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Eine neue Methode der konservativen Nierenchirurgie - 
experimentelle und erste klinische Ergebnisse 

Zusammenfassung. Zur Verl/ingerung der renalen Isch- 
/imie stehen bisher zwei Verfahren zur Verfiigung: 1) eine 
Oberfl~ichenkfihlung mit Eis und 2) eine Perfusionskfih- 
lung mit einer extrazellul~ren Ltsung. Beide Methoden 
nutzen nur das Prinzip der Stoffwechselsenkung durch 
Kiihlung. W/ihrend der Wiedererw/irmung bei der Ope- 
ration geht der Isch~imieschutz verloren oder die Niere 
mul3 erneut gekfihlt werden. Deshalb sollte eine neue Pro- 
tektionsltsung den Energieverbrauch zusfitzlich zur 
Kfihlung auch dutch ihre Zusammensetzung senken. Bei 
offenen Herzoperationen wird die HTK-Ltsung nach 
Bretschneider bereits klinisch angewendet. In 71 Experi- 
menten an Hundenieren wurde die Isch/imiezeit durch 
diese Ltsung von 15 auf 120 rain bei 3 5 °C und von 45 auf 
360 rain bei 25 °C verl/ingert. Nach 120 min Isch~imie bei 
30°C betrug die glomerulfire Filtrationsrate ca. 20 rnl/ 
rain 100 gva innerhalb von 3 h Reperfusion. Nach 6 Ta- 
gen postoperativ war die GFR wieder 40 ml/min 100 gv~. 
Es konnte kein isch~mischer Schaden durch histologische 
Untersuchungen mehr festgestellt werden. Der klinische 
Nutzen dieser Methode konnte in 7 klinischen Anwen- 
dungen gezeigt werden. Die Isch/imiezeit betrug bis zu 
113 rain und das Kreatinin lag zwischen 0,8 und 2,4 mg% 
am 6. postoperativen Tag. Dieses Protektionsverfahren 
ffihrt also zu einer verbesserten Nierenfunktion in der 
postoperativen Phase. Eine 1/ingere Isch/imiezeit wird 
yon der Niere vertragen, und unter Anwendung dieser 
Technik wird eine ausgezeichnete f0bersichtlichkeit wfih- 
rend der Nierenoperation erreicht, was eine radikale 
Tumorexzision erleichtert. 

Schliisselwtrter: Nierenperfusion - Renale Isch~mie - 
HTK-Protektion - Tumorexzision - Nierenfunktion - 
Intrarenaler pH 

* Supported by the Deutsche Forschungsgemeinschaft, Sonderfor- 
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Summary. So far two methods for prolonging the toler- 
ance of renal ischemia are available: 1) surface cooling 
with crushed ice and 2) perfusion cooling with an extra- 
cellular-like solution. Both methods use only the princi- 
ple of reducing metabolism through cooling. While re- 
warming during surgery the ischemic protection is lost, or 
the kidney must be cooled once again. Therefore, a new 
preservation solution should reduce energy consumption 
due to its composition in addition to cooling. For open 
heart surgery, the HTK solution by Bretschneider is al- 
ready used clinically. In 71 dog kidney experiments, the 
ischemic time kidneys could tolerate was prolonged by 
this solution from 15 to 120 rain at 35 °C and from 45 to 
360 rain at 25 °C. After 2 h of ischemia at 30°C glomeru- 
lar filtration rate was about 20 ml/min • 100 g,w within 
3 h of reperfusion. After six postoperative days the filtra- 
tion rate was 40 ml/min • 100 g,v,~. No ischemic damage 
could be recognized by histological investigations. The 
clinical effectiveness of this method was shown in 7 clin- 
ical applications. Ischemic duration lasted up to 113 rain, 
and blood creatinine was between 0.8 and 2.4 rag% at the 
6 th postoperative day. Use of this preservation technique 
thus leads to improved kidney function immediately fol- 
lowing operation. Longer ischemia can be tolerated by a 
kidney thus protected, and using this technique excellent 
visibility can be achieved during intrarenal surgery, sim- 
plifying, for example, tumor extirpation. 

So far, two procedures have been available for in situ 
kidney protection during longer periods of ischemia: a) 
superficial cooling with ice, and b) perfusion cooling with 
either Ringer lactate or Sacks solution [1, 32, 43]. Both 
procedures have not been satisfactory, as the temperature 
dependence of ischemic metabolism of the kidney is 
great. Reducing of temperature from 35 to 25°C pro- 
longs a critical renal tissue acidosis by the factor of 4, 
from 25 to 15 °C by the factor of 3.5 and from 15 to 5 °C 
by the factor of 2.8 (Fig. 1). Thereby it is understandable 
that simple cooling may be very effective and would allow 
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Table 1. HTK solution of Bretschneider (Custodiol ~) 

NaC1 15 mM 
KC1 9 mM 
MgC12 4 mM 
K-~-Ketoglutarate I mM 
Tryptophane 2 mM 
Histidine 180 mM 
Histidine-HC1 18 mM 
Mannit 30 mM 
pH at 8 °C 7.3 
pO2 at 37 °C 200 mm Hg 
Osmolarity 310 mosmol/1 

i schemia  up  to 1 h, bu t  the reby  it is also exp la ined  tha t  
the ischemic p ro t ec t i on  is get t ing lost  b y  r ewarming  dur-  
ing in situ ope ra t ion .  There fo re  - in our  op in ion  - an 
o rgan  pro tec t ive  so lu t ion  shou ld  be effective due to its 
c o m p o s i t i o n  in a d d i t i o n  to coo l ing  [6, 13, 14, 19, 20, 26, 
27, 34]. 

The  ca rd iop leg ic  so lu t ion  H T K  by  Bre tschne ider  has  
successful ly been  app l i ed  in ca rd iac  surgery  du r ing  oper-  
a t ions  on  the a r res ted  hea r t  for  m a n y  years  as a rou t ine  
m e t h o d  [6, 11, 35, 38]. This  led to the ques t ion  whe the r  
the w o r k i n g  pr inc ip le  o f  this so lu t ion  can  also be app l i ed  
to an  o rgan  as d i f ferent  as the k idney.  The  ae rob ic  
m y o c a r d i a l  m e t a b o l i s m  is d is t inc t ly  di f ferent  f rom the 
m e t a b o l i s m  and  func t ion  o f  the k idney.  F o r  the ischemic 
m e t a b o l i s m  there are  s imil iar  pr inciples :  glycolysis  is 
the  on ly  k n o w n  w a y  o f  anae rob i c  energy gain  [15]. But 
this energy is only  enough  for  p r e p a r i n g  sufficient  pos t -  
i schemic func t ion  if  i schemia  does  no t  last  too  long and  
i f  it  comes  to a decl ine o f  a_denosinet r iphosphate  (ATP)  
and  p H  and  an  increase  in lac ta te  [5, 17, 18, 21]. The  
essential  energy c o n s u m p t i o n  o f  the k idney  is - acco rd ing  
to inves t iga t ions  o f  Dee t jen  and  K r a m e r  [9] - the sod ium 
r eabso rp t i on .  The  o r g a n  p ro tec t ive  so lu t ion  H T K  con-  
ta ins  therefore  only  a s o d i u m  concen t r a t i on  o f  15 m M .  
Beside this the so lu t ion  is nea r ly  ca lc ium-free  and  magne-  
s ium is enr iched  to 4 m M .  This  c o m p o s i t i o n  reduces  
the ischemic energy c o n s u m p t i o n .  A n  ischemic tissue 
ac idosis  is p r o h i b i t e d  by  an effective buffer  such as 
h i s t i d ine /h i s t i d ine -hyd roch lo r id  in a concen t r a t i on  o f  
nea r ly  200 m M  [7, 22] (Table  1). 

Materials and methods 

Experiments 

any preperfusion ischemia, the flow of HTK-solution (Custodiol ~, 
Dr. Franz K6hler Chemic GmbH, W-6141 Alsbach-H/ihnlein 1, 
FRG), cooled to 4°C, was initiated at a flow rate of 100 ml/min 
while the catheter was advanced into the renal artery, where it was 
fixated by means of a torniquet string. Then the renal artery was 
clamped, the perfusion catheter removed, and the renal vein incision 
closed by means of atraumatic suture material. The kidney re- 
mained in situ without any further cooling, resulting in a median 
temperature of 30 °C during 120 min of ischemia (group 2). After 
returning to blood perfusion urine was collected in ~15-min fractions, 
and the glomerular filtration rate (GFR) was calculated by endoge- 
nous creatinine clearance. At the end of a 2-h postischemic recovery 
period, the kidney was extirpated, weighed, analyzed as to high-en- 
ergy phosphate and lactate content and was prepared for morpho- 
logical evaluation by perfusion fixation immediately thereafter. In 
the experiments of group ] the kidneys were exstirpated after pro- 
tective perfusion and analysed for ATP, lactate (Boehringer 
Mannheim GmbH, FRG) and intrarenal pH (pH electrode, Dr. 
Ingold KG, FRG). 

The experiments consisted of three groups: 

1) In vitro studies (n = 36 kidneys) For measuring intrarenal pH, 
ATP and lactate the kidneys were extirpated without any protection 
and incubated at approx. 30 °C. This unprotected group was used 
as a control group and compared to HTK-protected kidneys. Intra- 
renal pH was measured continuously, ATP and lactate were mea- 
sured during 2 h of ischemia every 15 or 30 rain (described in detail 
in [26]). 

2) In situ reperfusion studies (n= 30 kidneys) The kidneys were 
perfused with the HTK solution, left in situ at a mean ambient 
temperature of 30 °C and were reperfused for 3 h after closing of the 
renal vein. The contralateral kidney of each experiment served as 
control; it was not perfused and was left in situ untreated. 

3) Survival studies (n= 5 dogs) This group was treated like the 
second group, but the contralateral kidney was nephrectomized 
immediately and the abdomen was closed for survival of the ani- 
mals. 

Human kidney perfusion 

For the human kidney perfusion we used an 7 Charrier angiography 
catheter and in the last 2 cases we placed the catheter in the renal 
artery via the a. mesenterica inferior and aorta abdominalis using a 
Charrier 9 catheter (Angiomed GmbH, FRG). The flow was imme- 
diately increased in order to reach a perfusion pressure of 
100 mm Hg at the end of the first minute of protective perfusion. 
The rate of perfusion then amounted to about 400 ml/min/ 
100 gkidney in our animal experiments and to about 250 ml/min in 
our human cases. Within the first minute of perfusion an incision 
into the renal vein was performed to drain the perfusate, and the 
renal vein was clamped. The renoprotective perfusion was contin- 
ued for 6 rain in the animal experiments and to 10 minutes in human 
cases. This is a total amount of ~2000 ml in animal experiments 
and 2500 ml in human cases. 

For our experiments we used 71 kidneys of German shepherd 
bastard dogs of both sexes, with an average body weight of 32 kg. 
Thirty minutes following premedication with 90 mg dipidolor and 
0.5 mg atropin, the animals were anaesthesized with thiopental. 
Anaesthesia was maintained with a combination of fentanyl, 
halothane, and a 3:1 mixture of NzO and oxygen (for further 
details see [24]). Following median laparotomy, the kidneys were 
isolated from the surrounding tissue under ligation of all capsule 
vessels; then the renal artery, the renal vein, and the ureter were 
dissected. For the experimental perfusion of the kidneys with the 
HTK solution, the renal perfusion catheter with its terminal pres- 
sure lead and 4 lateral openings was inserted into the abdominal 
aorta distal to the branching of the external iliac artery. To avoid 

Experimental results 

In u n p r o t e c t e d  k idneys  the in t r a rena l  p H  d rops  f rom 7.3 
to 6.4 wi th in  approx .  10 min  at  35°C.  A t  25°C a p H  o f  
6.4 is reached  af ter  app rox .  40 min,  a t  15 °C an in t r a rena l  
p H  o f  6.4 is reached  af ter  nea r ly  3 h and  at  5 °C af ter  
a b o u t  12 h (Fig.  1). D u r i n g  H T K  per fus ion  o f  k idneys  
the in t r a rena l  p H  is no t  a l tered.  D u r i n g  i schemia  o f  2 h at  
a b o u t  30 °C the t issue p H  is no t  be low 6.7 and  a n o r m a l  
p H  is reached  at  least  wi th in  3 h o f  reper fus ion  wi th  
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Fig. 1. Intrarenal pH in unprotected kidneys during ischemia at 
different temperatures 
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Fig. 2. Intrarenal pH during HTK perfusion, ischemia and reperfu- 
sion 
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Fig. 3. Renal lacatate during HTK perfusion, ischemia and reper- 
fusion 
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Fig. 4. Adenosine-tri-phosphate (ATP) during HTK perfusion, 
ischemia and reperfusion 

blood (Fig. 2). The lactate content of the kidneys is re- 
duced by perfusion with the HTK solution from 12 gmol/ 
gd~ to 2 3 gmol/ge~,. During ischemia it climbs up to 
about 40 lamol/gdw, but is washed out within 3 h of reper- 
fusion (Fig. 3). The ATP content rises from 10 to 11 
gmol/gaw during HTK perfusion and is metabolized dur- 
ing ischemia to nearly 0.5 gmol/ga,~. After 3 h of reperfu- 
sion the ATP is about 7 gmol/ga,, and is normal after 6 
postoperative days (Fig. 4). The glomerular filtration 
rate is during HTK perfusion about 10 ml/min • 100 g ~ ,  
during ischemia sero and goes up to nearly 20 ml/ 
min • 100 g~w during 3 h of reperfusion. After 6 postoper- 
ative days it is within the normal range of 40-50 ml/ 
min • 100 g,~w (Fig. 5). The structure of glomerula as well 
as proximal and distal tubules is well preserved after 2 h 
of ischemia and 3 h of reperfusion (Fig. 6). 

Clinical results 

The operated clinical cases are listed in Table 2. Five pa- 
tients had a renal cell carcinoma, one an angiomyolipom 
and one a staghorn calculus. The ischemic time of the 
operated kidneys lasted from 36 to 113 min in situ (about 
30 °C in the mean). The postoperative creatinine value at 
the 6 th day ranged from 0.8 to 2.4 mg% and the isotope 
clearance was 183 to 347 ml/min at this day. 

The preoperative angiogramm of the patient S.A., 
female, shows the tumors in both kidneys (Fig. 7). The 
operative situs is shown in Fig. 8 with the perfused and 
protected kidney and the tumor excised. The morphology 
of the surrounding tissue of the tumor after about 70 min 
of ischemia at approx. 30°C shows normal glomerular 
capillaries and well preserved tubular epithelia (Fig. 9). 
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Fig. 6. Glomerular and tubular structure after HTK protection, 
ischemia and reperfusion 

Fig. 7. S.A., female, kidney ceil carcinoma in 
both kidneys, preoperative angiogram 

Fig. 8. S.A., female, intraoperative situs after 
HTK protection and tumor excision 

Fig. 9. Glomerular and tubular structure of 
healthy renal tissue after HTK protection and 
70 rain of ischemia at 30 °C 

Fig. 10. S.A., female, i.v. urogram about 7 weeks 
postoperatively 
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Table 2. Clinical use of in situ protection against renal ischemia 
with the HTK solution by Bretschneider 

Patient Diagnosis Ischemia Plasma- Isotope 
(rain) creatinine clearance 

at 6 'h POP day 
(mg %) (%) 

S.L. Angiomyolipom 48 

P.A. 

S.A. 

F.G. 

L.H. 

Left 
Kidney 

Staghorn calculus 

Right 
Kidney 

Renal cell 

Carcinoma 
Bilateral 

Renal cell 

Carcinoma 
Left kidney 

Renal cell 
carcinoma left 
Cystic kidney 
Right 

Renal cell 
carcinoma left 
Renal pelvic 
Carcinoma right 

0,8 TBCL = 347 
(ml/min) 
R. = 56 % 
L. = 44% 

113 1,1 TBCL=207 
(ml/min) 
R.=37% 
L. = 63% 

1) L: 36 1,1 TBCL = 341 
35/65 
TBCL = 227 

2) R: 70 1,9 41/59 

54 1,2 TBCL=287 
(ml/min) 
R. = 100% 
L. =0% 

55 2,4 TBCL = 183 
(ml/min) 
R.=41% 
L. = 59% 

55 1,6 TBCL = 338 
(ml/min) 
R. = 65 % 
L. =35% 

TBCL = total body clearance 
Isotope-clearance = 13 ~ J-hippuran-clearance 
POP = postoperative 

The postoperative i.v. urogramm shows adequate con- 
trast media secretion approx. 7 weeks after the operation 
(Fig. 10). 

Discussion 

Kidney protection includes 4 periods: 1) the preischemic 
period, 2) the protective perfusion, 3) the ischemic period 
and 4) the postischemic recovery [27]. 

The preischemic period includes initiating and stabi- 
lizing an appropriate anaesthesia, which prevents vaso- 
spastic reactions of the kidney as well as achieving a 
sufficient diuresis to wash out different osmotic gradients 
existing from renal cortex to medulla prior to protective 
perfusion [24], as the protective solution has only one 
osmolarity (HTK solution: approx. 300 mosmol/kgH2o). 
This also reduces the energy demand for tubular reab- 
sorption, as filtration is essentially passive requiring little 
expenditure of energy which diminishes renal oxygen 
consumption. In kidney preservation for transplantation 
there is normally no need for additional diuresis, as the 
donor is diuretic because of diabetes insipidus. For in situ 
protection with the HTK solution 500 ml glucose 5% and 
furosemide (0A mg/kg body weight) should be given 
about 30 min before protective perfusion; this was also 

done in our experimental experiments and in human 
cases [23, 25]. 

The protective perfusion of the kidney with HTK so- 
lution results in rapid, homogeneous cooling of the organ 
- from approx. 35°C to 10°C within 2 rain - together 
with a reduction of renal oxygen consumption from 6 -  
7 ml/min/100 gww before protective perfusion to approx. 
0.2 ml/min/100 gww after 2 -3  min, which is possible be- 
cause of the temperature and, in addition, the electrolyte 
composition of the solution: by sodium reduction to 
15 raM, by calcium washout and magnesium elevation 
(see Table 1) [8, 31]. During this period the intrarenal pH 
is kept constant, the lactate is washed out like other 
substances e.g. BUN, Na + and Ca + + and ATP is not 
lowered (see Fig. 2-4).  Histidine has a concentration of 
200 mM in the solution. There could be an influx into the 
cell during perfusion or ischemia, but the transport of 
histidine is Na-depending [16], and sodium is reduced to 
15 mM in the solution. 

Surface cooling is inhomogenous and may be harmful 
to the renal cortex, protective to the outer medulla, but 
insufficient to the inner medulla. Ringer lactate solution 
is effective by homogenous cooling, but does not use the 
protective effect of reducing energy demand by elec- 
trolyte composition (reduction of Na + and Ca + +, eleva- 
tion of Mg + + ). 

Following perfusion, the period of ischemia begins. 
Temperature and duration influence the degree of 
ischemic stress. Three parameters - intrarenal pH, tissue 
content of lactate and of ATP - are used to demonstrate 
the anaerobiosis in protected ischemic kidneys. Intra- 
renal pH drops from initially pH 7.4 to about 6.7 after 2 h 
at about 30°C in HTK protected kidneys. After this 
ischemic stress in unprotected kidneys the intrarenal pH 
would be below 6.0 (see Fig. 1) [2, 22]. Lactate climbs up 
to 40 gmol/gdw, but is washed out already within 3 h of 
reperfusion. As lactate transport depends on pH [17], 
it is of importance to keep intrarenal acidosis above 
6 . 8 -  6.7 by buffering (histidine/histidine-HC1, 200 mM), 
otherwise cellular volume dysregulation would follow 
[10]. During perfusion of the kidney with HTK solution, 
ATP content is about 11 ~tmol/gdw and after 120 min at 
30 °C it is below 1 ~mo1/gdw. After 3 h of reperfusion it is 
2/3 again. This is possible if intracellular metabolism is 
not irreversibly destroyed during ischemia, but is suffi- 
cient to cover energy demand during ischemia. Therefore 
a high ATP-content at the end of ischemia may be due to 
insufficient ischemic metabolism by low intrarenal pH 
inhibition (12, 29, 41]. This is probably followed by struc- 
tural deterioration, leading for example to failed "re- 
flow" [10]. On the other side a low ATP-content at the 
end of ischemia can be due to a high and unnecessary 
energy turnover during ischemia, for example by glucose 
addition to the solution, leading probably to an unsuffi- 
cient structural preservation [12]. Thus, only intact struc- 
ture of the kidney in combination with successful post- 
ischemic reperfusion demonstrates sufficient protection 
[28, 301. 

Postischemic aerobic recovery: The kidneys were perfused 
with the HTK solution as described, then exposed to a 
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120 rain ischemia at body temperature,  resulting in a 
mean kidney temperature of  30°C, and finally reper- 
fused in situ. The renal glomerular filtration rate is nearly 
20 ml/min • 100 gww after 3 h of  reperfusion and is within 
a normal  range after six days postoperatively (Fig. 5) 
[23, 25]. The morphology  shows well preserved glomeru- 
lar and tubular structures. F rom these experimental 
results we started clinical use of  this new preservation 
method. 

Different solutions have been used for renal preserva- 
tion, e.g. Ringer lactate, Euro Collins [42] and more re- 
cently U.W. solution. We compared our results with the 
results gained by Euro Collins protection. For  in situ 
protection at an ambient  temperature of  30 °C the Euro 
Collins solution is worse than without any protection 
[25, 26]. Ringer lactate uses only the cooling effect, as the 
extracellular sodium concentration in this solution does 
not reduce energy demand additionally. For  clinical use 
external cooling should be not necessary, as it prevents 
preparat ion in detail on the kidney. The Euro Collins and 
the U.W. solution are in our opinion dangerous for in situ 
protection, as the potassium content in both  is about  
115 m M  and the U.W. solution contains adenosine, a 
strong vasoconstrictor to the kidney. 

The application of  the protective solution was per- 
formed in the first 5 clinical cases with a preoperatively 
placed catheter via the A. femoralis in so-called Seldinger 
technique with a 7 Charrier (1 Charr. = 1/3 mm) angiog- 
raphy catheter [4]. As function was lost in one kidney 
because of  occlusion of  renal artery by this technique 
prior to protective perfusion, we placed the catheter in 
the last two cases intraoperatively via the A. mesenterica 
inferior and could use even a 9 Charrier catheter, which 
is of  advantage because of the high flow rate during pro- 
tective perfusion. Beside this an intraoperative last deci- 
sion is possible whether to use this organ-protective mea- 
surement or not and to avoid a reduced blood perfusion 
of  the kidney during its preparat ion by the catheter. This 
new in situ preservation technique is of  advantage for 
partial nephrectomy as the operation field is blood and 
ice free and the tumor  can be excised precisely and totally, 
and a fresh frozen biopsy can be taken f rom the tumor  
ground during excellent visibility conditions (see Fig. 8). 
Radical tumor  extirpation is of  importance for prognosis 
[3, 33, 36, 37, 39, 44]. Tumor  enucleation should be avoid- 
ed [36]. 

Acknowledgements. The authors wish to thank Mrs. R. Dohrmann, 
Mrs. G. Dallmeyer, Mrs. U. Kneissler and Mr. E. B~rger for perfect 
technical assistance during many years in the Dept. of Physiology 
and Pathology and Mrs. U. Penkalla and Mrs. I. yon der Haar for 
excellent operative assistance in the Dept. of Urology. 

References 

1. Abele RP, Novick AC, Ishigami M, Stowe NT, Magnusson M, 
Straffon RA (/981) Comparison of flushing solutions for in situ 
renal preservation. Urology 18:485-487 

2. Bergstr6m L Collste H, Groth C, Hultmann E, Melin B (1971) 
Water, electrolyte and metabolite content in cortical tissue from 
dog kidney preserved by hypothermia. Proc Eur Dialysis Trans- 
plant Assoc 8:313-321 

3. Blackley SK, Ladaga L, Woolfitt RA, Schellhammer PF (1988) 
Ex situ study of the effectiveness of enucleation in patients with 
a renal cell carcinoma. J Urol 140:6-10 

4. Blech M, Kallerhoff M, Kehrer G, von Romatowsky H J, 
Mfindemann-Schultz Ch, Helmchen U, Truss F, Bretschneider 
HJ (1988) Klinische Anwendung der kardioplegischen L6sung 
HTK nach Bretschneider zur in-situ-Protektion der Niere. Uro- 
loge A 27:44 48 

5. Bore P J, Sehr PA, Chan L, Thulborn K, Ross BD, Radda GK 
(1981) The importance ofpH in renal preservation. Transplant 
Proc 13:707-708 

6. Bretschneider HJ (1980) Myocardial protection. Thorac-car- 
diovasc Surg 28:295-302 

7. Bretschneider HJ, Helmchen U, Kehrer G (1988) Nierenprotek- 
tion. Klin Wochenschr 66:817-827 

8. Cohen JJ (1986) Relationship between energy requirements 
for Na+-reabsorption and other renal functions. Kidney Int 
29:32-40 

9. Deetjen P, Kramer K (1961) Die Abh/ingigkeit des O2-Ver- 
brauches der Niere vonder Na+-Rtickresorption. Pfltigers 
Arch 273:636-650 

10. Flores J, Dibona DR, Beck CH, LeafA (1972) The role of cell 
swelling in ischemic renal damage and the protective effect of 
hypertonic solute. J Clin Invest 51:118-126 

11. Gebhard MM, Bretschneider H J, Gersing E, Schnabel PhA, 
Preusse CJ (1987) Bretschneider's histidine-buffered cardio- 
plegic solution: concept, application, and efficiency. In: Roberts 
AJ (ed) Myocardial protection in cardiac surgery. Dekker, New 
York Basel, pp 95-119 

12. Gronow GHJ, Cohen JJ (1984) Substrate support for renal 
functions during hypoxia in the perfused rat kidney. Am J 
Physiol 247:F618-F631 

13. Groenewoud AF, Isemer FE, Stadler J, Heideche CD, Florack 
G, H61scher M (1989) A comparison of early function between 
kidney grafts protected with HTK solution versus Euro-Collins 
solution. Transplant Proc 21:1243-1244 

14. Gubernatis G, Pichlmayr R, Lamesch P, Grosse H, Born- 
scheuer A, Meyer HJ, Ringe B, Farle M (1990) HTK-solution 
(Bretschneider) for human liver transplantation. Langenbecks 
Arch Chit 375:66-70 

15. Guder WG, Wagner S, Wirthenson G (1986) Metabolic fuels 
along the nephron: pathways and intracellular mechanisms of 
interaction. Kidney Int 29:41-45 

16. Gfinther R, Silbernagel St (1981) Renal handling of L-histidine 
studied by continuous microperfusion and free flow micropunc- 
tion in the rat. Pflfigers Arch 389:137-142 

17. Hochachka PW, Mommsen TP (1983) Protons and anaerobio- 
sis. Science 219:1391-1397 

18. Hochachka PW (1986) Defense strategies against hypoxia and 
hypothermia. Science 231:234-24~ 

19. H61scher M. Kidney transplantation in relatives. (personal 
communication) 

20. Isemer FE, Ludwig A, Schunk O, Bretschneider H J, Peiper HJ 
(1988) Kidney procurement with the HTK solution of Bret- 
schneider. Transplant Proc 20:885-886 

21. Jones DP (1986) Renal metabolism during normoxia, hypoxia, 
and ischemic injury. Ann Rev Physiol 48:33-50 

22. Kallerhoff M, H61scher M, Kehrer G, K1/iB G, Bretschneider 
HJ 0985) Effects of preservation conditions and temperature on 
tissue acidification in canine kidneys. Transplantation 39: 485- 
489 

23. Kallerhoff M, Blech M, Kehrer G, Kleinert H, Siekmann W, 
Helmchen U, Bretschneider HJ (1986) Post-ischemic renal 
function after kidney protection with the HTK-solution of 
Bretschneider. Urol Res 14:271-277 

24. Kallerhoff M, Blech M, Kehrer G, Kleinert H, Langheinrich 
M, Siekmann W, Helmchen U, Bretschneider HJ (1987) Short- 
term perfusion and "equilibration" of canine-kidneys with pro- 
tective solutions. UrN Res 15:5-12 

25. Kallerhoff M, Blech M, Kehrer G, Kleinert H, Langheinrich 
M, Siekmann W, Helmchen U, Bretschneider HJ (1987) Nieren- 



346 

funktionsparameter nach Isch/imiebelastung unter der Euro- 
Collins-L6sung oder unter der kardioplegischen L6sung HTK 
nach Bretschneider. Urologe A 26: 96-103 

26. Kallerhoff M, Blech M, Isemer FE, Kehrer G, Kleinert H, 
Helmchen U, Bretschneider HJ (1988) Metabolic, energetic and 
structural changes in protected and unprotected kidneys at tem- 
peratures of 1 °C and 25°C. Urol Res 16:57-62 

27. Kallerhoff M (1989) Nierenprotektion in Anlehnung an das 
Verfahren zur Myokardprotektion nach Bretschneider im Ver- 
gleich zum Euro-Collins Verfahren. Z Tx Med 1:15-33 

28. Kallerhoff M, Blech M, Kehrer G, Langheinrich M, Helmchen 
U, Bretschneider H J, Ringert RH (1989) Improvement of in situ 
renal protection against complete ischemia through the replace- 
ment of chloride by aspartate in the HTK solution of Bret- 
schneider. In: Riibben H et at. (eds) Investigative urology 3. 
Springer, Berlin Heidelberg, pp 197-208 

29. Kehrer G, Blech M, Kallerhoff M, Langheinrich M, 
Bretschneider HJ (1989) Postischemic interrelations between 
energy metabolism and functional recovery of protected canine 
kidneys. Eur J Clin Invest 19:328-336 

30. Kehrer G, Blech M, Kallerhoff M, Bretschneider HJ (1989) 
Urinary LDH-release for evaluation ofpostischemic renal func- 
tion. Klin Wochenschr 67:477-485 

31. Mandel LJ (1986) Primary active sodium transport, oxygen 
consumption and ATP: coupling and regulation. Kidney Int 
29:3-9 

32. Marberger M (1978) Ischfimie und regionale Hypothermie bei 
Operationen am Nierenparenchym. Steinkopff, Darmstadt 

33. Marberger M (1988) Organerhaltende Nierentumorexzision. 
Aktuel Urol 19:58-66 

34. Pichlmayr R, Grosse H, Hauss J, Gubernatis G, Lamesch P, 
Bretschneider HJ (1990) Technique and preliminary results of 

extracorporeal liver surgery (bench procedure) and of surgery 
on the in situ-preserved liver. Br J Surg 77:21-26 

35. Preusse CJ, Schulte HD, Bircks W (1987) High volume cardio- 
plegia. Ann Chir Gynecol 76:39-45 

36. Rosenthal CL, Kraft R, Zingg EJ (1986) Organ-preserving 
surgery in renal cell carcinoma: tumor enucleation versus par- 
tial kidney resection. Eur Urol 10:222-228 

37. Sch~irfe T, Thiiroff JW, Alken P, Riedmiiller H, Jacobi GH, 
Hohenfellner R (1988) Konservative Chirurgie des Nierenzell- 
karzinoms - Technik und Verlauf yon 84 Patienten. Aktuet 
Urol 19:67-71 

38. Schnabel PhA, Gebhard MM, Pomikay Th, Preusse C J, 
Schmiedl A, Richter J, Bretschneider HJ (1987) Myocardial 
protection: left ventricular ultrastructure after different forms 
of cardiac arrest. Thorac Cardiovasc Surg 35:148-156 

39. Smith RB, De Kernion JB, Ehrlich RM, Skinner DG, Kauf- 
mann JJ (1984) Bilateral renal cell carcinoma and renal cell 
carcinoma in solitary kidney. J Urol 132:450-454 

40. Staehler G, ErnstG (1985) Organerhaltende operative Therapie 
bei Nierentumoren. Urologe A 24:331-333 

41. Soltoff STP (1986) ATP and the regulation of renal cell func- 
tion. Ann Rev Physiol 48:9-31 

42. Timmon SL, Ward R, deVere White RW (1990) In situ renal 
perfusion. World J Urol 8:55-57 

43. Wickham JEA (1984) Intrarenal surgery. Churchill Living- 
stone, Edinburgh London Melbourne New York 

44. Zechner O, Hofbauer J, Karnel MF (1988) Die Problematik der 
organerhaltenden Chirurgie solider Nierentumoren. Aktuel 
Urol 19:72-77 


