Transplant Int (1991) 4:88-91

Donor-recipient age difference - an independent risk factor
in cyclosporin-treatedrenal transplant recipients
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Abstract. Whilst HLA matching is routine in renal transplantation the possible benefits of matching donor to recipient age have not been previously explored. The simultaneous effect on graft survival of donor and recipient age
was therefore investigated for 274 consecutive first cadaver transplant recipients treated by cyclosporin immunosuppression in two centres. The overall graft survival
was 77%, and was not significantly different between the
two centres. Individually there was no significant effect of
donor or recipient age but taken together, the diferencein
age significantly affected graft survival ( P < 0.01) regardless of the mode of failure. The 1-year graft survival for all
failures was 66.2% when the donor was 5 or more years
older, 84.5% when the donor was 5 or more years younger
and 71.7% when the donor was within 5 years of the recipient's age. Multivariate analysis, taking into account
other variables (HLA matching, dialysis time and type,
donorlrecipient sex, local/imported kidneys, sensitivity,
operation time, total ischaemic time. pre-operative transfusions) indicated that age difference was the single most
important variable ( P < 0.01). The only other important
covariate risk factor in improving graft survival was HLADR matching (P< 0.05). Donor-recipient age difference
is a potentially important recipient selection criterion in
cyclosporin-treated renal transplant patients.
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In the United Kingdom and throughout Europe transplant waiting lists are rising mainly as a result of the increased acceptance of older patients for dialysis [32]. One
possible solution to this increased demand for donor organs would be to use elderly donors. Recent reports suggest that older donors are an important and necessary contribution to the pool of organs available but that their use
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could lead to inferior results compared to younger donors
despite reasonable HLA matching [9,12,21,29,30].
Previously, efforts to improve the results of kidney
graft survival have been based on matching for HLA antigens [13,16,27]. Little attention has been directed to the
possible influence of donor-recipient age difference. In
this study we have used the experience from the transplant
units of Leicester and Newcastle to assess the effect of cadaveric donor age upon graft survival whilst allowing for
recipient age. To allow comparison of other potential risk
factors within a reasonably homogeneous group only first
cadaver recipients were considered.
Patients and methods
The study population consistcd of 274 first cadavcr rccipicnts transplanted hctwccn June 1983 and Scptcmbcr 1987, with minimum Tollow-up pcriodor 12 months.Thc twoccntrcsprovidcd roughlycqual
proportions of thc study population, with 141 consccutivc transplants from Leicester and 133 consccutive transplants from Ncwcastle. Immunosuppressive therapy for all patients consisted or 1017 mg/kg per day cyclosporin in the first post-operative week.
tapering rapidly to 6 mg/kg per day by the eighth week [28]. Cyclosporin levels were monitored using serum trough levels. In addition
all patients were pre-transfused and receiving dialysis up to operation. Three modes of failure were considered: immunological
failure (IF), non-immunological failure (NIF). and death with a
functioning graft (DWF). Date of graft loss was defined as the date
of return to maintenance dialysis.
In order to assess the effect of the donor-recipient age relationship the data were divided into three groups:
(1) donor older: donor 5 or more years older than recipient
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(2) donor 5 years: donor within 5 years of recipient
(3) donor younger: donor 5 or more years younger than recipient

Whilst the effect of donor and recipient age was the primary focus of
the study, other pretransplant risk factors considered were: HLA-A.
-Band -DR mismatches, dialysis time and type ( H D or CAPD) preoperative transfusions, total ischaemic time and operative time.
donor and recipient sex, source of kidney (imported or local). and
sensitization (defined as the most recent percentage panel rcactivity). Details of the patients studied are summarized in Table 1. The
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Table 1. Characteristics of study population.
Characteristics 2-7 are expressed as medians (ranges),and 8-13 &frequencies

Leicester

-

Newcastle

Pooled

1 Number of recipients

141

133

274

2 Recipient age (years)

46 (1&72)

42 (4-70)

44 (4-72)

3 Donor age (years)

34 (3-79)

4 Pre-transfusions

7 (1-103)

35 (2-62)
5 (1-85)

6 (1-103)

5 Total ischaemic time (min)

34 (2-79)

1124 (266-2760)

1175 (2684366) 1135 (266-4366)

6 Dialysis time (months)

17.4 (3.1-130.7)

29.2 (0.7-170.4)

20.2 (0.7-170.4)

7 Operative time (min)

32 (15-113)

30(18-55)

31 (15-1 13)

8 HLA-A mismatch (01112)

31/85/25
28/81/32
48/73/20

23/67/43
44/32/57
47/56/30

54/152/68
72/113/89
95/129/50

92/49

64/69

1561118

9
10

11
12
13

-B
-DR
Recipient sex (MIF)
Donor sex ( M E )
Dialysis (HDICAPD)
Source (importedllocal)
Recent sensitivity (01> 0)

two centres had relatively similar patient characteristics, with the exception of dialysis, where Newcastle tended to have a longer dialysis
period with more CAPD patients, whereas Leicester had fewer patients with two mismatches on the B or DR loci. There was no significant difference bctween the centres in the proportion of donors
defined as older,within 5 years or younger when compared to the recipients.
Both univariate and multivariate statistical methods were employed. Univariate methods to assess directly the overall effect of a
single covariatc includcd product-limit survival plotting together
with log-rank and gencralized Wilcoxon score tests [ 171. Multivariate methods to allow lor all risk factors simultaneously included the
Cox proportional hazards model [ 171and a Weibull mixed model for
hcavily ccnsorcd data 161. Both of these modcls werc found to fit the
data ~ c l l .

78/63

47/86

1251149

83/58

56/77

1391135

46/95

31/96

83/191

123118

107/26

230144

pient age having any effect on graft survival when considered in isolation from donor age. For instance, 1-year
graft survival rate for the 91 patients aged over 50 years
was 79.1%, not significantly different (P> 0.2) from that
of 76.5% for the 183younger recipients.
Donor ages ranged from 2 to 79 years with one-fifth
being over 50 years old. For the Leicester population, donors over 50years of age had an inferior graft survival
compared with younger donors (P< 0.01) whereas for
Newcastle data (which included fewer older donors) this
difference was not seen. The combined data therefore reflected a poorer graft survival from donors over 50 years
of age, 68.4% at 1 year as compared to 79.7% for donors
under 50 years, (P= 0.08) though not a statistically significant effect.

Results

During the follow-up period there were 44 immunological
failures, 20 non-immunological failures and 10 patients
who died with a functioning graft. One-year graft survival
rates were 89.5% for Leicester patients, 80.8% for Newcastle patients, and 85.3% overall, when immunological
failures only were studied. Corresponding figures when
technical failures were included were 84.1%, 75.0% and
79.7%. respectively, and 82.2%, 72.2% and 77.3%, respectively. when DWF graft failures were also considered.
There was no significant difference in graft survival rates
between the two centres under any of the three modes of
failure. Results are given for the combined data set only.
Unless otherwise stated the same pattern is observed in
both centres individually. ‘Significant’ results are confirmed by both univariate and multivariate analysis.
Multivariate analysis of all potential risk factors indicated that only two factors were important in determining
graft outcome. Donor-recipient age difference was highly
significant (P< 0.01) and HLA-DR mismatches were also
important (P< O.OS).There was no significant centre effect.
Recipient ages varied from 4 to 72 years with one-third
being over 50 years old. There was no evidence of reci-

Donor-recipient age difference

The difference between donor and recipient age ranged
from - 50 to + 34 years. The former figure corresponded
to a 64-year-old recipient given the kidney of a 14-yearold donor (this patient died of myocardial infarction with
a functioning graft 2 days after transplant). The latter figure corresponded to a 37-year-old recipient given the
kidney of a 61-year-old donor (and whose graft was still
functioning successfully at follow-up 18 months after
transplant). When graft survival was assessed in relation
to the donor age bands defined as older, within 5 years or
younger, a clear and significant (P< 0.01) trend was apparent over these groups for the combined data or for the
two centres individually, regardless of the mode of failure
(Table 2).
HLA matching
The relatively small sample size did not allow a full study
of interaction between HLA-A, -Band -DR antigen mismatches. Nonetheless, if a ‘good’ match is defined as no
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Table 2. One-yeargraft survival (%)-donor-recipient age effect. IF.
immunological failures; NIF, non-immunological failures; ALL, includes 'death with a functioning graft'; values in parentheses are
standard deviations
Failures
IF
IF + NIF
ALL

Donor younger
91.4 (2.4)
87.7 (2.7)
84.5 (3.0)

Donor f5 years
80.5 (5.3)
73.2 (5.7)
71.7 (5.8)
.

Donor older
75.6 (5.5)
67.2 (5.9)
66.2 (5.9)

Table 3. One-year graft survival (%) - HLA-DR matching effect.
IF, immunological failures; NIF, non-immunological failures; ALL,
includes 'death with a functioning graft'; values in parentheses are
standard deviations
Failures

IF
IF + NIF
ALL

HLA-DR mismatches
1
0
( n = 129)
(n = 95)
83.5 (3.4)
91.3 (2.9)
77.2 (3.7)
88.4 (3.3)
86.3 (3.5)
75.2 (3.8)

2

(n = 50)
78.8 (6.2)
69.3 (6.6)
65.8 (6.7)

Table 4. Relationship between donor-recipient age difference and
HLA-DR mismatching (immunological failures only)
Donor-recipient age
difference bands
Donor f 5 years or
younger
Donor k 5 years or
younger
Older donor
Older donor

HLA-DR
mismatches
0

Grafts (n)
75

1-year graft
survival (%)
95.8 (SD 2.4)

>0

134

83.9 (SD 3.3)

0

20
45

74.1 (SD 10)
76.2 (SD 6.6)

>O

DR mismatches, and at most one on A or B combined,
then we found no evidence of any difference between
good matches and otherwise: 1-year survival rates being
81.1% ( n = 32) and 76.8% (n = 242), respectively. However, if the loci were considered separately then there was
evidence that improved HLA-DR matching was incrementally beneficial to graft survival, ( P < 0.05) regardless of the mode of failure (Table 3). There was no evidence of any individual benefit from HLA-A or -B
matching.
Combined effects

Table 4 gives 1-year graft survival rates at various combinations of matching for HLA antigen and for donor-recipient age difference. The detrimental effect of transplanting kidneys from older donors to younger recipients
appeared more important than that of poor DR matching,
although both factors were important and excellent results were obtained when both were optimal, i. e. the
donor was not older and there were no HLA-DR mismatches. Improved graft survival was found when the donorrecipient age difference was optimal even if there were
DR mismatches, but if the donor was more than 5 years
older than the recipient then improving the HLA-match
did not affect graft survival.

Discussion

The improved quality of life achieved by transplantation
has meant that the transplant waiting list has increased
and produced an ever-widening gap between the supply
and demand for donor organs. This study has confirmed
that the age distribution of the two dialysis populations
are consistent with the international figures, with more
than 25% of patients over 50 years of age [32]. Despite
early fears that older recipients may be at increased risk
of graft failure, we have been able to confirm recent reports [2,3,8, 151 that recipient age per se is not a major
contraindication to transplantation. If we are to trans- .
plant more older recipients, then an increased use of elderly donors would be a logical solution to the long waiting time [13]. The criteria for donor selection have, until
recently, been relatively rigid and few centres were prepared to accept kidneys from donors over 60 years of age.
In order to cope with the increased demands the idea of
using kidneys from older donors has been an increasingly
attractive option [9]. Previous uni- and multivariate analyses have not taken into account age difference, and
have found risks associated with donor rather than recipient age [4,9,12,14,21,29,30]. This is the first study to
document the benefits of considering the relative ages of
donor and recipient, rather than the absolute ages only.
When all variables including age difference were taken
into account, donor-recipient age and HLA-DR matching were the only two important risk variables. One of
the benefits of age matching could be an improved graft
outcome when using organs from older donors, provided
they were not more than 5 years older than the recipient.
This effect is likely to be especially important in meeting
the needs of an elderly dialysis population [26].
The explanation of the benefits of age matching in relation to graft loss is unclear, although it may rcflect the
decreasing functional reserve of kidneys with increasing
donor age [l, 11, 22,311. In a previous study it was well
established that above the age of 30 years the glonierular
filtration rate decreases linearly with time at a rate of approximately 13 ml/min per decade [31]. The limited functional reserve of kidneys from older donors would then
be further reduced by insults which could include cyclosporin toxicity [28]. and chronic rejection [lo]. Effectively, the life of the graft would be shortened. Immunological response also decreases with advancing age and so the
allograft response to an older donor organ might be
expected to be less [19,25]. This hypothesis is borne
out by the long-term results of transplantation in the
elderly [24,33]. The poor results observcd in the two
centres when transplanting an older organ with limited reserve to a young patient with an aggressive immune
response would, therefore, be explained. It is important that the results were valid regardless of the definition of graft failures since reports have argued
that there is a non-immunological element to chronic graft failure [7]. Progressive graft deterioration in
recipients of renal transplants from older donors may
be the inevitable effect of aging [ll] compounded by
previous rejection episodes [lo] and cyclosporin toxicity
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The conclusions of this preliminary study are obviously
limited by the number of cases available, although it has
the advantage of a relatively homogeneous population of
grafts which were managed in a similar way. It would,
however, be worth exploring the limiting age bands and
the relative importance of age match versus HLA matching. Clearly donor-recipient age difference could be an important consideration in determining transplant outcome
and may reduce the unnecessary late failures [18,23]. The
clear message is that older donors are a valuable resource,
but best used for older recipients.
Acknowledgemenfs. The authors are grateful to the physicians, sur-

geons and especially nurses from the Leicester and Newcastle transplant units for help and advice in respect of the patients studied.
They also thank Miss S.Massey for typing the manuscript.

References
1. Anderson S , Brenner BM (1986) Effects of aging on the renal

glomerulus. Am J Med 80: 435-442
2. Cardella CJ,Harding ME, Abraham G. Robinson C, Oreopoulus D. Uldhall PR. Jordan M, Cook G, Struthers N, Honey R,
Bear R, Cole E (1982) Renal transplantation in older patients on
peritoneal dialysis. Transplant Proc 21: 2022-2023
3. Cecka JM. Cook DJ (1989) Optimal use of cadaver donor kidneys: high risk donors and low risk recipients. Transplant
Proc21: 1417-1418
4. Darmandy EM (1974) Transplantation and the aging kidney.
Lancet 11: 1046-1074
5. Donnelly PK.Taylor J. Simpson AR, Bell PRF( 1989) Rising age
limit for kidney donors? Lancet 11: 397
6. Farewell VT(1982)The use of mixture models for the analysisof
survival data with long term survivors. Biometrics 38: 1041-1046
7. Feehally J, Harris KPG, Bennett SE,Walls J (1986) Is chronic
renal transplant rejection a non-immunological phenomenon?
Lancet 11: 486-488
8. Fehrmann I, Brattstrom C. Duraj F, Groth CG (1989) Kidncy
transplantation in patients between 65 and 70years of age.
Transplant Proc 21: 2018-2019
9. Foster MC, Wenham PW, Rowe PA, Blarney RW, Bishop MC,
Burden RP, Morgan AG (1988) Use of older patients as cadaveric kidney donors. Br J Surg 75: 767-769
10. Foster M. Morgan AG, Newham PW (1989) The late results of
renal transplantation and the importance of chronic rejection as
a cause of graft loss. Ann Royal Coll Surg Eng 71: 44-47
I 1. Friedman SR, Raizner AE, Rosen H. Solomon NA. Wildfred S Y
(1972) Functional defects in the ageing kidney. Ann Int Med 76:
414 5
12. Geoghegan T, Digard N. Leppington L. Harris KR, Slapak M
(1984) Functional and other parameters in assessment of cadaveric kidneys for transplantation. Transplant Proc 16: 6 4 4 6
13. Gilks WR, Bradley BA, Gore SM (1987) Predicting waiting time
for a beneficially matched graft. Transplant Proc 1 9 3640-3641
14. Hong JH, Shirani K, Arshad A. Parsa I. Matas A, Adamsons RJ,
Butt MH (1981) Influence of cadaver donor age on the success of
kidney transplants. Transplantation 32: 532-534

15. Howard RJ, Pfaff WW, Salomon D. Peterson J, Scornik JD,

Friederickson E, Fennel1 RS (1989) Results of kidney transplantation in older patients. Transplant Proc 21: 2020-2021
16. Kahan BD, Mickey R, Flechner SM, Lorber MI, Wideman CA,
Kerman RH, Terasaki P, Buren C T van (1987) Multivariate analysis of risk factors impacting on immediate and eventual cadaver
allograft survival in cyclosporin-treated recipients. Transplantation 43: 65-70
17. Lawless J F (1982) Statistical models and methods for lifetime
data. Wiley. New York
18. Lucas BB, Vaughan WK, Specs EK, Sanfilippo F (1987) Identification of donor factors predisposing to high discard rates of cadaver kidneys and increased graft loss within one year post transplantation. Transplantation 43: 253-258
19. Makinodan T. Perkins EH, Chen MG (1971) Immunologic activity of the aged. Adv Gerontology 3: 171-178
20. Murie JA. Lauffer G, Gray D, Ting A, Morris PJ (1989) Renal
transplantation in the older patient. Transplant Proc 21: 20242025
21. O’Conner KJ, Franklin C, Bradley JW, Cho SI (1986) The effect
of increasing donor age on kidney transplant outcome. Transplant Proc 18: 480-481
22. Ogden DA (1983) Consequences of renal donation in man. Am J
Kid Dis 2: 501-51 1
23. Ploeg RJ, Visser MJT, Stignen T, Persijn GG, Schilfgaarde R van
(1987) Impact of donor age and qualityof donor kidneys on graft
survival. Transplant Proc 19 1532-1534
24. Renlund DG, Gilbert EM, O’Connell TB, Gay WA, Jones KW,
Burton NA, Doty DB, Karwande SV, Dewitt CW, Menlove RL,
Herrick CM, Bristow MR (1987) Age-associated decline in cardiac allograft rejection. Am J Med 83: 391-398
25. Rowley MJ, Buchanan H, MacKay IR (I%@ Reciprocal change
with age in antibody to extrinsic and intrinsic antigens. Lancet 11:
24-25
26. Roza AM, Gallagher-Lepak S, Johnson CP (1989) Renal transplantation in patients more than 65 years old. Transplantation 48: 689-725
27. Sinclair NR, Jeffrey JR, Keown PA, Stiller CR (1986) Risk factors and HLA matching in renal transplantation using cyclosporin therapy. Transplant Proc 18: 1234-1235
28. TaylorJ,HorsburghT.Veitch PS, Bell PRF(1986)Thebenefitof
immediate function to cyclosporin A treated renal allografts.
ProcXVIII Int CourseonTransplantation. Lyon Excerpta Medica 18:3-8
29. Tiwari J. Terasaki PI, Mickey MR (1987) Factors influencing kidney graft survival in the cyclosporin era: a multivariate analysis.
Transplant Proc 1 9 1839-1841
30. Van Speybroeck J, Feduska N. Amend W. Vincenti F, Cochrum
K. Salvatierra 0 (1979) Influence of donor age on graft survival.
Am J Surg 137: 374-376
31. Wesson LG (1969) Renal hemodynamics in physiological states.
In: Wesson LG (ed) Physiology of the human kidney. Grune and
Stratton, New York. pp 96-108
32. Wing AJ, Broyer M, Brunner FP. Brynger H. Ehrick JHH, Fassbinder W, Geerlings W, Rizzoni G . Selwood NH, Tufveson G,
Dykes SR (1988) Demography of dialysis and transplantation in
Europe in 1985 and 1986: trends over the decade. Nephrol Dial
Transplant 3: 714-727
33. Yuge J, Cicciarelli J (1987) Kidney transplantation and donor-recipient ages. 1n:Terasaki P (ed) ClinicalTransplants 1987. UCLA
Tssue Typing Laboratory. Los Angeles. pp 361-371

