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ABSTRACT

Introduction: chronic kidney disease is a frequent com-
plication after liver transplantation. The use of calcineurin 
inhibitors is one of the causes of this complication. Cur-
rent immunsuppression regimens that reduce the use of 
calcineurin inhibitors may be associated with an improved 
preservation of renal function.

Objective: the study aimed to assess the evolution of renal 
function after liver transplantation in the current routine 
clinical practice.

Methods: an observational, prospective, multicenter 
study in adult liver transplant recipients was performed. 

Two hundred and thirty patients with a good renal func-
tion before transplantation were assessed six months 
post-transplantation (baseline) and every six months until 
month 30.

Results: at baseline, 32% of the patients had a reduction in 
the glomerular filtration rate below 60 ml/min/1.73 m2. The 
mean glomerular filtration rate increased from 72.3 to 75.6 
ml/min/1.73 m2 at baseline and month 30 respectively (p < 
0.01). The mean serum creatinine levels (mg/dl) decreased 
from 1.13 to 1.09 (p < 0.01). The percentage of patients with 
stage 3 chronic kidney disease decreased from 31.7% to 
26.4%, whereas the percentage of patients with stage 4 
remained unchanged (0.4% at baseline and 0.5% at month 
30). No patients progressed to end-stage kidney disease 
that required dialysis or renal transplantation.

Conclusion: in the routine clinical practice, a moderate dete-
rioration of renal function is frequent after liver transplan-
tation. However, advanced chronic kidney disease is infre-
quent in patients with a good pre-transplant renal function.

Key words: Liver transplantation. Nephrotoxicity. Renal 
function. Immunosuppression.
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide public health 
problem in the general population and also in transplant 
recipients. The National Kidney Foundation Kidney Disease 
Outcomes Quality Initiative (NKF-K/DOQI) and the KDIGO 
CKD guidelines define CKD as an estimated glomerular 
filtration rate (eGFR) of 59 ml per minute per 1.73 m2 of 
body-surface area or less (< 60 ml/min/1.73 m2), or evidence 
of kidney damage such as albuminuria or abnormal find-
ings on renal imaging for three months or more (1,2). CKD 
has a negative impact on the quality of life and is associat-
ed with an increased risk of hospitalization and mortality, 
mainly due to cardiovascular mortality (3).

After solid organ transplantation, a significant decrease in 
renal function occurs in the majority of patients. Depending 
on the degree of kidney injury, a large number of patients 
develop CKD and some develop end-stage renal disease 
that requires renal replacement therapy (4-7). The Scien-
tific Registry of Transplant Recipients at the University of 
Michigan Medical School reported a study, which included 
69,321 patients with a median follow-up of 36 months. The 
incidence of patients with an eGFR < 30 ml/min/1.73 m2 
was 8% at 12 months, 13.9% at 36 months and 18.1% at 60 
months (5). Of the 11,426 patients with CKD, 28.9% required 
chronic dialysis or a secondary renal transplantation. O’Ri-
ordan et al. reported that 70% of liver transplant recipients 
had an impaired renal function (eGFR < 60 ml/min/1.73 m2) 
five years after liver transplantation (LT) (8). 

Calcineurin-inhibitor (CNI) therapy has been identified as 
a major risk factor of CKD in transplant recipients (5,8,9). 
Several studies have shown that it is possible to reduce the 
incidence of acute kidney injury (AKI) and CKD by reducing 
the exposure to CNIs. This is achieved via the combination 
with non-nephrotoxic immunosuppressive drugs (10-13), 
without increasing the risk of graft rejection. Besides, many 
centers have successfully reduced the exposure to neph-
rotoxic immunosuppressive drugs in patients with kidney 
dysfunction. A switch from CNI to an mTOR inhibitor or 
mycophenolate mofetil (MMF) leads to an improvement of 
renal function in a variety of patients (14,15).

We hypothesized that the incidence of CKD in the current 
clinical practice is lower than previously reported, as clini-
cians are more concerned about CNI induced nephrotox-
icity. Therefore, less nephrotoxic immunosuppressive reg-
imens are used. In the present study we aimed to assess 
the incidence and the evolution over time of CKD in the 
routine clinical practice in a recent series of Spanish adult 
liver transplant recipients. 

MATERIAL AND METHODS

Study subjects and design 

This was an observational, prospective, multicenter study 
conducted in adult patients (> 18 years) that received a first LT 
from a brain dead donor. Patients that underwent a transplant 
from 2009 and 2010, with a GFR ≥ 60 ml/min/1.73 m2 and no 
evidence of kidney damage at the time of the transplant were 
included in the study. Post-transplant immunosuppression 
was modified according to the protocol of each hospital.

The study was performed according to the International 
Guidelines for the Ethical Review of Epidemiological Stud-
ies (Council for the International Organizations of Medical 
Sciences [CIOMS], Geneva, 2008) and the Declaration of 
Helsinki (Seoul, October 2008). The study was reviewed 
and approved by the Clinical Research Ethics Committee 
of all participating hospitals. All patients gave their written 
informed consent prior to inclusion in the study. 

CKD definition and classification

CKD was defined according to the NKF-K/DOQI and the KDI-
GO CKD guidelines (1,2). The classification of CKD stages 
was as follows: 

•  Stage 1: normal or increased GFR (> 90 ml/min/ 
1.73 m2).

•  Stage 2: mild reduction in GFR (60-89 ml/min/1.73 m2).
•  Stage 3: moderate reduction in GFR (30-59 ml/min/ 

1.73 m2).
•  Stage 4: severe reduction in GFR (15-29 ml/min/ 

1.73 m2).
•  Stage 5: kidney failure (GFR < 15 ml/min/1.73 m2 or 

dialysis). 

GFR was estimated using the abbreviated Modification of 
Diet in Renal Disease (MDRD) equation (16). The progres-
sion of CKD was defined as a change from stages 1, 2 or 3 
to stage 4 and from any prior stage to stage 5.

Modifications of the CNI dose and levels and the use of 
alternate immunosuppressive regimens in patients with 
kidney dysfunction were defined according to the center 
protocol. Any therapy that slows the rate of progression in 
patients with CKD, independent of any modification of the 
immunosuppressive regimen, was administered according 
to the center protocol.

Data collection

The study was conducted according to the usual clinical 
practice management. Demographic and general data of 
recipients and donors were recorded. This included the 
underlying liver disease, the presence of other comorbidi-
ty, date of LT, use of medication and laboratory data at the 
time of transplantation.

Patients were assessed at six months post-LT (baseline) 
and at six-month intervals for two years; the final visit was 
performed 30 months after the LT. The following laboratory 
data were documented: glycemia and glycated hemoglo-
bin, lipid profile, renal function (serum creatinine [sCr] and 
eGFR), hematology and biochemical data and the dose and 
level of immunosuppressive drugs. The following variables 
were also collected every six months up to month 30 post-
LT: weight, body mass index, blood pressure, concomitant 
treatment (antihypertensive, antidiabetic and hypolipidemic 
drugs), graft rejection episodes and infection episodes.

Statistical analysis

The sample size calculation was based on the published 
proportion of stage 4 CKD three years after LT (13.9%) (5), 
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the capacity to detect a difference of at least 7% in this 
proportion, an alpha error of 0.05, a beta error of 0.20 and 
a 3% estimate of missing patients. The sample size should 
be 219 patients according to these assumptions. Descriptive 
statistics were generated for the assessed variables, includ-
ing the total number of valid values. Continuous variables 
were described by measures of central tendency and dis-
persion and absolute and relative frequencies were used to 
describe categorical variables. The 95% confidence interval 
for the main variable was calculated. A comparison of two 
continuous variables was performed using the Mann-Whit-
ney test (for non-pair-wise data) or Wilcoxon test (for pair-
wise data) for parametric variables. The Chi-squared test (or 
the Fisher exact test, when required) was used to compare 
proportions and frequency distributions. The SPSS Version 
13.0 software was used and all analyses were bilateral with 
a significance level 0.05.

RESULTS

Two hundred and thirty LT recipients (74.3% men) with 
mean age 55.7 ± 9.0 years were enrolled in the study. 
The sociodemographic and clinical characteristics of the 
patients are shown in table 1. Mean time from LT to study 
inclusion was 6.4 months and the most frequent indications 
for transplantation were cirrhosis (56.1%) and liver cancer 
(35.2%). Four patients required transient hemodialysis with-
in the first month after transplantation. 

Evolution of kidney function

Kidney function rapidly worsened within the first months 
after LT and stages 3 and 4 CKD were reported in 31.7 and 
0.4% of the patients at six months post-LT (all patients 
had a GFR ≥ 60 ml/min/1.73 m2 before LT), respectively. 
However, kidney function improved from that time point 
and the mean eGFR increased from 72.3 ml/min/1.73 m2 
at month 6 post-LT to 76.5 ml/min/1.73 m2 at month 12 
and 75.6 ml/min/1.73 m2 at month 30 (p < 0.01) (Fig. 1A). 
The mean levels of sCr significantly decreased from 1.13 
mg/dl at month 6 to 1.07 mg/dl at month 12 and 1.09 mg/
dl at month 30 (p < 0.05) (Fig. 1B). One hundred and four 
(45.2%) patients had sCr values ≥ 1.3 mg/dl at least once 
during the study. However, the proportion of patients 
with sCr ≥ 1.3 mg/dl did not change significantly during 
visits.

CKD was not progressive during the study period. As 
shown in figure 2, the percentage of patients with GFR ≥ 
60 ml/min/1.73 m2 increased from 67.8% at month 6 post-
LT to 68.8%, 73.4%, 70.7% and 73.1% at months 12, 18, 24 
and 30 post-LT, respectively. The percentage of patients 
with stage 3 CKD decreased from 31.7% at month 6 to 
26.4% at month 30. The percentage of patients with stage 
4 CKD remained unchanged during the study; 0.4% at 
month 6 versus 0.5% at the end of the study, which was 
non-significant. None of the patients progressed to stage 
5 end-stage kidney disease that required chronic dialysis 
treatment or a renal transplantation. Renal function was 
stable in patients that received tacrolimus or cyclospo-
rine as a monotherapy and trended to improve in patients 
who received other immunosuppressive therapies (Sup-
plementary Fig. 1).

Evolution of immunosuppression

Initial postoperative immunosuppression consisted of a 
CNI based regimen in all patients; 99.6% of the patients 
remained on CNI at six months post-LT, 67.4% were on an 
anti-proliferative agent, 36.1% were on corticosteroids 
and 10.6% were on mTOR inhibitors. Figure 3 shows the 
evolution of the immunosuppression therapy used during 
the study. The proportion of patients on CNI monotherapy 

Table 1. Sociodemographic and baseline clinical 
characteristics of patients (n = 230)

Age (years) 55.7 ± 9.0

Sex: male/female 171 (74.3%)/59 (25.7%)

BMI† (kg/m2) 26.2 ± 4.3

Abdominal perimeter (cm) 96.6 ± 13.4

SBP (mmHg) 133.5 ± 19.0

DBP (mmHg) 78.4 ± 11.9

Indication of transplantation, n (%)

– Cirrhosis
–  Alcoholic
–  HCV
–  Others

132 (57.4%)
65 (28.2%)
39 (17.0%)
28 (12.2%)

Hepatocellular carcinoma 81 (35.2%)

Acute liver failure 8 (3.5%)

Other indications* 8 (3.5%)

Serology‡, n (%)

 CMV + 197 (86.4%)

 EBV + 197 (86.4%)

 HIV + 3 (1.3%)

 HCV + 81 (35.5%)

Immunosuppressive treatment six months after LT (baseline, n [%])

 Tacrolimus 148 (64.3%)

 Mycophenolate 116 (50.4%)

 Steroids 43 (18.7%)

 Cyclosporine A 42 (18.3%)

 Everolimus 20 (8.7%)

 Sirolimus 3 (1.3%)

 Azathioprine 1 (0.4%)

Post-transplant dialysis 4 (1.8%)

Maximum sCr in the first post-transplant 
month (mg/dl)

1.8 ± 0.8 

Time from transplant to study inclusion 
(months)

6.4 ± 1.1

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; 
CMV: cytomegalovirus; EBV: Epstein-Barr virus; HCV: hepatitis C virus; HIV: human 
immunodeficiency virus; ADA: American Diabetes Association; sCr: serum creatinine. Data 
expressed as mean ± SD for continuous and as n (%) for categorical variables. *Other 
indications: familial amyloidotic polineuropathy (three patients), liver metastases of a 
neuroendocrine malignancy (two patients), polycystic liver disease (two patients) and Carolí’s 
disease (one patient). †n = 216; ‡n = 228; §n = 228; ǁn = 227. 



Prevalence and progression of chronic kidney disease after liver transplant: a prospective, real-life, observational, two-year multicenter study

REV ESP ENFERM DIG 2018:110(9):538-543 
DOI: 10.17235/reed.2018.5431/2017

541

and there was a gradual decrease of tacrolimus levels over 
time (Fig. 4).

Graft rejection and graft and patient survival

Eighteen (7.8%) patients had episodes of acute graft rejec-
tion during follow-up and all were resolved with an inten-
sification of immunosuppression. Sixteen (6.9%) patients 
died and another required a re-transplant during follow-up. 

DISCUSSION 

In our case series, a rapid decrease in renal function 
occurred in a significant proportion of patients within the 
first months after LT, most probably due to CNI nephrotox-
icity. All the patients in this series had a pre-transplant GFR 
≥ 60 ml/min/1.73 m2 and approximately one third evolved to 
stage 3 CKD as early as six months after LT. Previous stud-

Fig. 1. Evolution of the (A) mean glomerular filtration rate 
(± SD) and (B) mean serum creatinine (± SD) during the 
study period (6-30 months after transplantation) in 205 
patients with values at all the time-points of the study 
(GFR: glomerular filtration rate; LT: liver transplantation; 
SD: standard deviation). 

Fig. 2. Patients with a glomerular filtration rate lower than 
60 ml/min/1.73 m2, between 60 and 90 ml/min/1.73 m2 and 
≥ 90 ml/min/1.73 m2 in 205 patients with values at all the 
time-points of the study (GFR: glomerular filtration rate; LT: 
liver transplantation).

increased during the study. An increase in the proportion 
of patients free of CNI was also found. Interestingly, 20% 
of patients remained on steroids up to 30 months after LT 

A

B Supplementary Fig. 1. Evolution of the glomerular filtration 
rate (ml/min) in patients who received calcineurin inhibitor 
monotherapy (n = 59) or other immunosuppressive 
protocols (n = 142) at the end of follow-up. The 
comparisons between both groups were non-significant at 
all time-points. 

CNI monotherapy Other protocols

6 months 12 months 18 months 24 months 30 months

80

70

60

50

40

Fig. 3. Evolution of immunosuppressive treatment during 
the study period (6-30 months after transplantation). Values 
expressed as percentages.
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ies have shown that having a low GFR in the first months 
post-transplant (one, three and six months post-transplant) 
is an independent predictor of CKD (17-19). Thus, many cen-
ters aim for lower target levels of CNI in patients with kid-
ney dysfunction (20). 

The proportion of patients with stage 4 CKD (eGFR < 30 
ml/min/1.73 m2) in this study remained at 0.4-0.5% up to 
30 months post-LT. This rate is similar to the estimated 
prevalence of stage 4 CKD in the general population (0.4% 
[21]) and lower than other previously reported rates in liver 
transplant recipients (5). For example, the cumulative inci-
dence of stage 4 CKD were 8% at 12 months, 13.9% at 36 
months and 18.1% at 60 months in the study by Ojo et al. 
(5). The greater percentage of patients with advanced CKD 
in this study might be explained by the significant propor-
tion of patients (26.8%) with a pre-transplant GFR < 60 ml/
min/1.73 m2, which is a known risk factor for subsequent 
CKD (19). Furthermore, the higher levels of CNI frequently 
used at the time of the study. 

In our series, CKD was not progressive during the study 
and seemed to recover over time after LT. In this regard, 
the percentage of patients with stages 1 and 2 increased 
over the time and the percentage of patients with stage 
3 decreased. As mentioned previously, the percentage of 
patients with stage 4 remained unchanged and no patients 
progressed to stage 5. The low risk of developing progres-
sive CKD after LT is probably related to the introduction in 
recent years of new non-nephrotoxic drugs in the immu-
nosuppressive regimens, such as MMF or mTOR inhibitors. 
This has allowed reduced doses of cyclosporine A and tac-
rolimus and led to a reduction of nephrotoxic and cardio-
vascular-related adverse events (19,22-29). Varo et al. (18) 
reported that transplanted patients from 1999 onwards had 
a lower risk of developing CKD than those transplanted pri-
or to 1999, although this effect was attributed to a longer 
evolution time and consequently, an increased exposure 
to immunosuppressive treatment and their toxic effects 
in those patients transplanted before 1999. However, the 
putative effect of the more recent immunosuppressive reg-
imens cannot be ruled out. In fact, non-nephrotoxic drugs 
were introduced in some cases after a clinical diagnosis of 

CKD in that study. The patients transplanted in more recent 
years have most likely benefited from this treatment. In our 
study, more than half of the patients received mycopheno-
lic acid and 10-15% mTOR inhibitors. Both types of drugs 
may have reduced CNIs doses and levels and consequent-
ly, have reduced secondary toxic effects in liver transplant 
patients. In this regard, the GFR and sCr levels improved 
significantly in our study versus the baseline level. This 
improvement seemed to be more evident in patients who 
received non-nephrotoxic drugs. As patients that received 
CNI monotherapy at the end of follow-up maintained a sta-
ble renal function throughout the study, whereas the mean 
eGFR increased in patients that received other immunosup-
pressive therapies. The difference between both groups did 
not reach statistical significance, although this observation 
reinforces the potential benefit of the use of other drugs to 
reduce the nephrotoxicity of CNI. In any case, the design 
of the present study did not allow us to demonstrate that 
the evolution of renal function is a consequence of reduced 
CNI doses.

The limitations of the present study are those that are typi-
cal of observational studies. These include the non-random 
assignment and confounding, a relatively short follow-up 
of 2.5 years, a lack of data for some potential confounders 
and mainly Caucasian participants. Furthermore, the low 
number of patients with stage 4 CKD did not allow an anal-
ysis of risk factors. However, this study has some attractive 
features including the relatively large sample size of the 
cohort, the prospective design and the fact that the patients 
are representative of the routine clinical practice in Spain. 
The results of this study should not be generalized to all 
populations of LT recipients, as the cases included in the 
present study had a normal pre-transplant renal function.

In summary, up to one third of the patients had a moder-
ate reduction in GFR (30-59 ml/min/1.73 m2) during the first 
months after LT. However, kidney function tended to stabi-
lize or improve during the year. Furthermore, CKD was a 
progressive disease to a severe reduction in GFR or kidney 
failure over time in only a few patients. Our results suggest 
that in the current clinical practice, de novo post-transplant 
CKD may be a non-progressive disease.

REFERENCES

1. Levey AS, Coresh J, Balk E, et al. National Kidney Foundation practice 
guidelines for chronic kidney disease: evaluation, classification, and stra-
tification. Ann Intern Med 2003;139:137-7. DOI: 10.7326/0003-4819-139-
2-200307150-00013

2. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. 
KDIGO 2012 Clinical Practice Guideline for the Evaluation and Manage-
ment of Chronic Kidney Disease. Kidney Inter 2013;3(1):1-150.

3. Go AS, Chertow GM, Fan D, et al. Chronic kidney disease and the ris-
ks of death, cardiovascular events, and hospitalization. N Engl J Med 
2004;351:1296-305. DOI: 10.1056/NEJMoa041031

4. Fabrizi F, Dixit V, Martin P, et al. Chronic kidney disease after liver trans-
plantation: recent evidence. Int J Artif Organs 2010;33:803-11.

5. Ojo AO, Held PJ, Port FK, et al. Chronic renal failure after transplantation 
of a nonrenal organ. N Engl J Med 2003;349:931-40. DOI: 10.1056/NEJ-
Moa021744

6. Watt KD, Pedersen RA, Kremers WK, et al. Evolution of causes and risk 
factors for mortality post-liver transplant: results of the NIDDK long-term 

Fig. 4. Evolution of mean tacrolimus levels (± SD) during 
the study period (6-30 months after transplantation) (LT: 
liver transplantation; SD: standard deviation).

6 months 
post-LT

8,8

7,8
7,5 7,4

7,0

12 months 
post-LT

18 months 
post-LT

24 months 
post-LT

30 months 
post-LT

 Mean tacrolimus levels (ng/mL)

M
ea

n 
ta

cr
ol

im
us

 le
ve

ls
 (n

g/
m

L)

0,0

1,0

4,0

6,0

8,0

10,0

12,0

14,0

N = 147 N = 149 N = 139 N = 132 N = 129



Prevalence and progression of chronic kidney disease after liver transplant: a prospective, real-life, observational, two-year multicenter study

REV ESP ENFERM DIG 2018:110(9):538-543 
DOI: 10.17235/reed.2018.5431/2017

543

follow-up study. Am J Transplant 2010;10:1420-7. DOI: 10.1111/j.1600-
6143.2010.03126.x

7. Bahirwani R, Reddy KR. Outcomes after liver transplantation: chronic kid-
ney disease. Liver Transpl 2009;15(Suppl 2):S70-4. DOI: 10.1002/lt.21900

8. O’Riordan A, Wong V, McCormick PA, et al. Chronic kidney disease 
post-liver transplantation. Nephrol Dial Transplant 2006;21:2630-6. DOI: 
10.1093/ndt/gfl247

9. Gonwa TA, Mai ML, Melton LB, et al. End-stage renal disease (ESRD) after 
orthotopic liver transplantation (OLTX) using calcineurin-based immunothe-
rapy: risk of development and treatment. Transplantation 2001;72:1934-9. 
DOI: 10.1097/00007890-200112270-00012

10. Aguiar D, Martínez-Urbistondo D, Baroja-Mazo A, et al. Real-world mul-
ticenter experience of immunosuppression minimization among 661 liver 
transplant recipients. Ann Transplant 2017;22:265-75. DOI: 10.12659/
AOT.902523

11. Neuberger JM, Mamelok RD, Neuhaus P, et al. Delayed introduction of 
reduced-dose tacrolimus, and renal function in liver transplantation: the 
“ReSpECT” study. Am J Transplant 2009;9:327-36. DOI: 10.1111/j.1600-
6143.2008.02493.x

12. Saliba F, De Simone P, Nevens F, et al. Renal function at two years in liver 
transplant patients receiving everolimus: results of a randomized, multi-
center study. Am J Transplant 2013;13:1734-45. DOI: 10.1111/ajt.12280

13. Otero A, Varo E, De Urbina JO, et al. A prospective randomized open study 
in liver transplant recipients: daclizumab, mycophenolate mofetil, and ta-
crolimus versus tacrolimus and steroids. Liver Transpl 2009;15:1542-52. 
DOI: 10.1002/lt.21854

14. Moreno Planas JM, Cuervas-Mons Martínez V, Rubio González E, et 
al. Mycophenolate mofetil can be used as monotherapy late after liver 
transplantation. Am J Transplant 2004;4:1650-5. DOI: 10.1111/j.1600-
6143.2004.00556.x

15. Castroagudin JF, Molina E, Romero R, et al. Improvement of renal function 
after the switch from a calcineurin inhibitor to everolimus in liver trans-
plant recipients with chronic renal dysfunction. Liver Transpl 2009;15:1792-
7. DOI: 10.1002/lt.21920

16. Levey AS, Bosch JP, Lewis JB, et al. A more accurate method to estimate 
glomerular filtration rate from serum creatinine: a new prediction equa-
tion. Modification of Diet in Renal Disease Study Group. Ann Intern Med 
1999;130:461-70. DOI: 10.7326/0003-4819-130-6-199903160-00002

17. Sato K, Kawagishi N, Fujimori K, et al. Renal function status in liver transplant 
patients in the first month post-transplant is associated with progressive chro-
nic kidney disease. Hepatol Res 2015;45:220-7. DOI: 10.1111/hepr.12339

18. Varo E, Banares R, Guilera M. Underestimation of chronic renal dysfunction 
after liver transplantation: ICEBERG study. World J Transplant 2015;5:26-
33. DOI: 10.5500/wjt.v5.i1.26

19. Moreno JM, Cuervas-Mons V, Rubio E, et al. Chronic renal dysfunction 
after liver transplantation in adult patients: prevalence, risk factors, and 
impact on mortality. Transplant Proc 2003;35:1907-8. DOI: 10.1016/S0041-
1345(03)00642-0

20. Castells L, Baliellas C, Bilbao I, et al. Early detection, prevention and ma-
nagement of renal failure in liver transplantation. Gastroenterol Hepatol 
2014;37:480-91. DOI: 10.1016/j.gastrohep.2013.11.006

21. Centers for Disease Control and Prevention. Prevalence of chronic kidney 
disease and associated risk factors. United States, 1999-2004. MMWR 
Morb Mortal Wkly Rep 2007;56(8):1615.

22. Barkmann A, Nashan B, Schmidt HH, et al. Improvement of acute and chro-
nic renal dysfunction in liver transplant patients after substitution of calci-
neurin inhibitors by mycophenolate mofetil. Transplantation 2000;69:1886-
90. DOI: 10.1097/00007890-200005150-00025

23. Bilbao I, Castells L, Rojas L, et al. Immunosuppression based on mycophe-
nolate mofetil in stable liver transplanted patients. Int Immunopharmacol 
2006;6:1977-83. DOI: 10.1016/j.intimp.2006.09.022

24. Cantarovich M, Tzimas GN, Barkun J, et al. Efficacy of mycophenolate 
mofetil combined with very low-dose cyclosporine microemulsion in long-
term liver-transplant patients with renal dysfunction. Transplantation 
2003;76:98-102. DOI: 10.1097/01.TP.0000054367.57978.4C

25. Herrero JI, Quiroga J, Sangro B, et al. Conversion of liver transplant reci-
pients on cyclosporine with renal impairment to mycophenolate mofetil. 
Liver Transpl Surg 1999;5:414-20. DOI: 10.1002/lt.500050513

26. Jiménez-Pérez M, Lozano Rey JM, Marín García D, et al. Efficacy and sa-
fety of monotherapy with mycophenolate mofetil in liver transplantation. 
Transplant Proc 2006;38:2480-1. DOI: 10.1016/j.transproceed.2006.08.039

27. Orlando G, Baiocchi L, Cardillo A, et al. Switch to 1.5 grams MMF monothe-
rapy for CNI-related toxicity in liver transplantation is safe and improves 
renal function, dyslipidemia, and hypertension. Liver Transpl 2007;13:46-
64. DOI: 10.1002/lt.20926

28. Pfitzmann R, Klupp J, Langrehr JM, et al. Mycophenolate mofetil reduces 
calcineurin inhibitor-induced side effects after liver transplantation. Trans-
plant Proc 2002;34:2936-7. DOI: 10.1016/S0041-1345(02)03495-4

29. Teperman L, Moonka D, Sebastian A, et al. Calcineurin inhibitor-free my-
cophenolate mofetil/sirolimus maintenance in liver transplantation: the 
randomized spare-the-nephron trial. Liver Transpl 2013;19:675-89. DOI: 
10.1002/lt.23658


