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Determinants of Long-Term Graft and
Patient Survival after Transplantation
of Kidney and Liver
Harald Schrem, Stefan Schütze, Thomas Becker, Rainer Lück, Björn Nashan, and Jürgen Klempnauer
Chronic graft dysfunction leads to reduced allograft survival and is associated with reduced life expectancy after liver and kidney transplantation. Chronic rejection of the allograft, recurrence of the underlying disease in the graft, ischemia/reperfusion injury of
the graft, cytomegalovirus (CMV) infection, CMV disease after transplantation, and factors associated with the organ donor have an impact on the development of chronic
graft dysfunction and patient survival following kidney and liver grafting. Common side
effects of immunosuppressive therapy after transplantation include acknowledged risk
factors for deteriorating allograft function, as well as an elevated risk for the development of malignancies and opportunistic infections, whereas lack of compliance to immunosuppression usually leads to graft loss. With improved overall results after kidney
and liver transplantation, the comorbidity of the allograft recipient becomes an increasingly important factor for the long-term prognosis after transplantation. Living-related
and living-unrelated kidney donations are associated with improved graft and patient
survival after renal transplantation. In this article, the authors review the current knowledge about the factors that have been implicated in the pathogenesis of chronic graft
dysfunction, as well as allograft and patient survival.
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Introduction
The development of new immunosuppressive
agents has lead to substantial improvements in the
field of solid organ transplantation. Additionally,
the refinements in perioperative care, surgical technique, and patient selection, along with improved
understanding of the underlying diseases, have improved results after transplantation. Chronic graft
dysfunction still represents the major obstacle to
long-term allograft survival. Since the precise
mechanisms leading to chronic rejection are still
unclear, chronic allograft dysfunction and chronic
rejection are frequently used as synonyms.1 Today,
it is generally agreed upon that immunologic and
nonimmunologic factors contribute to the gradual
deterioration of graft function, including
HLA-mismatching, ischemia/reperfusion injury,
organ quality and function before transplantation,
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and conditions associated with the brain death of
the donor.1-4 Chronic rejection regularly leads to
the histological lesion characterized by vascular and
interstitial fibrosis.5 Chronic rejection has been associated with accelerated cell senescence in the
graft, which is thought to be the consequence of
nonimmune and immune interactions.3 Other hypotheses on the pathogenesis of chronic rejection
include the immunolymphatic theory, the cytokine
excess theory, and the loss of supporting architecture theory.6
After liver and kidney transplantations, the recurrence of the underlying disease in the graft accounts
for many cases of chronic allograft dysfunction.7,8
Although graft loss after liver transplantation due to
acute or chronic rejection has emerged as a rarity2,8
it still accounts for 25% to 30% of all isolated graft
losses within 10 years after kidney transplantation.9
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Whereas renal allograft failure leads to a long-term
decrease in life expectancy, liver allograft failure is
an immediately life-threatening condition with a
short-term need for hepatic retransplantation.
Factors independent of allograft function that influence long-term survival after solid organ transplantation include the increased incidence of malignancies and opportunistic infections after
transplantation due to immunosuppression. We exclude these factors in this review. Here, we discuss
our current understanding of the determinants for
long-term graft and associated patient survival after
kidney and liver transplantation.
Chronic Rejection after Liver Transplantation
After liver transplantation, chronic rejection is
characterized histologically by the presence of biliary epithelial atrophy or pyknosis, involving the
majority of small ducts leading to progressive ductopenia, a decreased number of hepatic arteries,
and a lipid-rich vasculopathy with foam cells that
may be difficult to diagnose in early phases.10,11 The
incidence of chronic rejection after liver transplantation is declining. Currently, most transplantation
centers report rates between 4% and 8%, whereas
in earlier series rates between 15% and 20% were
frequently reported.11,12 This decline is probably a
result of improved immunosuppressive therapy. Acknowledged risk factors for chronic rejection after
liver transplantation include selected indications
(retransplantation for chronic rejection, primary
sclerosing cholangitis, primary biliary cirrhosis, and
autoimmune hepatitis), as well as cytomegalovirus
infection and low levels of immune suppression.11,12
In contrast to the kidney, the liver can be perceived
as an immunologically privileged organ since the
liver displays a relative resistance to antibody-mediated injury, low frequency of chronic rejection, relatively easy reversibility of acute rejection, and even
possible reversibility of chronic rejection.2
Chronic Rejection after Kidney Transplantation
Chronic rejection is the most common cause for
long-term graft loss after renal transplantation.13 It
is characterized histologically by prominent
changes within the gomeruli, or the so-called transplant glomerulopathy. This is recognized in allograft biopsies by increased mesangial expansion, acsagepub.com
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centuation of the normal glomerular lobularity, and
a segmental increase in mesangial cellularity. In other cases, the essential change is a marked atherosclerotic narrowing of renal vascular tree, and the term
chronic vascular rejection seems more appropriate.
Depositions of mucopolysaccharides and hyaluronic acid may cause myxoid degeneration in the vessel wall. Foamy macrophages can be seen infiltrating
the intima and the media of the affected arteries.
Progressive vascular narrowing leads to patchy interstitial fibrosis and tubular atrophy. Ischemia of
the glomerular capillary bed leads to shrinkage and
collapse of the capillary tufts. Glomerular and vascular changes can be seen concomitantly.14
In the pathogenesis of chronic rejection following
kidney transplantation, factors such as hyperlipidemia, hypertension, infection, nephrotoxicity, delayed graft function, diabetes mellitus, inadequate
immunosuppression, and reduced nephron dose
have been implicated in addition to factors associated with HLA-mismatching.15
In a multivariate, risk factor analysis using data
from 862 patients from a single center, early and
late acute rejection episodes, proteinuria, and elevated serum triglycerides were significant factors
for the development of chronic allograft failure after renal transplantation.13 Hyperlipidemia,
nephrotoxicity, hypertension, and decreased glucose tolerance are well-recognized side effects of
current immunosuppressive regimes with potential
detrimental effects on kidney allograft function.9
Acute allograft rejection occurs in 30% to 40% of
patients after renal transplantation, leading to acute
allograft dysfunction. Although in the majority of
patients these episodes are reversible, acute rejection remains a major risk factor for the development of chronic rejection. Prior episodes of acute
allograft rejection are associated with decreased allograft survival.16,17 In a study on 31,600 first cadaveric renal transplants from 217 U.S. centers using the U.S. Renal Data System, it could be
demonstrated that the late occurrence of acute allograft rejection after the 1st year portends a worse
prognosis for allograft survival. Acute rejection
episodes more than 1 year after renal transplantation, in combination with previous acute rejection
episodes, also lead to decreased allograft survival in
this study.16 Late episodes of acute rejection more
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PYKNOSIS:
A contraction of nuclear contents in the cell
to a deep staining irregular mass. It represents
a sign of cell death in histology specimens.
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than 1 year after transplantation either indicate a
lack or disruption of immune tolerance to the graft
or may be the consequence of noncompliance to
the immunosuppressive regime.

long-term results.21 The existence and incidence of
recurrences of PBC, PSC, or autoimmune hepatitis
after liver transplantation remain a matter of significant controversy.21,22

Recurrence of the Underlying Disease
after Liver Transplantation
Chronic hepatic dysfunction and acute liver failure due to viral hepatitis represent the most frequent indications for liver transplantation.8,18 Liver
grafting is the only available lifesaving intervention
for most of these patients. Reinfection of the graft
is still a central problem. In hepatitis B, reinfection
frequently leads to cirrhosis, with subsequent dysfunction of the graft. Prophylaxis of HBV reinfection with polyclonal human antibodies against HbsAg alone, or in combination with the nucleoside
analogue lamivudine, is effective but costly. Reinfection in hepatitis C is a regular event in all patients and has a far better prognosis than HBV reinfection of the graft. Effective prophylaxis of
HCV reinfection has still not been established and
requires further studies. After HCV reinfection,
the prognosis of allograft survival is negatively affected. If slowly deteriorating graft function occurs
after HCV reinfection, early retransplantation is
indicated.18,19
Since chronic viral hepatitis is a well-acknowledged risk factor for the development of hepatocellular carcinoma (HCC), it is not surprising that
those patients with viral hepatitis and HCC proven
in the histology of the explanted native liver display
a significantly reduced 10-year actuarial survival
rate as compared with those with viral hepatitis
without HCC.18
Tumor recurrence is the major limitation of
long-term survival after liver transplantation for
HCC or fibrolamellar carcinoma (FLC). In our series, as published by Schlitt et al.20 in 69 patients
who underwent potentially curative liver transplantation for HCC or FLC, 39 patients developed tumor recurrences in a total of 67 locations after a
minimum follow-up of 33 months. Most frequent
sites for recurrences included liver (62%), lung
(56%), and bone (18%).
Primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC) represent classic indications for liver transplantation with excellent

Recurrence of the Underlying Disease
after Kidney Transplantation
Recurrence of the underlying disease in renal
transplants is a rare but serious complication leading to a marked deterioration of long-term survival.
With the exception of Alport syndrome, polycystic
kidney disease, chronic pyelonephritis, and chronic
interstitial nephritis, virtually all diseases affecting
the native kidney have the potential to recur in the
renal transplant. In the majority of patients, recurrence of the underlying disease has only minimal
clinical impact. Membranoproliferative glomerulonephritis type II, IgA nephropathy, and focal and
segmental glomerularsclerosis more frequently recur in the graft (for review, see ref. 23). In a study
on 5000 patients after renal transplantation using
the Renal Allograft Disease Registry, Hariharan et
al.7 found a 3.4% recurrence rate of the underlying
disease. In these patients, the 5-year actuarial survival rate declined from 67.6% to 39.8%. The
highest risk of graft loss is found in patients with recurrent or de novo focal segmental glomerulosclerosis and hemolytic uremic syndrome.
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Cytomegalovirus Disease
after Kidney Transplantation
Cytomegalovirus (CMV) is the most frequent single cause of infectious complications after kidney
transplantation. This is because CMV, like other
herpes viruses, results in a latent infection that may
reactivate under immunosuppression. Almost all
CMV seropositive recipients reactivate their latent
virus after kidney transplantation. However, the
clinical manifestations of this infection vary widely,
and fewer than 20% of patients actually develop
symptoms related to CMV infection.24 CMV infection without clinical disease, as well as CMV disease, represent prognostic factors for patient and
graft survival.25 Besides its histopathological impact
on the kidney allograft, a CMV infection also exerts an indirect effect on long-term graft survival by
impairing the ability to adequately treat acute rejection due to the presence of the virus.26
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Various rat transplantation models have been established that prove an accelerated and enhanced
immune response after CMV infection, leading to
an increased influx of CD4+ cells and macrophages
early after infection with CMV and an increase in
glomerular sclerosis and intima proliferation27 and
the development of chronic allograft rejection.28
In our population of 1959 patients after kidney
transplantation, 411 (21%) developed CMV infection and 220 (11%) had CMV disease, which was
severe in 41 (2%). An important factor for infection was baseline immunosuppression, indicating
that triple therapy with the proliferation inhibitors
azathioprine and mycophenolate mofetil (MMF)
leads to a significantly higher infection rate in comparison with dual, cyclosporine-based immunosuppression. The cumulative dose of steroids correlated strongly with an increased number of CMV
infections and disease, as did the addition of
ALG/ATG or OKT3 for the treatment of either
steroid-resistant rejection or induction therapy.29
Cytomegalovirus (CMV) Disease
after Liver Transplantation
Previously, several reports were published that described CMV disease as a risk factor for graft loss
and death after orthotopic liver transplantation.30
Furthermore, an association between CMV infection and chronic rejection after liver transplantation was reported.31
Living-Related Donation in
Kidney Transplantation
Living-related donor kidney transplants have a
higher overall graft survival than cadaver donor
transplants, which is in part attributable to obtaining kidneys under optimal conditions from healthy
donors. Cadaveric renal transplants, on the other
hand, may have experienced injury as a result of inflammatory events associated with the release of cytokines around the time of brain death.32 Additionally, cadaveric renal transplants regularly experience
a significantly longer time of cold ischemia.33
Five-year patient survival rates are considerably better after transplantation of a kidney from a living
related donor (94%) than after cadaveric kidney
transplantation (76%).34 Significantly higher graft
survival rates can be expected after transplantation
sagepub.com
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of kidneys from living related and from living unrelated donors.35 On the other hand, longer waiting
time on dialysis is known to be a risk factor for
death-censored graft survival and patient death
with functioning graft.36
From these studies, one can conclude that living
related and living unrelated renal transplantation
could become a reasonable tool to decrease the lack
of organs and to improve long-term survival of kidney transplant recipients. Clearly, ethical issues and
the potential risk to the living donor must be kept
in mind. Long-term follow-up investigations of living donors demonstrated that the risk of progressive
renal failure, hypertension, and proteinuria was not
increased by nephrectomy per se, but other causes
were responsible for that in occasional patients.33
Survival after Liver Transplantation
An analysis of the biggest single-center series so
far, containing 4000 consecutive liver transplants
between 1981 and 1998, revealed that the risk of
graft failure and death was relatively stable after the
1st year posttransplantation. The overall patient
survival for the entire cohort was 59%, whereas the
actuarial 18-year survival was 48%. Patient survival
was significantly better in children, in female recipients, and in patients transplanted after 1990,8 possibly due to improved immunosuppression, patient
selection, and operative technique. In the Pittsburgh series, age-related causes of graft loss, as well
as the recurrence of the underlying disease and malignancies, represented the greatest threats to
long-term survival.8
Impact of Organ Quality on Long-Term
Survival in Renal Transplantation
The criteria used to decide whether to use a given
organ are reasonably well established. When relative contraindications exist, the donor is sometimes
described as marginal (age over 55 years, non-heartbeating-donor, cold ischemia time > 36 h, hypertension, diabetes). Reports of decreased graft survival in recipients of kidneys from donors with
greater or equal to 20% glomerular sclerosis (GS)
have led many centers to refuse these donor kidneys. A study by Lu et al.37 revealed no difference in
graft loss compared with kidneys with no GS based
on vasculopathy.
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DUCTOPENIA:
The rarefaction of bile ducts in histology
specimens.
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Hypertension and diabetes predispose a patient to
systemic atherosclerosis with renal involvement. In
a study comparing survival rates of affected donors
with donor-age-matched controls, transplants from
affected donors were at minimally increased risk for
primary nonfunction, delayed graft function, and
acute rejection, the 3-year survival rate being 71%
in affected donors and 75% in controls.38 The duration of hypertension was an independent risk factor in this study, compared with controls (3-year
graft survival rates 75% versus 65%).
The average increase in life expectancy for patients receiving a marginal donor organ, compared
with patients wait-listed on dialysis, appears to be
about 5 years.39 Two-year survival rates of marginal
donor kidneys using double renal transplants, compared with the outcome using only 1 marginal organ, were significantly higher (96% versus 73%).40
After renal transplantation, the long-term mortality rate can be expected to be 48% to 82% lower
among transplant recipients compared with patients on dialysis awaiting transplantation.41 Compared with the alternative of continued hemodialysis until an ideal organ becomes available, the
aforementioned facts seem to provide a strong argument for also transplanting marginal organs in
selected patients.
In a series of 1849 adult, primary kidney transplants, the patient survival rate 5 years posttransplantation was significantly higher in the group of
patients with end-stage renal disease where preemptive transplantation before dialysis had to be
instituted (n = 385), as compared with the group of
patients receiving grafts after dialysis was started
(n = 1464) (cadaver donors 92.6% versus 76.6%,
P = 0.001; living donors 93.3% versus 89.5%, P =
0.02).42 Therefore, chronic allograft dysfunction after kidney transplantation with subsequent return
to hemodialysis might be associated with an increased long-term mortality, compared with patients without chronic allograft dysfunction.

with graft function accounting for 42.5% of all
graft losses.43 In this study, the predominant reported cause of death with graft function was cardiovascular disease.

Death with Graft Function
after Kidney Transplantation
A population-based survival analysis of 86,502
adult U.S. patients with end-stage renal disease
transplanted between 1988 and 1997 showed that
out of 18,482 deaths 38% (n = 7,040) were deaths
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Conclusion
With improved overall results after kidney and
liver transplantation, the comorbidity of the allograft recipient becomes an increasingly important
factor for the long-term prognosis after transplantation. Today, it is clear that hypertension, hyperlipidemia, and diabetes mellitus need careful medical attention and treatment, because several lines
of evidence indicate that these conditions are associated with decreased allograft and patient survival.
Thorough surveillance of the immunosuppressive
therapy is crucial to avoid adverse effects of overimmunosuppression, including malignancies, opportunistic infections, nephrotoxicity, hypertension, hyperlipidemia, and decreased glucose
tolerance, as well as the adverse effects of underimmunosuppression eventually leading to graft loss in
most patients. Further improvements in the longterm prognosis after kidney or liver transplantation
may be achieved by new immunosuppressive agents
with fewer side effects, whereas the successful induction of immunological tolerance toward the allograft remains the ultimate goal in transplantation
medicine. Improvements in our understanding of
the pathogenetic mechanisms associated with
chronic rejection, or the recurrence of the underlying disease in the allograft, may lead to improved
prophylactic and therapeutic concepts in the future
and, eventually, better long-term results after kidney and liver transplantation. More effective treatment of CMV disease after transplantation, conditioning of the cadaveric organ donor, and the
prevention and/or successful treatment of reperfusion injury are the goals of current research.
R EFERENCES

Downloaded from http://gft.sagepub.com at LOCKSS on December 9, 2007
© 2002 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.

graft

sagepub.com

REVIEWS

5. Grimm PC, Nickerson P, Gough J, McKenna R, Jeffery J, Birk P, et al. Quantitation of allograft fibrosis and chronic allograft nephropathy. Pediatr
Transplant 1999;3:257-70.
6. Paul LC. Chronic allograft nephropathy: an update. Kidney Int
1999;56:783 -93.
7. Hariharan S, Adams MB, Brennan DC, Davis CL, First MR, Johnson CP, et
al. Recurrent and de novo glomerular disease after renal transplantation: a
report from Renal Allograft Disease Registry (RADR). Transplantation
1999;68:635-41.
8. Jain A, Reyes J, Kashyap R, Dodson SF, Demetris AJ, Ruppert K, et al.
Long-term survival after liver transplantation in 4,000 consecutive patients
at a single center. Ann Surg 2000;232:490-500.
9. Marchetti P, Navalesi R. The metabolic effects of cyclosporin and
tacrolimus. J Endocrinol Invest 2000;23:482 -90.
10. Batts KP. Acute and chronic allograft rejection: pathology and classification.
Liver Transpl Surg 1999;5(Suppl 1):S21 -9.
11. Wiesner RH, Batts KP, Krom RA. Evolving concepts in the diagnosis, pathogenesis, and treatment of chronic heptic allograft rejection. Liver Transpl
Surg 1999;5:388-400.
12. Neuberger J. Incidence, timing, and risk factors for acute and chronic rejection. Liver Transpl Surg 1999;5(Suppl 1):S30-6.
13. McLaren AJ, Fuggle SV, Welsh KI, Gray DW, Morris PJ, et al. Chronic allograft failure in human renal transplantation: a multivariate risk factor analysis. Ann Surg 2000;232:98-103.
14. Randhawa PS, Demetris AJ. Clinical aspects of renal transplantation
pathology. In: Shapiro R, Simmons RL, Starzl TE, editors. Renal Transplantation. 1st ed. Stamford, CT: Appleton and Lange; 1997. p. 243-67.
15. Monaco AP, Burke JF Jr, Ferguson RM, Halloran PF, Kahan BD, Light JA, et
al. Current thinking on chronic renal allograft rejection: issues, concerns,
and recommendations from a 1997 roundtable discussion. Am J Kid Dis
1999;33:150-60.
16. Leggat JE Jr, Ojo AO, Leichtmann AB, Port FK, Wolfe RA, Turenne MN, et
al. Long-term renal allograft survival: prognostic implication of the timing
of acute rejection episodes. Transplantation 1997;63:1268-72.
17. Chandraker A. Diagnostic techniques in the work-up of renal allograft dysfunction—an update. Curr Opin Nephrol Hypertens 1999;8:723-8.
18. Klempnauer J, Manns MP. Hepatitis and liver transplantation. Chirurg
2000;71:404 -9.
19. Burroughs AK. Posttransplant prevention and treatment of recurrent hepatitis C. Liver Transpl 2000;6(Suppl 2):S35-40.
20. Schlitt HJ, Neipp M, Weimann A, Oldhafer KJ, Schmoll E, Boeker K, et al.
Recurrence patterns of hepatocellular and fibrolamellar carcinoma after liver transplantation. J Clin Oncol 1999;17:324-31.
21. Knoop M, Bechstein WO, Schrem H, Lobeck H, Hopf U, Neuhaus P. Clinical significance of recurrent primary biliary cirrhosis after liver transplantation. Transpl Int 1996;9(Suppl 1):S115 -19.
22. Faust TW. Recurrent primary biliary cirrhosis, primary sclerosing cholangitis, and autoimmune hepatitis after transplantation. Semin Liver Dis
2000;20:481-95.
23. Ramos EL, Tisher CC. Recurrent diseases in the kidney transplant. Am J
Kidney Dis 1994;2:142-54.
24. Kusne S, Rafael M. Infectious complications. In: Shapiro R, Simmons RL,
Starzl TE, editors. Renal transplantation. 1st ed. Stamford, CT: Appleton and
Lange; 1997. p. 315-33.
25. Gerstenkorn C, Robertson H, Mohamed MA, O’Donnell M, Ali S, Talbot D.
Detection of cytomegalovirus (CMV) antigens in kidney biopsies and transplant nephrectomies as a marker for renal graft function. Clin Chem Lab
Med 2000;38:1201 -3.
26. Humar A, Gillingham KJ, Payne WD, Dunn DL, Sutherland DE, Matas AJ,
et al. Association between cytomegalovirus disease and chronic rejection in
kidney transplant recipients. Transplantation 1999;68:1879-83.
27. Van Dam JG, Li F, Yin M, You XM, Grauls G, Steinhoff G, et al. Effects of
cytomegalovirus infection and prolonged cold ischemia on chronic rejection of rat renal allografts. Transpl Int 2000;13:54 -63.

sagepub.com

graft

march 2002 volume 5

28. Lautenschlager I, Soots A, Krogerus L, Inkinen K, Kloover J, Loginov R, et
al. Time-related effects of cytomegalovirus infection on the development of
chronic renal allograft rejection in a rat model. Intervirology
1999;42:279-84.
29. Nashan B, Lück R, Kliem V, Brunkhorst R, Schlitt HJ, Klempnauer J. CMV
in kidney transplantation: a single center experience over 22 years. Clin
Transpl 1999; 181-8.
30. de Otero J, Gavalda J, Murio E, Vargas V, Calico I, Llopart L, et al. Cytomegalovirus disease as a risk factor for graft loss and death after orthotopic liver transplantation. Clin Infect Dis 1998;26:865-70.
31. Evans PC, Soin A, Wreghitt TG, Taylor CJ, Wight DG, Alexander GJ. An association between cytomegalovirus infection and chronic rejection after liver transplantation. Transplantation 2000;69:30 -5.
32. Koo DD, Welsh KI, McLaren AJ, Roake JA, Morris PJ, Fuggle SV. Cadaver
versus living donor kidneys: impact of donor factors on antigen induction
before transplantation. Kidney Int 1999;56:1551 -9.
33. Tarantino A. Why should we implement living donation in renal transplantation? Clin Nephrol 2000;53:B55-63.
34. Medin C, Elinder CG, Hylander B, Blom B, Wilczek H. Survival of patients
who have been on waiting list for renal transplantation. Nephrol Dialysis
Transplant 2000;15:701-4.
35. Gjertson PC, Cecka JM. Living unrelated donor kidney transplantation. Kid ney Int 2000;58:491-9.
36. Meier-Kriesche HU, Port FK, Ojo AO, Rudich SM, Hanson JA, Cibrik DM,
et al. Effect of waiting time on renal transplant outcome. Kidney Int
2000;58:1311-7.
37. Lu AD, Desai D, Myers BD, Dafoe DC, Alfrey EJ. Severe glomerular sclerosis is not associated with poor outcome after kidney transplantation. Am J
Surg 2000;180:470-4.
38. Ojo AO, Leichtman AB, Punsch JD, Hanson JA, Dickinson DM, Wolfe RA,
et al. Impact of pre-existing donor hypertension and diabetes mellitus on
cadaveric renal transplants outcomes. Am J Kidney Dis 2000;36:153 -9.
39. Ojo AO, Hanson JA, Meier-Kriesche HU, Okechukwu CN, Wolfe RA, Leichtman AB, et al. Survival in recipients of marginal cadaveric donor kidneys
compared with other recipients and wait-listed transplant candidates. J Am
Soc Nephrol 2000;12:589-97.
40. Jerius JT, Taylor RJ, Murillo D, Leone JP. Double renal transplants from
marginal donors: 2-year results. J Urol 2000;163:423 -5.
41. 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.
42. Papalois VE, Moss A, Gillingham KJ, Sutherland DE, Matas AJ, Humar A.
Pre-emptive transplants for patients with renal failure: an argument against
waiting until dialysis. Transplantation 2000;70:625-31.
43. Ojo AO, Hanson JA, Wolfe RA, Leichtman AB, Agodoa LY, Port FK.
Long-term survival in renal transplant recipients with graft function. Kidney
Int 2000;57:307-13.

Downloaded from http://gft.sagepub.com at LOCKSS on December 9, 2007
© 2002 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.

issue 2

85

