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 Background: Renal function is strongly associated with patient survival after liver transplantation. However, the estimated 
glomerular filtration rate (eGFR) after liver transplantation changes, especially in patients who receive diuret-
ics or have urinary abnormalities. We aimed to elucidate how adjusting for these factors affecting eGFR pre-
dicted liver graft prognosis.

 Material/Methods: This retrospective study included patients who underwent adult-to-adult living donor liver transplantation (LDLT) 
between 2000 and 2017. The factors affecting eGFR were assessed, and the association between eGFR and 
prognosis was investigated using Cox regression models after adjusting for factors affecting renal function.

 Results: We enrolled 244 patients. The median observation period was 4.6 years, and 88 patients reached graft loss or 
death with a functioning graft. One year after transplantation, 193 patients were living, and one-third of these 
showed improved eGFR; most of the patients with improved eGFR had taken diuretics before transplantation. 
A Cox regression model adjusted for the classical risk factors showed that donor age (P<0.001) and lower eGFR 
(P=0.02) were the independent risk factors associated with poor prognosis. After adjusting for diuretics and 
urinary abnormalities, eGFR was more strongly associated with liver graft prognosis (P=0.003).

 Conclusions: Pre-transplant eGFR was associated with prognosis following LDLT and had a stronger effect on prognosis af-
ter adjusting for factors affecting eGFR.
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Background

Liver transplantation has allowed patients with end-stage liv-
er failure to survive; therefore, long-term graft survival is im-
portant. Increasing evidence shows that several factors are 
associated with liver graft prognosis, including recipient age, 
donor age, prothrombin time, and serum creatinine [1]. To esti-
mate the severity of disease, the model of end-stage liver dis-
ease (MELD) score was proposed, which includes serum cre-
atinine, serum bilirubin, and prothrombin time. MELD scores 
are used to determine transplantation priority [2] and are as-
sociated with liver graft prognosis [3].

Hepatorenal syndrome (HRS) is observed in approximately 
10% of liver transplantation recipients [4]; however, a larger 
proportion of transplant recipients develop ascites, one of the 
most common complications in patients with cirrhosis, affect-
ing renal function [5]. Diuretics, such as spironolactone and 
furosemide, are prescribed to relieve ascites, but the use of 
these medications leads to the further deterioration of renal 
function due to decreased renal blood flow [5].

Some patients with liver cirrhosis have urinary abnormalities 
and may experience glomerulonephritis. Distinct from prima-
ry glomerulonephritis, secondary etiologies of glomerulone-
phritis such as hepatitis virus – associated glomerulonephritis 
and secondary IgA glomerulonephritis should be considered 
in cirrhosis patients [6,7].

The creatinine-based estimated glomerular filtration rate (eGFR) 
is the most commonly used method for evaluating kidney func-
tion in clinical practice. Although, studies have shown that cys-
tatin C-based eGFR or GFR that is calculated based on clear-
ance of either inulin or 125I-iothalamate are more accurate 
in evaluating renal function in liver transplant patients [8,9]. 
However, it is difficult to routinely evaluate renal function by 
these methods because of their cost, complexity, and time lag 
in obtaining results.

Since renal function has a great effect on patient survival and 
is expected to recover following liver transplantation, it is im-
portant to identify the factors associated with renal function 
that could be used to predict liver graft prognosis. However, 
since such factors are not yet directly associated with graft 
prognosis, few reports have focused on them.

We aimed to elucidate the significance of adjusting the fac-
tors affecting renal function in liver transplantation by inves-
tigating the association between kidney function and liver 
graft prognosis.

Material and methods

Patients

This was a retrospective observational study conducted at 
a single center. Patients who underwent adult-to-adult liv-
ing donor liver transplantation (LDLT) aged ³18 years at the 
Nagasaki University Hospital between January 1, 2000 and 
December 31, 2017 were included. The follow-up period was 
from January 1, 2000 to December 31, 2018. Patients aged 
<18 years and those from other countries were excluded be-
cause of the validity of the renal function evaluation method. 
We collected donor information and patient histories includ-
ing the results of blood examinations performed immediately 
before LDLT. For patients on renal replacement therapy, creati-
nine levels recorded immediately before initiation of treatment 
were used. Results of urinary examinations within 1 month 
before LDLT were collected. Due to the retrospective design of 
this study, the Ethics Committee (Nagasaki University Hospital 
IRB) waived the need for informed consent.

Surgical procedures and immunosuppression therapy

Surgical procedures and immunosuppression protocols were 
as previously described [10]. Briefly, a left-lobe graft with the 
middle hepatic vein was selected if the graft volume/standard 
liver volume ratio (GV/SLV) was >30%. A right-lobe graft was 
used as an alternative if the left lobe was not suitable for do-
nation. In ABO-incompatible LDLT cases, rituximab (375 mg/m2) 
was administered for induction 10–14 days before LDLT. 
Immunosuppression was achieved with tacrolimus, cyclospo-
rine, mycophenolate mofetil, and steroids. Steroids were grad-
ually tapered and discontinued within 3 months after LDLT.

Renal function

The definition of HRS was based on the revised classifica-
tion system of the International Ascites Club [11]. Chronic 
kidney disease (CKD) was defined as more than 3 months 
of continuous deterioration of renal function with an eGFR 
<60 mL/min/1.73 m2 [12]. Since the results of urine examina-
tions performed at other medical facilities were not available 
in all cases, we focused on the eGFR only. The Modification of 
Diet in Renal Disease equation adapted for Japanese patients 
was used [13]. The percent change in eGFR (%eGFR) was cal-
culated based on the eGFR reported before transplantation. 
Patients were expected to visit our hospital on a monthly or bi-
monthly basis after discharge, and their renal functions were 
evaluated based on blood examination results.
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Statistical analysis

Based on the study design, only data before or at transplanta-
tion were included. Categorical variables were expressed with 
numbers and percentages, and continuous values were ex-
pressed as means±standard deviations (SD); if data were not 
normally distributed, median values with interquartile ranges 
were calculated. The Wilcoxon rank-sum test was used to an-
alyze continuous variables, and the chi-square test was used 
to analyze categorical variables.

The primary endpoints were graft loss and death with a func-
tioning graft. For survival analyses, the Log-rank test was used, 
and a post hoc comparison was performed by the Bonferroni 
method for multiple comparisons. Survival and Cox multivar-
iate regression analyses were performed. The covariates for 
the Cox multivariate regression analysis were selected based 
on the clinical significance for transplanted liver prognosis and 
renal function. Three models for Cox hazard regression anal-
yses were developed: Model 1, adjusted for recipient age and 
sex, donor age, presence of pre-transplant diabetes and/or hy-
pertension, GV/SLV, and eGFR; Model 2 (focusing more on liver 
function), in which hepatitis C virus (HCV) and bilirubin were 
added to the variables from Model 1; and Model 3 (focusing 
more on factors associated with renal function), in which the 
presence of pre-transplant diuretics and/or urinary abnormal-
ities (urinary protein >1+, hematuria >1+ on qualitative tests) 
were added to the variables from Model 1. Statistical analyses 
were performed using the JMP 13 software (SAS Institute Inc, 
Cary, NC, USA). P-values <0.05 were considered to be statisti-
cally significant. Missing data were removed from the analy-
ses, and the remaining data were used.

Results

Patient background information

A total of 272 patients underwent liver transplantation. 
However, 28 patients were excluded because of young age, 
deceased donor (1 patient received liver and renal transplan-
tation simultaneously), or overseas status (1 patient was from 
overseas). Therefore, 244 patients were analyzed (age at trans-
plantation, 54.4±10.8 years; 141 men and 103 women; Figure 1).

The median observation period was 1689 days (interquartile 
range: 533–3346; Table 1). Of the 244 patients, 88 reached 
the endpoint and 192 maintained transplanted liver function 
for 1 year (Figure 1).

Patient history information is shown in Table 1. There were 
significant differences in donor age, pre-transplant hyperten-
sion, pre-existent CKD, HRS, pre-transplant albumin and cre-
atinine, and proteinuria between patients who survived and 
those who lost the grafts. Among patients who had an eGFR 
<60 mL/min/1.73 m2 (n=93, 38%) just before transplantation, 
only 57 (24% of total patients) were categorized as having CKD.

Renal function changes before and after liver 
transplantation

We compared patients whose renal function improved with 
patients whose renal function deteriorated among those with 
transplanted liver function that was maintained for more 
than 1 year (n=192) (1 patient on maintenance hemodialysis 
was excluded). Mean eGFR decreased before and 1 year after 
transplantation in these patients from 76.1 mL/min/1.73 m2 to 
65.0 mL/min/1.73 m2 (P<0.001), and the mean %eGFR change 
was –0.9 (Figure 2A, 2B). Renal function had improved 1 year 

Patient who underwent liver tranplantation
during the period (N=272)

Survivors at 1 year after
tranplantation (N=193)

                             Excluded (N=28)
· Age <18 years old (N=16)
· Deceased donor translation (N=11)
Including simultaneous liver kidney transplantation (N=1)
· Patient from other country (N=1)

Graft loss or death with functioning graft within 1 year (N=51)

Undergoing hemodialysis (N=1)

Included (N=244)

Improved eGFR (N=65)

Deteriorated eGFR (N=127)

Figure 1. Patient flow chart
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Total (N=244) Survived (N=156) Graft loss (N=88) P value

Observational period (days)  1689 (533–3346)  2451 (1328–4063)  286 (42–1225)

Recipient age (years)  54.4 (10.8)  53.2 (11.9)  56.6 (8.3) 0.07

Recipient sex, Male (%) 57.8% 55.1% 62.5% 0.26

Recipient height (cm)  162 (9.4)  162 (9.5)  161 (9.3) 0.44

Recipient weight (kg)  63.3 (13.1)  64.0 (13.8)  62.0 (12.0) 0.35

Donor age (years)  39.9 (12.8)  37.4 (12.5)  44.4 (12.2) <0.001

Donor sex, Male (%) 57.3% 59.0% 54.5% 0.50

MELD score  18.6 (8.3)  17.9 (7.7)  19.9 (9.4) 0.18

Cirrhosis due to hepatitis B virus (%) 16.0% 17.3% 13.6% 0.45

Cirrhosis due to hepatitis C virus (%) 38.1% 34.0% 45.5% 0.08

Cirrhosis due to alcohol (%) 14.8% 16.0% 12.5% 0.45

Hepatocellular carcinoma 41.8% 40.3% 44.3% 0.55

Diabetes 25.0% 21.1% 31.8% 0.06

Hypertension 18.9% 14.1% 27.2% 0.01

Chronic kidney disease 23.7% 18.8% 32.2% 0.02

Ascites (+) 53.2% 50.0% 59.1% 0.17

Type 1 Hepatorenal syndrome 2.0% 0.6% 4.6% 0.04

Type 2 Hepatorenal syndrome 6.6% 3.8% 11.3% 0.02

Use of diuretics 63.9% 64.7% 62.5% 0.73

Loop diuretics 57.8% 59.6% 54.5% 0.44

Anti-aldosterone diuretics 51.6% 54.5% 46.6% 0.24

Tolvaptan 11.0% 10.9% 11.3% 0.91

Thiazide 5.4% 5.8% 1.1% 0.08

Hemoglobin (g/dL)  10.4 (2.2)  10.5 (2.3)  10.3 (2.2) 0.55

Platelets (×103) (/µL)  80.8 (56.3)  77.2 (53.9)  87.1 (60.1) 0.13

Prothrombin time (%)  52.1 (18.6)  51.4 (17.6)  53.2 (20.2) 0.59

Total bilirubin (mg/dL)  7.7 (9.3)  7.4 (9.3)  8.2 (9.4) 0.92

Aspartate aminotransferase (IU/L)  100 (151)  95 (159)  108 (135) 0.42

Alanine aminotransferase (IU/L)  90 (184)  87 (187)  94 (179) 0.82

Albumin (g/dL)  2.94 (0.58)  2.89 (0.58)  3.04 (0.58) 0.046

Creatinine (mg/dL)  1.11 (1.21)  0.89 (0.62)  1.52 (1.78) <0.001

eGFR(mL/min/1.73 m2)  72.6 (33.3)  77.4 (31.6)  64.0 (34.7) 0.01

Urinary abnormalities 24.9% 21.5% 31.1% 0.11

Proteinuria >1+ 9.5% 6.3% 15.6% 0.02

Hematuria >1+ 21.0% 18.2% 26.3% 0.17

Intra-operative hemorrhage (mL)  9801 (11674)  8620 (7953)  11894 (16157) 0.35

Graft volume/standard liver volume (%)  48.6 (12.6)  49.4 (13.4)  47.3 (11.1) 0.50

Calcineurin inhibitors (%) 79.7% 91.7% 57.6% <0.001

Mycophenolate mofetil (%) 54.8% 61.5% 42.3% 0.11

Table 1. Demographic data of liver transplantation recipients according to graft survival.

Data are represented as medians (interquartile ranges), percentages (%), or means (standard deviations) and collected pre- or at 
transplantation. MELD – model for end-stage liver disease.
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Figure 2.  (A) estimated glomerular filtration rate (eGFR) change before and 1 year after living donor liver transplantation. (B) Percent 
change in GFR (%eGFR) (before and 1 year after transplantation): total patients with or without diuretics, and patients with 
or without urinary abnormalities. The proportions of each group are shown at the bottom of the figure. ** P<0.01.

 Improved (N=65) Deteriorated (N = 127) P value

Recipient age (years)  53.8 (11.4)  53.7 (11.8) 0.92

Recipient sex, male (%) 47.7% 61.4% 0.09

Donor age (years)  37.5 (12.5)  39.0 (12.9) 0.51

MELD score  19.0 (8.1)  17.4 (7.3) 0.24

Cirrhosis due to hepatitis B virus (%) 13.9% 19.7% 0.32

Cirrhosis due to hepatitis C virus (%) 38.5% 34.7% 0.60

Hepatocellular carcinoma 35.3% 46.5% 0.14

Diabetes 24.6% 21.3% 0.60

Hypertension 15.4% 15.0% 0.94

Chronic kidney disease 42.9% 25.0% <0.001

Ascites (+) 58.5% 48.8% 0.20

Diuretics 75.4% 58.8% 0.006

Hemoglobin (g/dL)  9.8 (2.0)  10.8 (2.4) 0.01

Platelet (×103) (/µL)  62 (41–97)  62 (41–95) 0.32

Prothrombin time (%)  52.0 (19.9)  52.6 (17.3) 0.56

Total bilirubin (mg/dL)  3.4 (1.9–8.2)  3.4 (1.6–7.5) 0.78

Aspartate aminotransferase (IU/L)  58 (33–74)  57 (39-84) 0.44

Alanine aminotransferase (IU/L)  30 (20–62)  37 (26–62) 0.07

Albumin (g/dL)  2.87 (0.61)  2.99 (0.59) 0.10

Urinary abnormalities 30.5% 21.7% 0.20

Proteinuria >1+ 8.5% 9.2% 0.87

Hematuria >1+ 26.3% 17.7% 0.15

Table 2. Patient characteristics according to change in renal function.

Data are represented as medians (interquartile ranges), percentages (%) or means (standard deviations) and collected pre- or at 
transplantation. MELD – model for end-stage liver disease.
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after transplantation in 65 of the patients (about one-third) 
from 52.1±21.6 mL/min/1.73 m2 to 71.4±24.7 mL/min/1.73 m2; 
while deterioration was observed in the remaining 127 pa-
tients: mean eGFR decreased from 88.9±62.2 mL/min/1.73 m2 
to 62.2±18.5 mL/min/1.73 m2 (Table 2).

Patients taking diuretics (63%) had significantly increased 
%eGFR compared to those not taking diuretics (37%; P=0.003), 
but the %eGFR of patients with urinary abnormalities (25%) 
did not differ significantly compared to that of those without 
urinary abnormalities (75%; P=0.06; Figure 2B).

We then compared patient factors between patients who had 
increased eGFR and those who did not. Among several param-
eters, pre-transplant CKD, pre-transplant hemoglobin level, 
and use of diuretics were significantly different between the 
2 groups (Table 2).

Multivariate analyses of renal function before and 1 year 
after liver transplantation

We constructed multivariate regression models based on pa-
tients who maintained transplanted liver function for more than 
1 year. Patient age (P<0.001), body weight (P=0.02), use of di-
uretics (P=0.02), and pre-transplant hemoglobin level (P<0.001) 
were associated with pre-transplant renal function (Table 3).

With respect to renal function 1 year after liver transplanta-
tion, patient age (P<0.001), pre-transplant hemoglobin level 
(P=0.009), and pre-transplant albumin level (P=0.02) were as-
sociated with renal function (Table 3).

Survival analyses according to renal function

As seen in Figure 3, the prognosis of patients who had an eGFR 
<30 mL/min/1.73 m2 was significantly lower than that of those 
who had an eGFR >60 mL/min/1.73 m2 (P<0.001). There was no 
significant difference between an eGFR >60 mL/min/1.73 m2 
and an eGFR of 30–60 mL/min/1.73 m2.

Multivariate Cox regression analyses

We performed Cox regression analyses using the 3 models to 
elucidate the factors associated with liver prognosis. Model 1 
showed that donor age (per 10 years; hazard ratio (HR), 1.42; 
P<0.001) and lower eGFR (per 10 mL/min; HR, 0.90; P=0.01) 
were independent risk factors for poor prognosis. Model 2 
also showed that renal function and donor age were associ-
ated with liver prognosis. Model 3 was adjusted for factors 
associated with pre-transplant renal function and yielded the 
most significant association between eGFR and liver progno-
sis among the 3 models (HR, 0.86; P=0.003; Table 4).

Before transplant One year after transplant

Sb SE P value Sb SE P value

Recipient age (year) –0.409 0.20 <0.001 –0.492 0.15 <0.001

Recipient sex, if female –0.021 2.28 0.77 0.003 1.73 0.97

Recipient body weight (kg) –0.172 0.16 0.02 0.009 0.12 0.91

Cirrhosis due to HCV –0.029 2.13 0.66 –0.030 1.61 0.68

Diabetes 0.024 2.44 0.74 0.007 1.85 0.92

Hypertension –0.047 2.80 0.39 –0.004 2.12 0.95

Diuretics –0.157 2.19 0.02 0.016 1.66 0.83

Hemoglobin (g/dL) 0.337 0.98 <0.001 0.205 0.74 0.009

Albumin (g/dL) –0.119 3.44 0.07 –0.168 2.60 0.02

Proteinuria >1+ –0.029 3.44 0.67 –0.108 2.60 0.13

Hematuria >1+ –0.127 2.58 0.06 0.072 1.95 0.33

r2 0.39 0.29

Table 3. Multiple linear regression analysis models of eGFR immediately before and one year after transplantation.

Sb – standardized b; SE – standard error; HCV – hepatitis C virus. Multivariate analyses were performed to elucidate the factors 
associated with renal function before and 1 year after transplantation. Based on clinical importance and availability, the following 
variables were assessed: recipient age and sex; body weight; hepatitis C virus (HCV) status; use of diuretics; and presence of 
pretransplant diabetes, presence of hypertension, hemoglobin levels, albumin levels, proteinuria >1+, and hematuria >1+.
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Discussion

We elucidated the association between eGFR and graft surviv-
al after LDLT and evaluated renal function change after trans-
plantation. Notably, multiple Cox regression analyses showed 
that, after adjusting for diuretic use and urinary abnormalities, 
eGFR was more closely associated with liver graft prognosis.

Some patients with liver dysfunction can expect their renal 
function to improve after liver transplantation [14]. In the 
present study, about one-third of patients experienced an 
improvement in renal function 1 year after liver transplan-
tation, and these patients tended to take prescribed diuret-
ics. The commonly applied International Ascites Club defini-
tion of HRS uses serum creatinine cut-off levels of 2.5 mg/dL 
for type 1 HRS and 1.5 mg/dL for type 2 HRS [11]. The preva-
lence of HRS was approximately 10% in this study, similar to 
the results of a previous report [4]; however, more than half of 
the patients in the present study had ascites and were treat-
ed with diuretics, which worsened their renal function by de-
creasing renal blood flow.

Although this study focused on pre-transplant factors, the per-
ception of post-transplant acute kidney injury (AKI) and CKD 
are crucial since pre- and post-renal functions are associated 
with liver graft prognosis. One of the most important etiolo-
gies for AKI was sepsis, and patients who experienced post-
transplant AKI had poor prognosis [15]. The development of 
post-transplant CKD is one of the most important issues in liv-
er transplantation, and it may be caused by calcineurin inhib-
itors and complications such as infection [15]. Patients in our 
study whose renal function did not improve after transplan-
tation could have been affected by post-transplant factors.

A previous report suggested that the initial evaluation of re-
nal function for nonrenal solid organ transplantation should 
include the assessment of prior kidney function, measurement 
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Figure 3.  Survival curve of patients according to estimated 
glomerular filtration rate (eGFR): eGFR >60 
mL/min/1.73 m2; 30£ eGFR <60 mL/min/1.73 m2; eGFR 
<30 mL/min/1.73 m2 or on renal replacement therapy. 
*** P<0.001.

Model 1 Model 2 Model 3

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Recipient age, per 10 years 1.11 0.88–1.45 0.38 1.13 0.87–1.49 0.37 1.14 0.88–1.48 0.31

Recipient sex, Male vs. Female 0.98 0.60–1.59 0.92 0.98 0.61–1.61 0.95 0.96 0.60–1.56 0.87

Donor age, per 10 years 1.42 1.19–1.70 <0.001 1.43 1.20–1.71 <0.001 1.46 1.21–1.76 <0.001

Diabetes 1.54 0.91–2.58 0.11 1.50 0.88–2.53 0.13 1.50 0.88–2.52 0.13

Hypertension 1.52 0.86–2.52 0.15 1.46 0.84–2.48 0.17 1.50 0.84–2.63 0.17

Graft volume/standard liver volume 
per 10%

0.84 0.69–1.02 0.08 0.85 0.70–1.03 0.11 0.83 0.69–1.01 0.06

Estimated glomerular filtration rate, 
per 10 mL/min 

0.90 0.82–0.98 0.01 0.90 0.82–0.98 0.02 0.86 0.78–0.95 0.003

Hepatitis C virus infection 1.26 0.79–2.02 0.33

Total bilirubin, per 1 mg/dL 1.00 0.98–1.03 0.70

Use of diuretics 0.57 0.35–0.97 0.04

Urinary abnormalities* 0.90 0.49–1.59 0.73

Table 4. Multiple Cox regression analysis of liver transplant prognostic factors.

* Hematuria >1+ and/or proteinuria >1. CI – confidence interval; HR – hazard ratio.
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of current kidney function, urinalysis, and imaging studies of 
the kidneys [16]. Since eGFR based on serum creatinine lev-
els will be overestimated in patients with end-stage liver dis-
ease due to sarcopenia, some reports have proposed that using 
cystatin C for assessment would be more useful for predicting 
prognosis [8]. However, multiple measurements of cystatin C 
are not feasible in clinical practice.

In this study, we collected information on renal function with-
in 3 months before transplantation to distinguish between de-
terioration due to CKD and AKI. However, patients who met 
the CKD criteria also tended to have improved renal function 
after liver transplantation. Urinary abnormalities should also 
be evaluated in liver transplant patients as some patients 
may experience hepatic glomerulosclerosis [11], and loss of 
IgA clearance from the hepatic portal system may lead to sec-
ondary glomerulonephritis, the clinical characteristics of which 
are similar to those of IgA nephropathy [7]. Moreover, hepati-
tis B virus and HCV infection can lead to secondary glomeru-
lonephritis [6]. In addition, malignancies can affect renal func-
tion via proteinuria or other factors; thus, liver transplantation 
has been performed to treat hepatocellular carcinoma [17]. In 
this study, %eGFR in patients with urinary abnormalities be-
fore and after liver transplantation differed from that of those 
without urinary abnormalities, but the difference was not sta-
tistically significant (P=0.06; Figure 2B), and there was no sig-
nificant difference in the prevalence rates of urinary abnor-
malities between patients who experienced an improvement 
in eGFR and those who did not. Moreover, we did not find a 
significant association between hepatocellular carcinoma and 
renal function. Therefore, urinary abnormalities may have lit-
tle effect on changes in eGFR and liver prognosis (Tables 2, 4).

Although the mechanisms of the association between renal 
function and transplant liver prognosis remain unclear, there 
are some possible explanations. Deterioration of renal func-
tion would reflect arteriosclerosis in liver transplant patients. 
Arteriosclerosis can affect the vascular anastomoses during liver 
transplantation, and the prevalence of cardiovascular compli-
cations in patients with CKD is known to be higher than oth-
er complications, which may affect prognosis [18]. It is well 
known that immune system function is attenuated by uremic 
toxin; therefore, patients with renal impairment are likely to 
be at risk of infections such as sepsis and pneumonia [19]. 
Moreover, renal function is known to be associated with mal-
nutrition, inflammation, and arteriosclerosis, all of which may 
contribute to a poorer prognosis [20].

We focused on renal function in this study; however, several 
factors should be considered when assessing transplanted liv-
er function. For example, pre-transplant prothrombin time and 
lower pre-transplant platelet levels were associated with early 
graft dysfunction [21]. Donor factors are important for LDLT, 

and donor complications should be taken into account [22]. 
In this study, donor age was also strongly associated with liv-
er prognosis. Older donors may be acceptable in some circum-
stances [23], but there were significant differences in recipient 
survival between older and younger donors [24].

In our previous study, the outcomes of recipients from donors 
older than 50 years were inferior to those of recipients from 
younger donors [10]. The precise mechanisms of how donor age 
affects recipient prognosis should be investigated; it is likely, 
however, that age-related liver morphological change, endo-
thelial dysfunction, and a lower number of Kupffer cells may 
be related to delayed liver regeneration and increased risk of 
infection [10]. Considering the association between donor age 
and recipient prognosis, recipients with poor kidney function 
should not be matched with older donors so that the risk of 
poor prognosis is not increased.

There are several limitations of this study. First, as the study 
was designed to predict prognosis based on pre-transplant pa-
rameters, the post-transplant factors were not taken into con-
sideration, such as trough levels of calcineurin inhibitors and 
infections. Second, this study was conducted at a single center, 
with only Japanese patients. Moreover, the study period was 
long, and, therefore, the findings may not apply to different 
populations. Third, continuous urinalysis was not performed 
because a post-transplant urinary examination was not pos-
sible in all cases. Fourth, combinations of diuretics were pre-
scribed; for example, spironolactone and furosemide tended 
to be administered simultaneously. Therefore, the specific ef-
fects of different diuretics could not be evaluated. Fifth, the 
decision-making process regarding treatment for hepatorenal 
syndrome lacked consistency because almost all the patients 
were transferred from other facilities, and the condition for 
liver transplantation varied depending on the case.

This study also had several strengths. First, we limited the 
analysis to LDLTs to address the scarcity of studies in this 
area. The association between renal function and liver prog-
nosis in deceased donor liver transplantation has been well 
investigated [3], but few researchers have investigated the as-
sociation between renal function and liver prognosis in LDLT. 
Second, the average observation periods were longer than 
those in previous studies. Third, we analyzed factors that af-
fect kidney function, which could allow future assessments 
to more precisely adjust for the identified prerenal factors. 
Our results showed that, when adjusted for diuretics and uri-
nary abnormalities, eGFR had a larger effect on liver progno-
sis, suggesting that renal function itself affects liver prognosis.
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Conclusions

Pre-transplant renal function predicted transplanted liver func-
tion quite well. Renal function was affected by several factors 
and could be improved by liver transplantation. Therefore, renal 
function should be evaluated after adjusting for reversible fac-
tors associated with renal function, such as the use of diuretics.
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