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NOT UNCO MMONLY, the need arises for renal arterial 
surgical procedures but under conditions which 
would make the use of ordinary vascular recon
structive techniques difficult or impossible, as for 
example with distally located fibromuscular dys
plasia or hilar aneurysm. This study was under
taken to descri be a method of renal au totransplan
tation by which a kidney can be removed, cooled, 
perfused with asanguineous fluid , studied angio
graphically in its extracorporeal state, have its 
structures dissec ted , and ultimately have it re
turned heterotopically with the expectation that it 
wi ll provide prompt function. This approach, first 
suggested by Belzer and his associates (3), should 
have wide urologic application for the treatment of 
a di versity of vascular and nonvascular disorders. 

METHODS 

The diseased kidney is approached by whatever 
method gives adequate exposure. In our first two 
pa tients, a flank incision was used (Fig. 1a). 
Dissection of the pedicle structures of the kidney is 
carried out in the same way as with donor nephrec
tom y for transplantation (Fig. 1 b) . The organ is 
removed with a maximum length of the renal ves
sels and ureter . It is then flushed with a cold bal
anced electro lyte solution containing low molecular 
weight dextran and herarin (Perfudex®) and at
tached to a Belzer type kidney perfusion machine 
(Fig. 2), primed with cold, 7 degrees C., deflocu
lated homologous plasma (2). If a flank approach 
has been used, the wound is closed while perfusion 
is being carried out . A decision for autotransplanta
tion can be deferred until all studies are completed, 
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even though this may require several hours. If it is 
decided to proceed, the patient is placed supine, 
and a standard anterior lower abdominal extra
peritoneal incision is made (16) . 

If the vascular anatomy has not been defined 
completely with preoperative angiography (Fig. 
4a), an arteriogram of the extracorporeal kidney 
can be obtained easily and simply (Fig. 4b) by 
injecting 5 to 10 milli liters of water soluble tri
iodinated contrast medium (Conray 60®) through 
an arterial inflow side a rm. To eliminate the bolus 
of contrast material from the perfusate reservoir, 
the venous effluent is thrown away during the few 
seconds after the injection. 

With the information now available and with 
the kidney outside the body, the renal vessels are 
dissected into the hilus to the extent necessary, and 
these vessels are transected at the site of the pro
posed anastomosis. In the first two patients, the 
right kidney was transplanted to the left extra
peritoneal space which has become standard for 
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FIG. 1 . Technique of mobi liza tion of the diseased kidney. 
a, Flank incision; b, pedicle structures dissec ted. 
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FIG. 2. Schematic view of the diseased kidney after its 
removal and during perfusion, Angiography and dissection 
of the hilar structures are ready to be carried out. 

FIG, 3, Patient 1. Kidney autotransplant with three 
arterial anastomoses was carried ou t. 
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FIG, 4, Patient 1, a, Preoperative arteriogram, b, Intraoperative arteriogram outlining the lesions 
with high definition, The arrows indicate the level of eventual arterial transection. The three small 
vessels were individually anastomosed. c, Postoperative arteriogram after autotransplantation to the 
contralateral extra peritoneal iliac fossa and revascularization to the pelvic vessels, 
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FIG . 5. Postoperative excretory urograms. All were taken te n minutes after contrast material had 
been inj ec ted. a, Patient 1. One week postoperative the two kidneys can be seen functioning on the 
left side, but with some degl'ee of obstruction of the collecting sys tem of the au totransplant due to 
edema of the bladder wall. b, Patient I. Six weeks later. c, Patient 2. Both kidneys are on the left. 
d, P a tient 3. After autotransplantation to same side as in F igure 9. Note ureteropelvic duplication. 
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FIG. 6. Patient 2. a , Preoperative arteriogram shows revascularization, a t arrow, of the occluded 
renal artery by collaterals. b, Postoperative ar teriogram shows the same kidney after its autotrans
planta tion to the left iliac fossa. The arrow indicates the renal artery hypogastric anastomoses. 

renal homotransplantation (6), using one or more 
anastomoses, as required (Fig. 3). Ureteroneocys
tostomy was used to complete the procedure (Fig. 
3) in the first two patients, but ureteroureterostomy 
or ureteropyelostomy could be considered. 

In the third patien t, the diseased organ was 
approached through a midline incision, perfusion 
and angiograp~y were carried out on the anterior 
abdominal wall, the treated kidney was turned 
upside down without ureteral division, and an 
ipsilateral vascular transplantation was performed. 

PATIENT REPORTS 

PATIENT 1. This 23 year old woman with severe hyper
tension was proved to have bilateral medial fibroplasia 
with the right renal artery being most severely involved 
as proved by excretion urography, arteriography (Fig. 
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4a), and by the right to left ratio of plasma renin activity 
of 45.01 :20.64 nanograms of angiotensin I per milliliter 
of plasma per hour. 

After removal of the k id ney and more precise defini
tion of the vascular disease by extracorporeal renal ar
teriography (Fig. 4b), the three relatively uninvolved 
terminal hilar vessels were anastomosed to branches of 
the contralateral hypogastric artery (Fig. 3), the trans
plantation being completed in the usual way. The 
extracorporeal kidney time was five hours and 50 
minutes. 

Preoperatively, the diastolic blood pressure had risen 
to 110 to 130, desp ite the administration of large dosages 
of several antihypertensive drugs. Postoperatively, the 
blood pressure fell during a period of two weeks to 115/ 
76 after discontinuance of all drug treatment. E xcretion 
urography (Fig. Sa and b) showed good function of two 
kidneys on the Jeft side. A transfemoral iliac arteriogram 

20 5 20 

a 
TIME IN MINUTES POST INJECTION 

b c 

FIG. 7. Pa tient 2. H ippuran rcnograms show the progressive improvement of the autograft 
func tion. a, Preoperatively; b, three days postoperatively; and c, three months postoperatively . 



Corman et at.: VARIOUS PROCEDURES FOR KIDNEY SALVAGE 5 

a b 

FIG. 8. Patient 3. a, Preoperative arteriogram; and b, intraoperative arteriogram. 

revealed a good arterialization of the pelvic autograft 
(Fig. 4c). All three arterial anastomoses were patent. 

PATIENT 2. This 20 year old man was stabbed in the 
abdomen with a knife in April 1972, with perforations of 
the ascending colon and the right renal artery near its 
origin. Colostomy was performed, and the arteriallacera
tion was sutured. He became anuric on the tenth post
operative day. Aortography revealed a patent left renal 
artelY and an appearance of the left kidney consistent 
with acnte tubular necrosis but complete occlusion of the 
proximal right renal artery. The right renal artery had 
distal filling by collaterals (Fig. 6a). Hemodialysis was 
required for four weeks. By early July, the creatinine 
clearance value was 22 milliliters per minute and his 
blood pressure had risen to 190/130. Results of selective 
ureteral catheterization showed that the right kidney 
was still anuric with no urine production during the two 
hour examination. He had two episodes of severe hyper
tensive encephalopathy. Closure of the colonic stoma 
was carried ou t on 28 July 1972. 

On 18 September 1972, the damaged right kidney was 
exposed through the flank. The organ was soft and pink, 
and after its removal, it weighed 75 grams. After 220 
minutes of combined perfusion and cold ischemia time, it 
was transplanted to the left extraperitoneal space, the 
single renal artery being connected end-to-end to the 
hypogastric artery; the renal vein, end-to-side to the 
iliac vein; and the ureter, to the bladder (Fig. 3). 

Three second sequential images of renal perfusion 

obtained using the scintillation camera and 99mTc per
technetate demonstrated good blood flow to the auto
graft at all times postoperatively. A renal scan, using 
197Hg, and serial Hippuran® (sodium o-iodohippurate) 
renograms were grossly abnormal during the immediate 
postoperative period but showed progressive improve
ment (Fig. 7). Serial excretory urograms showed in
creasing function of the transplanted kidney (Fig. 5c) . A 
transfemoral-iliac arteriogram after six weeks revealed a 
well vascularized renal autograft (Fig. 6b). Postopera
tively, no antihypertensive drugs were required, the 
diastolic pressure being 85 to 90. Six weeks later, the 
blood pressure had returned to normal, and during the 
first 14 postoperative weeks, the creatinine clearance 
value rose from 22 to 47 milliliters per minute. 

PATIENT 3. This 42 year old woman with hypertension 
of six years' duration had medial fibroplasia of both renal 
arteries, being more advanced on the right where it 
seemed to involve the entire length of the main renal 
artery (Fig. 8a). The right to left ratio of plasma renin 
activity in the renal veins was 6.26 :4.72 nanograms of 
angiotensin I per milliliter of plasma per hour. The pre
operative excretory urogram revealed a right complete 
ureteropelvic duplication. 

At operation, the right kidney was brought out of the 
abdomen through a midline incision without ureteral 
division. It was perfused for 33 minutes extracorporeally, 
while an arteriogram was performed (Fig. 8b) and while 
the renal artery was dissected. The renal artery was 
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FIG. 9. Patient 3. The procedure used for autotransplant. 
The organ was turned down and revascularized in the ipsi
lateral iliac fossa without division of the double collecting 
system. 

transected just proximal to the trifurcation. The organ 
was then passed inferiorly and revascularized in the 
right extraperitoneal space after having been turned 
upside down (Fig. 9). Although there was 47 minutes 
of cold ischemia in addition to the 33 minutes of perfu
sion time, the kidney au tograft produced urine immedi
ately, and eight days later, both kidneys were functioning 
according to excretion urography (Fig. Sd). The hyper
tension was relieved within five days. 

DISCUSSION 

!tis almostsu perfluous to poin t out that most renal 
artery lesions can be repaired by standard meth
ods and without recourse to partial or complete 
autotransplantation. The techniques described 
herein with particular reference to the ex vivo per
fusion, should be reserved for the more difficul t 

patients in whom, in view of the operator, there is 
otherwise an unacceptably high risk of losing the 
organ. There would also be a special inducement 
for autotranspla ntation in a patient with extensive 
arterial disease of a single kidney. Finally, autotrans
planta tion would be indicated if the nature and 
extent of the vascular lesions could not be deline
ated in advance. Here, the high quality resolution 
of extracorporeal angiography becomes an over
whdming advantage, as has been pointed out by 
Aifidi and Magnusson (1). 

The technique of renal autotransplantation is 
relatively simple and has been summarized on 
several occasions by Clunie (5), Gil-Vernet (7), 
Kaufman (10), Kuss (11), Marshall (12), M artinez 
Pineiro (13), Ota (H), and Serrallach-Mila (15) 
and their associates since the original description 
of a patient by Hardy (9). However, there are 
many details of the procedure that can be varied. 
It may be desirable to leave the ureter intact and to 
transfer only the blood supply, as was done in 
Patient 3 after turn ing the kidney upside down. In 
most patients, a full autotransplantation will be the 
easies t, carrying the kidney into the iliac fossa of the 
same or opposite side, with ureteroneocystostomy 
for restoration of urinary tract continuity. 

If the ind icat ion for operation is renal arterial 
disease extending unusually far distally, there is a 
special advantage in reversing the anteroposterior 
relationships of the hilar structures. Normally, the 
vein lies anterior to the artery, but when the kidney 
is turned over and placed contra laterally, as in 
Patients 1 and 2, or if it is turned upside down, as 
in Patient 3, the artery is brought anterior where it 
can be more easily anastomosed. 

The degree of protection afforded by ex vivo 
hypothermic perfusion has been well characterized 
by Belzer a nd his associates (2) as well as by many 
others, including ourselves who have acquired an 
unusually extensive cumula tive experience in renal 
homotransplantation. The time of perfusion, after 
which good renal function can be expected, is well 
in excess of a half day and , in many instances, may 
exceed 24 to 48 hours. Consequently, there are no 
practical limits to the extent of arteriographic and 
other studies, dissections, or other instrumenta
tions during the extracorporeal interval. 

Appreciation of the long periods that this kidney 
can spend outside the body should be an induce
ment to extend the use of such a bloodless field 
technique to the treatment of nonvascular kidney 
diseases, as has been suggested by several authors 
including Guerriero and his co-workers (8), Gelin 
and his colleagues (6), and CaIne (4). It is not 
difficult to envision the removal of a malignant 
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lesion from a patient's sole kidney during the 
asanguineous hypothermic perfusion with subse
quent return of the reconstructed remnant. The 
same principle should apply equally in treating 
advanced staghorn calculous diseases or lesions of 
the ureter or of the pelvis, in which the kidney 
could be saved were it not for a deficient length of 
the collecting system. Other potential indications 
could be cited , but the foregoing examples should 
suffice to illustrate the potential value of this gen
eral approach. 

In Patient 2, the results were of particular in
terest because of the extreme atrophy which had 
afflicted the right kidney by the time of its auto
transplantation. Although it was only one-third of 
the normal weight of a normal adult kidney, 
weighing 75 grams, and although it was anuric 
prior to operation, it resumed a significant func
tion soon after it was given a normal blood supply. 
According to accepted criteria for revasculariza
tion, this organ should not have been salvable, but, 
in fact, this kidney now has become an important 
factor in this patient's hope of avoiding chronic 
renal disease. 

A special precautionary note is in order about 
ex vivo arteriography. As Alfidi and Magnusson 
(1) have em phasized, kidneys into which contrast 
media is injected, especially under hypothermia, 
sllould be immediately washed out with electrolyte 
solution. Otherwise, the organ may be rendered 
unuseable by the toxicity of these agents or by their 
precipitation du e to cold. \t\Te have confirmed this 
in canine experiments and have demonstrated the 
tri-iodinated contrast medium Co may 60® (meg
lumine iothalamate) used in our patients to be the 
most satisfactory of the commonly used contrast 
media under hypothermia. 

SUMMARY 

Three kidneys with arterial lesions that would 
have been difficult or impossible to repa ir by 
standard vascular reconstruction were removed, 
perfused by the Belzer technique, and returned to 
host after partial or complete autotransplantation. 

The fact that kidneys can be studied, dissected, 
repaired, and constantly salvaged with this tech
nique should have important implications in several 
aspects of urologic operations. 

REFERENCES 

1. ALFIDI, R . ]., and MAGNUSSON, M. O . Arteriography 
during perfusion preservation of kidneys . Am. ] . 
Roentgenol. Radium Ther. Nucl. Med., 1972, 114: 
690 . 

2. BELZER, F. 0., AsHBY, B. S., and DUNPHY, ]. E . 
Twenty-four hour and 72 hour preservation of canine 
kidneys. Lancet, 1967, 2: 536. 

3. BELZER, F. 0 ., KEAVENY, T. V., REED, T. W ., and 
PRYOR, ] . P. A new method of renal artery recon
struction . Surgery, 1970, 68: 619. 

4. CALNE, R. Y. Tumour in a single kidney ; nephrectomy, 
excision and au totransplantation. Lancet, 1971, 2: 76 1. 

5. CLUNIE, G. ]. A., MURPHY, K. H., LUKIN, L. , and 
others. Autotransplantation of the kidney in the treat
ment of renovascular hypertension. Surgery, 1971 , 
69: 326. 

6. GELIN, L. E., CLAES, G., GUSTAFSSON, A., and STORM, 
B. Total bloodlessness for extracorporeal organ repair. 
Surgery, 1971, 28: 305. 

7. GIL-VERNET, ]. M., CARALPS, A., REVERT, L., and 
others. Autotransplantation du rein pour hypertension 
arterielle de cause vasculaire. ]. Urol. Nephrol., 1969, 
Suppl. 12, 75, 469. 

8. GUERRIERO, W. G., SCOTT, R., ]R. , and JOYCE, L. 
Development of extracorporeal renal perfusion as an 
adjunct for Bench renal surgery.]. Urol., 1972, 107: 4. 

9. HARDY, ]. D. High uretera l injuries; management by 
autotransplantation of the kidney. ]. A. M. A., 1963, 
184 : 97. 

10. KAUFMAN,]. ]., ALFEREZ , C., and VELA NAVARRETE, 
R. Autotransplantation of a solitary functioning kidney 
for re novascular hypertension . ]. Urol., 1969, 102: 146. 

11. Kuss, R. A propos de trois cas d'hypertension arterielle 
par stenose de l'artere renate. Fourteenth Congress for 
the International Society of Urology. Vol. II, p. 88. 
Paris: G. & R . ]oly, 1967. 

12. MARSHALL, V. F., WHITSELL, ] ., MCGOVERN, J. H., 
and MISCALL, B. G. The practicality of renal au to
transplantation in humans. J. A. M. A., 1966, 1%: 
1154. 

13. MARTINEZ-PINEIRO,]. A., and SICILI A, L. S. Kidney 
autotransplantation for the treatment of renal artery 
stenosis ; report of two cases.]. Urol., 1972, 108: 35. 

14. OTA, K., MORI, S., AWANE, Y., and UENO, A. Ex situ 
repair of renal artery for renovascular hypertension. 
Arch. Surg., 1967, 94: 370. 

15. SERRALLACH-MILA, N., PARAVISINI, ]. , ALBERTI , ] ., 
and others. Nuevo metodo de revascularizaci6n en la 
cirugla de la hipertensi6n renovascular; el a utotrans
plante renal. Angiologia, 1966, 18: 93. 

16. STARZL, T. E. E xperience in Renal Transplantation. 
Philadelphia: W. B. Saunders Co ., 1964. 




