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The Importance of Preserving Kidney Function
after Heart Transplantation
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Abstract

Heart transplantation has significantly improved survival in recent years. However, it is
not without complications, among which renal dysfunction is one of the most significant.
The prevalence of renal dysfunction at seven years is 60% (GFR < 60 ml/min/1.73m?) and the
prevalence of severe renal dysfunction at ten years is 10.4% (GFR < 30 mi/min/1.73m?).
The presence of renal dysfunction at one year is associated with increased medium/long-term
mortality. Most patients receiving a heart transplant have normal renal function, but suffer
a significant deterioration in renal function over the first year posttransplantation, which
later stabilizes and progresses slowly toward end-stage renal disease.

There are many preoperative, intraoperative, perioperative, and medium/long-term factors
that determine the development of renal dysfunction, but their presence is usually attributed
to calcineurin inhibitors. Preoperative factors include advanced age, sex, diabetes mellitus,
hypertension, hepatitis C virus, and especially renal dysfunction prior to heart transplantation.
Among the most important intraoperative factors are hemorrhage, hypotension, hemolysis,
and a need for vasopressor drugs. The most important postoperative factors are septic
conditions, cytomegalovirus infection, and early exposure to calcineurin inhibitors. The long-term
predisposing factors are dyslipidemia, diabetes, infections, hypertension, and the degree of
exposure to calcineurin inhibitors.

Calcineurin inhibitors are the drugs most commonly implicated in renal dysfunction. It as
been suggested that tacrolimus may be less often associated with renal dysfunction than
cyclosporine. An emerging strategy is to prolong induction with anti-interleukin-2 monoclonal
antibodies and delay introduction of the calcineurin inhibitor in patients with reduced
glomerular filtration rate at transplantation. If renal function subsequently recovers, the
calcineurin inhibitor is introduced and, if any degree of renal dysfunction persists,an mTOR
inhibitor or calcineurin inhibitor in lower doses can be administered.

One of the major problems is the method for diagnosing renal dysfunction. Plasma creatinine
has numerous limitations. Creatinine clearance requires 24-hour urine collection, while the use
of formulas such as the Cockroft-Gault method and the MDRD-4 and measurement of cystatin C
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are alternative methods with some limitations. Inulin clearance remains the gold standard,
but its use is limited by its labor intensiveness. There is also the possibility of performing a
renal biopsy if the diagnosis is uncertain or to confirm the reversibility of renal damage.
To prevent renal dysfunction, it is important to avoid all risk factors and predisposing conditions.
Careful selection of recipients and management of cardiovascular risk factors prior to heart
transplantation is essential. Patients should receive careful management, avoiding hypotensive
episodes in the perioperative period. The emergence of new molecules (fenoldopam and
dopexamine) to replace classic vasopressor agents requires further clinical studies.

With the development of end-stage renal disease, dialysis and inclusion on the waiting list
for kidney transplantation should be considered. There is growing evidence suggesting that
if renal dysfunction is established at the time of heart transplantation, the patient should be
considered for simultaneous heart-kidney transplantation. (Trends in Transplant. 2009;3:144-51)
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|ntroduction

Heart transplantation (HT) is the indicat-
ed treatment for severe, highly symptomatic
heart failure without other medical or surgical
options. This therapeutic technique has sur-
vival rates at 1, 5, and 10 years of 90, 70, and
50%, respectively’. Nevertheless, it is not
without problems due to graft rejection and
the development of complications. One of the
most significant complications is renal dys-
function (RD).

A 30-60% prevalence of RD in HT re-
cipients at seven years has been reported,
considering RD as a serum creatinine > 1.5 mg/
dl or a glomerular filtration rate (GFR) < 60 ml/
min/1.73m?, respectively®3. The incidence of
RD measured by GFR is about 5% in the first
year, with a 3-4% annual incidence from the
second year onward. If we calculate the inci-
dence of RD based on creatinine values, it is
about 20% in the first year, followed by a 5%
annual incidence one year after transplanta-
tion*®. In any case, the cumulative incidence of
severe, chronic RD (GFR < 30 ml/min/1.73m?)

increases progressively over time, and is 4.2,
10.4, and 12.5% at 5, 10, and 15 years of HT".

However, studies on the prevalence
and incidence of RD in HT have the limitation
of the heterogeneity in the definition of the
concept itself of RD.

Morbidity and mortality
from renal dysfunction

The impact of RD on mortality has been
confirmed in multiple studies*8-19. The classic
study by Ojo, et al.* was one of the first to
report the impact of RD at one year on mortality
for all types of nonrenal solid organ transplants
(heart, lung, heart-lung, intestine, liver). Similarly,
Arora, et al.8 showed that mortality increased
as GFR declined at one year of HT. Several
studies have shown the increase in mortality
associated with the development of end-stage
renal disease post-HT. In the multivariate
analysis of the Spanish Registry of Heart
Transplantation!, it was observed that RD and
the need for dialysis post-HT were associated
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with increased mortality, especially in the me-
dium/long term. In a French study, survival
post-HT was statistically lower in patients
who had to start a dialysis program'. In the
Canadian Organ Replacement Registry, pa-
tients on dialysis following HT had worse sur-
vival than those not on dialysis. However, sur-
vival was similar between patients with
end-stage renal disease who underwent a
kidney transplant after HT and those who did
not require dialysis’s.

In the different studies, the causes of
mortality in patients with established RD
were diverse, but one of the most important
was sudden death®. It is well known that RD
is associated with an increased prevalence
of ischemic heart disease'. However, studies
that have analyzed the presence of cardiac
allograft vasculopathy (CAV) have not been
able to demonstrate a relationship between
RD and the development of CAV8. Perhaps,
increased use of coronary intravascular ultra-
sound (IVUS) will improve its diagnosis and
allow new data to be provided on this issue.

Natural history
of renal function
after heart transplantation

Most patients receiving a solid organ
transplant do so with normal or nearly normal
renal function'®. The course of renal function
in the first year post-HT was shown to be
crucial in a study where it was shown to follow
a biphasic curve, with a 50% decrease in
GFR in the first year, followed by stabilization
and a subsequent slow but steady decline
towards end-stage renal failure®. For this rea-
son, progression of RD within the first year is
key predictor of subsequent development of
end-stage renal disease, the need for dialy-
sis, and mortality, and its assessment at one
year is fundamental for the prognosis of the
patient*816,

Pathophysiology
and etiopathogenesis
of renal dysfunction

Numerous studies have shown the
deleterious effect of calcineurin inhibitors on
renal function'”-20, Multiple mechanisms have
been described by which calcineurin inhibitors
contribute to RD. There is a drop in renal
plasma flow, a loss of the filtration capacity
by glomerular capillaries, vasoconstriction of
afferent arterioles due to increased sympa-
thetic tone, activation of the renin-angiotensin
system, an altered balance between thrombox-
ane and prostaglandins, an increased pro-
duction of endothelin-1, and a decreased
production of nitric oxide by endothelial
cells?!.

Although RD is usually attributed to the
use of calcineurin inhibitors, it should be
considered a multifactorial process. Thus, in
a study in which a renal biopsy was performed
on 24 HT recipients with end-stage renal
failure, although 60% of the biopsies showed
changes compatible with calcineurin inhibitor
toxicity, the damage caused by other condi-
tions such as hypertension, diabetes mellitus,
and focal segmental glomerulosclerosis was
observed in a considerable percentage of
patients™®.

Risk factors and clinical conditions
predisposing to the development
of renal dysfunction

The risk factors and clinical conditions
associated with RD can be grouped into
preoperative, intraoperative, postoperative,
and medium/long term??. In general, the first
three are not (or only slightly) modifiable
factors and intervention is only possible on
medium- and long-term predisposing factors.
Among these, the most important is nephro-
toxicity induced by immunosuppressant drugs,
which we will review separately.
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Preoperative factors include ad-
vanced age, sex, race, genetic factors, dia-
betes mellitus?3, arterial hypertension?*,
ischemic heart disease, and the presence
of hepatitis C virus antibodies®. The effect
of some cardiovascular risk factors may be
minimized due to exclusion from the waiting
list of patients with more rebellious arterial
hypertension or with established diabetic
retinopathy. In any case, it has been shown
that one of the most important predictive
factors is the presence of RD prior to trans-
plantation”.2228,

The most important intraoperative fac-
tors are those that can lead to acute renal
dysfunction during the surgical procedure.
Thus, the presence of surgical hemorrhage,
intraoperative hypotension, hemolysis by
extracorporeal circulation and the need for
vasopressor drug use can promote the devel-
opment of RD?227,

Postoperative factors include acute
renal failure after surgery, septic conditions,
cytomegalovirus infection, and early exposure
to calcineurin inhibitors??28. A study by this
group (under review for publication) suggests
that cytomegalovirus infection not only pre-
disposes to the development of RD, but that
prophylaxis with antivirals has a protective
effect in preventing its development.

Medium- and long-term predisposing
factors hold a prominent place because
they usually involve factors or clinical condi-
tions that are susceptible to some type of
intervention. These include dyslipidemia®®,
proteinuria, infections (hepatitis B and C virus,
cytomegalovirus), posttransplant arterial
hypertension®, nephrotoxic drugs, and the
degree of exposure to calcineurin inhibitor
drugs®?28. As previously indicated, evaluation
of renal function at one year post-HT is par-
ticularly important because of its prognostic
value4816,

Immunosuppressant drugs
and development
of renal dysfunction

Patients may or may not receive induction
therapy after HT, and usually receive mainte-
nance immunosuppression with triple therapy
consisting of a calcineurin inhibitor, an anti-
proliferative drug, and a corticosteroid. There
are few data in the literature regarding the
effect of different induction drugs on renal
function post-HT. There are publications
suggesting that prolonging treatment with
anti-CD25 antibodies (daclizumab and basi-
liximab) and delaying introduction of the
calcineurin inhibitor could preserve renal
function to a greater extent in patients with
reduced GFR at transplantation®'-33. Regarding
the antiproliferative drug, in a large multicenter
trial it was shown that dose adjustment of the
calcineurin inhibitor combined with intensi-
fication of the less nephrotoxic medication
(mycophenolate mofetil) was able to preserve
renal function to a greater extent®*. It has been
suggested that the choice of mycophenolate
mofetil, because it is associated with a lower
number of rejections®®, allows the dose of the
calcineurin inhibitor to be reduced, therefore
showing a protective effect on renal function
when compared to azathioprine.

The detrimental effect of calcineurin
inhibitors has been verified in numerous studies
both in HT and other solid organ transplants,
and constitutes one of the main determinants
of posttransplant renal failure'2%. A recent
analysis of the risk factors associated with
the development of moderate-to-severe RD
in the Spanish CAPRI registry determined that
the choice of tacrolimus versus cyclosporine
was a protective factor for its development?.
In renal transplantation, the ELITE-Symphony
study showed that a regimen of daclizumab,
mycophenolate mofetil, and steroids in combi-
nation with low-dose tacrolimus may be benefi-
cial in terms of renal function, graft survival,
and rejection rate as compared with low-dose
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cyclosporine, low-dose sirolimus, or standard-
dose cyclosporine without induction®. However,
before it can be stated that tacrolimus is
associated with significantly decreased de-
velopment of RD, specific studies designed
for this purpose will probably be needed.

A new emerging strategy in the manage-
ment of immunosuppression is the replacement
or minimization of the dose of calcineurin
inhibitor by an mTOR inhibitor (everolimus)
with the aim of improving renal function®’.

Measurements for estimation
of renal function — Diagnosis

One of the most significant problems
when determining incidence and prevalence
is the definition itself of RD. There are numerous
methods of estimating renal function, which
have different advantages and disadvantages
depending on their precision and difficulty to
perform.

Determination of plasma creatinine is
probably the most widely used method, but it
has numerous limitations. It requires that loss
of renal function is 50% in order to reflect
significant changes in its values, so its utility
for early diagnosis is limited®8.

Creatinine clearance, which uses plasma
and urinary concentrations of creatinine, is a
more accurate predictor of renal function.
However, it requires meticulous 24-hour urine
collection, which hampers its use for the
follow-up of outpatients®.

Calculation of glomerular filtration rate
by indirect formulas has become one of the
most widely used methods in recent years.
The most important are the Cockroft-Gault
formula® and the Modification of Diet in Renal
Disease (MDRD-4)%. The latter is the one
recommended by the National Kidney Founda-
tion in the Kidney Disease Outcomes Quality

Initiative (K/DOQI) guidelines*'. The formulas
permit earlier detection of RD, but are still an
indirect method, with limitations in the calculation
of glomerular filtration rate.

The use of cystatin C as a marker of renal
function has been gaining importance in recent
years. It is an endogenous molecule that is
totally filtered by the glomerulus and is not
reabsorbed or secreted. Its hypothetical advan-
tage is that it is not affected by age, gender,
or race, but studies are still needed to validate
the utility of cystatin C in the setting of HT#244,

However, the method considered the
gold standard for calculation of glomerular
filtration rate is clearance measured by inulin.
Its complexity and laboriousness complicate its
use?46_In addition, there are other methods
that use radiolabeled isotopes and nonradio-
active contrast agents to estimate glomerular
filtration rate, but again their complexity makes
their use as markers impractical in routine
clinical practice*“8, Although they are not
parameters that directly estimate renal function,
we should not forget the additional prognostic
information offered by proteinuria and microal-
buminuria®®.

Lastly, the indication for renal biopsy
should be determined by the nephrologist.
Percutaneous computed tomography or ultra-
sound-guided renal biopsy provides diagnos-
tic, prognostic, and therapeutic information. In
general, it is indicated if there is a suspicion
of underlying disease other than chronic RD
in the context of a nonrenal transplant, in the
presence of altered urinary sediment, or to
confirm the chronicity of the RD prior to switching
to an mTOR inhibitor®°,

Strategies to prevent
renal dysfunction

Prevention of RD should begin with
attempts to avoid all circumstances that may
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predispose to deterioration of renal function.
Careful selection of recipients, as well as efforts
to ensure that the end-stage heart failure patient
arrives in the best possible condition to HT,
are key measures to prevent long-term RD. As
previously mentioned, the presence of prior RD
is one of the main predictors of long-term RD,
and therefore its correct detection is essen-
tial’?226. The presence of end-renal stage
disease at the time of HT should make us
consider the possibility of a simultaneous
kidney transplant. Recently, a U.S. registry of
263 simultaneous heart-kidney transplants has
been published. Most notable among its results
was the good outcome of these patients com-
pared to patients with RD requiring dialysis,
with a much lower benefit in those with end-stage
renal disease not requiring dialysis®’.

Regarding intraoperative and postoper-
ative clinical situations, it is necessary to ensure
correct volume management, attempting to
avoid any situation that generates hypotension
and promotes the development of RD. Recently,
publications have appeared that suggest that
the use of two new molecules (dopexamine
and fenoldopam) may be associated with better
tissue perfusion in the critical intra- and post-
operative period than the use of classic va-
sopressor drugs. Fenoldopam is a selective
dopamine-1 receptor agonist, which would
produce a vascular vasodilatory effect that
would improve renal blood flow52. Dopexamine
is another new dopamine receptor agonist
that has been shown to increase blood flow in
various organs®. However, these molecules
require studies evaluating clinical endpoints
and demonstrating their efficacy over classic
vasopressor drugs.

After the surgical period, efforts should
be focused on strict control of all factors that
could promote medium/long-term RD, taking
to account that the course of RD in the first
year is crucial®. Therefore, arterial hypertension,
dyslipidemia, diabetes, etc. should be con-
trolled5+%5,

Regarding the management of immuno-
suppression, once signs of RD are detected,
the introduction of mTOR inhibitors either to
reduce or to replace the calcineurin inhibitor
is indicated®”. One of the lessons learned from
kidney transplantation, which has been extrapo-
lated from the rest of solid organs, is that
conversion to the mTOR inhibitor should be
done as early as possible because, once
nephropathy is established, the patient will
not benefit from the conversion®-%8. In fact,
some groups recommend performing a renal
biopsy prior to conversion to verify the re-
versibility of RD. It is also recommendable to
assess proteinuria before conversion because,
if significant, the change may deteriorate renal
function even more. It is generally recommended
to reduce the dose of the calcineurin inhibitor
by half and to start everolimus at a dose of
0.75 mg/12 hours, and then to gradually reduce
the calcineurin inhibitor until its complete
withdrawal as soon as therapeutic levels of
everolimus are reached®.

As with any non-transplanted patient, a
HT patient who develops end-stage renal
disease should be prepared for dialysis accord-
ing to the K/DOQI guidelines*®. Several studies
have shown that mortality of these HT patients
after a kidney transplant is similar to that of
patients only having a kidney transplant, and
with greater survival at five years than those
who remain on the waiting list*13.

Conclusions

Renal dysfunction following HT is a
common complication with great impact on
patient survival. Renal function suffers a rapid
deterioration in the first year, followed by a
slow but steady decline thereafter. There are
numerous techniques to detect this RD that
have surpassed the use of plasma creatinine.
Although the etiology of RD is usually attributed
to calcineurin inhibitors, there are a wide range
of factors that contribute to its development.
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Several of these factors are correctable and
should be intervened on, among which the
most important are careful perioperative
management, prevention of viral infections,
and conversion to an mTOR inhibitor in early
stages. In advanced stages, kidney transplant
should be considered as an alternative to
dialysis.

References

1. Taylor DO, Edwards LB, Boucek MM, et al. Registry of the
International Society for Heart and Lung Transplantation:
twenty-fourth official adult heart transplant report-2007. J
Heart Lung Transplant. 2007;26:769-81.

2. Delgado J, Crespo-Leiro M, Almenar L, et al. Risk factors
associated with moderate to severe renal failure in heart
transplant patients. CAPRI Study. J Heart Lung Transplant.
2009;28:5263.

3. Crespo M, Delgado J, Paniagua MJ, et al. Prevalence and
severity of renal dysfunction among 1059 heart transplant
patients according to criteria based on serum creatinine and
estimated glomerular filtration rate: A Cross-Sectional Study.
J Heart Lung Transplant. 2009;28:5264. *Multicenter study
conducted in a large number of transplant patients showing
the prevalence of renal dysfunction in Spanish heart trans-
plant patients.

4. Ojo AO, Held PJ, Port FK, et al. Chronic renal failure after
transplantation of nonrenal organ. N Engl J Med. 20083:
349:931-40.

5. Hamour |, Omar F, Lyster H, Palmer A, Banner NR. Chronic
kidney disease after heart transplantation. Nephrol Dial
Transplant. 2009;24:1655-62.

6. Garrido IP, Crespo-Leiro MG, Paniagua MJ, et al. Independent
predictors of renal dysfunction after heart transplantation in
patients with normal pretransplant renal function. J Heart
Lung Transplant. 2005;24:1226-30.

7. Al'Aly Z, Abbas S, Moore E, Diallo O, Hauptman PJ, Bastani
B. The natural history of renal function following orthotopic
heart transplant. Clin Transplant. 2008;19:683-9.

8. Arora S, Andreassen A, Simonsen S, et al. Prognostic
importance of renal function 1 year after heart transplanta-
tion for all-cause and cardiac mortality and development of
allograft vasculopathy. Transplantation. 2007;84:149-54.
**Well-designed study showing the variables predicting re-
nal dysfunction in heart transplant patients.

9. Hendway A, Pouteil-Noble C, Villar E, et al. Chronic renal
failure and end-stage renal disease are associated with a
high rate of mortality after heart transplantation. Transplant
Proc. 2005;37:1352-4.

10. Cipullo R, Finger MA, Ponce F, et al. Renal failure as a de-
terminant of mortality after cardiac transplantation. Trans-
plant Proc. 2004;36:989-90.

11. Almenar L. Predictors of mortality following heart transplan-
tation: Spanish Registry of Heart Transplantation 1984-2003.
Transplant Proc. 2005;37:4006-10.

12. Villar E, Boissonnat P, Sebbag L, et al. Poor prognosis of
heart transplant patients with end-stage renal failure. Neph-
rol Dial Transplant. 2007;22:1383-9.

13. Alam A, Badovinac K, Ivis F, Trpeski L, Cantarovich M. The
outcome of heart transplant recipients following the develop-
ment of end-stage renal disease: analysis of the Canadian
Organ Replacement Register (CORR). Am J Transplant.
2007;7:461-5.

14. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic
kidney disease and the risks of death, cardiovascular events,
and hospitalization. N Engl J Med. 2004;351:1296-305.

15. Ojo A. Renal Disease in recipients of nonrenal solid organ
transplantation. Semin Nephrol. 2007;27:498-507. **Descrip-
tive analysis of the course of renal function in solid organ
transplant recipients.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Cantarovich M, Hirsh A, Alam A, et al. The clinical impact of

an early decline in kidney function in patients following heart
transplantation. Am J Transplant. 2009;9:348-54.

. Morard I, Mentha G, Spahr L, et al. Long-term renal function

after liver transplantation is related to CNI blood levels. Clin
Transplant. 2005;20:96-101.

. Dische FE, Neuberger J, Keating J, Parsons V, Caine RY,

Williams R. Kidney pathology in liver allograft recipients after
long-term treatment with cyclosporine A. Lab Invest.
1988;58:395-402.

. Rébago G, Manito N, Palomo J, et al. Improvement of chronic

renal failure after introduction of mycophenolate mofetil and
reduction of cyclosporine dose. J Heart Lung Transplant.
2001;20:193.

Miller LW, Pennington DG, McBride LR. Long-term effects
of cyclosporine in cardiac transplantation. Transplant Proc.
1990;22:15-20.

. Myers BD, Newton L, Boshokos C, et al. Chronic injury of

human renal microvessels with low-dose cyclosporine
therapy. Transplantation. 1988;46:694-703.

Stratta P, Canavese C, Quaglia M, et al. Posttransplantation
chronic renal damage in nonrenal transplant Recipients.
Kidney Int. 2005;68:1453-63.

Russo MJ, Chen JM, Hong KN, et al. Survival after heart
transplantation is not diminished among recipients with un-
complicated diabetes mellitus: an analysis of the United
Network of Organ Sharing database. Circulation. 2006;
114:2280-7.

Sanchez-Lazaro IJ, Almenar Bonet L, Martinez-Dolz L, et al.
Effect of hypertension, diabetes and smoking on development
of renal dysfunction after heart transplantation. Transplant
Proc. 2008;40:2049-50.

Baid S, Cosimi AS, Tokoff-Rubin N, Colvin RB, Williams WW,
Pascual M. Renal disease associated with hepatitis C infec-
tion after kidney and liver transplantation. Transplantation.
2000;70:255-61.

Wilkinson AH, Cohen DJ. Renal failure in the recipients of
nonrenal solid organ transplants. J Am Soc Nephrol.
1999;10:1136-44.

Bloom RD, Doyle AM. Kidney disease after heart and lung
transplantation. Am J Transplant. 2006;6:671-9.

Zietse R, Balk AH, vd Dorpel M, Meeter K, Bos E, Weimar
W. Time course of the decline in renal function in cy-
closporine-treated heart transplant recipients. Am J Nephrol.
1994;14:1-5.

Fried LF, Orchard TJ, Kasiske BL. Effect of lipid reduction
on the progression of renal disease: A meta-analysis. Kidney
Int. 2001;59:260-9.

Ishani A, Erturk S, Hertz MI, Matas AJ, Savik K, Rosenber
ME. Predictors of renal function following lung or heart-lung
transplantation. Kidney Int. 2002;61:2228-34.

Rosenberg PB, Vriesendorp AD, Drazner MH, et al. Induc-
tion therapy with basiliximab allows delayed initiation of
cyclosporine and preserves renal function after cardiac
transplantation. J Heart Lung Transplant. 2005;24:1327-31.
Anselm A, Cantarovich M, Davies R, Grenon J, Haddad H.
Prolonged basiliximab use as an alternative to calcineurin
inhibition to allow renal recovery late after heart transplanta-
tion. J Heart Lung Transplant. 2008;27:1043-5.

Cheung CY, Liu YL, Wong KM, et al. Can daclizumab reduce
acute rejection and improve long-term renal function in
tacrolimus-based primary renal transplant recipients. Neph-
rology (Carlton). 2008;14:251-5.

Angermann C, Stork S, Costard-Jackle A, Dengler T, Siebert
U, Tenderich G. Reduction of cyclosporine after introduction
of mycophenolate mofetil improves chronic renal dysfunc-
tion in heart transplant recipients, the IMPROVED multi-
centre study. Eur Heart J. 2004;25:1626-34.

Kobashigawa J, Miller L, Renlund D, et al. A randomized
active-controlled trial of mycophenolate mofetil in heart
transplant recipients. Transplantation. 1998;66:507-15.
Ekberg H, Tedesco-Silva H, Demirbas A, et al. Reduced
exposure to calcineurin inhibitors in renal transplantation. N
Engl J Med. 2007;357:2562-75.

Moro Lépez JA, Almenar L, Martinez-Dolz L, et al. Pro-
gression of renal dysfunction in cardiac transplantation
after the introduction of everolimus in the immunosuppres-
sive regime. Transplantation. 2009;87:538-41. *Descriptive



38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

Luis Almenar Bonet, et al

multivariate study of the variables associated with improve-
ment in renal function after heart transplantation.

Levey AS. Measurement of renal function in chronic renal
disease. Kidney Int. 1990;38:167-84.

Cockcroft DW, Gault MH. Prediction of creatinine clearance
from serum creatinine. Nephron. 1976;16:31-41.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth
D. A more accurate method to estimate glomerular filtration
rate from serum creatinine: a new prediction equation.
Modification of Diet in Renal Disease Study Group. Ann
Intern Med. 1999;130:461-70.

K/DOQI clinical practice guidelines for chronic kidney
disease: evaluation, classification, and stratification. Am J
Kidney Dis. 2002;39:51-266.

White C, Akbari A, Hussain N. Estimating glomerular filtration
rate in kidney transplantation: a comparison between serum
creatinine and cystatin C-based methods. J Am Soc Nephrol.
2005;6:3763-70.

Madero M, Sarnak MJ, Stevens LA. Serum cystatin C as a
marker of glomerular filtration rate. Curr Opin Nephrol
Hypertens. 2006;15:610-6.

Rule AD, Bergstralh EJ, Slezak, Bergert J, Larson TS. Glom-
erular filtration rate estimated by cystatin C among different
clinical presentations. Kidney Int. 2006;69:399-405.
Gaspari F, Perico N, Remuzzi G. Measurement of glomerular
filtration rate. Kidney Int Suppl. 1997;63:5151-4.

Perrone RD, Steinman TI, Beck GJ, et al. Utility of radioiso-
topic filtration markers in chronic renal insufficiency: simul-
taneous comparison of 125l-iothalamate, 169-Yb-DTPA,
99mTc-DTPA, and inulin. The Modification of Diet in Renal
Disease Study. Am J Kidney Dis. 1990;16:224-35.

Blaufox MD, Aurell M, Bubeck B, et al. Report of the Radio-
nuclides in Nephrology Committee on renal clearance. J
Nucl Med. 1996;37:1883-90.

Wilson DM, Bergert JH, Lasrson TS, Liedtke RR. GFR de-
termined by non-radiolabeled iothalamate using capillary
electrophoresis. Am J Kidney Dis. 1997,30:646-52.

Ibis A, Akgul A, Ozdemir N, et al. Posttransplant proteinuria
is associated with higher risk of cardiovascular disease and

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

.. Kidney Function and Heart Transplantation

graft failure in renal transplant patients. Transplant Proc.
2009;4:1604-8.

Wadei HM, Geiger SJ, Cortese C, et al. Kidney allocation to
liver transplant candidates with renal failure of undetermined
etiology: role of percutaneous renal biopsy. Am J Transplant.
2008;8:2618-26.

Gill J, Shah T, Hristea I, et al. Outcomes of simultaneous
heart-kidney transplant in the US: a retrospective analysis
using OPTN/UNOS data. Am J Transplant. 2009;9:844-52.
Fontana I, Germi MR, Beatini M, et al. Dopamine “renal
dose” versus fenoldopam mesylate to prevent ischemia-
reperfusion injury in renal transplantation. Transplant Proc.
2005;37:2474-5.

Maynard ND, Bihari DJ, Dalton RN, Smithies MN, Mason RC.
Increasing splanchnic blood flow in the critically ill. Chest.
1995;108:1648-54.

Garcia V. Progression factors for chronic kidney disease.
Secondary prevention. Nefrologia. 2008;3:517-21.

Ahmed Z, Simon B, Choudhury D. Management of diabetes
in patients with chronic kidney disease. Postgrad Med.
2009;121:52-60.

Uslu A, Toz H, Sen S, et al. Late conversion from calcineurin
inhibitor-based to sirolimus-based immunosuppression due
to chronic toxicity: a prospective study with protocol biopsy
amendment. Transplant Proc. 2009;41:756-63.

Schena FP, Pascoe MD, Alberu J, et al. Conversion from
calcineurin inhibitors to sirolimus maintenance therapy in
renal allograft recipients: 24-month efficacy and safety results
from the CONVERT trial. Transplantation. 2009;87:233-42.
De SP, Carrai P, Precisi A, et al. Conversion to everolimus
monotherapy in maintenance liver transplantation: feasibil-
ity, safety and impact on renal function. Transpl Int. 2009;
22:279-86.

Zuckermann A, Manito N, Epailly E, et al. Multidisciplinary
insights on clinical guidance for the use of proliferation
signal inhibitors in heart transplantation. J Heart Lung
Transplant. 2008;27:141-9. **High-level review on the
management of proliferation signal inhibitors in heart
transplantation.

151





