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Introduction

 Patients who receive a successful kidney transplant gain 

a survival benefit compared with remaining on dialysis.

 Although the survival advantage of transplantation was 

most pronounced in younger end-stage renal disease 

(ESRD) patients, patients of all ages gained additional 

years of life with transplant compared with dialysis.

Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, et al. Comparison of mortality in all 
patients on dialysis, patients on dialysis awaiting transplantation, and recipients of a first cadaveric 
transplant. N Engl J Med 1999;341:1725–30.dialysis.
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Introduction

 Patients older than age 65 accounted for 13.3% of all 
kidney recipients.

 Only a limited number of elderly ESRD patients are 

considered for transplantation:  

stringent selection criteria, 

a perception among health care providers of limited 

utility of kidney transplantation in the elderly, and 

decreased interest in kidney transplantation among older 

patients.  

US Renal Data System. USRDS 2008 annual data report: atlas of end-stage renal disease in the United 
States. Bethesda, MD: National Institutes of Health, National Institute of Diabetes and Digestive and 
Kidney Diseases; 2008.
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 recipient comorbidities

 donor quality

 immunosuppression

 dialysis option

 the strength of social support networks affect the success of 

transplantation. 

 The impact of transplantation on quality of life and mortality is 

not equivalent in the older versus the younger 

 decreased interest in kidney transplantation among older 

patients.  



Introduction

....the ethical balance of utility (allocation of organs to those 

who derive the greatest benefit) versus justice (equal 

access to transplantation for all age)...



Patient Survival

Transplant recipients older than  age 70 had a lower risk for 

mortality compared with wait-listed dialysis patients.

Survival benefit also was seen in elderly recipients of an 

expanded criteria donor (ECD) kidney.

Rao PS, Merion RM, Ashby VB, Port FK, Wolfe RA, Kayler LK. Renal transplantation in elderly patients older 
than 70 years of age: results from the Scientific Registry of Transplant Recipients. Transplantation 
2007;83:1069–74.



Patient Survival

 Compared mortality between renal transplant recipients 

and wait-listed dialysis patients older than the age of 60. 

 Although there was a higher risk of death in the first 30 

days compared with dialysis, transplantation was 

associated with a lower risk of death thereafter .

 The estimated life expectancy was approximately 4 years 

greater with a kidney transplant than remaining on 

dialysis.

Oniscu GC, Brown H, Forsythe JL. How great is the survival advantage of transplantation over dialysis in 

elderly patients.  Nephrol Dial Transplant 2004;19:945–51.



Patient Survival



Relative Benefit of Transplantation: Older 

Versus Younger Recipients
 Survival benefit is less for the elderly compared with 

younger transplant recipients and a decrease in allograft 

survival among elderly transplant recipients has been 

reported  consistently.

Fabrizii V, Winkelmayer WC, Klauser R, Kletzmayr J, Saemann MD, Steininger R, et al. Patient and 

graft survival in older kidney transplant recipients: does age matter? J Am Soc Nephrol  

2004;15:1052–60. 

Oniscu GC, Brown H, Forsythe JL. How old is old for transplantation? Am J Transplant 2004;4:2067–74. 

Meier-Kriesche HU, Ojo AO, Cibrik DM, Hanson JA, Leichtman AB, Magee JC, et al. Relationship of 

recipient age and development of chronic allograft failure. Transplantation 2000;70:306–10.

Keith DS, Cantarovich M, Paraskevas S, Tchervenkov J. Recipient age and risk of chronic 

allograftnephropathy in primary deceased donor kidney transplant. Transpl Int 2006;19:649–56.



Relative Benefit of Transplantation: Older 

Versus Younger Recipients
 Expanded Criteria Donor (ECD) transplantation should be 

offered to all elderly candidates without a living donor 

who otherwise would have a prolonged wait for a 

Standard Criteria Donor (SCD) kidney and all elderly 

diabetic candidates regardless of anticipated waiting 

time. 

 Elderly patients who receive a kidney that does not work 

well frequently have increased morbidity and mortality 

than younger recipients of poorly functioning grafts.

Huang E, Segev D, Rabid H.  Kidney Transplantation in the elderly.  Semin Nephrol 

2009;29(6):621-635.



Influence of Recipient Age on Mortality



The Immunology of Aging

 Changes in both innate and adaptive immunity occur 

with aging, which may help to explain an increased 

susceptibility to infectious illness and the decreased 

acute rejection observed in elderly transplant recipients.

Huang E, Segev D, Rabid H.  Kidney Transplantation in the elderly.  Semin Nephrol 

2009;29(6):621-635.



The Immunology of Aging

 Decreased stem cell production                                                             Decreased hematopoiesis

 Accumulation of myeloid-biased hematopoietic stem cells                Decreased lymphopoiesis

 Attenuated development of thymocyte and B-cell progenitors          Decreased lymphopoiesis

 Reduction in peripheral dendritic cell population        Impaired T-cell proliferation and cytokine  production

 Altered cytokine profile                                                    Increased IFN-γ, IL-6, IL-10, IL-12 Decreased IL-2

 Decreased perforin expression                                                                  Deficient cytolytic activity



Immunosuppression in the Elderly 

Transplant Recipient
 Few studies have carefully evaluated the impact of 

different immunosuppressive drug protocols in the elderly. 

 Many of the earlier prospective clinical trials did not 

include a significant number of elderly transplant 

recipients and much of the evidence concerning the 

effect of specific immunosuppressive agents arises from 
retrospective database studies or small observational 

series. 

 Given the paucity of data, it is difficult to draw 

conclusions on the pharmacodynamic effects of specific 

immunosuppressive agents in the elderly.



Immunosuppression in the Elderly 

Transplant Recipient
 Physiologic changes that occur in aging may alter drug 

pharmacokinetics. 

 Bioavailability may be influenced by decreased intestinal 

or hepatic first-pass metabolism and the volume of 

distribution of lipophilic drugs, such as cyclosporine, may 

increase as the relative fat content increases with age. 

 Protein binding may decrease by up to 15% to 25% in 

elderly individuals which can lead to increased free 

plasma concentrations of immunosuppressive 

medications.

Danovitch GM, Gill J, Bunnapradist S. Immunosuppression of the elderly kidney transplant recipient. 

Transplantation 2007;84:285–91.



Immunosuppression in the Elderly 

Transplant Recipient
 This is particularly relevant in the case of mycophenolic 

acid, in which the free fraction represents the active 

inhibitory component to inosine monophosphate 

dehydrogenase.

 Hypoalbuminemia may result in increased exposure to 

mycophenolic acid, thereby enhancing the 
immunosuppressive effect of mycophenolic acid and 

increasing the risk for drug toxicity.

 Aging is associated with reduced hepatic and renal 

clearance, which may be compounded by cofactors 

such as frailty, comorbidity, and polypharmacy.

Kinirons MT, O'Mahony MS. Drug metabolism and ageing. Br J Clin Pharmacol 2004;57:540–4.



Immunosuppression in the Elderly 

Transplant Recipient

 In a study of cyclosporine pharmacokinetics, elderly 

transplant recipients (defined as >65 y) required 
significantly lower doses of cyclosporine to achieve 

similar target drug concentrations as young recipients.

 Clearance of cyclosporine was lower and intracellular 

Tlymphocyte concentrations of cyclosporine, which have 
been shown to negatively correlate with rejection,were 

higher in elderly patients compared with younger 

patients.

 Although pharmacodynamic data are lacking, these 

findings suggest that the elderly may have an increased 

susceptibility to the immunosuppressive effects of 

cyclosporine.

Falck P, Asberg A, Byberg KT, Bremer S, Bergan S, Reubsaet JL, et al. Reduced elimination of cyclosporine 

A in elderly (>65 years) kidney transplant recipients. Transplantation 2008;86:1379–83.



Immunosuppression in the Elderly 

Transplant Recipient
 An observational study reported that patients older than 

age 60 receiving a maintenance regimen of 

cyclosporine, MMF, and prednisone had an increase in 

overall infections, opportunistic infections (mainly 

cytomegalovirus and fungal infections), and 

hospitalizations compared with similarly aged recipients 

receiving cyclosporine, azathioprine, and prednisone.

Meier-Kriesche HU, Friedman G, Jacobs M, Mulgaonkar S, Vaghela M, Kaplan B. Infectious 

complications in geriatric renal transplant patients: comparison of two immunosuppressive 

protocols.  Transplantation 1999;68:1496–502.

Johnson DW, Nicol DL, Purdie DM, Preston JM, Brown AM, Hawley CM, et al. Is mycophenolate 

mofetil less safe than azathioprine in elderly renal transplant recipients? Transplantation 

2002;73:1158–63.



Immunosuppression in the Elderly 

Transplant Recipient
 It has been reported greater patient and graft survival 

rates in MMF-treated elderly patients compared with 

azathioprine.

Sureshkumar KK, Nghiem DD. Use of mycophenolate mofetil in immunosuppressive protocols in 

elderly renal transplant recipients. Transplantation 2003;76:441–2.



Immunosuppression in the Elderly Transplant 

Recipient



Immunosuppression and Infections
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 In light of the pharmacokinetic changes that may 

influence immunosuppression in the elderly, 

pharmacodynamic studies are needed to fully evaluate 

for differences in immunosuppressive potency that may 

exist in the older population. 

 A variety of cofactors, including comorbidities, drug–drug 
interactions, diet, renal and hepatic function, and 

immunosenescence may influence the overall effect of 

immunosuppressive medications. 

Immunosuppression in the Elderly 

Transplant Recipient



Immunosuppression in the Elderly 

Transplant Recipient
 These factors confound our ability to make 

generalizations about the effect of individual 

immunosuppressive drugs or drug protocols in the elderly 

and there is a need for refinement of immune monitoring 

assays to guide the choice and dosing of 

immunosuppression in older transplant recipients.



Questions?

 Should younger patients have priority in receiving a 

younger deceased donor kidney, as is currently the 

policy in the United States? (Kidneys from donors younger 

than age 35 are offered preferentially, with some 

exceptions, to pediatric candidates.) 

 Should older kidneys be restricted to the elderly 
population? 

 Can living donor transplantation be justified when there is 

a limited benefit of additional life-years?



Conclusions
 In general, elderly ESRD patients benefit from kidney transplantation by 

gaining an increase in life expectancy and improved quality of life over 

dialysis. 

 However, donor organs are a limited resource and equitable allocation 

of kidney transplants requires a balance between utility and justice.

 As of yet, the upper age limit for transplantation has not been defined, 

although it seems that physiologic age, rather than chronologic age, 

would likely be a better predictor of posttransplant outcome.

 Therefore, after carefully weighing the risks and benefits of 

transplantation, elderly ESRD patients should continue to be considered 

for kidney transplantation, with case-by-case individualization rather 

than generalizations about therapeutic options based on age alone.


