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The quality of function of renal allografts 
is associated with donor age 

Abstract The quality of renal allo- 
graft function was assessed by pro- 
spective measurement of creatinine 
clearance at 1 year (n = 197) and at 
3 years (n  = 115) after cadaveric re- 
nal transplantation in a cohort of 
268 patients treated with triple ther- 
apy immunosuppression. Donor age 
( P  < 0.0012) and recipient age 
( P  < 0.01) were independently asso- 
ciated with creatinine clearance 
both at 1 and at 3 years. In patients 
with donor age above 50 years and 
recipient age above 45 years, the 
mean creatinine clearance was 32.7 
(SD 10.4) ml/min (n = 27). When 
the donor age was below 30 years 
and recipient age below 45 years, the 
mean creatinine clearance was 55.6 

(SD 14.4) ml/min (n  = 47, 
P < 0.001). However, in these pa- 
tients there was no significant asso- 
ciation between graft function and 
many of the factors known to influ- 
ence graft survival, such as HLA 
matching, sensitisation of the recipi- 
ent, and the occurrence of rejection. 
In conclusion, the quality of renal 
allograft function declined with in- 
creasing donor and recipient age in 
our patients, whilst immunological 
factors were not significantly associ- 
ated with function in surviving 
grafts. 
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Introduction 

Although increasing age of renal allograft donors is as- 
sociated with reduced 1-year graft survival in many [7, 
11, 14, 181, but not all [2,16], studies, such grafts 
achieve acceptable overall graft survival rates, and the 
use of cadaveric donors over the age of 55 years is now 
routine in many units. 

The quality of function of grafts taken from older do- 
nors has, however, only been examined in detail in pa- 
tients from the precyclosporin era [9]. We have studied 
a cohort of patients treated with triple therapy immuno- 
suppression, so that these data are not confounded by 
varying treatment protocols. Furthermore, the data on 
graft function were prospectively gathered in an outpa- 
tient annual review clinic. The effect of donor age on 
the quality of graft function has been assessed in the 
context of other factors that are powerfully associated 

with overall graft survival. These included HLA-DR 
matching, crossmatch status, delayed graft function, 
and the occurrence of rejection. 

Patients and methods 
Two hundred and sixty-eight patients who received cadaveric renal 
transplants from beating heart donors between May 1985 and Feb- 
ruary 1990 attended an outpatient annual review clinic. There were 
225 patients seen at 1 year after transplantation and 131 patients at 
3 years after transplantation, with 87 patients seen both at 1 and 
3 years after transplantation (Table 1). Three patients with func- 
tioning grafts who moved away from Oxford were not seen in the 
clinic; otherwise, all patients with functioning grafts were seen. 

All kidneys were retrieved from beating heart donors who had 
fulfilled the criteria of brain death. All data on donor characteris- 
tics were compiled at the time of transplantation and entered 
onto either our database or standard United Kingdom Transplant 
Service (UKTS) records. 
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Year 1 Year 3 Table 1 Donor and recipient 
characteristics at 1 and 3 years 
after transplantation. Mean va- Number 225 131 
lues (range) Male 61 Yo 58 Yo 

Age (years) 50.0 (16-74) 43.2 (16-65) 
Diabetic 6 Yo 5 Yo 
Donor age (years) 34.6 (7-67) 32.6 (5-64) 
Male donors 60 Yo 63 Yo 
Cause of death 
CVA 44 Yo 43 % 
Head injury 45 % 47 Yo 
Other 11 Yo '10 Yo 

~~ ~~ 

Multiple renal arteries 26 Yo 27 O/o 

Local retrieval 89 % 88 Yo 
Cold ischaemia time (min) 1425 (790-2712) 1377 (795-2757) 
Highly sensitised 16 Yo 19 Yo 
Positive crossmatch 30 Yo 24 Yo 
HLA DR mismatches 
0 28 Yo 32 Yo 
1 47 Yo 45 Yo 
2 25 Yo 23 Yo 
Regraft 24 Yo 14 Yo 
Early function 82 Yo 81 O/O 
Rejection 
Steroid-sensitive 52 Yo 57 Yo 
Steroid-resistant 17 Yo 15 Yo 
Creatinine (pmol/l) 153 (85-542) 142 (65-321) 
Creatinine clearance (ml/min) 47.5 (14-97; n = 197) 49.9 (13-88; n = 115) 

Recipients were selected on the basis of HLA DR matching, 
when possible. A positive cytotoxic crossmatch was not necessari- 
ly a contraindication to transplantation; our practice in such cases 
and details of the results after transplantation have been de- 
scribed elsewhere [24]. Patients were considered to be highly sen- 
sitised if the highest panel reactivity was greater than 90 %. 

Triple therapy immunosuppression was given to all patients as 
previously described [8, 201. Briefly, maintenance therapy at 1- 
3 years consisted of cyclosporin, with a target whole blood trough 
level of 100 ng/ml, azathioprine at 1.5 mg/kg per day, and predniso- 
lone, 7-10 mglday. 

Primary graft function was defined as the passage of greater 
than 1500 ml of urine in the first 24 h after transplantation and no 
need for dialysis in the first 7 days. Rejection was confirmed by re- 
nal biopsy in nearly all cases. Rejection was treated in the first in- 
stance with 500 mg intravenous methylprednisolone for 3-5 days, 
followed by rabbit antithymocyte globulin (Fresenius, Germany) 
if there was no response [19]. In this study only those episodes of 
acute rejection that occurred within the first 3 months after trans- 
plantation are included. 

Preliminary analysis showed, as would be expected, a signifi- 
cant association between recipient gender and plasma creatinine, 
the men having higher levels (r' = 0.0907, P = 0.0001). Therefore, 
creatinine clearance levels, which did not differ between male and 
female patient groups, have been used for further analysis. Be- 
cause not all patients supplied a complete urine collection on the 
day of the annual review clinic, 197 results at 1 year and 115 at 
3 years were available for analysis (Table 1). Full analysis of data 
was also performed using plasma creatinine, rather than creati- 
nine clearance, and showed similar results with no systematic bias 
other than by recipient gender. 

Creatinine levels were measured with an autoanalyser (Ame- 
rican Monitors, USA), employing the Jaffe reaction. 

Table 2 Multiple regression analysis. Association with P < 0.01 
between creatinine clearance and the following 16 variables: reci- 
pient age, recipient gender, diabetic recipient, donor age, donor 
gender, cause of death, multiple renal arteries, local or distant re- 
trieval, cold ischaemic time, highly sensitised recipient, cross- 
match status, HLA DR compatibility, first or regraft, delayed func- 
tion after transplantation, occurrence of steroid-sensitive or -resis- 
tant rejection 

Variable Year 1 Variable Year 3 

P r2 P r2  

Donor age 0.0001 0.0708 Donor age 0.0012 0.084 
Recipient age 0.001 0.039 Recipient age 0.0092 0.067 

Statistical analysis was performed using the SAS programme 
(SAS Institute, N. C., USA). Stepwise multiple linear regression 
analysis was performed with the PROC STEPWISE programme, 
using all the appropriate independent variables. Subsequent uni- 
variate analysis was performed when appropriate, using Student's 
t-test as appropriate. Because of the large number of variables en- 
tered into the analysis, only associations with P < 0.01 were consid- 
ered significant. 

Results 

Table 2 shows the results of stepwise linear regression 
analysis between creatinine clearance and the indepen- 
dent variables indicated. Donor and recipient age were 
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Fig.1 Donor age and creatinine clearance at 1 ( -@- )  and 3 (-0.) 
years of follow-up in patients receiving triple therapy immunosup- 
pression. Mean values (SEM) 

the only variables with associations that achieved signif- 
icance. 

Figure 1 shows the mean levels of creatinine clear- 
ance, grouped by donor age. The effect of donor age is 
similar both at 1 year and at 3 years after transplantation. 

Table 3 shows creatinine clearance levels at extremes 
of donor age for several of the variables entered into the 
regression analysis. This analysis was performed in or- 

Table 3 Donor age and creati- 
nine clearance (mlhin)  at 
1 year after transplantation, by 
various other factors. Signifi- 
cance testing was performed 
using two-tailed Student’s t-test 
(CXM cytotoxic crossmatch, 
CZT cold ischaemic time) 

der to illustrate the magnitude of the effect of donor 
age on creatinine clearance and its consistent effect in 
all patient subgroups. The choice of donor age groups 
of less than 30 years and greater than 50 years was arbi- 
trary. There were trends toward a lower creatinine clear- 
ance in patients with delayed graft function and a higher 
creatinine clearance in patients with a positive cross- 
match or receiving a second or subsequent graft. How- 
ever, these trends did not achieve statistical signifi- 
cance either in this univariate analysis or in the step- 
wise regression analysis. 

Subgroup analysis was also performed according to 
the precise nature of the transplants performed with po- 
sitive crossmatches, according to the policy previously 
described from our centre [24]. This analysis did not 
show any associations of significance. 

Table 4 shows the proportions of grafts that achieved 
given levels of creatinine clearance for various combina- 
tions of donor and recipient age. This shows that al- 
though some grafts transplanted from older donors into 
older recipients did achieve excellent function, this was 
a small proportion of the total of surviving grafts. 

Discussion 

This study has examined only those grafts that were 
functioning at follow-up. The causes of graft failure in 

Donor age < 30 years 
Mean (SD) n 

Donor age > 50 years 
Mean (SD) n 

P 

Recipient Y 55.6 (14.4) 47 44.4 (16.6) 13 < 0.02 
age < 45 N 46.8 (16.6) 41 32.7 (10.4) 27 < 0.001 
years P < 0.01 P < 0.01 
Local retrieval Y 51.1 (16.0) 71 36.3 (14.4) 33 < 0.001 

N 54.4 (15.7) 17 37.3 (11.4) 7 < 0.05 

CIT > 1400 N 52.0 (18.2) 49 37.2 (14.0) 18 < 0.01 
Y 51.2 (13.1) 39 3.5.9 (14.1) 22 < 0.01 

Regraft N 50.7 (21.6) 64 35.4 (14.0) 34 < 0.001 

Positive N 50.7 (16.8) 58 34.5 (13.4) 31 < 0.001 

HLA DR-compatible Y 54.3 (15.3) 23 35.5 (9.9) 8 < 0.01 
N 50.4 (15.1) 63 37.6 (13.0) 32 < 0.001 

Early function Y 52.8 (14.5) 73 37.3 (14.1) 32 < 0.001 

Rejection N 53.2 (15.3) 23 40.6 (12.0) 16 < 0.01 

P = N S  P =  NS 

P = N S  P =  NS 

Y 54.2 (16.7) 24 42.8 (13.0) 6 NS 
P = N S  P = N S  

CXM Y 53.7 (15.1) 29 43.6 (14.7) 9 NS 
P = N S  P = N S  

P = N S  P = N S  

N 45.7 (19.8) 15 33.5 (12.7) 8 NS 
P = N S  P = N S  

Y 51.1 (16.1) 65 33.8 (14.7) 24 < 0.05 
P = N S  P = N S  
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Tab’‘ 4 Proportion offunc- creatinine clearance (ml/min) 1 3 5  > 50 
tioning grafts achieving thresh- 
olds of creatinine clearance at 1 % n Y O  n 
and at 3 years after transplan- 
tation 

One year 
Recipient < 45 years 
Donor < 35 years 92 Yo 45 71 Yo 35 
Donor > 35 years 76 Yo 31 51 Yo 21 
Recipient > 45 years 
Donor < 35 years 83 35 41 % 17 
Donor > 35 years 63 Yo 41 23 % 15 
Three years 
Recipient < 45 years 
Donor < 35 years 
Donor > 35 years 
Recipient > 45 years 
Donor < 35 years 
Donor > 35 years 

97 Yo 36 78 Yo 29 
72 Yo 13 50 % 9 

73 % 22 37 % 11 
73 % 22 27 Yo 8 

our patients include HLA DR matching, crossmatch 
status delayed function after transplantation, severe re- 
jection and recipient age [8,12,20,24]. These causes of 
graft failure are the same as those reported by registries 
and other single centres. However, this study indicates 
that the quality of function in surviving grafts was not 
significantly associated with many of the factors strong- 
ly associated with graft survival in the 1 year. 

A relationship between donor age and plasma crea- 
tinine or creatinine clearance has been reported by oth- 
er groups [l, 6,9,10,15,18,22]. Only one of these stud- 
ies performed statistical analysis that took into account 
several other possible factors that might be associated 
with graft function [9]. The patients in this study had 
been treated with prednisolone, azathioprine and anti- 
lymphocyte globulin. The occurrence of rejection was 
associated with graft function more powerfully than 
was donor age. However, in our cohort of cyclosporin- 
treated patients, there was no association between 
graft function and the occurrence of rejection in the 
first 90 days. We have previously noted that graft func- 
tion at 1 year in a group of patients successfully treat- 
ed with ATG for steroid-resistant rejection was not 
impaired [19]. Whilst rejection clearly is damaging to 
some grafts, the use of triple therapy immunosuppres- 
sion and ATG for severe rejection would appear to 
prevent serious long-term damage in the majority of 
patients whose grafts survive. A recent multicentre 
study from Scandinavia has reported an association be- 
tween the ocurrence of acute rejection and medium- 
term renal function in surviving grafts [13]. However, 
in this study many rejection episodes were not con- 
firmed histologically, unlike our patients in whom all 
rejection episodes were confirmed by biopsy. Further- 
more, donor age was not taken into account when ex- 
amining long-term renal function. Further studies that 
investigate any association between the treatment of 

acute rejection and subsequent renal function are war- 
ranted. 

It seems likely that reduced graft function with in- 
creasing donor age is due to the reduction in renal re- 
serve and nephron mass that occurs with normal hu- 
man ageing [3]. The extent of interstitial fibrosis, tubu- 
lar atrophy and glomerulosclerosis is correlated with do- 
nor age, both before and after transplantation [4,6,21]. 
Furthermore, the average rate of loss of creatinine 
clearance from a normal human kidney over the age of 
30 years is about 0.3 ml/min per year, similar to our find- 
ings in this transplanted population [5].  

Donor age has recently been shown to be powerfully 
associated with long-term graft survival by Thorogood 
et al., using data from the Eurotransplant registry [23]. 
In a model that took into account HLA matching and 
other factors such as diabetes, donor age was the most 
important variable associated with the graft half-life. 
Furthermore, the influence of donor age overcame the 
effects of HLA matching in their patients. Thus, the 
mean graft half-life in patients with a well-matched 
graft from an elderly donor was 6.9 years [n = 48, 95 YO 
confidence interval (CI) 4.8-9.91, whereas the half life 
of an unmatched graft from a younger donor was 51 YO 
higher at 10.4 years (n = 588, 95 Y CI 8.6-12.5). There- 
fore, the benefit of including kidneys from elderly do- 
nors in national and international organ sharing 
schemes should be carefully evaluated in terms of long- 
term graft survival. 

Does a reduced creatinine clearance in grafts from 
older donors matter in clinical practice, apart from any 
possible long-term effects on graft survival? A creati- 
nine clearance level of less than 40 ml/min does consti- 
tute a degree of chronic renal failure with stimulation 
of parathyroid tissue, and progressive increases in 
blood pressure, diuretic requirement and urate levels. 
Several of these factors constitute important risk fac- 
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tors for cardiovascular disease, one of the major causes 
of death after renal transplantation [17]. Therefore, the 
use of kidneys from elderly donors may increase the 
morbidity and mortality experienced by patients with 
functioning allografts. 

Although there are no data from this study to sup- 
port the hypothesis that reduced graft function in older 
recipients is due to comorbid cardiovascular disease, 
we think this is the most likely explanation for this sec- 
ond, independent association we have described. 

In conclusion, the quality of renal allograft function 
declines with both increasing donor and recipient age. 
This has implications for the allocation of grafts from 
elderly donors. Given the shortage of kidney donors, it 

seems reasonable to continue to offer patients the 
chance of a transplant using donors aged in their 60s. 
However, the likelihood that kidneys from older do- 
nors will function less well than those from younger do- 
nors should influence the policy for graft allocation. Na- 
tional and international organ sharing schemes should 
evaluate whether the shipping of kidneys from elderly 
donors results in medium-term graft survival and quali- 
ty of function that justifies the inclusion of such organs 
in the sharing scheme. Furthermore, in our attempts to 
improve the supply of organs for transplantation, any 
schemes that would increase the supply of donor kid- 
neys from very elderly donors should be carefully evalu- 
ated. 
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