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 Background: Although the risk factors for chronic kidney disease progression after deceased donor liver transplantation have 
been widely reported, there are few reports describing the factors associated with kidney function changes in 
patients after living donor liver transplantation (LDLT). This study aims to further investigate these kidney func-
tion change factors.

 Material/Methods: This retrospective study was performed using the data of patients who underwent LDLT at the Nagasaki 
University Hospital, Japan from August 2000 to November 2017. Factors contributing to post-transplantation 
estimated glomerular filtration rate (eGFR) changes were analyzed.

 Results: A total of 191 cases were reviewed. The average age was 53.8 years, and 108 (56.5%) patients were male. 
Compared to pre-transplantation eGFR levels, eGFR 1 year after LDLT improved in 65 patients (34%) and dete-
riorated in 126 patients (66%). Multivariate regression analysis revealed that pre-transplant diuretics (P=0.04) 
and tacrolimus trough value 1 year after transplantation (P=0.04) were significantly associated with elevated 
eGFR changes. eGFR elevation 1 year after LDLT was more pronounced in patients with a low tacrolimus trough 
level 1 year after LDLT (P=0.01). Therefore, mycophenolate mofetil was added to tacrolimus in patients with 
poor renal function before LDLT.

 Conclusions: Tacrolimus trough level was associated with eGFR changes 1 year after LDLT. The adjusted dose of tacrolimus 
and combined use of other immunosuppressants may be important to maintain renal function after LDLT.
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Background

Liver transplantation outcomes, such as graft survival period, 
have improved because of advances in surgery and immuno-
suppressant usage. In fact, a previous study [1] found that 
1-year survival following liver transplantation increased from 
66% in 1987 to 92% in 2015. Accordingly, the number of liv-
er transplant recipients with chronic complications, includ-
ing chronic graft rejection, chronic kidney disease (CKD), and 
cardiovascular diseases, has increased [2]. Among them, se-
vere CKD is associated with poor patient survival [3]. CKD af-
ter liver transplantation is multifactorial. A previous analysis 
revealed that the female sex, older age, pre-transplantation 
proteinuria, low glomerular filtration rate (GFR) 1 year after 
transplantation, and high creatinine 6 months after transplan-
tation were associated with CKD progression in patients who 
received deceased donor liver transplants [3]. Another study 
revealed that pre-transplant diabetes mellitus, urinary tract in-
fections, and hypercholesterolemia within 1 year of undergo-
ing deceased donor liver transplantation were CKD stage pro-
gression risk factors [4].

In European countries and the United States, the proportion 
of patients undergoing deceased donor liver transplantation 
is higher than that of patients undergoing living donor liver 
transplantation (LDLT) [5,6]. In contrast, the number of LDLTs 
is extremely high in Japan. For example, of the total number 
of liver transplantation cases in Japan in 2017, 83.4% were of 
LDLT [7]. The recognition and management of risk factors for 
acute kidney injury and CKD after LDLT have been suggested 
to improve the post-transplantation prognosis [8]. Although the 
causes for CKD progression and estimated GFR (eGFR) chang-
es after deceased donor liver transplantation have been pre-
viously reported, there are few reports describing the factors 
affecting renal function after LDLT.

The association between calcineurin inhibitors (CNIs) and kid-
ney dysfunction progression after liver transplantation is con-
troversial. In particular, the relationship between tacrolimus 
(TAC) and kidney dysfunction after LDLT has not been clarified.

Although we elucidated the association between diuretics and 
kidney function in a previously reported retrospective study [9], 
the aim of the present study was to analyze the factors, specifi-
cally CNIs, contributing to changes in kidney function after LDLT.

Material and Methods

Patient Population

We retrospectively analyzed the data of all patients aged 18 
years and older who underwent LDLT at the Nagasaki University 

Hospital, Japan between August 2000 and November 2017. 
Patients who were younger than 18 years at the time of LDLT 
and those from other countries were excluded because the 
modified Modification of Diet in Renal Disease (MDRD) Study 
equation for the Japanese population could not be applied to 
them [10]. In addition, patients who died within 1 year of re-
ceiving the transplant or those who were on maintenance he-
modialysis, both before and after transplantation, were exclud-
ed. Among the eligible patients, recipients whose laboratory 
results could be examined were included.

Transplant recipient management and donor selection pro-
cess have been indicated previously [11,12]. Graft selection 
was based on the estimated liver volume calculated using 
multidetector computed tomography. Rituximab (375 mg/m2) 
was used before LDLT in ABO-incompatible transplantations. 
Immunosuppression after LDLT was mainly managed with ta-
crolimus and a steroid. The trough level of tacrolimus was ad-
justed to 10-15 and 5-8 ng/mL within 1 month and at 1 month 
from LDLT, respectively. In contrast, the steroid was tapered 
within the first 3 months after transplantation. In cases with 
mild kidney dysfunction before and after LDLT, mycophenolate 
mofetil was additionally administered to the patients early af-
ter LDLT. Furthermore, the trough level of tacrolimus in such 
cases was adjusted to 5-8 and 3-5 ng/mL within 1 month and 
at 1 month after LDLT, respectively. The dose of mycophenolate 
mofetil was adjusted following platelet counts evaluation. In 
cases with deterioration of kidney function after LDLT, basilix-
imab and the steroid were first administered, while tacrolimus 
was then started with careful attention to avoid acute kidney 
injury. Finally, if symptoms associated with neurological ad-
verse effects occurred in recipients, tacrolimus was switched 
to cyclosporine (ie, a calcineurin inhibitor).

Methods

Patient characteristics and preoperative and postoperative 
laboratory results were collected from medical records. All pa-
tients were followed up for more than 1 year after LDLT, and 
blood and urine test results, which were performed within 1 
month preoperatively and about 1 year postoperatively, were 
used. The modified MDRD Study equation for the Japanese 
population was used to assess the kidney function as fol-
lows: eGFR=194×(serum creatinine)–1.094×(age)–0.287×0.739 (if 
female) [10]. The analyzed outcome was the %eGFR change 
over 1 year (from before LDLT to after LDLT), which was calcu-
lated as follows: %eGFR change over 1 year (%)=100×{(eGFR 
1 year after LDLT–eGFR before LDLT)/eGFR before LDLT} [13]. 
Patients were divided into the improving and deteriorating 
groups based on the values of the %eGFR changes over 1 year, 
and the contributing factors for both groups were analyzed.
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Statistical Analysis

Statistical analyses were performed using JMP®PRO14 (SAS 
Institute Inc., Cary, NC, USA), with a P value of more than 0.05 
indicating a statistically significant difference. Data are ex-
pressed as the mean±standard deviation or the median value 
with quartile range. We used the t test or the Wilcoxon rank 
test for continuous variables and Fisher’s exact test for categor-
ical variables. For non-normally distributed data, the Wilcoxon 
rank test was used. Logistic regression analysis was used to 
elucidate the factors contributing to the %eGFR changes over 
1 year. The following variables were chosen for univariate re-
gression analysis based on their clinical importance in evalu-
ating liver prognosis and kidney function: age, sex, hepatitis 
C virus (HCV) antibody positivity, pre-transplant diabetes mel-
litus, pre-transplant hypertension, pre-transplant diuretics us-
age, pre-transplant hemoglobin, pre-transplant albumin, pre-
transplant eGFR, pre-transplant urine test abnormalities, TAC 
trough value 1 year post-transplantation, trough value of TAC 
1 year after LDLT <5.0 ng/mL, and post-transplant TAC and 
MMF usage. Most factors with a low P value in the univariate 
regression analysis were chosen according to the number of 
cases that revealed elevated eGFR levels 1 year after LDLT and 
were subjected to multivariate regression analysis. To examine 
the association between TAC trough values and eGFR chang-
es over 1 year, patients were divided into 4 groups based on 
TAC trough values 1 year after LDLT, and the Wilcoxon rank 
test and Cochran-Armitage test were conducted.

The Ethics Committee of Nagasaki University Hospital (Nagasaki, 
Japan) (19041518) approved this research, and all patients were 
informed about the details of this study in the opt-out and 
could refuse participation in the study if they desired to do so.

Results

Baseline Patient Characteristics

Of the 242 patients who underwent LDLT at our hospital, 1 pa-
tient who was younger than 18 years at the time of transplan-
tation, 48 patients who died within 1 year of receiving LDLT 
because of liver failure and infections, and 1 patient who was 
on maintenance hemodialysis both before and after LDLT were 
excluded. The laboratory results of 1 patient were not avail-
able for assessment after the first year after LDLT. Finally, the 
data of 191 recipients were studied. The baseline character-
istics are shown in Table 1. The average patient age was 53.8 
years, and 108 patients (56.5%) were male. The main etiolo-
gies for liver cirrhosis were HCV infection (36.1%), hepatitis 
B virus infection (17.8%), and alcoholic cirrhosis (14.7%). The 
average Model for End-Stage Liver Disease score was 18.0. 
The mean pre-transplant eGFR was 76.1 mL/min/1.73 m2. 

CNIs were administered to 169 patients (88.5%) after trans-
plantation; specifically, TAC was administered to 153 patients 
(80.1%) and MMF to 114 patients (59.7%).

Changes in eGFR Values

The average eGFR decreased to 65.2 mL/min/1.73 m2 1 year 
after LDLT. The average change in the eGFR percentage over 
1 year was -14.0% (-32.9 to 12.2). Of the 191 patients, 65 pa-
tients (34%) showed elevated %eGFR changes over 1 year (im-
proving group) and the remaining 126 patients (66%) showed 
decreased %eGFR changes over 1 year (deteriorating group).

Age (years old)  53.8±11.5

Sex, Male (n (%))  108 (56.5)

Height (m)  1.62±0.09

Weight (kg)  63.7±13.4

Cirrhosis to HBV (n (%))  34 (17.8)

Cirrhosis to HCV (n (%))  69 (36.1)

Cirrhosis to alcohol (n (%))  28 (14.7)

MELD score  18.0±7.6

Pretransplant diabetes mellitus 
(n (%))

 43 (22.5)

Pretransplant hypertension (n (%))  29 (15.1)

Pretransplant proteinuria >(1+) 
(n (%))

 16 (9.0)

Pretransplant hemoglobin (g/dL)  10.5±2.3

Pretransplant albumin (g/dL)  3.0±0.6

Pretransplant total bilirubin 
(mg/dL)*

 3.4 (1.8-7.7)*

Pretransplant eGFR 
(mL/min/1.73 m2)

 76.1±30.9

Intra-operative hemorrhage (mL)*  5800 (3600-11000)*

Calcineurin inhibitor (n (%))  169 (88.5)

Tacrolimus (n (%))  153 (80.1)

Cyclosporine (n (%))  16 (8.4)

Steroid (n (%))  31 (16.2)

Mycophenolate mofetil  114 (59.7)

Table 1. Patient baseline characteristics.

Data are expressed as the mean±standard deviation or the 
median value (quartile). * Shows the median value (quartile). 
eGFR – estimated glomerular filtration rate; HBV – hepatitis B 
virus; HCV – hepatitis C virus; MELD – model for end-stage liver 
disease.
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Factors Contributing to eGFR Changes Over 1 Year

Table 2 shows the contributory factors for eGFR changes over 
1 year by comparing the %eGFR changes over 1 year between 
the improving and deteriorating groups. In the improving group, 
the diuretics prescription rate was higher than that in the dete-
riorating group (p=0.007). The pre-transplant hemoglobin, pre-
transplant eGFR, and TAC trough values 1 year after LDLT were 
significantly lower in the improving group than in the deteri-
orating group (p=0.004, p<0.001, and p=0.008, respectively).

Logistic Regression Analysis for Elevated eGFR 1 Year After 
LDLT

We analyzed the factors contributing to elevated eGFR levels 1 
year after LDLT using univariate regression analysis (Table 3). 
The univariate regression analysis revealed that diuretics 

prescription before LDLT was associated with eGFR changes. 
In addition, a low pre-transplant hemoglobin, pre-transplant 
eGFR, trough values of TAC 1 year after LDLT, and trough value 
of TAC 1 year after LDLT <5.0 ng/mL were associated with el-
evated %eGFR changes over 1 year. A multivariate regression 
analysis of the factors with low P values in the univariate re-
gression analysis revealed that only a low pre-transplant eGFR 
significantly contributed to the elevation of %eGFR change over 
1 year (P<0.001) (Table 4). Since pre-transplant eGFR and the 
elevation of %eGFR changes over 1 year were strongly associ-
ated, another multivariate regression analysis was performed 
excluding the pre-transplant eGFR. Pre-transplant diuretics 
usage (P=0.04) and low TAC trough values 1 year after LDLT 
(P=0.04) were found to be significant contributory factors. 
Although patients who had been administered with cyclospo-
rine within 1 year from LDLT were included in these analysis, 
the results of logistic regression analysis in patients who had 

Ameliorating group 
(N=65)

Deteriorating group 
(N=126)

p Value

Age (years old)  53.8±11.4  53.9±11.7 0.95

Sex, Male (%) 47.7 61.1 0.08

HCV antibody positive (%) 38.5 34.1 0.63

MELD score  19.0±8.1  17.5±7.4 0.25

Pretransplant diabetes mellitus (%) 24.6 21.4 0.62

Pretransplant hypertension (%) 15.4 15.1 0.96

Pretransplant diuretics (%) 75.4 55.6 0.007

Pretransplant proteinuria >(1+) (%) 8.5 9.2 1.00

Pretransplant hemoglobin (g/dL)  9.8±2.0  10.9±2.4 0.009

Pretransplant albumin (g/dL)  2.9±0.6  3.0±0.6 0.09

Pretransplant total bilirubin (mg/dL) 3.4 (1.9-7.7)* 3.4 (1.6-9.7)* 0.74

Pretransplant eGFR (mL/min/1.73 m2)  52.1±21.6  88.5±27.5 <0.001

Tacrolimus (%) 81.3 80.2 0.86

Cyclosporine (%) 4.6 10.3 0.27

Steroid (%) 21.5 13.5 0.21

Mycophenolate mofetil (%) 67.6 55.6 0.11

Trough value of tacrolimus 1 year after LDLT 
(ng/mL) (n=145)

 5.2±2.3  6.5±2.8 0.01

Trough value of cyclosporine 1 year after LDLT 
(ng/mL) (n=26)

 130±64.3  156.6±62.5 0.40

Table 2.  The comparison between the ameliorating and deteriorating group of eGFR change over 1 year after living donor liver 
transplantation.

Data are expressed as the mean±standard deviation or the median value (quartile). * Shows the median value (quartile). 
eGFR – estimated glomerular filtration rate; HCV – hepatitis C virus; LDLT – living donor liver transplantation; MELD – model for end-
stage liver disease.
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not been administered with cyclosporine within 1 year from 
LDLT also exhibited the similar tendency with the above-men-
tioned (Supplementary Tables 1, 2).

Relationship Between TAC Trough Values 1 Year After LDLT 
and eGFR Changes

To evaluate the association between TAC trough values and 
eGFR changes, patients were divided into 4 groups based on 
TAC trough values 1 year after LDLT. The Wilcoxon rank test 
indicated that the group with the lowest trough value showed 
the highest eGFR improvement and that there were inverse re-
lationships between TAC trough levels and the %eGFR changes 
(p=0.04) (Figure 1). Next, the trend between TAC trough val-
ues and %eGFR changes over 1 year was examined using the 
Cochran-Armitage test. In the improving group, we found that 
the lower the TAC trough values 1 year after LDLT, the higher 
the number of cases showing elevated eGFR levels (Figure 2). 
In contrast, the %eGFR changes over 1 year revealed the op-
posite trend in the deteriorating group.

In the association between immunosuppressant usage and kid-
ney function, pre-transplant eGFR was significantly higher in pa-
tients who were only prescribed TAC (84.2±29.2 mL/min/1.73 m2) 
than in those who were prescribed a combination of TAC and 
MMF (72.6±27.6 mL/min/1.73 m2) at our hospital (P=0.02).

Discussion

In this study, the factors contributing to changes in kidney 
function were examined in patients who had undergone LDLT. 
The use of pre-transplant diuretics and TAC trough values 1 
year after LDLT were significantly correlated with eGFR chang-
es, except for pre-transplant eGFR. Particularly, eGFR elevation 
1 year after LDLT was more pronounced in patients with low 
TAC trough values 1 year after LDLT. This suggests that the TAC 
trough values play an important role in determining eGFR val-
ue changes after LDLT.

Although there are few reports on the causes of CKD progres-
sion and eGFR changes after LDLT, previous reports have sug-
gested that advanced age, low pre-transplant eGFR value, and 
graft-to-recipient weight ratio as negative predictors were the 
associated risk factors for CKD progression after LDLT [2,14].

TAC is mainly used for the prevention and treatment of graft 
rejection following various solid organ transplantations [15]. 
However, TAC causes vascular dysfunction resulting from an 
increase in vasoconstrictors such as endothelin and thrombox-
ane and a decrease in vasodilators such as prostacyclin and 
prostaglandin E2 [16]. These changes may induce arteriolop-
athy, interstitial fibrosis, and tubular atrophy manifesting as 
chronic nephrotoxicity [16]. To avoid nephrotoxicity, frequent 

Odds ratio 95% CI p Value

Age (yeas old) 1.00 (per 1 year old) 0.97-1.0 0.95

Male 0.58 (vs Female) 0.32-1.06 0.78

HCV antibody positive 1.21 (vs negative) 0.65-2.24 0.55

Pretransplant diabetes mellitus 1.20 (vs no diabetes mellitus) 0.59-2.43 0.62

Pretransplant hypertension 1.02 (vs no hypertension) 0.45-2.35 0.96

Pretransplant diuretics 2.45 (vs no diuretics) 1.26-4.76 0.008

Pretransplant hemoglobin 0.81 (per 1 mg/dL) 0.70-0.94 0.005

Pretransplant albumin 0.69 (per 1 g/dL) 0.41-1.17 0.17

Pretransplant eGFR 0.94 (per 1ml/min/1.73 m2) 0.92-0.95 <0.0001

Pretransplant urine test abnormalities 0.91 (vs no abnormalities) 0.30-2.75 0.87

Trough value of TAC 1 year after LDLT 0.82 (per 1 ng/mL) 0.71-0.95 0.01

Trough value of TAC 1 year after LDLT 
<5 ng/mL

2.11 (vs ³5 ng/mL) 1.04-4.28 0.04

Posttransplant use of TAC 
+Mycophenolate mofetil

1.97 (vs no use) 0.98-3.99 0.06

Table 3. Univariate logistic regression analysis for elevated eGFR 1 year after living donor liver transplantation.

95% CI – 95% confidence interval; eGFR – estimated glomerular filtration rate; HCV – hepatitis C virus; LDLT – living donor liver 
transplantation; TAC – tacrolimus.
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monitoring, dose adjustments, and reduced TAC doses in com-
bination with MMF, azathioprine, or everolimus are consid-
ered [17,18]. With respect to liver transplantation, the associ-
ation between TAC and kidney dysfunction is controversial. A 
previous study showed that the average plasma TAC concen-
tration was an independent risk factor for new-onset CKD in 
patients after liver transplantation [19]. Another study revealed 
that TAC usage was associated with a low risk of developing 

CKD in patients who underwent deceased orthotopic liver trans-
plantation [3]. In the current study, we observed that the TAC 
trough value had a great impact on eGFR changes, and eGFR 
showed a vast improvement if the TAC trough value was low-
er. The recommended TAC trough blood concentration is 4 to 
6 ng/mL at more than 3 months after transplantation and 3 to 
5 ng/mL at more than 12 months after transplantation in adult 
liver transplantation recipients according to a clinical guideline 
for transplant medications [15]. Following the abovementioned 
guideline, we speculate that the ideal value would be under 
5 ng/mL because the average TAC trough value related to the 

Table 4. Multivariate logistic regression analysis for elevated eGFR 1 year after living donor liver transplantation.

95% CI – 95% confidence interval; eGFR – estimated glomerular filtration rate; LDLT – living donor liver transplantation; 
TAC – tacrolimus.

<Model 1> Odds ratio 95% CI p Value

Pretransplant diuretics 0.60 0.18-2.02 0.41

Pretransplant hemoglobin 0.98 0.77-1.26 0.90

Pretransplant albumin 0.82 0.36-1.88 0.64

Pretransplant eGFR 0.92 0.89-0.95 <0.0001

Trough value of TAC 1 year after LDLT 0.97 0.79-1.18 0.76

Posttransplant use of TAC+Mycophenolate mofetil 1.36 0.47-3.94 0.57

<Model 2> Odds ratio 95% CI p Value

Pretransplant diuretics 2.52 1.02-6.22 0.04

Pretransplant hemoglobin 0.88 0.72-1.00 0.20

Pretransplant albumin 1.13 0.58-2.21 0.72

Trough value of TAC 1 year after LDLT 0.85 0.72-0.99 0.04

Posttransplant use of TAC+Mycophenolate mofetil 1.67 0.73-3.80 0.22
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Figure 1.  The relationship between trough value of tacrolimus 
1 year after living donor liver transplantation and 
%eGFR changes over 1 year after living donor liver 
transplantation (p=0.04). One patient who was 
administered cyclosporine after LDLT and who 
had switched to tacrolimus within 1 year after the 
transplantation was included here.
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Figure 2.  Cochran-Armitage test between trough values of 
tacrolimus and %eGFR changes over 1 year after living 
donor liver transplantation (ptrend=0.01). LDLT – living 
donor liver transplantation.
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%eGFR changes in the improving group was 5.2 ng/mL, and 
the TAC trough value of less than 5.0 ng/mL 1 year after LDLT 
was associated with elevation of %eGFR changes over 1 year 
in this study. As MMF was combined with TAC in patients with 
a poor renal function before LDLT in this retrospective survey, 
we believe that it is advisable to treat patients with a low eGFR 
using a reduced TAC concentration and/or MMF at the time 
of LDLT to maintain renal function and avoid graft rejection.

There were several limitations to this study. This was a retro-
spective study, and limited data were available. Moreover, the 
results of this study may only be applicable to Japanese pa-
tients. There were only 2 cases in which everolimus was ad-
ministered in this study because everolimus was not covered 
by the Japanese health insurance system as an immunosup-
pressant after liver transplantation throughout the observa-
tion period. Although eGFR changes 1 year after LDLT with 
respect to the pre-transplant levels were analyzed, pre-trans-
plant CKD was not taken into consideration. In fact, 36 pa-
tients were diagnosed with CKD based on their serum creati-
nine levels 3 months prior to the LDLT procedures in this study. 

Determining the complications, such as infection and rejection, 
is essential to decide whether patients could be maintained 
at a lower trough level of tacrolimus after LDLT. However, such 
factors were not considered in this study. Future studies as-
sessing these factors are warranted. TAC trough values were 
assessed at only 1 point 1 year after LDLT, and the transition 
of TAC trough levels was not considered. Future studies are 
needed to further analyze these matters.

Conclusions

This study analyzed the factors contributing to kidney func-
tion changes after LDLT. As the TAC trough values were asso-
ciated with eGFR changes after LDLT, the adjusted dose of TAC 
and combined use of other immunosuppressants may be im-
portant to maintain renal function after LDLT.

Conflict of Interest

None.

Supplementary Data

Odds ratio 95% CI p Value

Age (yeas old) 1.00 (per 1 year old) 0.97-1.02 0.95

Male 0.54 (vs Female) 0.29-1.01 0.05

HCV antibody positive 1.37 (vs negative) 0.71-2.63 0.34

Pretransplant diabetes mellitus 1.25 (vs no diabetes mellitus) 0.60-2.61 0.56

Pretransplant hypertension 1.09 (vs no hypertension) 0.46-2.54 0.85

Pretransplant diuretics 2.36 (vs no diuretics) 1.20-4.66 0.01

Pretransplant hemoglobin 0.80 (per 1 mg/dL) 0.69-0.93 0.004

Pretransplant albumin 0.73 (per 1 g/dL) 0.43-1.24 0.25

Pretransplant eGFR 0.93 (per 1ml/min/1.73 m2) 0.91-0.95 <0.0001

Pretransplant urine test abnormalities 1.62 (vs no abnormalities) 0.79-3.33 0.19

Trough value of TAC 1 year after LDLT 0.82 (per 1 ng/mL) 0.71-0.96 0.01

Trough value of TAC 1 year after LDLT 
<5 ng/mL

2.05 (vs ³5 ng/mL) 1.00-4.16 0.05

Posttransplant use of TAC 
+Mycophenolate mofetil

1.97 (vs no use) 0.98-3.99 0.06

Supplementary Table 1.  Univariate logistic regression analysis for elevated eGFR 1 year after living donor liver transplantation in 
patients who were not administered with cyclosporine.

95% CI – 95% confidence interval; eGFR – estimated glomerular filtration rate; HCV – hepatitis C virus; LDLT – living donor liver 
transplantation; TAC – tacrolimus.
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Supplementary Table 2.  Multivariate logistic regression analysis for elevated eGFR 1 year after living donor liver transplantation in 
patients who were not administered with cyclosporine.

95% CI – 95% confidence interval; eGFR – estimated glomerular filtration rate; LDLT – living donor liver transplantation; 
TAC – tacrolimus.

<Model 1> Odds ratio 95% CI p Value

Pretransplant diuretics 0.60 0.18-2.02 0.41

Pretransplant hemoglobin 0.98 0.77-1.26 0.90

Pretransplant albumin 0.82 0.36-1.88 0.64

Pretransplant eGFR 0.92 0.89-0.95 <0.0001

Trough value of TAC 1 year after LDLT 0.97 0.79-1.18 0.76

Posttransplant use of TAC+Mycophenolate mofetil 1.36 0.47-3.94 0.57

<Model 2> Odds ratio 95% CI p Value

Pretransplant diuretics 2.52 1.02-6.22 0.045

Pretransplant hemoglobin 0.88 0.72-1.07 0.21

Pretransplant albumin 1.13 0.58-2.21 0.72

Trough value of TAC 1 year after LDLT 0.85 0.72-1.00 0.05

Posttransplant use of TAC+Mycophenolate mofetil 1.67 0.73-3.81 0.22

References:

 1. Rana A, Ackah RL, Webb GJ, et al. No gains in long-term survival after liver 
transplantation over the past three decades. Ann Surg, 2019;269:20-27

 2. Nishi H, Shibagaki Y, Kido R, et al. Chronic renal outcome after living do-
nor liver transplantation. Clin Transplant, 2013;27:90-97

 3. O’Riordan A, Wong V, McCormick PA, et al. Chronic kidney disease post-liv-
er transplantation. Nephrol Dial Transplant, 2006;21:2630-36

 4. Lamattina JC, Foley DP, Mezrich JD, et al. Chronic kidney disease stage pro-
gression in liver transplant recipients. Clin J Am Soc Nephrol, 2011;6:1851-57

 5. Kwong A, Kim WR, Lake JR, et al. OPTN/SRTR 2018 Annual Data Report: 
Liver. Am J Transplant, 2020;20(Suppl. s1):193-299

 6. Shukla A, Vadeyar H, Rela M, Shah S. Liver transplantation. East versus 
West. J Clin Exp Hepatol, 2013;3:243-53

 7. The Japanese Liver Transplantation Society. [Liver transplantation in 
Japan – registry by the Japanese Liver Transplantation Society.] Isyoku, 
2017;51:145-59 [in Japanese]

 8. Inoue Y, Soyama A, Takatsuki M, et al. Does the development of chronic 
kidney disease and acute kidney injury affect the prognosis after living do-
nor liver transplantation? Clin Transplant, 2016;30:518-27

 9. Kitamura M, Hidaka M, Muta K, et al. Prediction of liver prognosis from 
pre-transplant renal function adjusted by diuretics and urinary abnormal-
ities in adult-to-adult living donor liver transplantaion. Ann Transplant, 
2020;25:e924805

 10. Imai E, Horio M, Nitta K, et al. Estimation of glomerular filtration rate by 
the MDRD study equation modified for Japanese patients with chronic kid-
ney disease. Clin Exp Nephrol, 2007;11:41-50

 11. Hidaka M, Eguchi S, Takatsuki M, et al. The Kupffer cell number affects the 
outcome of living donor liver transplantation from elderly donors. Transplant 
Direct, 2016;2:e94

 12. Eguchi S, Takatsuki M, Hidaka M, et al. Evolution of living donor liver 
transplantation over 10 years: Experience of a single center. Surg Today, 
2008;38:795-800

 13. Coresh J, Turin TC, Matsushita K, et al. Decline in estimated glomerular fil-
tration rate and subsequent risk of end-stage renal disease and mortality. 
JAMA, 2014;311:2518-31

 14. Abdel-Khalek EE, Alrefaey AK, Yassen AM, et al. Renal dysfunction after liv-
ing-donor liver transplantation. Experience with 500 cases. J Transplant, 
2018;2018:5910372

 15. TRANSPLANT BC. Tacrolimus. Immediate release and extended release. In: 
Clinical guidelines for transplant medications. 2019;Chapter 10:75-85

 16. Naesens M, Kuypers DR, Sarwal M. Calcineurin inhibitor nephrotoxicity. Clin 
J Am Soc Nephrol, 2009;4:481-508

 17. Samuel D, Sanchez-Fueyo A. Immunotherapy in liver transplantation. J 
Hepatol, 2017;67:874-75

 18. De Simone P, Carrai P, Coletti L, et al. Everolimus vs mycophenolate mofetil 
in combination with tacrolimus: A propensity score-matched analysis in liv-
er transplantation. Transplant Proc, 2018;50:3615-20

 19. Li Y, Li B, Wang W, Lv J. Risk factors for new-onset chronic kidney dis-
ease in patients who have received a liver transplant. Exp Ther Med, 
2018;15:3589-95

e928858-8

Muta K. et al: 
Association between tacrolimus and renal function after living donor liver transplantation

© Ann Transplant, 2021; 26: e928858
ORIGINAL PAPER

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


