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Abstract. To investigate the effect of oral nifedipine, a cal­
cium channel blocker known not to modify cyclosporin A 
(CyA) pharmacokinetics, on immediate transplant func­
tion and CyA nephrotoxicity, 68 adult renal transplant re­
cipients were pre-operatively randomized to one of three 
regimes: A (high-dose CyA, initial dose 17 mg/kg per day, 
maintenance dose 7 mg/kg per day); B (regime A plus oral 
nifedipine); C low-dose CyA, initial dose 10 mg/kg per 
day, maintenance 4 mg/kg per day plus azathioprine 
1 mg/kg per day). All three groups received identical ste­
roid regimes. Calcium channel blockers of all types were 
avoided in groups A and C. Delayed graft function (dial­
ysis dependence by day 4) was seen least frequently in 
group B (P < 0.02). Group B had improved graft function 
at 6 months compared with group A, identified by dif­
ferences in serum creatinine (P < 0.05), GFR (P < 0.01) 
~nd ERPF (P < 0.05). Similar differences in serum crea­
tinine (P < 0.05) and GFR (P < 0.05) were also identified 
at 12 months. Group C also had better 6- and 12-month 
GFR values than group A (P < 0.05 each). The three 
groups did not differ in donor or recipient age, HLA 
matching, ischaemic or anastomosis times, frequency of 
~arly rejection or whole-blood CyA levels. These results 
Indicate that nifedipine significantly improves immediate 
and medium-term graft function. 
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The introduction of cyclosporin A (CyA) to solid organ 
transplantation was associated with significantly im­
proved graft survival rates [1, 5], but its nephrotoxicity re­
·mains a major clinical disadvantage. 

Although the most common clinical manifestation of 
CyA nephrotoxicity is an acute reversible impairment of· 
renal function [5], CyA has also been linked with an in­
crease in delayed initial graft function [1 ], presumably due 
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to its exacerbation of renal ischaemic injury [16]. In the 
longer term, a chronic irreversible nephropathy may 
occur, characterized by a progressive elevation in serum 
creatinine [13, 14] and diffuse interstitial fibrosis [15]. The 
pathophysiology of chronic CyA nephropathy is con­
troversial, but there is mounting evidence that vasocon­
striction of the afferent glomerular arteriole is the primary 
abnormality. 

There is evidence from retrospective clinical data and 
experimental studies in animal models that calcium chan­
nel blockers may minimize short- and long-term CyA ne­
phrotoxicity [6, 7, 11, 12]. Calcium channel blockers effect 
a reduction in calcium influx by their action on voltage-de­
pendent slow calcium channels, thereby reducing intracel­
lular calcium ion accumulation, well recognized as a me­
diator of ischaemic cell injury [2, 18]. Studies in both 
cardiac and renal ischaemia suggest that calcium channel 
blockade prior to any ischaemic insult is required for 
maximum benefit [2, 18]. The capacity of calcium channel 
blockers to facilitate vascular smooth muscle relaxation, 
particularly in the afferent glomerular arteriole [9], may 
be beneficial in chronic CyA nephrotoxicity. 

Although the calcium channel blockers verapamil and 
diltiazem have been shown to be beneficial in CyA­
treated renal transplant recipients [3, 20], they are known 
to modify CyA pharmacokinetics [4], which may cause 
difficulty in effective control of Cy A therapy. 

This prospective study was therefore designed using the 
calcium channel blocker, nifedipine, which does not mod­
ify CyA metabolism [4, 10], to investigate whether admin­
istration of oral nifedipine could reduce the incidence of 
delayed graft function and minimize long-term graft dete­
rioration in renal allograft recipients receiving Cy A. 

Methods 

Subjects 

Adult cadaver renal allograft recipients (n = 68) were randomized 
pre-operatively to one of three regimes: A, CyA, initial dose of 
17 mglkg per day reduced in a stepwise manner by 2 mglkg per week 
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Table 1. Frequency of delayed initial function in the three study 
groups 

Treatment regime Number of patients Incidence(%) 

A 9/21 43 
(High dose CyA) 

B 2/24 8.3* 
(High dose Cy A+ nifedipine) 

c 7/23 30.4 
(Triple therapy) 

* p <0.02 

Table 2. Results of serum creatinine, glomerular filtration rate and 
effective renal plasma flow in the three study groups 

Group A Group B Group C 

Serum creatinine (Jlmol/1) 

7days 394±63 253 ±58 410± 58 
28days 260±40 172 ±20* 217±34 

1 month 206± 18 153±11* 166±20 
6months 204±20 155 ± 10* 173±27 

12 months 224±23 156± 9* 191±28 

GFR.(ml/min per 1.73 m2) 

1 month 47± 3.9 45 ± 3.3 52±4.1 
6months 32± 3.9 45 ± 2.9** 44±3.2* 

12months 28± 4.7 43 ± 3.3* 41 ±4.1* 

ERPF (ml/min per 1.732) 

1 month 216±13 183 ± 14 191±36 
6months 239±20 237 ± 15* 204 ± 14 

12 months 266±23 222± 13 184± 14 

* P < 0.05; *• P < 0.01 (groups B or C compared with A) 

to a maintenance dose of 7 mg/kg per day at 6 weeks; B, CyA as in 
regime A plus oral nifedipine retard 10 mg three times daily for 
I week, then 20 mg twice daily, increasing to 40 mg twice daily if in­
dicated for hypertension; C, CyA, initial dose 10 mglkg per day re­
ducing by 1 mg/kg per week to a maintenance dose of 4 mg/kg per 
day at 6 weeks. To achieve effective immunosuppression, group C 
also received azathioprine at a dose of 1 mg/kg per day. All three 
groups received identical prednisolone regimes. Calcium channel 
blockers of all types were avoided in groups A and C and other anti­
hypertensive agents were used if clinically indicated. 

CyA was given as gelatin capsules in divided doses thrice daily for 
2 weeks after transplantation then twice daily. CyA dosage was 
based on pretransplant dry weight. Half the daily dose was given 
orally preoperatively, and individuals randomized to group B re­
ceived the first dose of oral nifedipine at that time. 

Highly sensitized individuals (>50% panel reactive antibodies) 
or those receiving an HLA-identicallive related graft were excluded 
from randomization. Other factors which may have modified imme­
diate or long-term graft function were documented: donor and reci­
pient age, ischaemic times, anastomosis times, whole-blood CyA 
levels (days 0-7), antibody status and blood pressure control. 

Trough CyA levels were measured in whole blood by high per­
formance liquid chromatography. 

Graft function parameters 

Delayed initial function was defined as dialysis dependence by the 
fourth postoperative day in the absence of graft rejection. 

Formal investigation of graft function was performed at I. 6 and 
12 months by measurements of serum creatinine concentration and 
isotopic assessment of glomerular filtration rate (GFR) (51Cr· 

EDTA) and effective renal plasma flow (ERPF) (1311-hippuran) 
using a 'single shot' technique. 

Statistics 

Statistical analysis was performed with unpaired t-tests, Mann Whit· 
ney U and Chi-squared analysis. Data are presented as mean± stan­
dard error of the mean. 

Results 

Initial graft function 

Delayed initial function was seen least frequently in 
group Bin which 2 of24 patients (8.3%) were dialysis-de· 
pendent by day 4, compared with 9 of 21 in group A 
( 43% ), and 7 of 23 in group C (30%) (P < 0.02, Chis­
qua red) (Table 1 ). 

Graft function up to one year 

Serum creatinine. Mean serum creatinine concentrations 
were significantly lower in group B compared with 
group A at 1, 6 and 12 months (P < 0.05) (Table 2, Fig.1). 
Glomerular filtration rate. GFR values for group B were 
higher than for group A at 6 ( P < 0.01) and 12 months 
(P < 0.05). Group C showed similar improvements in 
comparison with group A at both 6 and 12 months 
(P < 0.05) (Table 2, Fig. 2). 
Effective renal plasma flow. ERPF was significantly better 
at 6 months in group B than in group A (P < 0.05). There 
was no significant difference in any graft function 
parameter at any time point between groups B and C 
(Table 2, Fig. 3). 

There were no significant differences between the three 
groups in donor or recipient age, HLA mismatches, is­
chaemic or anastomosis times, mean arterial blood pres­
sure (at any time point), or trough (12-h) whole-blood 
Cy A levels during the first post-transplant week, except at 
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Fig. I. Serum creatinine concentration during 12 months follow up. 
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Fig.2. Glomerular filtration rate during 12 months follow up. Q, 
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Fig.J, Effective renal plasma flow during 12 months follow up. Q. 
group A; e. group B; .t., group C 

one time point (day 4) when trough levels for group C 
Were significantly lower than those of group A. Do­
cumented rejection episodes did not differ in the three 
groups. However, group B had a significantly higher mean 
Panel reactive antibody status than group A (P < 0.02). 

Discussion 

This study suggests two beneficial effects of nifedipine in 
r~nal transplantation using Cy A. First, it reduces the in­
Cidence of delayed initial function, and second it improves 
graft function up to 12 months after transplantation. 
~ere is a growing body of evidence relating to the benefi­
Cial short- and long-term effects of different calcium chan­
nel blockers in the context of CyA-treated human renal 
allograft recipients. 
. This study supports previous studies of early graft func­

tion. The calcium channel blockers diltiazem and vera­
pamil when added to perfusion fluids at organ retrieval 
a.nd .a~ministered to graft recipients have been shown to 
SigOJficantly improve early renal allograft function [3, 20]. 
Both drugs have the disadvantage of interfering with Cy A 
Pharmacokinetics, resulting in unpredictably (30-110%) 

S71 

elevated blood levels [4], and high CyA levels have them­
selves been associated with delayed graft function [7]. We 
have demonstrated that preoperative oral nifedipine is a 
simple method of achieving improved initial graft func­
tion without the need for uniformity in organ perfusion, 
which is difficult to achieve while multicentre organ shar­
ing is practised. 

The longer-term benefit of calcium channel blockade 
has previously been suggested by retrospective studies [6, 
19]. These reports have presented graft survival data, or 
relied on serum creatinine concentration or clearance 
parameters derived from it, to assess graft function. Serum 
creatinine is a relatively insensitive measurement of graft 
function and may be particularly unreliable in patients 
taking CyA [17]. The present randomized study makes a 
prospective assessment of graft function using proven iso­
tope reference methods for measurement of GFR and 
ERPF. With a limited follow-up period of 1 year, no signi­
ficant differences in graft survival were found, but signifi­
cant benefits in serum creatinine, GFR and ERPF were 
found if nifedipine was added to Cy A. 

Delayed initial function has been associated with poor 
graft outcome so improved function in established grafts 
may reflect the late consequence of early non-function . 
However, the benefits of nifedipine are still present if the 
data are reanalysed using only those with immediate graft 
function. 

This study demonstrates the benefits of nifedipine in 
patients on a CyA regime which uses larger doses than 
preferred by some workers. The data thus far do not show 
any advantage of the nifedipine regime compared with a 
triple regime using a lower dose of CyA without nife­
dipine. Further follow-up of this cohort of patients will, 
however, provide additional evidence of the impact of 
nifedipine on longer-term graft function and graft survi­
val. 

Acknowledgements. The authors would like to thank N. Mistry, 
H. Hall, A. Sidgwick and S. Weston for their technical expertise in 
high performance liquid chromatography measurement of cyclo­
sporin A. 

References 

1. Canadian Multicentre Transplant Study Group (1986) A ran­
domised clinical trial of cyclosporine in cadaveric renal trans­
plantation at three years. N Eng! J Med 314: 1219-1225 

2. CheungJY, BonventreJV, Malis CD, Leaf A (1986) Calcium and 
ischaemic injury. New Eng! J Med 314:1670-1676 

3. Dawidson I, Rooth P, Alway C et a! (1990) Verapamil prevents 
post transplant delayed function and cyclosporin A nephro­
toxicity. Transplant Proc 22: 1379-1380 

4. Dy GR, Raja RM, Mendez MM (1991) The clinical and bio­
chemical effect of calcium channel blockers in organ transplant 
recipients on cyclosporine. Transplant Proc 23: 1258-1259 

5. European Multicentre Transplant Trial (1987) Cyclosporine in 
cadaveric renal transplantation: 5 year follow-up of a 
multicentre trial. Lancet II: 506--507 

6. Feehally J, Walls J, Mistry Net a! (1987) Br Med J 295:310 
7. Ferguson CJ, Hillis AN, WilliamsJD eta! (1990) Calcium chan­

nel blockers and other factors influencing delayed function in 
renal allografts. Nephrol Dial Transplant 5:816--820 

8. Kahan BD (1989) Cyclosporine. N Eng! J Med 321: 1725-1738 



S72 

9. Loutzenhiser R, Epstein M (1987) Modification of renal haemo­
dynamic response to vasoconstrictors by calcium antagonists. 
AmJNephrol7(Suppl1]:7-16 

10. McNally PO, Mistry N, Idle JR, Walls J, Feehally J (1989) Cal­
cium channel blockers and cyclosporin metabolism. Transplan­
tation 48: 1071 ~ 

11. McNally PO, Baker F, Mistry Net al (1990) Effect of nifedipine 
on renal haemodynamics in an animal model of cyclosporin A 
nephrotoxicity. Clin Sci 79: 259-266 

12. McNally PO, Wall J, Feehally J (1990) The effect ofnifedipine on 
renal function in normotensive cyclosporin A-treated renal allo­
graft recipients. Nephrol Dial Transplant 5:962-968 

13. Merion RM, White DJO, Thiru Setal (1984) Cyclosporine: five 
years experience in cadaveric renal transplantation. N Engl J 
Med 310:148-154 

14. Morris PJ, French ME, Dunnill MS et al (1983) A controlled trial 
of cyclospo'rine in renal transplantation with conversion to aza­
thioprine and prednisolone after three months. Transplantation 
36:273-277 

15. Myers BD (1986) Cyclosporine nephrotoxicity. Kidney Int 30: 
964-974 

16. Parrott NR, Forsythe JLR, Matthews JNS et al (1990) Late per­
fusion. A simple remedy for renal allograft primary non-func­
tion. Transplantation 49: 913-915 

17. Ross EA, Wilkinson A, Hawkins RA, Danovitch OM (1987) The 
plasma creatinine concentration is not an accurate reflection of 
glomerular filtration rate in stable renal transplant patients re­
ceivingcyclosporine. Am J Kidney Dis 10:113-117 

18. Schrier RW, Arnold PE, Van Patten VJ, Burke TJ (1987) Cellular 
calcium in ischaemic acute renal failure. Kidney Int 32: 313-321 

19. Solez K, Racusen LC, Keown PA, Vaughn WK, Burdick JF 
(1988) The influence of antihypertensive drug therapy on renal 
transplantation function and outcome. Transplant Proc 20 
(Suppl3]: 618-622 

20. Wagner K, Albrecht S, Neumayer HH {1987) Influence of cal­
cium antagonist diltiazem on delayed graft function in cadaveric 
kidney transplantation: results of a six month follow up. Trans­
plant Proc 19: 1353-1357 


