 
IV-DSA and the subsequent in te rpre ta t ion of the 
images have improved at ou r center with the use 
of the larger 12-in image intensifier and a m o r e 
f r e q u e n t use of obl ique project ions. Vessel over-
lap as a cause of e r r o r when evaluating live do-
nors has been r epor t ed , 1 2 bu t would have been 
obviated if obl ique project ions had been em-
ployed. Mis interpre ta t ion of s tandard ca the te r 
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angiograms can also occur without the use of 
oblique projections. Another cause of inadequate 
studies is the inability of the patient to suspend 
respiration. Hyperactive peristalsis, which may 
be minimized by administering glucagon, can also 
degrade image clarity. 

The advantages of IV-DSA as compared to 
standard catheter angiography include dimin-
ished invasiveness, decreased cost, and the ability 
to perform the study at the same time as excre-
tory urography. In addition, these radiologic 
evaluations can be performed completely on an 
outpatient basis, decreasing the cost of the eval-
uation and minimizing time off from work for 
the donor. The potential complications of cath-
eter angiography can be avoided in most patients, 
providing an added degree of safety. Further 
advances in technology, such as increased fram-
ing rates and improved computer subtraction, 
may minimize the use of catheter angiography 
even further.13 Nevertheless, the occasional un-
usual anatomy with multiple or ectopic vessels 
may require a selective catheter angiographic 
study; this should be necessary in less than 10% 
of all patients. Accessory vessels that are less than 
1mm in diameter may be missed with any radio-
logic evaluation. Yet, these vessels invariably sup-
ply less than 5% of the renal parenchyma and 
their preservation during surgery is not crucial. 

Conclusion 
IV-DSA combined with excretory urography 

is effective for the evaluation of the renal anat-
omy of potential living related donors. We no 
longer perform catheter angiography routinely. 
When determining the number and position of 
main renal arteries, the resulting accuracy of IV-
DSA is comparable to that obtained when per-
forming midstream abdominal aortography. The 

use of IV-DSA should permit the donor evalua-
tion to be performed completely on an outpatient 
basis. 
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