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Abstract

Background: The use of calcineurin inhibitors revolutionized transplantation by prolonging patients’ survival.
However, their utility is limited by the development of significant chronic kidney disease.

Methods: We reviewed the English literature looking for recent publications regarding the management
of chronic kidney disease in cardiac transplant patients. We chose relevant papers based on design, number of
patients and clinical utility.

Results: Most publications on the subject involve small populations with few prospective, randomized studies.
Early use of tacrolimus appears to be associated with better kidney function after one year compared to cyclosporine.
Once chronic kidney disease is established, successful strategies include reduction or elimination of calcineurin
inhibitors while relying on mycophenolate mofetil, proliferation signal inhibitors or anti-CD 25 antibodies to prevent
rejection. There is no follow up longer than two years with these approaches. Kidney transplantation might offer
improved long-term survival compared to dialysis in end-stage disease.

Conclusions: Prospective studies with long-term follow-up are needed to decide about the timing and to confirm
the utility of replacing calcineurin inhibitors with other agents in cardiac transplant patients with chronic kidney

disease.

Introduction

The incidence of Chronic Kidney Disease (CKD) in Orthotopic
Heart Transplantation (OHT) varies based on the definition used. In
one large registry, CKD was defined as a Glomerular Filtration Rate
(GFR) of less than 30 ml/min per 1.73m? of body surface area or the
presence of end-stage renal disease (ESRD) [1]. The authors found a
CKD incidence of 11 % at 5 years. In 2,709 Canadian OHT patients,
dialysis was reported in 3.9% [2]. The occurrence of CKD after OHT
is mostly related to baseline GFR, perioperative kidney injury and
chronic toxicity from Calcineurin Inhibitors (CNIs) [1,3-5]. Patients’
survival after developing significant CKD is decreased [1,2]. The use of
CNIs leads to a biphasic change in renal function with an initial steep
decline for the first 2 years followed by a slower change over several
years [5-7]. This occurs despite reduction in CNI doses and levels late
after OHT. During this slow progression phase, histologic damage
continues unabated but is clinically under-appreciated [6,8]. CNIs
cause acute afferent and efferent glomerular arteriolar vasoconstriction
[9]. This continues to be seen chronically [6,10]. Histologically, there
is hyalinosis impinging on the arteriolar lumen with myocyte necrosis
and patchy ischemic damage downstream from the narrowed or
occluded arteriole. The glomerulus is small and collapsed. There is
tubular atrophy with interstitial fibrosis [6]. Nankivell et al. showed a
histologic pattern of CNI toxicity that predominated after the first year
and became universal at 10 years [8]. Tubulo-interstitial and glomerular
damage, once established, was cumulative and irreversible [8]. CKD
due to CNI toxicity most frequently presents with Hypertension
(HTN), bland urine sediment with few cellular elements and non-
nephrotic proteinuria [6,11].

Management

We will discuss two issues most often addressed by transplantation
cardiologists; the management of hypertension and immunosuppressive
drugs. Referral for nephrology consultation should be considered.

Treatment of HTN

Controlling HTN is important in any patient with CKD to slow
disease progression [12]. This probably applies to OHT patients,
although there is a dearth of data [13]. Multiple agents are frequently
needed [14]. It is known that the frequency of HTN is higher with
Cyclosporine (CSA) compared to Tacrolimus (TAC) [15]. However,
TAC cannot be recommended solely on this basis as it could double the
risk of new onset diabetes itself a risk factor for CKD. Many agents have
been studied in animal models but few have been assessed in patients
[15].

Calcium Channel Blockers (CCBs): CNIs cause vasoconstriction
as noted above. CCBs, specifically vasodilating dihydropyridines, have
been shown to improve renal plasma flow and GFR [9,16]. A small
prospective study comparing amlodipine to placebo showed a slower
decline in GFR at one year [13]. There was no effect on LV mass and
only amodest decrease in proteinuria. Diltiazem did not appear to offer
the same protection [14].

RAAS Inhibitors: The use of RAAS inhibitors is beneficial in most
patients with CKD; however, this has not been shown in OHT patients.
A systematic review of randomized studies in CSA-treated kidney

*Corresponding author: Simon F. Shakar, Division of Cardiology, Academic
Office Building 1, 12631 East 17th Avenue, Box B130, Aurora, CO 80045, Tel: (303)
724 9089; Fax: (303) 724 2094; E-mail: simon.shakar@ucdenver.edu

Received June 06, 2013; Accepted July 29, 2013; Published August 06, 2013

Citation: Brieke A, Lowes BD, Shakar SF (2013) Management of Calcineurin
Inhibitors-Related Chronic Kidney Disease in Cardiac Transplantation. J
Cardiovasc Dis Diagn 1: 117. doi:10.4172/2329-9517.1000117

Copyright: © 2013 Brieke A, et al. This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

J Cardiovasc Dis Diagn
ISSN: 2329-9517 JCDD, an open access journal

Volume 1 « Issue 4 « 1000117



Citation: Brieke A, Lowes BD, Shakar SF (2013) Management of Calcineurin Inhibitors-Related Chronic Kidney Disease in Cardiac Transplantation.

J Cardiovasc Dis Diagn 1: 117. doi:10.4172/2329-9517.1000117

Page 2 of 5

transplant patients show, after a median of 27 months, a reduction in
GFR (around 5.8 cc/min) with a reduction of proteinuria (decrease of
470 mg/day) [17]. It is uncertain if the reduction in proteinuria would
translate into better outcomes in the long run. In fact, Opelz et al.
showed, in a retrospective study of 1,744 OHT patients, that the use of
RAAS inhibitors did not improve patient survival after 6 years [18]. The
same study looked at 17,209 kidney transplant patients and showed no
difference in graft or patient survival [18]. The use of spironolactone
in rat models prevented the decline in GFR and the histologic changes
seen with CSA [19]. There are no data in patients.

Modification of immunosuppressive drugs

Transplant centers have tried multiple immunosuppressive
strategies in OHT patient with CKD to prevent progression of renal
dysfunction. Most of the data come from small studies, limiting the
strength of recommendations that can be made. Larger studies come
usually from kidney transplantation literature.

Tacrolimus: In small studies, Tacrolimus (TAC) does not cause
as much renal hemodynamic dysfunction as CSA [20]. Both appear
to cause increased oxidative stress and TGF-beta production which
appears to be responsible for the reported fibrotic changes [21]. In
de novo OHT patients, a large study reported lower creatinine at one
year on the combination of TAC/Mycophenolate Mofetil (MMF)
compared to TAC/sirolimus (SRL) or CSA/MMEF with creatinine levels
of 1.3, 1.5 and 1.5 respectively. There was also less rejection with TAC/
MMEF versus CSA/MMF [22]. The kidney transplantation literature
shows similar improvements in renal function when switching from
CSA to TAC [23]. However, the renal literature points towards lower
overall exposure to CNIs as the reason for improved creatinine [24].
CSA reduces MMF blood levels compared to TAC or placebo, so that
switching off CSA allows the use of lower TAC doses without risking
rejection [25].

CNI minimization and withdrawal: When CNIs are reduced or
withdrawn, patients are usually switched from Azathioprine (AZA)
to MMF or other immunosuppressants are added. Data are limited,
mostly non-randomized and long-term follow-up is not yet available.

Mycophenolate Mofetil (MMF): Early small studies showed
that switching OHT patients from AZA to MMF with a subsequent
reduction in CSA could improve renal function [26-28]. Generally,
shorter exposure to CNIs and greater reduction in CNIs’ dose led to
better outcomes. Also rejection and infection depended on the dose of
MMEF used to replace AZA. Patients’ mortality was high, likely partially
due to the degree of CKD. There were frequent gastrointestinal side
effects limiting the dose of MMF.

In one large study, 2 sequential cohorts of de novo OHT patients
were compared, the first one was treated with AZA and the second one
with MMF (121 and 119 patients respectively) [29]. They targeted a
lower CSA level on MMF (by 50 ng/ml) for the first 6 months. There
was no difference in survival after 3 years (81% on MMF versus 78%
on AZA). There was more grade 3A rejection on AZA despite higher
levels of CSA and higher use of prednisone. There was no difference
in the rate of infections. The calculated Creatinine Clearance (CrCl)
was higher on MMF during the first 24 months of follow-up (72 ml/
min versus 68 ml/min) but became insignificant at 3 years. Further
reduction in CSA levels might be needed to sustain the early benefit.

The IMPROVED study enrolled prospectively 109 OHT patients
with CKD (creatinine over 1.7 mg/dl) after a mean of 5.3 years post-
OHT [30]. MMF was added to AZA in 89% of the patients and replaced

it in 11%. Prednisolone was continued or added at a dose of 7.5 mg/
day in all MMF patients. CSA was reduced, after MMF level reached
2-4 mcg/ml, to a target trough level of 50 ng/ml. The control group
comprised 52 patients who remained on AZA, nearly all of them were on
steroids chronically. Thirty three of the 109 patients dropped out of the
study prior or after CSA down-titration mostly due to gastrointestinal
complaints. After an average of 8 months, creatinine decreased by
more than 20% in 35% of MMF patients versus 4% of controls. Overall,
creatinine decreased by 0.26 versus 0.08mg/dl. Only 3 episodes of easily
treated grade 3A rejection occurred. Patients with DM benefited as well
as those without DM. Only patients with a baseline creatinine over 3.5
mg/dl did not benefit. There were more infections in the MMF group.

In de novo OHT patients, the combination of TAC/MMF was as
effective as TAC/SRL [22]. However, kidney function was worse on
TAC/SRL. TAC/SRL was also associated with more fungal infections,
impaired wound healing and interstitial pneumonia [22].

Proliferation Signal Inhibitors: PSIs have been advocated as
replacement for CNIs or to reduce their dose. Their use without CNIs
has been associated with increased Bronchiolitis Obliterans Organizing
Pneumonia (BOOP) in some reports [31]. The combination has raised
concerns of increased renal toxicity if the dose of the CNI dose is
not reduced. They can worsen proteinuria [32-34]. Finally, they are
associated with increased risk of mediastinitis and other infections [35].

Discontinuation of CNIs: This had been reported in several small
studies. More recently, VENINAHTX, a randomized study enrolled
63 late OHT patients with CKD (GFR between 15 and 60 mL/min)
[36]. CNI was stopped in 30 patients and was replaced with SRL. In
the remaining patients, therapy was unchanged except for a reduction
of 40% in the CNI dose. At one year, GFR improved only in the CNI
withdrawal group (baseline to 12 months change of 36 to 55 ml/
min versus 41 to 40 ml/min in the CNI dose reduction group). Six
patients on low dose CNI (versus none off CNI) progressed to dialysis
[36]. Lower baseline GFR did not predict poorer response as in other
studies. Blood pressure was also reduced significantly off CNIs. There
were more adverse drug related side-effects on SRL but this did not
affect renal or graft outcomes. There were no significant differences in
rejection episodes on routine biopsies at one and 3 months or coronary
allograft vasculopathy on annual angiograms. The mean SRL trough
level achieved was around 10ng/ml. The average SRL dose was 2 mg/
day.

Raichlin et al. reported on a prospectively followed cohort of 58
OHT patients with CKD (GFR below 50 ml/min) who were taken off
their CNI over a period of 3 months while SRL was introduced [37].
They were compared to 51 CNI treated control patients with CKD. The
control group had been treated with a CNI for a longer period (mean
5.9 versus 4.6 years). After 2 years of follow-up, the GFR increased in
the SRL group from 40.5 to 53.9 ml/min but decreased in the control
group from 40.5 to 36.4ml/min [37]. GFR improved most in patients
with the highest baseline GFR. Unfortunately, GFR worsened in 29%
of SRL patients (decrease from 51 to 43ml/min). Also, proteinuria
increased more in the SRL group (327 to 675 mg/day) versus controls
(308 to 514 mg/day) at 2 years. However, this increase, which was very
prominent after one year, slowed down at 2 years and the difference
became statistically non-significant. There was an inverse relation
between changes in GFR and proteinuria. Diabetic patients fared much
worse with 40% of patients developing proteinuria greater than 1 g/
day. ACE inhibitors prevented the increase in proteinuria. Ten percent
of the patients stopped SRL due to side-effects [37].
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Another study reported on 61 OHT patients, at least one year from
the time of transplantation, who was switched from a CNI to SRL
[34]. Forty-nine patients had CKD defined as creatinine over 1.7 mg/
dl. Proteinuria was present in 31% of the patients at baseline and was
high-grade (over 1 g/day) in 11.5%. At 24 months of follow up, 65%
of the patients had an increase in proteinuria. The occurrence of high-
grade proteinuria increased from 11.5 to 22.9% of patients at study
end. There was an overall increase in GFR. A correlation was noted,
however, between increased proteinuria and decreased GFR during
follow up especially in the high-grade group (GFR decreased from
39.6 to 29.2 ml/min). Proteinuria was mitigated in patients treated
with ACE inhibitors or angiotensin receptor blockers. Nearly 10% of
patients with no or low level proteinuria at baseline developed high-
grade proteinuria at follow-up [34]. It appears that discontinuation of
the CNI might contribute to increased proteinuria [38].

Hunt et al. showed that, nearly one year after switching from a CNI
to SRL, no patient with a creatinine below 2.5 mg/dl had progressed
to ESRD, while four of 19 patients with a higher baseline creatinine
required dialysis [39].

Reduction of CNIs dose: This was explored in several small
retrospective studies with mixed results [38,40].

The VENINAHTx study, discussed above, is a prospective
randomized study that showed improved renal function only in
patients completely withdrawn from CNI therapy [36].

Gleissner et al, in a single center study, randomized 39 OHT
patients with creatinine over 1.7 mg/dl despite 6 months of low dose
CNI [41]. In 19 patients SRL was introduced and CSA was stopped.
Therapy was not modified in the remaining patients. After 6 months
follow-up, the SRL group had an increase in GFR from 48.5 to 61.7 ml/
min while the group continued on low dose CSA had no change.

In another prospective pilot study, CADENCE, CNI dose was
reduced after the introduction of everolimus. This led to continued
decline in GFR after 12 and 48 weeks (68.9 versus 61.6 mL/min) [42,43].

The NOCTET study, a randomized, multicenter trial, enrolled 282
Thoracic transplant recipients with CKD who were at least one year
post-transplantation. Most of them were followed for up to 2 years
[44,45]. Everolimus (EVRL) was added and the dose of CNI was reduced
by close to 60%. The mean baseline measured GFR was close to 50 mL/
min. There was a significant improvement of renal function at one and
two years [44,45]. After 2 years, the measured GFR improved by 3.2
mL/min on EVRL and decreased by 2.4 mL/min in controls. Shorter
time from transplantation to enrollment was predictive of response, so
that OHT patients enrolled more than 8 years after transplantation had
no benefit from CNI reduction [44]. EVRL was associated with twice
as many pneumonias in the first year and 1.8 fold increases in risk of
rejection after 2 years. Proteinuria was not reported.

To complicate the picture, the small, randomized SHIRAKISS
study, showed that late addition of MMF or EVRL while reducing CNI
levels by 30% and 70% respectively, resulted in better renal function on
MMEF after 3 years [46,47]. This outcome was dependent on baseline
proteinuria only with EVRL. EVRL-treated patients with baseline
proteinuria below 150 mg/day did as well as MMF-treated patients.

Results in de novo and early OHT: The use of PSIs instead of
CNIs appears problematic in de novo OHT especially in light of the
discontinued Heart Spare the Nephron trial [48]. In this study, patients
were switched from a CNI to SRL 12 weeks after OHT. Four out of 7
patients in the SRL arm had grade 3A rejection [48]. No rejections were

noted in the CNT arm. The combination of PSIs with CNIs in de novo
OHT patients does not improve renal function even when a reduced
dose CNI is used [22,32,35,49,50]. There is no change in survival. There
is a significant increase in bacterial infections, including mediastinitis
but less viral infections [35,49,50]. Increased diagnosis of new onset
DM is reported [35,50,51]. Pericardial effusions are also more common
[49,50].

Results in renal transplantation: Similar results have been seen in
larger studies in kidney transplantation [52-54]. The CONVERT trial
randomized 830 patients at least 6 months after kidney transplantation
to CNI replacement with SRL [53,54]. It showed some benefit only in
a subpopulation of patients with a GFR greater than 40 mL/min and
minimal proteinuria at baseline (estimated GFR at 24 months of 63.8
versus 59 mL/min with continued CNI).

Conclusion: The above studies highlight the complexity involved
in using PSIs in this context. These drugs are associated with many
side effects leading to discontinuation [55]. Kidney function at the
time of introduction of the drugs should be moderately decreased to
see the most benefit and although patients with GFR below 30mL/
min can benefit many of the above studies showed that more patients
with poor baseline GFR will progress despite PSI therapy due to
advanced, irreversible CNI kidney toxicity [56]. The presence of
baseline proteinuria is cause for concern as is the presence of diabetes
and might negate any benefit of PSI use [34,37,46,47,54]. The use of
ACE inhibitors and angiotensin receptor blockers might mitigate the
adverse effect of PSI induced proteinuria on worsening renal function
but this is not based on large number of patients [34,37,57]. The above
highlight the need for more studies regarding this evolving issue. If
the patient is placed on a PSI, they should have baseline then serial
measurements of proteinuria. ACE inhibitors should be considered.
Monitoring for rejection is performed routinely and drug levels should
be followed and maintained rigorously in the therapeutic range to
minimize complications.

Antibodies: Anti-CD25 antibodies (basiliximab and daclizumab)
have been used in de novo OHT patients to delay the initiation of CNI
in patients at high risk for acute kidney injury [58,59]. In one study,
delaying the start of CNIs by 4 days led to a lower rise in average
creatinine level during hospitalization when compared to historical
controls (change in creatinine was -0.1 versus + 0.5 mg/dl) [59]. Other
small series used anti-thymocyte immunoglobulins to decrease the
dose of CNI or delay their start in patients with or at risk for CKD
[58,60]. There was evidence of renal protection.

Anti-CD25 antibodies have also been used later and for longer
periods after OHT to improve CKD [61-63]. They were used every 3
to 8 weeks with discontinuation of CNIs. In some cases, CNIs were
restarted once kidney function improved. Three patients were treated
for few months and up to one and a half years.

Kidney transplantation: Because ESRD carries a high mortality
risk in OHT patients, kidney transplantation has been considered.
Ojo et al. reported on 3,297 solid-organ non-renal transplant patients
with ESRD who received kidney transplants, including a third that
had OHT [1]. He noted an increased early mortality risk after kidney
transplantation compared to dialysis (Relative risk of 3.42). It took
nearly 1.4 years before the benefit of kidney transplantation became
obvious but it persisted for 5 years [1].

In a smaller cohort OHT patients that had kidney transplantation
for ESRD had better survival than those who remained on dialysis [2].
After 5 years, those transplanted had a survival of 78.6% versus 15.7%
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for those on dialysis. Similar findings were reported in two papers while
a third one noted much lower survival after kidney transplantation [64-
66]. Finally, concomitant kidney transplantation and OHT have been
anecdotally performed [67].

Conclusion

Put together, the above studies show that interventions that
improve CNI toxicity should be deployed early before kidney function
deteriorates significantly, and that the reduction in CNI dose should
be large to be beneficial. Discontinuation of CNIs appears to offer
better protection against progression of CKD. Drug level monitoring
is important to ensure low rates of rejection. MMF appears to be
the safer approach, if tolerated, as it clearly has no renal side-effects.
However, it might not be enough for many patients to allow complete
discontinuation of CNIs. PSIs are promising but are associated with
many side-effects including the potential for worsening renal function
and increasing proteinuria. Whether the use of renin angiotensin
system inhibitors would address this concern is an open question.
Early after OHT, the risk of rejection is high off CNIs and the benefit of
alternative therapies is less evident. Prospective, long-term studies are
still needed despite significant progress made recently.

Acknowledgement
None of the authors has any conflict of interest to report.
Funding source: None.

References

1. Ojo AO, Held PJ, Port FK, Wolfe RA, Leichtman AB, et al. (2003) Chronic renal
failure after transplantation of a nonrenal organ. N Engl J Med 349: 931-940.

2. Alam A, Badovinac K, Ivis F, Trpeski L, Cantarovich M (2007) The outcome
of heart transplant recipients following the development of end-stage renal
disease: analysis of the Canadian Organ Replacement Register (CORR). Am
J Transplant 7: 461-465.

3. Boyle JM, Moualla S, Arrigain S, Worley S, Bakri MH, et al. (2006) Risks and
outcomes of acute kidney injury requiring dialysis after cardiac transplantation.
Am J Kidney Dis 48: 787-796.

4. Greenberg A, Egel JW, Thompson ME, Hardesty RL, Griffith BP, et al. (1987)
Early and late forms of cyclosporine nephrotoxicity: studies in cardiac transplant
recipients. Am J Kidney Dis 9: 12-22.

5. Greenberg A, Thompson ME, Griffith BJ, Hardesty RL, Kormos RL, et al.
(1990) Cyclosporine nephrotoxicity in cardiac allograft patients--a seven-year
follow-up. Transplantation 50: 589-593.

6. Myers BD, Newton L (1991) Cyclosporine-induced chronic nephropathy: an
obliterative microvascular renal injury. J Am Soc Nephrol 2: S45-52.

7. Lindeléw B, Bergh CH, Herlitz H, Waagstein F (2000) Predictors and evolution
of renal function during 9 years following heart transplantation. J Am Soc
Nephrol 11: 951-957.

8. Nankivell BJ, Borrows RJ, Fung CL, O’Connell PJ, Allen RD, et al. (2003) The
natural history of chronic allograft nephropathy. N Engl J Med 349: 2326-2333.

9. Ruggenenti P, Perico N, Mosconi L, Gaspari F, Benigni A, et al. (1993) Calcium
channel blockers protect transplant patients from cyclosporine-induced daily
renal hypoperfusion. Kidney Int 43: 706-711.

10. Myers BD, Ross J, Newton L, Luetscher J, Perlroth M (1984) Cyclosporine-
associated chronic nephropathy. N Engl J Med 311: 699-705.

11. Shihab FS (1996) Cyclosporine nephropathy: pathophysiology and clinical
impact. Semin Nephrol 16: 536-547.

12. Sarnak MJ, Greene T, Wang X, Beck G, Kusek JW, et al. (2005) The effect of
a lower target blood pressure on the progression of kidney disease: long-term
follow-up of the modification of diet in renal disease study. Ann Intern Med 142:
342-351.

13. Leenen FH, Coletta E, Davies RA (2007) Prevention of renal dysfunction and
hypertension by amlodipine after heart transplant. Am J Cardiol 100: 531-535.

20.

2

=

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

=

32.

33.

34.

.Brozena SC, Johnson MR, Ventura H, Hobbs R, Miller L, et al. (1996)

Effectiveness and safety of diltiazem or lisinopril in treatment of hypertension
after heart transplantation. Results of a prospective, randomized multicenter
trail. J Am Coll Cardiol 27: 1707-1712.

. Grimm M, Rinaldi M, Yonan NA, Arpesella G, Arizon Del Prado JM, et al. (2006)

Superior prevention of acute rejection by tacrolimus vs. cyclosporine in heart
transplant recipients--a large European trial. Am J Transplant 6: 1387-1397.

.Legault L, Ogilvie RI, Cardella CJ, Leenen FH (1993) Calcium antagonists

in heart transplant recipients: effects on cardiac and renal function and
cyclosporine pharmacokinetics. Can J Cardiol 9: 398-404.

. Hiremath S, Fergusson D, Doucette S, Mulay AV, Knoll GA (2007) Renin

angiotensin system blockade in kidney transplantation: a systematic review of
the evidence. Am J Transplant 7: 2350-2360.

Opelz G, Zeier M, Laux G, Morath C, Dohler B (2006) No improvement of
patient or graft survival in transplant recipients treated with angiotensin-
converting enzyme inhibitors or angiotensin Il type 1 receptor blockers: a
collaborative transplant study report. J Am Soc Nephrol 17: 3257-3262.

Feria |, Pichardo |, Juarez P, Ramirez VV, Gonzalez MA, et al. (2003) Therapeutic
benefit of spironolactone in experimental chronic cyclosporine A nephrotoxicity.
Kidney Int 63: 43-52.

Klein IH, Abrahams A, van Ede T, Hené RJ, Koomans HA, et al. (2002)
Different effects of tacrolimus and cyclosporine on renal hemodynamics and
blood pressure in healthy subjects. Transplantation 73: 732-736.

. Calo LA, Davis PA, Giacon B, Pagnin E, Sartori M, et al. (2002) Oxidative stress

in kidney transplant patients with calcineurin inhibitor-induced hypertension:
effect of ramipril. J Cardiovasc Pharmacol 40: 625-631.

Kobashigawa JA, Miller LW, Russell SD, Ewald GA, Zucker MJ, et al. (2006)
Tacrolimus with mycophenolate mofetil (MMF) or sirolimus vs. cyclosporine
with MMF in cardiac transplant patients: 1-year report. Am J Transplant 6:
1377-1386.

Shihab FS, Waid TH, Conti DJ, Yang H, Holman MJ, et al. (2008) Conversion
from cyclosporine to tacrolimus in patients at risk for chronic renal allograft
failure: 60-month results of the CRAF Study. Transplantation 85: 1261-1269.

Bolin P Jr, Shihab FS, Mulloy L, Henning AK, Gao J, et al. (2008) Optimizing
tacrolimus therapy in the maintenance of renal allografts: 12-month results.
Transplantation 86: 88-95.

Shaw LM, Korecka M, Venkataramanan R, Goldberg L, Bloom R, et al. (2003)
Mycophenolic acid pharmacodynamics and pharmacokinetics provide a basis
for rational monitoring strategies. Am J Transplant 3: 534-542.

Sanchez V, Delgado JF, Blasco T, Dalmau R, Morales JM, et al. (1999) Benefits
of mycophenolate mofetil in cardiac transplant recipients with cyclosporine-
induced nephropathy. Transplant Proc 31: 2515-2516.

Zuckermann A, Ploner M, Keziban U, Czerny M, Wolner E, et al. (2001) Benefit
of mycophenolate-mofetil (MMF) in patients with cyclosporine (CYA) induced
nephropathy after cardiac transplantation. J Heart Lung Transplant 20: 163.

Tedoriya T, Keogh AM, Kusano K, Savdie E, Hayward C, et al. (2002) Reversal
of chronic cyclosporine nephrotoxicity after heart transplantation-potential role
of mycophenolate mofetil. J Heart Lung Transplant 21: 976-982.

Hamour IM, Lyster HS, Burke MM, Rose ML, Banner NR (2007) Mycophenolate
mofetil may allow cyclosporine and steroid sparing in de novo heart transplant
patients. Transplantation 83: 570-576.

Angermann CE, Stérk S, Costard-Jackle A, Dengler TJ, Siebert U, et al. (2004)
Reduction of cyclosporine after introduction of mycophenolate mofetil improves
chronic renal dysfunction in heart transplant recipients--the IMPROVED muilti-
centre study. Eur Heart J 25: 1626-1634.

. Lindenfeld JA, Simon SF, Zamora MR, Cool CD, Wolfel EE, et al. (2005) BOOP

is common in cardiac transplant recipients switched from a calcineurin inhibitor
to sirolimus. Am J Transplant 5: 1392-1396.

Eisen HJ, Tuzcu EM, Dorent R, Kobashigawa J, Mancini D, et al. (2003)
Everolimus for the prevention of allograft rejection and vasculopathy in cardiac-
transplant recipients. N Engl J Med 349: 847-858.

Shihab FS, Bennett WM, Yi H, Choi SO, Andoh TF (2004) Sirolimus increases
transforming growth factor-betal expression and potentiates chronic
cyclosporine nephrotoxicity. Kidney Int 65: 1262-1271.

Aliabadi AZ, Pohanka E, Seebacher G, Dunkler D, Kammerstéatter D, etal. (2008)

J Cardiovasc Dis Diagn
ISSN: 2329-9517 JCDD, an open access journal

Volume 1 « Issue 4 « 1000117


http://www.ncbi.nlm.nih.gov/pubmed/12954741
http://www.ncbi.nlm.nih.gov/pubmed/12954741
http://www.ncbi.nlm.nih.gov/pubmed/17283490
http://www.ncbi.nlm.nih.gov/pubmed/17283490
http://www.ncbi.nlm.nih.gov/pubmed/17283490
http://www.ncbi.nlm.nih.gov/pubmed/17283490
http://www.ncbi.nlm.nih.gov/pubmed/17059998
http://www.ncbi.nlm.nih.gov/pubmed/17059998
http://www.ncbi.nlm.nih.gov/pubmed/17059998
http://www.ncbi.nlm.nih.gov/pubmed/3544821
http://www.ncbi.nlm.nih.gov/pubmed/3544821
http://www.ncbi.nlm.nih.gov/pubmed/3544821
http://www.ncbi.nlm.nih.gov/pubmed/2219280
http://www.ncbi.nlm.nih.gov/pubmed/2219280
http://www.ncbi.nlm.nih.gov/pubmed/2219280
http://www.ncbi.nlm.nih.gov/pubmed/1932643
http://www.ncbi.nlm.nih.gov/pubmed/1932643
http://www.ncbi.nlm.nih.gov/pubmed/10770975
http://www.ncbi.nlm.nih.gov/pubmed/10770975
http://www.ncbi.nlm.nih.gov/pubmed/10770975
http://www.ncbi.nlm.nih.gov/pubmed/14668458
http://www.ncbi.nlm.nih.gov/pubmed/14668458
http://www.ncbi.nlm.nih.gov/pubmed/8455370
http://www.ncbi.nlm.nih.gov/pubmed/8455370
http://www.ncbi.nlm.nih.gov/pubmed/8455370
http://www.ncbi.nlm.nih.gov/pubmed/6382005
http://www.ncbi.nlm.nih.gov/pubmed/6382005
http://www.ncbi.nlm.nih.gov/pubmed/9125798
http://www.ncbi.nlm.nih.gov/pubmed/9125798
http://www.ncbi.nlm.nih.gov/pubmed/15738453
http://www.ncbi.nlm.nih.gov/pubmed/15738453
http://www.ncbi.nlm.nih.gov/pubmed/15738453
http://www.ncbi.nlm.nih.gov/pubmed/15738453
http://www.ncbi.nlm.nih.gov/pubmed/17659942
http://www.ncbi.nlm.nih.gov/pubmed/17659942
http://www.ncbi.nlm.nih.gov/pubmed/8636558
http://www.ncbi.nlm.nih.gov/pubmed/8636558
http://www.ncbi.nlm.nih.gov/pubmed/8636558
http://www.ncbi.nlm.nih.gov/pubmed/8636558
http://www.ncbi.nlm.nih.gov/pubmed/16686762
http://www.ncbi.nlm.nih.gov/pubmed/16686762
http://www.ncbi.nlm.nih.gov/pubmed/16686762
http://www.ncbi.nlm.nih.gov/pubmed/8348391
http://www.ncbi.nlm.nih.gov/pubmed/8348391
http://www.ncbi.nlm.nih.gov/pubmed/8348391
http://www.ncbi.nlm.nih.gov/pubmed/17845569
http://www.ncbi.nlm.nih.gov/pubmed/17845569
http://www.ncbi.nlm.nih.gov/pubmed/17845569
http://www.ncbi.nlm.nih.gov/pubmed/17035607
http://www.ncbi.nlm.nih.gov/pubmed/17035607
http://www.ncbi.nlm.nih.gov/pubmed/17035607
http://www.ncbi.nlm.nih.gov/pubmed/17035607
http://www.ncbi.nlm.nih.gov/pubmed/12472767
http://www.ncbi.nlm.nih.gov/pubmed/12472767
http://www.ncbi.nlm.nih.gov/pubmed/12472767
http://www.ncbi.nlm.nih.gov/pubmed/11907418
http://www.ncbi.nlm.nih.gov/pubmed/11907418
http://www.ncbi.nlm.nih.gov/pubmed/11907418
http://www.ncbi.nlm.nih.gov/pubmed/12352326
http://www.ncbi.nlm.nih.gov/pubmed/12352326
http://www.ncbi.nlm.nih.gov/pubmed/12352326
http://www.ncbi.nlm.nih.gov/pubmed/16686761
http://www.ncbi.nlm.nih.gov/pubmed/16686761
http://www.ncbi.nlm.nih.gov/pubmed/16686761
http://www.ncbi.nlm.nih.gov/pubmed/16686761
http://www.ncbi.nlm.nih.gov/pubmed/18475181
http://www.ncbi.nlm.nih.gov/pubmed/18475181
http://www.ncbi.nlm.nih.gov/pubmed/18475181
http://www.ncbi.nlm.nih.gov/pubmed/18622283
http://www.ncbi.nlm.nih.gov/pubmed/18622283
http://www.ncbi.nlm.nih.gov/pubmed/18622283
http://www.ncbi.nlm.nih.gov/pubmed/12752309
http://www.ncbi.nlm.nih.gov/pubmed/12752309
http://www.ncbi.nlm.nih.gov/pubmed/12752309
http://www.ncbi.nlm.nih.gov/pubmed/10500695
http://www.ncbi.nlm.nih.gov/pubmed/10500695
http://www.ncbi.nlm.nih.gov/pubmed/10500695
http://www.ncbi.nlm.nih.gov/pubmed/11250246
http://www.ncbi.nlm.nih.gov/pubmed/11250246
http://www.ncbi.nlm.nih.gov/pubmed/11250246
http://www.ncbi.nlm.nih.gov/pubmed/12231368
http://www.ncbi.nlm.nih.gov/pubmed/12231368
http://www.ncbi.nlm.nih.gov/pubmed/12231368
http://www.ncbi.nlm.nih.gov/pubmed/17353776
http://www.ncbi.nlm.nih.gov/pubmed/17353776
http://www.ncbi.nlm.nih.gov/pubmed/17353776
http://www.ncbi.nlm.nih.gov/pubmed/15351162
http://www.ncbi.nlm.nih.gov/pubmed/15351162
http://www.ncbi.nlm.nih.gov/pubmed/15351162
http://www.ncbi.nlm.nih.gov/pubmed/15351162
http://www.ncbi.nlm.nih.gov/pubmed/15888046
http://www.ncbi.nlm.nih.gov/pubmed/15888046
http://www.ncbi.nlm.nih.gov/pubmed/15888046
http://www.ncbi.nlm.nih.gov/pubmed/12944570
http://www.ncbi.nlm.nih.gov/pubmed/12944570
http://www.ncbi.nlm.nih.gov/pubmed/12944570
http://www.ncbi.nlm.nih.gov/pubmed/15086465
http://www.ncbi.nlm.nih.gov/pubmed/15086465
http://www.ncbi.nlm.nih.gov/pubmed/15086465
http://www.ncbi.nlm.nih.gov/pubmed/18261172

Citation: Brieke A, Lowes BD, Shakar SF (2013) Management of Calcineurin Inhibitors-Related Chronic Kidney Disease in Cardiac Transplantation.

J Cardiovasc Dis Diagn 1: 117. doi:10.4172/2329-9517.1000117

Page 5 of 5

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48

49.

50.

51.

Development of proteinuria after switch to sirolimus-based immunosuppression
in long-term cardiac transplant patients. Am J Transplant 8: 854-861.

Zucker MJ, Baran DA, Arroyo LH, Goldstein DJ, Neacy C, et al. (2005) De novo
immunosuppression with sirolimus and tacrolimus in heart transplant recipients
compared with cyclosporine and mycophenolate mofetil: a one-year follow-up
analysis. Transplant Proc 37: 2231-2239.

Groetzner J, Kaczmarek |, Schulz U, Stegemann E, Kaiser K, et al. (2009)
Mycophenolate and sirolimus as calcineurin inhibitor-free immunosuppression
improves renal function better than calcineurin inhibitor-reduction in late cardiac
transplant recipients with chronic renal failure. Transplantation 87: 726-733.

Raichlin E, Khalpey Z, Kremers W, Frantz RP, Rodeheffer RJ, et al.
(2007) Replacement of calcineurin-inhibitors with sirolimus as primary
immunosuppression in stable cardiac transplant recipients. Transplantation 84:
467-474.

Potter BJ, Giannetti N, Edwardes MD, Cecere R, Cantarovich M (2007)
Calcineurin inhibitor substitution with sirolimus vs. reduced-dose calcineurin
inhibitor plus sirolimus is associated with improved renal dysfunction in heart
transplant patients. Clin Transplant 21: 305-308.

Hunt J, Lerman M, Magee MJ, Dewey TM, Herbert M, et al. (2005) Improvement
of renal dysfunction by conversion from calcineurin inhibitors to sirolimus after
heart transplantation. J Heart Lung Transplant 24: 1863-1867.

Gustafsson F, Ross HJ, Delgado MS, Bernabeo G, Delgado DH, (2007)
Sirolimus-based immunosuppression after cardiac transplantation: predictors
of recovery from calcineurin inhibitor-induced renal dysfunction. J Heart Lung
Transplant 26: 998-1003.

Gleissner CA, Doesch A, Ehlermann P, Koch A, Sack FU, et al. (2006)
Cyclosporine withdrawal improves renal function in heart transplant patients on
reduced-dose cyclosporine therapy. Am J Transplant 6: 2750-2758.

Ross H, Pflugfelder P, Haddad H, Cantarovich M, White M, et al. (2010)
Reduction of cyclosporine following the introduction of everolimus in
maintenance heart transplant recipients: a pilot study. Transpl Int 23: 31-37.

Ross H, Pflugfelder P, Haddad H, Cantarovich M, White M, et al. (2008)
Cyclosporine reduction in the presence of everolimus: 3-month data from a
Canadian pilot study of maintenance cardiac allograft recipients. J Heart Lung
Transplant 27: 197-202.

Gullestad L, Iversen M, Mortensen SA, Eiskjaer H, Riise GC, et al. (2010)
Everolimus with reduced calcineurin inhibitor in thoracic transplant recipients
with renal dysfunction: a multicenter, randomized trial. Transplantation 89: 864-
872.

Gullestad L, Mortensen SA, Eiskjeer H, Riise GC, Mared L, et al. (2010) Two-
year outcomes in thoracic transplant recipients after conversion to everolimus
with reduced calcineurin inhibitor within a multicenter, open-label, randomized
trial. Transplantation 90: 1581-1589.

Potena L, Bianchi IG, Magnani G, Masetti M, Coccolo F, et al. (2010)
Cyclosporine lowering with everolimus or mycophenolate to preserve renal
function in heart recipients: a randomized study. Transplantation 89: 263-265.

Potena L, Prestinenzi P, Bianchi IG, Masetti M, Romani P, et al. (2012)
Cyclosporine lowering with everolimus versus mycophenolate mofetil in heart
transplant recipients: long-term follow-up of the SHIRAKISS randomized,
prospective study. J Heart Lung Transplant 31: 565-570.

.http://www.fda.gov/downloads/Safety/MedWatch/Safetylnformation/

SafetyAlertsforHumanMedicalProducts/UCM154009.pdf

Lehmkuhl HB, Arizon J, Vigand M, Almenar L, Gerosa G, et al. (2009)
Everolimus with reduced cyclosporine versus MMF with standard cyclosporine
in de novo heart transplant recipients. Transplantation 88: 115-122.

Eisen HJ, Kobashigawa J, Starling RC, Pauly DF, Kfoury A, et al. (2013)
Everolimus versus mycophenolate mofetil in heart transplantation: a
randomized, multicenter trial. Am J Transplant 13: 1203-1216.

Johnston O, Rose CL, Webster AC, Gill JS (2008) Sirolimus is associated

52.

53.

54.

55.

56.

57.

58.

5

©

60.

61.

=

62.

63.

64.

65.

66.

67.

with new-onset diabetes in kidney transplant recipients. J Am Soc Nephrol 19:
1411-1418.

Ekberg H, Tedesco-Silva H, Demirbas A, Vitko S, Nashan B, et al. (2007)
Reduced exposure to calcineurin inhibitors in renal transplantation. N Engl J
Med 357: 2562-2575.

Hanto DW, Chudzinski R (2009) What does the CONVERT trial really tell us
about conversion from calcineurin inhibitors to sirolimus? Transplantation 87:
164-165.

Schena FP, Pascoe MD, Alberu J, del Carmen Rial M, Oberbauer R, et al.
(2009) Conversion from calcineurin inhibitors to sirolimus maintenance therapy
in renal allograft recipients: 24-month efficacy and safety results from the
CONVERT trial. Transplantation 87: 233-242.

Gonzalez-Vilchez F, Vazquez de Prada JA, Almenar L, Arizon Del Prado
JM, Mirabet S, et al. (2012) Withdrawal of proliferation signal inhibitors due
to adverse events in the maintenance phase of heart transplantation. J Heart
Lung Transplant 31: 288-295.

Arora S, Gude E, Sigurdardottir V, Mortensen SA, Eiskjeer H, et al. (2012)
Improvement in renal function after everolimus introduction and calcineurin
inhibitor reduction in maintenance thoracic transplant recipients: the significance
of baseline glomerular filtration rate. J Heart Lung Transplant 31: 259-265.

Gonzalez-Vilchez F, de Prada JA, Castrillo C, Canteli A, Llano MF, et al. (2011)
Predictors of long-term renal function after conversion to proliferation signal
inhibitors in long-term heart transplant recipients. J Heart Lung Transplant 30:
552-557.

Delgado DH, Miriuka SG, Cusimano RJ, Feindel C, Rao V, et al. (2005) Use
of basiliximab and cyclosporine in heart transplant patients with pre-operative
renal dysfunction. J Heart Lung Transplant 24: 166-169.

. Rosenberg PB, Vriesendorp AE, Drazner MH, Dries DL, Kaiser PA, et al. (2005)

Induction therapy with basiliximab allows delayed initiation of cyclosporine and
preserves renal function after cardiac transplantation. J Heart Lung Transplant
24:1327-1331.

Deeb GM, Kolff J, McClurken JB, Dunn J, Balsara R, et al. (1987)
Antithymocyte gamma globulin, low-dosage cyclosporine, and tapering
steroids as an immunosuppressive regimen to avoid early kidney failure in
heart transplantation. J Heart Transplant 6: 79-83.

Cantarovich M, Metrakos P, Giannetti N, Cecere R, Barkun J, et al. (2002) Anti-
CD25 monoclonal antibody coverage allows for calcineurin inhibitor “holiday” in
solid organ transplant patients with acute renal dysfunction. Transplantation
73: 1169-1172.

Potter B, Giannetti N, Cecere R, Cantarovich M (2005) Long-term calcineurin
inhibitor “holiday” using daclizumab in a heart transplant patient with acute
renal dysfunction. J Heart Lung Transplant 24: 1126-1128.

Anselm A, Cantarovich M, Davies R, Grenon J, Haddad H (2008) Prolonged
basiliximab use as an alternative to calcineurin inhibition to allow renal recovery
late after heart transplantation. J Heart Lung Transplant 27: 1043-1045.

Rosenberger C, Stein J, Jirgensen JS, Eibl N, Babel N, et al. (2007) Risk
stratification for renal transplantation after cardiac or lung transplantation:
single-center experience and review of the literature. Kidney Blood Press Res
30: 260-266.

Villar E, Boissonnat P, Sebbag L, Hendawy A, Cahen R, et al. (2007) Poor
prognosis of heart transplant patients with end-stage renal failure. Nephrol Dial
Transplant 22: 1383-1389.

Frimat L, Villemot JP, Cormier L, Cao-Huu T, Renoult E, et al. (1998) Treatment
of end-stage renal failure after heart transplantation. Nephrol Dial Transplant
13: 2905-2908.

Bruschi G, Busnach G, Colombo T, Radaelli L, Pedrazzini G, et al. (2007)
Long-term follow-up of simultaneous heart and kidney transplantation with
single donor allografts: report of nine cases. Ann Thorac Surg 84: 522-527.

J Cardiovasc Dis Diagn
ISSN: 2329-9517 JCDD, an open access journal

Volume 1 « Issue 4 « 1000117


http://www.ncbi.nlm.nih.gov/pubmed/18261172
http://www.ncbi.nlm.nih.gov/pubmed/18261172
http://www.ncbi.nlm.nih.gov/pubmed/15964386
http://www.ncbi.nlm.nih.gov/pubmed/15964386
http://www.ncbi.nlm.nih.gov/pubmed/15964386
http://www.ncbi.nlm.nih.gov/pubmed/15964386
http://www.ncbi.nlm.nih.gov/pubmed/19295318
http://www.ncbi.nlm.nih.gov/pubmed/19295318
http://www.ncbi.nlm.nih.gov/pubmed/19295318
http://www.ncbi.nlm.nih.gov/pubmed/19295318
http://www.ncbi.nlm.nih.gov/pubmed/17713429
http://www.ncbi.nlm.nih.gov/pubmed/17713429
http://www.ncbi.nlm.nih.gov/pubmed/17713429
http://www.ncbi.nlm.nih.gov/pubmed/17713429
http://www.ncbi.nlm.nih.gov/pubmed/17488377
http://www.ncbi.nlm.nih.gov/pubmed/17488377
http://www.ncbi.nlm.nih.gov/pubmed/17488377
http://www.ncbi.nlm.nih.gov/pubmed/17488377
http://www.ncbi.nlm.nih.gov/pubmed/16297793
http://www.ncbi.nlm.nih.gov/pubmed/16297793
http://www.ncbi.nlm.nih.gov/pubmed/16297793
http://www.ncbi.nlm.nih.gov/pubmed/17919619
http://www.ncbi.nlm.nih.gov/pubmed/17919619
http://www.ncbi.nlm.nih.gov/pubmed/17919619
http://www.ncbi.nlm.nih.gov/pubmed/17919619
http://www.ncbi.nlm.nih.gov/pubmed/16939514
http://www.ncbi.nlm.nih.gov/pubmed/16939514
http://www.ncbi.nlm.nih.gov/pubmed/16939514
http://www.ncbi.nlm.nih.gov/pubmed/20050127
http://www.ncbi.nlm.nih.gov/pubmed/20050127
http://www.ncbi.nlm.nih.gov/pubmed/20050127
http://www.ncbi.nlm.nih.gov/pubmed/18267227
http://www.ncbi.nlm.nih.gov/pubmed/18267227
http://www.ncbi.nlm.nih.gov/pubmed/18267227
http://www.ncbi.nlm.nih.gov/pubmed/18267227
http://www.ncbi.nlm.nih.gov/pubmed/20061999
http://www.ncbi.nlm.nih.gov/pubmed/20061999
http://www.ncbi.nlm.nih.gov/pubmed/20061999
http://www.ncbi.nlm.nih.gov/pubmed/20061999
http://www.ncbi.nlm.nih.gov/pubmed/21030905
http://www.ncbi.nlm.nih.gov/pubmed/21030905
http://www.ncbi.nlm.nih.gov/pubmed/21030905
http://www.ncbi.nlm.nih.gov/pubmed/21030905
http://www.ncbi.nlm.nih.gov/pubmed/20098293
http://www.ncbi.nlm.nih.gov/pubmed/20098293
http://www.ncbi.nlm.nih.gov/pubmed/20098293
http://www.ncbi.nlm.nih.gov/pubmed/22341702
http://www.ncbi.nlm.nih.gov/pubmed/22341702
http://www.ncbi.nlm.nih.gov/pubmed/22341702
http://www.ncbi.nlm.nih.gov/pubmed/22341702
http://www.fda.gov/downloads/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/UCM154009.pdf
http://www.fda.gov/downloads/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/UCM154009.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19584690
http://www.ncbi.nlm.nih.gov/pubmed/19584690
http://www.ncbi.nlm.nih.gov/pubmed/19584690
http://www.ncbi.nlm.nih.gov/pubmed/23433101
http://www.ncbi.nlm.nih.gov/pubmed/23433101
http://www.ncbi.nlm.nih.gov/pubmed/23433101
http://www.ncbi.nlm.nih.gov/pubmed/18385422
http://www.ncbi.nlm.nih.gov/pubmed/18385422
http://www.ncbi.nlm.nih.gov/pubmed/18385422
http://www.ncbi.nlm.nih.gov/pubmed/18094377
http://www.ncbi.nlm.nih.gov/pubmed/18094377
http://www.ncbi.nlm.nih.gov/pubmed/18094377
http://www.ncbi.nlm.nih.gov/pubmed/19155968
http://www.ncbi.nlm.nih.gov/pubmed/19155968
http://www.ncbi.nlm.nih.gov/pubmed/19155968
http://www.ncbi.nlm.nih.gov/pubmed/19155978
http://www.ncbi.nlm.nih.gov/pubmed/19155978
http://www.ncbi.nlm.nih.gov/pubmed/19155978
http://www.ncbi.nlm.nih.gov/pubmed/19155978
http://www.ncbi.nlm.nih.gov/pubmed/22133787
http://www.ncbi.nlm.nih.gov/pubmed/22133787
http://www.ncbi.nlm.nih.gov/pubmed/22133787
http://www.ncbi.nlm.nih.gov/pubmed/22133787
http://www.ncbi.nlm.nih.gov/pubmed/22333403
http://www.ncbi.nlm.nih.gov/pubmed/22333403
http://www.ncbi.nlm.nih.gov/pubmed/22333403
http://www.ncbi.nlm.nih.gov/pubmed/22333403
http://www.ncbi.nlm.nih.gov/pubmed/21212001
http://www.ncbi.nlm.nih.gov/pubmed/21212001
http://www.ncbi.nlm.nih.gov/pubmed/21212001
http://www.ncbi.nlm.nih.gov/pubmed/21212001
http://www.ncbi.nlm.nih.gov/pubmed/15701432
http://www.ncbi.nlm.nih.gov/pubmed/15701432
http://www.ncbi.nlm.nih.gov/pubmed/15701432
http://www.ncbi.nlm.nih.gov/pubmed/16143252
http://www.ncbi.nlm.nih.gov/pubmed/16143252
http://www.ncbi.nlm.nih.gov/pubmed/16143252
http://www.ncbi.nlm.nih.gov/pubmed/16143252
http://www.ncbi.nlm.nih.gov/pubmed/3305833
http://www.ncbi.nlm.nih.gov/pubmed/3305833
http://www.ncbi.nlm.nih.gov/pubmed/3305833
http://www.ncbi.nlm.nih.gov/pubmed/3305833
http://www.ncbi.nlm.nih.gov/pubmed/11965054
http://www.ncbi.nlm.nih.gov/pubmed/11965054
http://www.ncbi.nlm.nih.gov/pubmed/11965054
http://www.ncbi.nlm.nih.gov/pubmed/11965054
http://www.ncbi.nlm.nih.gov/pubmed/16102455
http://www.ncbi.nlm.nih.gov/pubmed/16102455
http://www.ncbi.nlm.nih.gov/pubmed/16102455
http://www.ncbi.nlm.nih.gov/pubmed/18765200
http://www.ncbi.nlm.nih.gov/pubmed/18765200
http://www.ncbi.nlm.nih.gov/pubmed/18765200
http://www.ncbi.nlm.nih.gov/pubmed/17622737
http://www.ncbi.nlm.nih.gov/pubmed/17622737
http://www.ncbi.nlm.nih.gov/pubmed/17622737
http://www.ncbi.nlm.nih.gov/pubmed/17622737
http://www.ncbi.nlm.nih.gov/pubmed/17267535
http://www.ncbi.nlm.nih.gov/pubmed/17267535
http://www.ncbi.nlm.nih.gov/pubmed/17267535
http://www.ncbi.nlm.nih.gov/pubmed/9829499
http://www.ncbi.nlm.nih.gov/pubmed/9829499
http://www.ncbi.nlm.nih.gov/pubmed/9829499
http://www.ncbi.nlm.nih.gov/pubmed/17643629
http://www.ncbi.nlm.nih.gov/pubmed/17643629
http://www.ncbi.nlm.nih.gov/pubmed/17643629

	Title
	Corresponding author
	Abstract
	Introduction 
	Management 
	Treatment of HTN 
	Modification of immunosuppressive drugs

	Conclusion
	Acknowledgement 
	References 



