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Summary

 Background: Heart transplantation is an established treatment for advanced heart failure. Heart transplant re-
cipients experience a number of complications related to pharmacological immunosuppression 
and infections. Chronic kidney disease (CKD) is an important long-term complication of all forms 
of organ transplantation other than renal. It has been shown that a GFR <60ml/min is predictive 
of premature cardiovascular death. The aim of our study was to assess kidney function in relation 
to the type of immunosuppression regimen used.

 Material/Methods: We analyzed 169 patients who underwent their first orthotopic heart transplant. The immunosup-
pressive regimen of prevalent patients consisted of tacrolimus (n=60), cyclosporine (n=109), in 
combination with mycophenolate mofetil (n=134), azathioprine (n=4), everolimus (n=28) or si-
rolimus (n=8). GFR was estimated using 3 formulae: CKD-EPI, MDRD and the Cockcroft-Gault. 
Complete blood count, urea, serum lipids, fasting glucose, creatinine, and NT-proBNP were also 
analyzed.

 Results: In patients treated with tacrolimus, we observed a higher eGFR (all formulae), a greater 24-hour 
creatinine clearance, and lower serum cholesterol, LDL-cholesterol and triglyceride values than in 
patients treated with cyclosporine. Patients treated with tacrolimus were younger than those treat-
ed with cyclosporine. However, the time elapsed after OHT was similar in both groups. The prev-
alence of CKD (eGFR <60 ml/min) in the tacrolimus-treated patients was 45%, whereas in the cy-
closporine treated group it was 87% (p<0.01).

 Conclusions: The prevalence of CKD is high in heart transplant recipients. Tacrolimus-based immunosuppres-
sion was associated with better kidney function and more favorable lipid profile. Evaluation of re-
nal function is important in order to select the appropriate strategy by individually tailored thera-
py to achieve the best possible outcomes.
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Background

Heart transplantation has become an established treatment 
for advanced heart failure. Heart transplant recipients expe-
rience a number of complications related to pharmacolog-
ical immunosuppression [1]; however, medium- and long-
term survival rates are good due to careful recipient and 
donor selection, progress in immunosuppression, and the 
prevention and treatment of infection [2]. Chronic kidney 
disease – CKD developing after non-renal solid organ trans-
plantation is a significant issue [3,4]. The degree of func-
tional impairment in kidney function after non-solid organ 
transplantation and the rate of progression of CKD post-
transplant depend to a large extent on the following: pre-
transplant kidney function (i.e., stage of preexisting CKD), 
the type of the organ transplanted, the immunosuppres-
sive protocol (use of calcineurin inhibitors), presence of 
co-morbid conditions such as diabetes, hypertension, hep-
atitis C infection, older age, surgical issues, [4–6] and indi-
vidual clinical features determining susceptibility to renal 
injury, even nephropathy, resulting from BK virus infection. 
The ability to identify CKD may allow early implementation 
of treatments that could arrest or delay the progression of 
renal damage, enable effective treatment of its complica-
tions, and reduce the risk of drug-induced nephrotoxicity. 
Evaluation of renal function is important in order to select 
the appropriate strategy to reduce cardiovascular risk and 
change the immunosuppressive regimen if it is possible. 
The aim of our study was to assess kidney function in rela-
tion to the type of immunosuppressive regimen used in or-
thotopic heart transplant (OHT) recipients.

Material and Methods

We analyzed 169 patients who underwent their first ortho-
topic cardiac transplant in Jagiellonian University, Cracow, 
Poland. Patient characteristics are shown in Table 1. Only 
18 patients were diabetic. Indications for OHT were: isch-
emic cardiomyopathy, n=98, dilated cardiomyopathy, n=64, 
and end-stage valvular disease, n=7. All the patients were 
transplanted according to the Shumway-Cooley-Brock tech-
nique. Mean cold ischemia time was 211 minutes (preser-
vation fluid was Celsior). Mean cross-clamping time was 70 
minutes. Mean stay in intensive care unit- ICU was 7 days. 
Prior to OHT in all the patients serum creatinine was below 
1.8 mg/dL. In 20% of the patients induction therapy with 
ATG (antithymocyte globulin) at a dose of 1.25 mg/kg. was 
given for 3 consecutive days. Lymphocyte subpopulations 
were monitored during this time by flow cytometry. The im-
munosuppressive regimen of prevalent patients consisted of 
tacrolimus (n=60), cyclosporine (n=109), in combination 
with mycophenolate mofetil (n=134), azathioprine (n=4), 
everolimus (n=28) or sirolimus (n=8). Fifty-four patients 
were also given prednisone in a dose of 5–7.5 mg/d. Drug 
level monitoring (C0) was done based on the EMIT method.

All patients maintained sufficient and stable graft func-
tion, and showed no clinical signs of rejection or inflamma-
tion. All subjects gave informed consent, and the protocol 
was approved by the Medical University Ethics Committee. 
Blood was drawn in the morning when patients appeared 
for routine office assessment after an overnight fast. The 
CKD stages were defined according to NKF/DOQI (National 
Kidney Foundation/Dialysis Outcome Quality Initiative) 

guidelines [7]. GFR (glomerular filtration rate) was esti-
mated using the new CKD-EPI (Chronic Kidney Disease-
Epidemiology Collaboration) formula [8], the simplified 
MDRD (Modification of Diet in Renal Diseases) formu-
la (eGFR=186.3 x serum creatinine (mg/dL)–1.14× age 
–0.203× 0.742 if female × 1.21 if Afro-American) [9] and the 
Cockcroft-Gault formula (creatinine clearance = (140-age) 
x body weight/serum creatinine × 72 if female × 0.85) [10]. 
The creatinine clearance was performed in each patient on 
a 24-h urine collection.

Complete blood count, urea, serum lipids, fasting glucose, 
creatinine, NT-proBNP (N-terminal brain natriuretic pep-
tide) were studied by standard laboratory methods in the 
central laboratory of the hospital.

Data were expressed as mean ±SD. The data given were an-
alyzed using Statistica 7.0. computer software. The exami-
nation of the distribution normality of variables was done 
using the Shapiro-Wilk W test. Whenever possible the data 
were also logarithmically transformed to achieve normal 
distribution.

results

Clinical and biochemical characteristics of the studied pa-
tients in regard to the type of CNI (calcineurin inhibitor) 
inhibitor used (tacrolimus vs. cyclosporine) is presented in 
Table 1. Mean age in the population studied was 53.30±13.80 
years, and mean time after transplantation was 105±51 
months (median 104, ranges 10-210 months). Mean serum 
creatinine in this population was 1.71±1.10 mg/dl, where-
as normal serum creatinine (less than 1.4 mg/dL in males 
and less than 1.2 mg/dL in females) was observed in 45.4% 
of patients. Mean GFR was 63.41±32.34 ml/min (Cockcroft-
Gault formula), 55.63±26.91 ml/min (MDRD), 55.87±27.54 
ml/min (CKD-EPI), and 63.01±35.90 ml/min (creatinine 
clearance). In patients treated with tacrolimus, we observed 
a higher eGFR (all formulae), a greater 24-hour creatinine 
clearance, and lower serum cholesterol, LDL-cholesterol 
and triglyceride levels (Table 1). Patients treated with tacro-
limus were younger than subjects treated with cyclosporine. 
However, the time after OHT was similar in both groups. 
Prevalence of diabetes was similar in both groups (10% vs. 
12%). The prevalence of CKD (eGFR below 60 ml/min) in 
the tacrolimus-treated patients was 45%, whereas in the cy-
closporine treated group it was 87% (p<0.01).

discussion

There are limited data on kidney function in OHT. The 
reported incidence of CKD (GFR <60ml/min) after solid 
organ transplantation varies according to the organ trans-
planted, ranging from 54% [11] in the early post-trans-
plant period to 93% 10 years post-transplant in a prospec-
tive study [11] and 38.3% to 73.3% in cross-sectional studies 
[12]. Nevertheless, the incidence of CKD reported here is 
higher than in some other studies. The eGFR (different for-
mulae) was significantly higher in the group treated with 
cyclosporine compared with the group treated with tacroli-
mus. In a recent paper, Hamour et al. [11] retrospectively 
analyzed the renal function for 352 OHT in a single center 
from January 1995 to January 2005 to determine the inci-
dence and risk factors for CKD, including the influence of 
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CsA. They concluded that the increase in CKD incidence 
over time was not influenced by CsA (full dose vs. lower 
dose). In their population the mean GFR (MDRD) was 48 
ml/min at year 1 and 41 ml/min at year 10 after transplan-
tation. They used a multivariable logistic regression model 
and found that the risk factors for progressing to CKD stage 
3 were post-operative renal replacement therapy for acute 
renal failure, pretransplant diabetes, increasing recipient 
age, female recipient, female donor, but not CsA regimen 
(normal versus low dose). However, in the recent paper by 
Lyster et al. [16], from the same group [11], 39 patients with 
deteriorating kidney functions after OHT treated by cyclo-
sporine A were switched either to high or low dose of siro-
limus and mycophenolate mofetil. They observed a rapid 
but partial improvement of kidney function. Baseline mean 
eGFR (MDRD) before switch was 21 and 27 ml/min, respec-
tively, and increased after 1 year after switch to 39 and 42 
ml/min, respectively. The study had a retrospective design. 
Protocol A included an immediate switch to MMF (myco-
phenolate mofetil)-high dose sirolimus, performed from 
July 2002 to August 2003; whereas protocol B introduced 
MMF 2 weeks before switch and then switched to low dose 
sirolimus, performed from March 2004 to February 2007. 
They concluded that CKD was rapidly but partially revers-
ible following withdrawal of cyclosporine, whereas the same 
group in the paper published a few months before stated 

that incidence of CKD was not affected over time by cyclo-
sporine. In our cross-sectional study on prevalent OHT, the 
difference between eGFR, 24-hours creatinine clearance and 
serum creatinine was highly significant, with lower values 
observed in patients treated with cyclosporine. However, 
the mean values of eGFR were higher than in the study of 
Hamour et al. [11].

The best general data on underlying independent pathogenic 
factors and overall incidence of CKD in nonrenal solid organ 
transplant patients come from a study that described a pop-
ulation-based cohort of 69321 persons who received nonre-
nal transplants (heart, lung, liver, and intestine) in the United 
States between 1990 and 2000 published by Ojo et al. [1] . 
Cyclosporine and tacrolimus were given to 60% and 28%, re-
spectively. In liver transplants, the excess risk of chronic re-
nal failure associated with the use of a calcineurin inhibitor 
was greater with cyclosporine than with tacrolimus, whereas 
this association was not statistically significant in recipients 
of heart, heart-lung or lung transplants. Although a negative 
correlation between cyclosporine level and the level of renal 
function in nonrenal organ recipients has not been univer-
sally demonstrated in clinical studies, it is generally accepted 
that careful management of immunosuppression may attenu-
ate the risk of chronic renal failure [17–19]. Even retrospective 
studies in the same center yielded dissimilar results, showing 

Tacrolimus (N=60) Cyclosporine (N=109)

Age (years)  47.39±16.55  56.92±10.75*** 

Time from OHT (months)  102.52±53.88  106.98±50.01

Systolic BP (mmHg)  125.07±17.19  129.35±14.85 

Diastolic BP (mmHg)  81.14±12.45  83.87±10.40

Creatinine (mg/dL)  1.43±0.78  1.82±1.18*

Drug trough level (C0) (ng/ml) EMIT-method  125.0±21.0  8.2±2.0

eGFR (Cockcroft-Goult formula, ml/min)  73.18±32.77  57.15±27.89*** 

eGFR (MDRD formula, ml/min)  65.31±28.51  50.19±23.51*** 

eGFR (CKD-EPI formula, ml/min)  66.38±29.59  48.89±23.60*** 

24h creatinine clearance (ml/min)  68.81±33.59  59.63±31.78* 

RBC (×1012/L)  4.62±0.72  4.41±0.70 

Hb (g/dL)  13.17±2.12  12.78±1.95 

WBC (×103/L)  6.22±1.71  6.54±2.92

Glucose (mmol/L)  6.43±1.88  6.92±2.92 

Cholesterol (mmol/L)  4.33±1.00  5.05±1.17*** 

HDL (mmol/L)  1.31±0.45  1.38±0.51 

LDL (mmol/L)  2.35±0.73  2.85±0.93*** 

Triglycerides (mmol/L)  0.87±0.45  1.85±0.83* 

NT-pro BNP(pg/mL)  341 ± 588  375±602

EF (%)  57.19±11.24  54.84±8.89 

Table 1. Clinical and biochemical characteristics of orthrotopic heart transplant recipient treated with tacrolimus and cyclosporine.

*p<0.05, **p<0.01, ***p<0.001.
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either a negative [14] or a neutral effect [11] of cyclosporine 
on kidney function in OHT. It has been suggested, on the ba-
sis of single and multi-center retrospective and prospective 
studies, as well as registry analyses, that tacrolimus is associ-
ated with less nephrotoxicity in both conversion and de novo 
settings in heart, lung, and liver recipients [20–23]. This may 
be related to less renal vasoconstriction with tacrolimus than 
with cyclosporine [24]. Cyclosporine-induced nephrotoxicity 
may cause progressive, irreversible kidney disease and reduc-
tion of cyclosporine exposure by addition of mycophenolate 
mofetil may result in long-term renal function improvement 
[25]. Calcineurin inhibitors dose reductions (predominantly 
cyclosporine) with the introduction of MMF was shown to im-
prove renal function in heart transplant patients across a wide 
range of sCr levels [26–29]; however, the available data is limit-
ed and based on small studies [30–32]. As reported previously, 
the influence of CYP3A5 on the pharmacokinetics and phar-
macodynamics of tacrolimus should be taken into account in 
order to improve immunosuppressive therapy [33]. Effects of 
calcineurin inhibitors on other type of cells might be impor-
tant as well [34]. In our study in the prevalent OHT, we found 
not only better kidney function in patients treated with tacro-
limus, but also a more favorable lipid profile in these patients. 
Tacrolimus-treated patients were significantly younger; there-
fore higher eGFR could be, at least in part, attributed to the 
age difference between these 2 groups. However, the creati-
nine clearance was also higher in tacrolimus-treated patients. 
Taking into consideration the lower atherogenic lipid profile 
and better kidney function with tacrolimus, it might be the 
preferred immunosuppressive regimen in OHT.

conclusions

The prevalence of CKD is high in heart transplant recipi-
ents. Tacrolimus-based immunosuppression was associated 
with better kidney function and more favorable lipid pro-
file. Evaluation of renal function is important in order to 
select the appropriate strategy to reduce the cardiovascu-
lar risk. Immunosuppressive therapy should be individual-
ly tailored to achieve the best possible outcomes.
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