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Abstract

Advances in immunosuppressive therapy have revolutionized long-term results of liver transplantation, but this has
increased the prevalence of chronic kidney disease (CKD). Some risk factors including diabetes and hypertension
are associated with the use of calcineurin inhibitors. The objective of this study is to determine the incidence of
CKD in liver transplant patients at the Hospital Pablo Tobon Uribe from 2005 to 2013 and then assess associated
complications. Methods: This is a retrospective cohort study. Results: This study evaluated 215 patients with
liver transplants. Average patient age at transplant was 50.37 years (SD +/- 12.6), and 42.8% of the patients were
women. Kidney replacements were required by 3.3% of the patients within the first month after liver transplanta-
tion. The most frequently used immunosuppressive therapy was cyclosporine which was used for 90.7% of the
patients. During follow-up, the filtration rate decreased over time with a median of 86.2ml/min/1.73 (SD +/- 25.9)
at transplant. This reached 74.2ml/min/1.73 (SD +/- 24.5) at 3 years follow-up. The rate of deterioration of renal
function determined by generalized estimated equations was 3.5mllyear (95% Cl 2.44 to 4.74, p = 0.000). At the
time of liver transplantation 16.3% of patients had glomerular filtration rates of less than 60mli/min. After three years
of follow-up, 29.6% of patients had glomerular filtration rates of less than 60ml/min. By grouping complications
such as the presence or absence of renal dysfunction at follow-up, we found that, except for death, the presence
of cerebrovascular disease and coronary heart disease was similar in both groups. Conclusion: CKD is a frequent
complication in liver transplant patients. Our recommendation is frequent monitoring of kidney damage markers.
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INTRODUCTION

Chronic kidney disease (CKD) is characterized by a pro-
gressive and irreversible loss of kidney function. The new
Kidney Disease | Improving Global Outcomes (KDIGO)
2013 guideline classify the disease according to the glo-
merular filtration rate and the albuminuria level (1). CKD
occurs with increasing frequency in patients who have
received a liver transplant because of the longer life expec-
tancy of these patients (2). Approximately 10% to 20% of
liver transplant patients develop renal insufficiency in the
first five years after transplantation (3, 4), but the propor-

tion is as high as 45% in longer term follow-ups (5-11).
This wide range is due to the different definitions that have
been used in studies of CKD, the different methods used to
measure creatinine, the various techniques for calculating
creatinine clearance and particular conditions of patients
such as muscle mass.

The principal causes of CKD following liver transplanta-
tion are pre-transplant kidney disease, diabetes, hyperten-
sion, hepatitis C, perioperative acute renal damage and the
use of nephrotoxic drugs. Prolonged use of calcineurin inhi-
bitors has improved the prognosis for liver transplantation
over the last 30 years, but these drugs can cause nephrotoxi-
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city secondary to decreased renal blood flow, and this can
lead to tubular atrophy, interstitial fibrosis, arteriolar hyali-
nosis which together cause progressive CKD (2, 12, 13).

Once liver transplant patients who have developed CKD
begin renal replacement therapy the rates of morbidity and
mortality increase and life expectancy becomes very short
(13). In Latin America there are few reports on the beha-
vior of renal functioning after liver transplantation (3). The
aim of our study is to determine the frequency of chronic
kidney disease in liver transplant patients at the Pablo
Tobon Uribe (HPTU) Hospital between 2005 and 2013
and assess complications associated with the disorder.

METHODOLOGY

This is a retrospective study of a cohort of patients who
received liver transplants from 2005 to 2013. Patients
under 18 years of age, patients who had had combined
kidney and liver transplants, and patients who had not had
a minimum of three month follow-up were excluded. In
addition, patients for whom sufficient data for statistical
analysis was not available were also excluded.

The immunosuppressive regimen began with a 1000
bolus with 500 mg of methylprednisolone on the first day
followed by a 1000 bolus with 250 mg of methylpred-
nisolone on the second day. Beginning on the third day,
a regimen of three daily doses one mg of prednisone per
kg of patient weight began with progressively diminishing
doses over the first month until a dose of 10 mg per day
was reached. Cyclosporine was used for additional mainte-
nance therapy starting with a dose of 10 mg/kg/day. This
was diminished to C2 levels of 1000 to 1200 ng/ml during
the first three months and then to 800 ng/ml after that.
Alternate treatments included tacrolimus, azathioprine and
sirolimus. Tacrolimus was used for additional maintenance
therapy beginning at a dose of 0.1 mg/k/day which was
diminished until CO levels of 8-12 ng/ml were reached over
the first three months and then further reduced to levels of
5-8 ng/ml. Azathioprine was administered at doses of 100
mg/day, and in some patients sirolimus was used at a dose
of 3-5 mg/day. Neither monoclonal nor polyclonal antibo-
dies were used.

All clinical data were extracted from the HPTU liver
transplant group database. Clinical parameters evaluated
included gender, age, etiology of liver disease, comorbidi-
ties, immunosuppressive therapy used, and complications
associated with transplants. These included arterial hyper-
tension (AH), dyslipidemia, diabetes, chronic occlusive
arterial disease and death. The need for renal replacement
therapy during the postoperative period and after trans-
plantation was also evaluated. The main outcome evaluated
was the glomerular filtration rate (GFR) which was asses-
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sed at transplant and during follow-up. GFR was calculated
using the CKD-EPI equation (14).

The most important finding was the prevalence of loss
of kidney function which was defined as GFR of less than
60 ml/min/1.73 m* The KDIGO 2013 guideline defini-
tions were used for classification of stages of CKD. Stage 1
of CKD is defined as GFR > 90 ml/min/1.73 m?* plus the
presence of markers for kidney damage. Stage 2 of CKD
is defined as GFR of 60-90 ml/min/1.73 m* plus markers
of kidney damage. Stage 3a of CKD is defined as GFR of
45-59 ml/min/1.73 m* Stage 3b of CKD is defined as
GFR of 30-44 ml/min/1.73 m”. Stage 4 of CKD is defined
as GFR of 15-29 ml/min/1.73 m? and stage S of CKD is
defined as GFR of less than 15 ml/min/1.73 m? (1).

The descriptive analysis of the data used calculations of
frequencies and proportions for qualitative variables while
quantitative variables were described as means or medians
with their standard deviations or quartiles in accordance
with data distributions identified by the Shapiro Wilk test.
For evaluations between qualitative variables and acute
kidney injury (AKI) the chi? or Fisher’s exact test was used
with a significance level of 0.05. Comparisons of quan-
titative variables used the Student’s t Test when they met
assumed standard of normality and the Mann-Whitney test
when variables did not meet this assumption. SPSS 18 and
STATA 12 were used for these analyses.

The glomerular filtration rate was evaluated as a con-
tinuous variable during follow-up in order to determine
decreases over time. GFR was assessed at transplant and at
one, three, six, twelve, twenty-four and thirty-six months
after transplant. These repeated measurements over time
were analyzed using generalized estimating equations
(GEE). An exchangeable correlation structure is assumed
to obtain an estimated average change in GFR over time. In
addition, patients were pooled according to stages of CKD
and the percentage of patients was analyzed at each stage of
CKD during follow-up.

In the second part of the analysis, a logistic regression
model was used in STATA to analyze the relationship bet-
ween renal dysfunction and several covariates chosen from
the literature review and variables that showed statistical
significance in the bivariate analysis. Maximum likelihood
coefficients which express the maximum probability of
the dependent variable were calculated using the Newton
Raphson iterative method. Goodness of fit was assessed
with the Hosmer-Lemeshow test, and the statistical signifi-
cance of the regression coeflicients produced by the model
were evaluated with the Wald test.

This study was approved by the HPTU ethics committee
and followed Resolution 008430 of 1993 the Ministry of
Social Protection of the Republic of Colombia which regu-
lates research involving human subjects. The researchers
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agreed to respect the confidentiality and privacy of the
information contained in the medical records. This work
involved no risks to participants because it involved no
interventions in the study population such as direct physi-
cal examinations, laboratory testing and treatments.

RESULTS
Baseline Characteristics

From 2008 to 2013, 269 liver transplants were performed
atthe HPT'U. Of these 215 patients had a minimum follow-
up period of three months and a maximum of 121 months.
Average age at transplant was 50.37 years (SD +/- 12.6);
123 of the patients 57.2% were men, 37.2% (80) were
hypertensive, 22.8 (49) had diabetics, 17.7% (38) had
dyslipidemia, and 3.3% (7) of the patients required renal
replacement therapy during the first month after transplan-
tation. The average GFR before transplantation was 86.3
ml/min/1.73 m? (SD 25.89). At the moment of transplan-
tation, 16.7% (36) of the patients had GFRs of less than 60
ml/min/1.73 m*

Table 1 shows patients’ demographic characteristics
grouped according to the presence or absence of renal
injury at the end of follow-up. As can be seen, the only
differences found are related to patient age with younger
patients accounting for all those with GFRs over 60 ml/
min/1.73 m? Hypertension and diabetes were also more
frequent in patients with renal insufficiency. At the moment

of transplantation, GFRs were lower in patients who later
had kidney injuries during follow-up.

Cyclosporine was used to treat 90.7% of the patients
and was by far the most commonly immunosuppressive
therapy during the first year after transplantation. It was
followed by tacrolimus which was administered to 8.8% of
the patients and sirolimus which was administered to 0.5%
of the patients. In the third year after transplantation use
of tacrolimus increased to include 19.4% of the patients
(Table 2).

Table 2. Immunosuppression used in the cohort of patients who
received liver transplants at the Hospital Pablo Tobon Uribe from 2005
to 2013

Cyclosporine  Tacrolimus  Sirolimus
n (%) n (%) n (%)
At transplant n = 205 186 (90.7%) 18 (8.8%) 1(0.5%)
At one yearn =180 139 (77.2%) 34 (18.9%) 7(3.9%)
At two years n = 143 109 (76.2%) 27 (18.9%) 7 (4.9%)
Atthree yearsn=124 90 (72.6%) 24 (19.4%) 10 (8.1%)

Evolution of renal functioning during follow-up

During follow-up the glomerular filtration rate decreased over
time starting with an average of 86.2 ml/min/1.73 m? (SD
+/-25.9) at transplant and decreasing to 74.2 ml/min/1.73
m*3 (SD +/- 24.5) at 3 years of follow-up (Figure 1).

Table 1. Demographic Characteristics of liver transplant patients at the Hospital Pablo Tobon Uribe from 2005 to 2013

Variable

GFR <60 ml/min/1.73 m? during GFR 260 ml/min/1.73 m? during P Value
follow-up (n =70)

follow-up (n = 145)

Men n (%)

Women n (%)

Average age in years (SD)

Hepatitis B prior to transplantation n (%)

Hepatitis C prior to transplantation n (%)

Hypertension prior to transplantation n (%)

Dyslipidemia prior to transplantation n (%)

Diabetes prior to transplantation n (%)

Need for dialysis in the first month after transplantation n (%)

Need for dialysis after the first month following transplantation n (%)
GFR measured by CKD-EPI at time of transplantation in mg/dl (SD)
Use of tacrolimus n (%)

Use of cyclosporine n (%)

Mortality n (%)

39 (55.7%) 61 (42.1%) 0.435 (a)
31 (44.3%) 84 (57.9%) 0.435 (a)
55.56 (8.69) 47.87 (13.43) 0.00 (b)
3 (4.3%) 2 (1.4%) 0.33 (a)
1(1.4%) 4(2.8%) 0.47 (a)
28 (40%) 52 (35.9%) 0.01 (a)
11 (15.7%) 27 (18.6%) 0.01 (a)
22 (31.4%) 27 (18.6%) 0.00 (a)
4(5.7%) 3(2.1%) 0.06 (a)
2 (2.9%) 3(2.1) 0.26 (a)
72.9 (22.86) 92.86 (24.8) 0.00 (b)
4(5.7%) 14 (9.7%) 0.11 (a)
65 (92.9%) 131 (90.3%) 0.25 (a)
14 (20%) 9 (6.2%) 0.42 (a)

GFR: glomerular filtration rate measured by CKD-EPI.
(a) Fisher’s exact test
(b) Student’s t Test
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Figure 1. Glomerular Filtration Rate measured by CKD-EPI during
follow-ups of patients who underwent liver transplantations at the
Hospital Pablo Tobon Uribe. GFR: glomerular filtration rate measured
by CKD-EPI in ml/min/1.73 m*

Renal functioning showed a decrease in glomerular filtra-
tion rate of 3.5 ml/year (95% CI 2.44 to 4.74, p = 0.000).
At the time of liver transplantation, 39 patients (16.3%)
had GFRs of less than 60 ml/min. This increased to 34
patients (29.6%) at three years of follow up. At three years
of follow-up there were less patients in CKD stage 1 and
more patients in CKD stages 2 and 3 (Figure 2).

Of the total number of patients, seven (3.25%) requi-
red renal replacement therapy during the first month after

transplantation. Of these, four (57.1%) had GFRs of less
than 60 ml/min/1.73 m?at the end of follow-up. Of the
patients who did not require renal replacement therapy
during the first month after transplantation, sixty-six
(31.7%) had GFRs of less than 60 ml/min/1.73 m?at the
end of follow-up (Table 3). However, this difference was
not statistically significant (p = 0.218). Logistic regression
analysis of renal injury at the end of follow-up showed that
the only independent predictor of chronic kidney disease
was age.

Table 3. Risk factors for kidney injury at the end of follow-up in HPTU
liver transplant patients 2005-2013.

Variables OR p 95% CI
Age 1.06 0.00 1.03-1.09
Diabetes prior to liver transplantation 140 0.38 0.66-2.95
Hypertension prior to transplantation 0.81 055 0.41-1.60
Need for renal replacement therapy inthe  3.81 0.16  0.60-24.1

first month after transplantation

Hosmer-Lemeshow test for goodness of fit: = 0.44, Pseudo R2: 0.0866
Complications found

The percentages of patients with diabetes, hypertension
and dyslipidemia increased during the first three years after
transplantation (Figure 3). Coronary disease occurred
in eight patients (3.7%), cerebrovascular disease in four

60%
50%
£ 40%
o
2 30%
oSS
20%
10%
0%
At transplant At 3 months At 6 months At 12 months At 24 months At 36 months
(n=214) (n=212) (n=190) (n=177) (n=140) (n=115)
I Stage 1 52% 36,30% 31,10% 25,40% 26,40% 23,50%
I Stage 2 31,80% 51,40% 46,80% 50,30% 47,10% 47%
I Stage 3a 9,30% 9,40% 16,80% 20,30% 21,40% 22,60%
Stage 3b 5,10% 2,40% 4,70% 2,30% 5% 6,10%
Stage 4 1,40% 0,50% 0,50% 1,10% 0% 0%
[1Stage 5 0,50% 0% 0% 0,60% 0% 0,90%

Figure 2. Chronic kidney disease stages in HPTU liver transplant patients 2005-2013.
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Figure 3. Percentage of patients with diabetes, dyslipidemia and hypertension during follow-up of HPTU liver transplantation patients, 2005-2013

patients (1.9%), chronic occlusive arterial disease in one
patient (0.4%) and twenty-three patients died (10.7%).
The causes of death were infections in six patients, malig-
nancies in three patients, renal injuries in two patients,
chronic rejection in two patients, cardiac complications
in two patients, pulmonary complications in two patients,
recurrence of cholangiocarcinoma in one patient, portal
vein thrombosis in one patient and four patients with unlis-
ted causes of death.

Complications can also be grouped according to pre-
sence or absence of renal dysfunction at follow-up. We
found that except for death, the presence of cerebrovascu-
lar disease and coronary heart disease was similar in both
groups (Table 4).

Table 4. Complications grouped according to presence or absence of
renal injury at follow-up.

GFR> 60 ml/ GFR =60 ml/ p
min/1.73 m?(143)  min/1.73 m?(83)
Coronary disease 4(2.8%) 4 (5.7%) 0.440
n (%)
Cerebrovascular 3(2.1%) 1(1.4%) 0.730
disease n (%)
Deaths n (%) 9 (6.2%) 14 (20%) 0.004

GFR: glomerular filtration rate

Survival curves

The presence of renal impairment defined as GFR less than
60 ml/min/1.73 m* was evaluated using a Kaplan Meier
curve: 98.1% of Patients had GFRs greater than 60 ml/
min/1.73 m*at 6 months, 95% at one year, 86.4% at three
years and 74% at five years, and 50% of patients had GFR<
60 ml/min/1.73 m?at 84 months of follow up. The patient
survival rate at six months after liver transplantation was
99%, at one year it was 95.5%, at three years it was 91%, and
at five years it was 88.5%. Mortality occurred in 23 patients
(10.7%) (Figure 4).

DISCUSSION

The survival times of liver transplant patients has increased
in recent years. This is mostly due to improvement of tech-
nical factors related to the surgical procedure, improvement
of management in intensive care units, and safer immuno-
suppressive regimens. However, one factor that negatively
impacts survival in these patients is chronic kidney disease
which may be present before transplantation or which can
develop later as the result of several different causes (10,
15). CKD increases the risk of complications in the short
and long term. This study evaluates the incidence of CKD
in liver transplant patients at our institution and classifies
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Figure 4. Hospital Pablo Tobon Uribe liver transplant patient survival curve, 2005-2013

CKD stages according to GFR measured by the formula
recommended by KDIGO.

The incidence of CKD varies greatly and depends on the
definition and the methods used for determining GFR.
The incidence of CKD varies from 18% to 45% in 10-year
follow-ups (3, 11). The principal finding of our study was
a high prevalence of chronic kidney disease in liver trans-
plant patients at follow-up. On average, there was a decline
in glomerular filtration rates of 3.5 ml per year which can
be compared to the general population in which GFRs
decrease by 0.5 ml to 1 ml/min/year from age 40.

Before liver transplantation average GFR was 91 ml/
min/1.73 m? and 16.9% of patients were classified as
having chronic renal insufficiency. The cumulative rates of
chronic kidney disease in this cohort was 1.9% at 6 months,
5% at 1 year, 13.6% at 3 years, and 26% at S years. This is
comparable to the findings of studies such as Allen et al. in
which the prevalence at S years was 27% (2), but lower than
rates found by studies such as Giusto et al. in which a rate of
45% at S years was reported. Akinlolu et al. have described
CKD incidence in liver transplant patients of 13.9% at 3
years and 18.1% at S years (11). However, it is noteworthy
that GFR was measured in different ways in these studies.
In some studies, it was measured by a formula, but others
such as the study by Allen et al. performed measured GFR
with ethanolamine (2). That study showed that when com-
paring standard GFR measures and measurement using
ethanolamine, the incidence of CKD was far lower in those
measured with the standard formula (2).

Factors associated with low GFRs found in the bivariate
analysis were age, hypertension, diabetes, dyslipidemia and
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GFR at the time of transplantation. Average initial GFR
was 92.8 ml/min/1.73 m*in patients with GFR greater 60
ml/min/1.73 m*at the end of monitoring and 72.9 ml/
min/1.73 m?in those with GFR less than 60 ml/min/1.73
m? at the end of follow-up. However, in the multivariate
analysis only age was correlated with the risk of CKD with
GEFR less than 60 ml/min/1.73 m?at follow-up. Giusto et
al. found that factors associated with the onset of CKD
included prior renal dysfunction, hypertension, diabetes
and severe infections (11). Allen et al. reported that the
only factor associated with the development of CKD was
of perioperative AKI (2).

The hepatitis C virus has been described as a risk fac-
tor associated with CKD after liver transplantation (4).
In this study no significant relationship between hepatitis
C viral infections and CKD was demonstrated. However,
this can be explained by the low proportion in our series
of patients transplanted because of hepatitis C in the time
period evaluated.

Post-transplant CKD is not only important because of the
potential need for renal replacement therapy, but because it
increases cardiovascular risks, and increases the frequency
of hypertension, dyslipidemia and diabetes. When added
to the effects of calcineurin inhibitors and steroids, the
implication is that it is important to optimize monitoring
of renal functioning during and after liver transplantation
(4). Previous studies suggest that elderly patients are at
increased risk of CKD, so it is important to use lower doses
of calcineurin inhibitors (3). Our study found that cardio-
vascular risk factors like hypertension, diabetes and dysli-
pidemia increase during the first and third years following
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transplant. Increased incidence of hypertension, diabetes
and dyslipidemia may be associated with higher doses of
calcineurin inhibitors used in this post-transplant stage.
In addition to the association with steroids, there is also
increased risk of insulin resistance and hypertension. In our
study, the presence of cardiovascular disease was not sig-
nificantly different between the two groups, but mortality
was significantly higher in the group with less than 60 ml/
min/1.73 m*> GFR.

Among the limitations of this study it is that markers of
kidney damage such as albuminuria were not identified
through urinalysis, ultrasound, or biopsies even though
they are important for determining the early stages of CKD.
Another important limitation is the calculation of GFR by
formulas which is not well validated in the transplant popu-
lation. In addition, calculation of GFR before liver trans-
plantation is inaccurate because of the clinical condition of
cirrhotic patients who have low muscle masses and suffer
from malnutrition with consequent low levels of creatinine
which cause overestimation of GFRs. An additional difhi-
culty of this study was the loss of patients during long-term
monitoring which did not allow for a proper assessment of
the incidence of CKD over time.

CONCLUSION

Chronic kidney disease is a frequently occurring serious
complication in liver transplant patients. It is an indepen-
dent prognostic factor for morbidity and mortality. The
development of this complication is related to comorbidi-
ties such as hypertension and diabetes, to the use of nephro-
toxic drugs, and to perioperative acute kidney injury. The
authors recommend a full renal assessment before liver
transplantation, consideration of combined kidney-liver
transplantation in cases of advanced CKD, limitation of
the use of nephrotoxic drugs, protection of the kidney
from iodinated contrast agents, calculation of GFR at each
follow-up appointment, frequent monitoring of markers of
kidney damage and early evaluation by a nephrology group
for patients in whom abnormalities have been detected.
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