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Long-term renal outcomes
comparison between patients with
chronic kidney disease and
hepatorenal syndrome after living
donor liver transplantation
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Chao-Long Chen1, Chee-Chien Yong1, Li-Man Lin2,
Chih-Chi Wang1 and Yi-Chia Chan1*
1Liver Transplantation Center, and Department of Surgery, Kaohsiung Chang Gung Memorial Hospital, and
Chang Gung University College of Medicine, Kaohsiung, Taiwan, 2Department of Early Childhood Care
and Education, Cheng Shiu University, Kaohsiung, Taiwan

Background and aims: Hepatorenal syndrome (HRS) is a disastrous renal
complication of advanced liver disease with a poor prognosis. Restoring normal
liver function through liver transplantation (LT) is a standardized treatment with
favorable short-term survival. However, the long-term renal outcomes in
patients with HRS receiving living donor LT (LDLT) are controversial. This study
aimed to investigate the prognostic impact of LDLT in patients with HRS.
Methods: We reviewed adult patients who underwent LDLT between July 2008
and September 2017. Recipients were classified into 1) HRS type 1 (HRS1,
N= 11), 2) HRS type 2 (HRS2, N= 19), 3) non-HRS recipients with pre-existing
chronic kidney disease (CKD, N= 43), and 4) matched normal renal function
(N= 67).
Results: Postoperative complications and 30-day surgical mortality were
comparable among the HRS1, HRS2, CKD, and normal renal function groups.
The 5-year survival rate was >90% and estimated glomerular filtration rate
(eGFR) transiently improved and peaked at 4 weeks post-transplantation in
patients with HRS. However, renal function deteriorated and resulted in CKD
stage≥ III in 72.7% of HRS1 and 78.9% of HRS2 patients (eGFR <60 ml/min/
1.73 m2). The incidence of developing CKD and end-stage renal disease (ESRD)
was similar between the HRS1, HRS2, and CKD groups, but significantly higher
than that in the normal renal function group (both P < 0.001). In multivariate
logistic regression, pre-LDLT eGFR <46.4 ml/min/1.73 m2 predicted the
development of post-LDLT CKD stage≥ III in patients with HRS (AUC= 0.807,
95% CI = 0.617–0.997, P= 0.011).
Conclusions: LDLT provides a significant survival benefit for patients with HRS.
However, the risk of CKD stage≥ III and ESRD among patients with HRS was
similar to that in pre-transplant CKD recipients. An early preventative renal-
sparing strategy in patients with HRS is recommended.
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TABLE 1 The definition of HRS and CKD.

Definition
Type 1 HRS
(HRS-AKI)

a) Increase in serum creatinine ≥0.3 mg/dl within 48 h or
b) Urinary output ≤0.5 ml/kg body weight ≥6 h or
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Introduction

Hepatorenal syndrome (HRS) is a functional renal failure

that occurs in patients with decompensated cirrhosis, acute-

on-chronic liver failure, or acute liver failure. Approximately

20%–40% of advanced cirrhotic patients with acute kidney

injury (AKI) develop HRS (1). According to the severity and

disease progression rate, the International Club of Ascites

(ICA) classifies HRS into types 1 and 2 (1). HRS indicates an

extremely poor prognosis in patients with advanced liver

disease (2). Liver transplantation (LT) is the definitive

treatment for HRS. In addition to restoring liver function

and eliminating portal hypertension, renal function also

improves after LT because of a reduction in kidney

vasoconstriction (2, 3). A systemic review reported that renal

dysfunction was reversible in 83% of patients with HRS, but

the mortality rate was still higher than that in patients without

HRS after LT (4).

Organ shortage and high mortality on the LT waiting list make

living donor LT (LDLT) an attractive alternative for patients with

HRS (5). Unlike deceased donor LT (DDLT), LDLT can provide

timely surgery if a suitable living liver donor is available.

However, LDLT is a complex, technically demanding procedure,

and a smaller liver volume may increase the risk of post-

transplant liver dysfunction and perioperative complications in

critically ill patients (6). Kenneth et al. demonstrated that

patients with HRS had poor post-LDLT renal function and worse

5-year survival than those of non-HRS patients (78% vs. 95%, P

= 0.001) (7). However, a recent cohort study showed that the

post-LT 5-year survival was similar between HRS and non-HRS

patients (54% vs. 63%, P = 0.351) (8).

The aforementioned literature discloses the controversial

renal function recovery and survival in patients with HRS after

LT. Patients with HRS have impaired pre-transplant renal

function that is similar to that in patients with chronic kidney

disease (CKD). However, unlike long-term renal dysfunction

in CKD, HRS is a relatively AKI that occurs in end-stage liver

disease. The overall and renal outcomes of patients with HRS

undergoing LDLT have not been studied comprehensively.

This study thus aimed to investigate the post-LDLT renal

function evolution and overall survival of patients with HRS

by comparing them to recipients with pre-transplant CKD or

normal renal function.

c) ≥ 50% increase in serum creatinine from baseline within 3

months

Type 2 HRS
(HRS-CKD)

a) eGFR <60 ml/min/1.73 m2 for ≥3 months in the absence of
other (structural) causes

b) < 50% increase in serum creatinine from baseline within 3
months

CKD a) Kidney damage for ≥3 months, as defined by structural or
functional abnormalities of the kidney, with or without
decreased eGFR or

b) eGFR <60 ml/min/1.73 m2 for ≥3 months, with or without
kidney damage.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HRS:

hepatorenal syndrome.
Patients and methods

Patient selection

We retrospectively reviewed the medical records of 924 adult

recipients of LDLT at Kaohsiung Chang Gung Memorial

Hospital between July 2008 and September 2017. The study

was approved by the institutional review board

(number:202200107B0).
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Definitions of clinical diagnoses

HRS was defined following the diagnostic criteria published by

the ICA: (1) cirrhosis and ascites; (2) diagnosis of AKI according to

the ICA criteria; (3) no response after two consecutive days of

diuretic withdrawal and plasma volume expansion with albumin;

(4) absence of shock; (5) no current or recent use of nephrotoxic

drugs; and (6) no macroscopic signs of structural kidney injury,

which is indicated by proteinuria, microhematuria, or abnormal

findings on renal ultrasonography (9). The initial criteria were

revised in 2007 and 2015 and subsequently updated in 2019 (1).

All patients with HRS included in this study fit the diagnostic

criteria described by the ICA; the definition of type-1 HRS is

now referred to as HRS-AKI and be defined based on serum

creatinine ≥0.3 mg/dl within 48 h or ≥50% from baseline value

according to ICA consensus document and/or urinary output

≤0.5 ml/kg body weight ≥6 h. Whereas type-2 HRS is now

known as HRS-CKD and be defined as eGFR <60 ml/min/

1.73 m2 for ≥3 months in the absence of other causes (2)..

(Table 1) According to the criteria, the patients were divided

into the HRS1 group (11 patients) and the HRS2 group (19

patients). In addition to the HRS1 and HRS2 groups, we

included two control groups: the CKD group (43 patients) which

consisted of patients diagnosed with CKD stage≥ III (determined

by the estimated glomerular infiltration rate (eGFR) using the

Modification of Diet in Renal Disease (MDRD) equation before

LDLT) (10) and the normal renal function group (67 patients)

which consisted of patients with normal pre-LDLT renal function

(determined using propensity score matching based on sex and

age). CKD stages≥ III were defined as eGFR <60 ml/min/1.73 m2

3 months or kidney damage 3months per the Kidney Disease

Outcomes Quality Initiative guidelines (11). To distinguish

between HRS2 and CKD need to rule out structural kidney injury,

proteinuria and microhematuria were routinely checked in our

patients. However, for patients with advanced cirrhosis or

hepatorenal syndrome, the risk of renal biopsy is relatively high.

For such reason, we did not obtain renal biopsy in our recipients.
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The differential diagnosis was mainly done by the timing of renal

deterioration (clinical course) and the duration of renal dysfunction.
Preoperative preparation

Patients with liver cirrhosis who were diagnosed with HRS and

developed more than one organ failure were admitted to the liver

intensive care unit before LDLT. The first aim was to evaluate

and treat the reversible etiology of renal injury such as

gastrointestinal bleeding, sepsis, and spontaneous bacterial

peritonitis (3). Additionally, exposure to nephrotoxic agents was

avoided. Examples of these include nonsteroidal anti-

inflammatory medications, antibiotics with renal toxicity, and

radiocontrast. In patients with HRS, vasoconstrictors (e.g.,

terlipressin) and albumin are used, and precise fluid management

is evaluated by continued central venous pressure and urine

output monitoring (7). Renal replacement therapy (RRT) is

indicated when pulmonary edema, severe hyperkalemia,

metabolic acidosis, and/or complications of uremia develop (2).

There was no RRT for HRS patients before LDLT in this study.

The preoperative eGFR was routinely measured within one week

before transplant, and the preoperative eGFR value was used as

the baseline eGFR for further comparison.
Liver transplantation

All LDLTs in this study were ABO-compatible, and partial liver

grafts were obtained from living relatives following the Organ

Transplant Act of Taiwan. All operations were approved by the

Institutional Ethics Committee. Both recipient and donor

surgeries followed the protocol used in our liver transplant

center, as described elsewhere (12). The graft-to-recipient weight

ratio (GRWR) threshold was > 0.8% and the graft-to-recipient

standard liver volume ratio was > 40% (12).
Post-transplant management

Post-LDLT management followed the protocol established in

our center (13). Briefly, basiliximab was administered 6 h after

portal vein reperfusion (day 0) and on postoperative day

4. Prostaglandin E1 and heparin were started once bleeding

tendency was at an acceptable point for 2 weeks. Prophylactic

antibiotics including antibacterial and antifungal agents are

routinely administered. Hyperimmune cytomegalovirus (CMV)

globulin was routinely administered once a week for 1 month to

prevent CMV infection. Hepatitis B immunoglobulin (HBIG)

and lamivudine were administered to prevent hepatitis B

recurrence or de novo hepatitis B infection. Nephrotoxic agents

such as aminoglycosides were avoided. The details of this process

are described later in this text (6, 14). The maintenance

immunosuppressive drugs were tacrolimus and mycophenolate

mofetil, mainly used in stable recipients (15). Given the

significant nephrotoxic effects of calcineurin inhibitors, renal-
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sparing regimens were used to preserve renal function in patients

with HRS (3). Tacrolimus administration was delayed until renal

function improved, as evidenced by adequate urine output (1 ml/

kg/hour) and decreased serum creatinine levels (14). A

mammalian target of rapamycin (mTOR) inhibitor was added or

replaced with tacrolimus in patients with impaired renal function

(16). Liver ultrasonography, blood biochemistry, including eGFR,

and immunosuppression serum levels were routinely followed up

every 2–3 months (6). Additionally, regular follow-up by the

nephrologist is essential for patients with significant CKD risk

factors, such as diabetes and hypertension (14, 17). The ESRD

was defined as eGFR <15 ml/min/1.73 m2 and the time of RRT

was determined by the nephrologist. The last follow-up in this

study ended in August 2022, and the minimum follow-up period

was 5 years.
Assessment of outcomes

Primary outcomes were eGFRs measured using the MDRD

equation (10) preoperatively and at 1 week, 1 month, 3 months,

6 months, 1 year, 2 years, and 5 years post-LT. Compared to

other formulae, the MDRD equation is a more precise and

accessible method for measuring renal function in LT recipients

(18). Secondary outcomes were the incidence of CKD (defined as

eGFR falling below 60 ml/min/1.73 m2 according to the KDIGO

guideline) at 5 years post-LDLT (11).
Statistical analysis

Data were collected and analyzed using IBM SPSS version 20

(IBM Corporation, Armonk, NY, United States). Categorical

variables between the groups were compared using the Chi-

square test. Numerical variables are expressed as medians with

interquartile ranges (IQR) and compared using the Kruskal-

Wallis test. The change in eGFR (mean ± 2 standard deviations)

was calculated using the generalized estimating equation.

Univariate and multivariate logistic regression analyses were used

to determine the risk factors for post-LT permanent CKD in

patients with HRS. Variables with P values less than 0.2 were

considered significant in the univariate analysis and were

included in the multivariate analysis. The preoperative cutoff

values of eGFR to determine the prognostic value of post-LT

CKD in patients with HRS were calculated using a receiver

operating characteristic curve. Kaplan-Meier survival curves and

log-rank tests were used to evaluate the 5-year survival. Statistical

significance was set at p < 0.05.
Results

Demographics

A total of 115 (82.1%) males and 25 (17.9%) females were

included in this study. The median age was 53–58 years in each
frontiersin.org
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group (Table 2). According to the diagnostic criteria (Table 1), 11

patients were classified into the HRS1 group, 19 into the HRS2

group, and 43 into the CKD group. Sixty-seven patients with

preoperative normal renal function were identified by propensity

score 1:1 matching method and then defined as the reference

group. None of the patients were lost to follow-up in this study.

The prevalence of underlying liver diseases was as follows:

hepatitis B (48.9%), hepatitis C (24.8%), alcoholic liver disease

(17.0%), and other etiologies (9.3%). There were significantly

fewer patients with HCC in HRS1 (n = 0, 0%) and HRS2 (n =

3, 15.8%) than in the CKD (n = 16, 37.2%) and reference

groups (n = 36, 53.7%) (P = 0.018 and 0.001, respectively).

There were no differences in age, sex, primary liver disease, or

pre-existing comorbidities, including hypertension and

diabetes, among the four groups (P > 0.05). However, the

severity of liver dysfunction, in terms of Child-Pugh score,
TABLE 2 Characteristics of the patients undergoing LDLT sub-grouped by pr

Study group

Reference group: eGFR≥
60 ml/min/1.732 (N = 67)

HRS1
(N = 11)

Age (years) 53 (35–68) 53 (45

Male sex, n (%) 56 (83.6%) 11 (10

BW (kg) 67.6 (58.2–75.2) 75.3 (63.

Child-Pugh score 8 (5–14) 12 (9

MELD score 12 (6–36) 36 (12

MELD score ≥30, n (%) 6 (9.0%) 7 (58

Primary liver disease, n (%)

Hepatitis B virus 37 (55.2%) 8 (66

Hepatitis C virus 19 (28.4%) 0 (0

Alcohol abuse 6 (9.0%) 3 (25

Others 5 (5.5%) 1 (8.3

HCC positive 36 (53.7%) 0 (0

Preoperative comorbidities, n (%)

Diabetes mellitus 14 (10.8%) 2 (16

Hypertension 5 (7.5%) 2 (16

Preoperative laboratory variables

Albumin (g/dl) 3.1 (2.8–3.4) 2.86 (2.

Total bilirubin (mg/dl) 2.0 (1.3–2.7) 29.7 (4.5

Creatinine (mg/dl) 0.68 ± 0.14 2.52 ±

eGFR (ml/min/1.73 m2) 112 (102–129) 24 (17

Perioperative variables

Ascites (ml) 0 (0–1500) 3,900 (255

Blood loss (ml) 2,300 (1200–4800) 7,000 (1400

GRWR 0.98 (0.86–1.14) 0.89 (0.8

Warm ischemia time (min) 47 (39–52) 50 (47

Cold ischemia time (min) 45 (33–59) 42 (33

Operation time (min) 630 (567–694) 567 (498

Post-op complication≥Gr. IIIb, n (%) 28 (41.7%) 6 (50

30-day surgical mortality, n (%) 0 (0%) 0 (0

Tacrolimus as initial CNI, n (%) 64 (95.5%) 12 (10

mTOR conversion, n (%) 26 (38.8%) 11 (91

Follow up (years) 9.9 (9.6–12) 7.5 (5.8

P-value are expressed as median (interquartile range) or number (percentage).

BW, body weight; CKD, chronic kidney disease; CNI, calcineurin inhibitor; eGFR, e

Hepatocellular carcinoma; HRS, hepatorenal syndrome; LDLT, living donor liver trans

rapamycin.
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MELD score, and serum total bilirubin level, was significantly

higher in the HRS1 and HRS2 groups than in the CKD and

reference groups (P < 0.05).

All three groups (HRS1, HRS2, and CKD) had significantly

lower eGFR and higher serum creatinine levels than those of the

reference group (Table 2). In addition, the HRS1 group had

worse renal function than the HRS2 group did. Nonetheless,

none of the patients with HRS required RRT before LDLT.

Interval time from onset of HRS1 to transplantation was showed

in Table 3.

The perioperative parameters, including cold/warm ischemia

time, GRWR, and intraoperative blood loss (7000 vs. 4,650 vs.

5,000 vs. 2300 ml; P = 0.891), did not show statistical differences

among the HRS1, HRS2, CKD, and reference groups. The ascites

amount at the time of LT showed significant differences among 4

groups (P < 0.01) but no statistical differences among the HRS1,
eoperative renal function.

P-value

HRS2
(N = 19)

CKD
eGFR < 60 ml/min/
1.732

(N = 43)

Overall

–63) 53 (42–63) 58 (33–66) 0.055

0%) 15 (78.9%) 33 (76.7%) 0.298

2–88.4) 69.4 (62–77.8) 65.9 (56.9–71.9) 0.084

–15) 11 (8–14) 9 (5–14) <0.001

–42) 22 (9–36) 17 (11–48) 0.001

.3%) 5 (26.3%) 7 (16.3%) <0.001

.7%) 8 (42.1%) 16 (37.2%) 0.152

%) 6 (31.6%) 10 (23.3%) 0.177

.0%) 5 (26.3%) 10 (23.3%) 0.113

%) 0 (0%) 7 (16.3%) 0.191

%) 3 (15.8%) 16 (37.2%) <0.001

.6%) 7 (36.8%) 15 (34.8%) 0.087

.6%) 8 (42.1%) 15 (34.8%) 0.001

5–3.5) 2.97 (2.7–3.3) 2.9 (2.7–3.2) 0.344

–38.2) 10.9 (1.2–26) 1.8 (1.0–10.2) 0.007

2.20 1.60 ± 0.90 2.10 ± 1.35 <0.001

–26) 46 (24–69) 38 (22–46) <0.001

0–7200) 5,200 (3900–13,350) 3,600 (350–9800) <0.001

–16,200) 4,650 (2700–9500) 5,000 (2150–8000) 0.003

7–1.08) 0.91 (0.80–1.15) 0.90 (0.82–1.08) 0.670

–56) 39 (32–46) 41 (37–49) 0.004

–47) 43 (33–56) 46 (31–61) 0.594

–584) 605 (563–650) 580 (545–660) 0.054

.0%) 5 (26.3%) 25 (58.1%) 0.083

%) 0 (0%) 0 (0%) 1.000

0.0%) 17 (89.4%) 41 (95.3%) 0.891

.6%) 15 (78.9%) 37 (86.0%) <0.001

–9.3) 9.0 (5.8–10.3) 8.6 (5.5–10.8) 0.189

stimated glomerular filtration rate; GRWR, graft to recipient weight ratio; HCC,

plantation; MELD, model for end stage liver disease; mTOR, mammalian target of
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TABLE 3 Interval time from onset of HRS1 to transplantation.

HRS1
Patient
list

Date of renal function
deterioration

Date of
LDLT

Interval
(days)

1 12-Dec-2008 14-Dec-2008 2

2 23-Mar-2011 27-Mar-2011 4

3 24-Feb-2014 04-Mar-2014 8

4 12-Mar-2014 15-Mar-2014 6

5 02-Jun-2014 12-Jun-2014 10

6 30-Jan-2015 01-Feb-2015 1

7 04-Mar-2016 05-Mar-2016 1

8 20-Sep-2012 27-Sep-2012 7

9 26-Aug-2014 28-Aug-2014 3

10 07-May-2016 17-May-2016 10

11 21-Jun-2016 28-Jun-2016 7

HRS, hepatorenal syndrome; LDLT, living donor liver transplantation.
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HRS2, CKD (P = 0.159) (Table 2). The risk of postoperative

Clavien-Dindo complications≥ grade IIIb (59% vs. 26.3% vs.

58.1% vs. 41.7%; P = 0.073) was similar in the HRS1, HRS2,

CKD, and reference groups. No 30-day postoperative mortalities

were observed.

More than 90% of the patients were administered tacrolimus. As

expected, mTOR was more frequently prescribed to patients with

renal insufficiency (91.6% for HRS1, 78.9% for HRS2, 86.0% for CKD,

and 38.8% for the reference group, P < 0.001; Table 2). The details

betweeneachgroupswerepresent inSupplementaryMaterialTableS1.
Renal function after LDLT

The eGFR of the reference group declined gradually 1 month

after LT and stabilized 1 year after LDLT (Table 4). We further

compared the eGFR between the HRS1, HRS2, and CKD groups.

One week after LT, the eGFR (58, 82, and 51 ml/min/1.73 m2,

respectively) markedly improved comparing to the preoperative

values in all three groups. One month after transplantation, the

eGFR in HRS1 continued to improve, whereas in HRS2 and

CKD, the eGFR declined (Table 4). However, at the third month

of transplantation, the eGFR (54, 62, and 41 ml/min/1.73 m2,
TABLE 4 Series of eGFR (ml/min/1.73 m2) after LDLT in four groups stratified

Study group

Reference:
eGFR≥ 60 ml/min/1.73 m2 (N = 67)

HRS1
(N = 11)

Pre-operation 112 (102–129) 24 (17–26

Post-LT 1 week 156 (118–223) 58 (21–79

Post-LT 1 month 110 (88–128) 68 (36–131

Post-LT 3 month 90 (81–106) 54 (32–101

Post-LT 6 month 88 (75–101) 55 (34–78

Post-LT 1 year 91 (74–105) 55 (39–73

Post-LT 2 years 91 (73–105) 56 (44–69

Post-LT 5 years 99 (77–110) 56 (41–70

Values are expressed as median (interquartile range).

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HRS, hepator
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respectively) deteriorated in all three groups. Between the 3rd

and 6th months after LT, the eGFR of HRS2 kept decreasing

whereas the eGFR of HRS1 and CKD groups maintained at

relatively levels. One year after transplantation, eGFR stabilized.

There was no significant difference in eGFR in the HRS1, HRS2,

and CKD groups at the first year post-LT (55, 47, and 39 ml/

min/1.73 m2, respectively; P = 0.098), second year (56, 49, and

41 ml/min/1.73 m2, respectively; P = 0.082), and fifth year (56, 52,

and 48 ml/min/1.73 m2, respectively; P = 0.149). The pre-LT and

early post-LT eGFR among the three groups were significantly

different (all P < 0.05), but became similar 1 year after LT (all P

> 0.05). Interestingly, despite HRS1 started with the worst

pretransplant eGFR among all the groups, the eGFR could be

maintained at around 55 ml/min/1.73 m2 from the 3rd month

after LT throughout the 5-year follow-up (Figure 1).

CKD stage≥ III developed in 8 (72.7%), 15 (78.9%), 39 (90.7%),

and 5 (7.5%) patients in the HRS1, HRS2, CKD, and reference groups

(respectively) after 5 years of LDLT (P = 0.001). Moreover, 12 (27.9%)

patients in the CKD group eventually progressed to the ESRD status,

while one (8.3%) patient in the HRS1 group, and two (10.5%) patients

in the HRS2 group required RRT (P = 0.248). Finally, one patient

(8.3%) in the HRS1 group and three patients (6.9%) in the CKD

group underwent kidney transplantation at the end of follow-up (P

= 0.293) (Table 5).
Cause of death and five-year survival

The 5-year survival rates after LDLT were 89.6%, 91.7% for HRS1,

94.7% for HRS2, and 81.4% for CKD group, respectively. There was

no significant difference between the groups (P = 0.399) (Figure 2).

Infection was the most common cause of mortality in the CKD

group (n = 5). HCC progression was the most common cause of

mortality in the reference group (n = 5) (Table 5).
Risk factors of permanent CKD in HRS
patients undergoing LDLT

In a univariate analysis (Table 6), the variables significantly

associated with CKD stage ≥ III after 5 years of LDLT included
by preoperative renal function.

P-value

HRS2
(N = 19)

CKD:
eGFR < 60 ml/min/1.732 (N = 43)

Overall

) 46 (24–69) 38 (22–46) <0.001

) 82 (57–97) 51 (33–66) <0.001

) 74 (55–89) 47 (32–65) <0.001

) 62 (45–77) 41 (31–53) <0.001

) 51 (37–70) 38 (28–48) <0.001

) 47 (39–73) 39 (28–59) <0.001

) 49 (38–66) 41 (23–58) <0.001

) 52 (39–58) 48 (24–56) <0.001

enal syndrome; LDLT, living donor liver transplantation.
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FIGURE 1

Serial change of eGFR in five years after LDLT. Values are expressed as median ± interquartile range. CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate; HRS, hepatorenal syndrome; LDLT, living donor liver transplantation.

TABLE 5 Post-LDLT 5th year renal outcome in four groups stratified by preoperative renal function.

Study group P-value

Reference: eGFR≥
60 ml/min/1.73 m2 (N = 67)

HRS1
(N = 11)

HRS2
(N = 19)

CKD:
eGFR < 60 ml/min/1.73 m2 (N = 43)

Overall

Post-op 5th year renal outcome

CKD stage≥ III, n (%) 5 (7.5%) 8 (72.7%) 15 (78.9%) 39 (90.7%) <0.001

ESRD: eGFR < 15 ml/min/1.73 m2

Hemodialysis, n (%) 0 (0%) 0 (0%) 2 (10.5%) 9 (23.1%) <0.001

Kidney transplantation, n (%) 0 (0%) 1 (8.3%) 0 (0.0%) 3 (6.9%) 0.158

5-year survival rate 89.6% 91.7% 94.7% 81.4% 0.587

Cause of death

Infection, n (%) 2 (28.6%) 0 (0%) 1 (100%) 5 (62.5%) 0.817

HCC, n (%) 5 (71.4%) 0 (0%) 0 (0%) 0 (0%) 0.125

Other, n (%) 0 (0%) 1 (100%)* 0 (0%) 3 (37.5%)@ 0.552

*cardiovascular event; @one of each cardiovascular event, veno-occlusive disease and unknown.

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HRS, hepatorenal syndrome; LDLT, living donor liver

transplantation.

Tseng et al. 10.3389/fsurg.2023.1116728
pre-LT eGFR (odds ratio [OR] = 0.96, 95% confidence interval [CI]

= 0.920–0.995, P = 0.028) and postoperative complications≥
Gr.IIIb (OR = 0.16, 95% CI = 0.025–0.999, P = 0.050). MELD

score, pre-LT creatinine, pre-LT eGFR, GRWR, post-LDLT

complication≥Gr. IIIb, and use of terlipressin were entered into

multivariate logistic regression. The significant variable in

the multivariate analysis was the pre-LT eGFR (OR = 0.96, 95%

CI = 0.920–0.995, P = 0.028). When the cutoff value of pre-LT

eGFR was set at <46.4 ml/min/1.73 m2 (AUC = 0.807, 95% CI =

0.617–0.997, P = 0.011), the sensitivity and specificity for

predicting CKD stage≥ III after 5 years of LDLT were 68.2% and

87.5%, respectively (Figure 3).
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Discussion

Preoperative renal dysfunction in LT recipients has been

associated with poor renal outcomes and overall survival (8).

Several retrospective studies have reported that kidney function

significantly improves after LT in patients with HRS, irrespective

of whether it is a DDLT or LDLT (19, 20). Our study included

30 patients with HRS who underwent LDLT and compared the

long-term renal outcomes and survival of these patients to that

of patients with preoperative CKD and normal renal function.

One of our findings was that renal function improved within one

month after LDLT but declined gradually in both HRS1, HRS2,
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FIGURE 2

Five-year survival according to preoperative renal function, categorized by HRS1, HRS2, CKD, and reference groups.

TABLE 6 Risk factors of post-LT permanent CKD for HRS patients undergoing LDLT.

Univariate Multivariate

OR 95% Cl P-value OR 95% Cl P-value
Age (years) 0.96 0.821–1.115 0.574

Male sex 0.91 0.080–10.210 0.935

BW (kg) 1.00 0.938–1.073 0.933

Child-Pugh score 1.22 0.764–1.932 0.411

MELD score 1.06 0.972–1.148 0.194

MELD score ≥30 7.00 0.734–66.801 0.091

HCC positive 0.70 0.055–8.966 0.784

Diabetes mellitus 3.27 0.334–31.914 0.309

Hypertension 0.78 0.144–4.212 0.771

Albumin (g/dl) 1.06 0.202–5.550 0.945

Total bilirubin (mg/dl) 1.00 0.954–1.052 0.935

Pre-LDLT Creatinine (mg/dl) 5.49 0.995–30.312 0.051

Pre-LDLT eGFR (ml/min/1.73 m2) 0.96 0.920–0.995 0.028 0.96 0.920–0.995 0.028

Terlipressin use 0.27 0.027–2.614 0.256

Pre-LDLT shock 0.70 0.055–8.966 0.784

Pre-LDLT HE 0.50 0.095–2.628 0.413

Pre-LDLT respiratory failrue 1.56 0.147–16.455 0.714

ACLF 2.41 0.456–12.720 0.301

Blood loss (ml) 1.00 1.000–1.000 0.345

GRWR 0.03 0.000–2.354 0.111

Post-op complication.≥Gr. IIIb 0.16 0.025–0.999 0.050

Tacrolimus 3.00 0.165–54.566 0.458

mTOR conversion 4.00 0.447–35.788 0.215

ACLF, acute-on-chronic liver failure; BW, body weight; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HCC, hepatocellular carcinoma; HE,

hepaticencephalopathy; HRS, hepatorenal syndrome; LDLT, living donor liver transplantation; MELD, model for end stage liver disease; mTOR, mammalian target of

rapamycin.
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FIGURE 3

Preoperative eGFR predict permanent CKD in LDLT recipients with HRS.
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and CKD patients. The eGFR can not become normal after 5-year

follow up, but the eGFR still much improved especially in HRS1

patients. Also, our results showed that permanent CKD stage≥
III developed in more than 70% of patients with HRS; ESRD

occurred in almost 10% of patients with HRS in the 5-year

follow-up. The renal outcomes in patients with HRS, defined as

CKD and ESRD, were similar to those in pre-LT CKD recipients.

In addition, pre-LT eGFR <46.4 ml/min/1.73 m2 was a prognostic

factor for permanent CKD in our study. Finally, patients with

HRS showed a non-inferior 5-year survival rate (>90%)

compared to patients with normal renal function and CKD.

A previous meta-analysis reported that an increased risk of

CKD frequently exists among LT recipients with reduced renal

function prior to transplant (17). A retrospective matched case-

control study showed that HRS2 was an independent predictor of

post-transplant CKD stage III at 3 months after transplantation

(21). Another retrospective study analyzed patients with HRS1

and showed that the incidence of developing CKD beyond stage

III at 12 months was highest in the advanced stages of HRS-AKI

(22). Hence, we investigated whether preoperative kidney

function, either acute or chronic renal failure, has an impact on

adverse renal events. Corresponding to other studies, our results

demonstrated that preoperative impaired renal function,

including HRS and CKD, contributes to a higher risk of

progressive post-LT renal dysfunction. Another interesting study
Frontiers in Surgery 08
by Thomas et al. reported that improvement in preoperative

renal function was not associated with better post-LT renal

outcomes or survival (8). Therefore, pre-transplant acute or

chronic kidney injury, even with post-LDLT transient

improvement, plays an important role in the long-term prognosis.

Complete recovery of renal function after LT in patients with

HRS is rare (22, 23). In a previous study, treatment with

terlipressin reduced the risk of CKD after LT in patients with

HRS-AKI (22, 24). However, Thomas et al. found that

stabilization of renal function following terlipressin

administration prior to LT did not result in better renal

outcomes in patients with HRS (8). In coherence with our

findings, terlipressin use was not a protective factor against long-

term CKD development in patients with HRS in the multivariate

logistic regression.

Calcineurin inhibitors (CNI) are widely used as the main

immunosuppressants in LT. The use of CNI in patients

undergoing LT is associated with a higher incidence of CKD

development (25). Therefore, several strategies have been

implemented to lower the risk for post-transplant CKD in

patients undergoing LT, including the early switch to mTOR (25,

26) and reduction of CNI dosage (27). In our current practice, in

patients with renal dysfunction risk factors, we reduced the CNI

dosage and administered an mTOR inhibitor early to prevent

renal function deterioration. Recent studies revealed that
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tacrolimus use did not increase the risk of CKD after LT in patients

with HRS-AKI (21, 22, 28). Therefore, the early introduction of

mTOR inhibitors as a renal-sparing strategy is still under

investigation.

ESRD in LT recipients is strongly correlated with poor quality

of life, elevated cardiovascular events, risk of liver graft dysfunction,

and higher mortality (13, 29). In our study, approximately 10% of

patients with HRS and 28% of patients with CKD progressed to

ESRD within 5 years after LT. Although no specific risk factor to

predict the occurrence of ESRD was identified in this study,

previous studies have reported that pre-LT eGFR lesser than

60 ml/min/1.73 m2 and diabetes were associated with progression

to ESRD after LT (18, 30). The lower the eGFR after LT, the

sooner the development of renal failure occurred (23). For LT

recipients with postoperative ESRD, renal transplantation is

recommended based on proven better outcomes compared to

those remaining on dialysis (31, 32).

A systematic review and meta-analysis showed that the all–cause

mortality at 1,3, and 5 years post-LT tended to be higher among

patients with HRS than among non-HRS patients. However, most

of the included studies were DDLT (4). Moreover, previous cohort

studies have reported that patients with HRS had worse survival

than non-HRS patients after LDLT (31, 33). Thomas et al.

demonstrated that poor renal function prior to LT was a strong

predictor of worse post-LT survival (8). Fangcong et al. revealed

that survival was worse in patients with pre-LT advanced-stage HRS

and post-LT RRT (22). In contrast, in this study, patients with HRS

who underwent LDLT had a satisfactory survival rate that was

comparable to that of the reference group.

This study had several limitations. First, it was a single-center

study, and our results require further validation in other centers.

Second, the eGFR was retrospectively calculated using the MDRD

equation; although adjusted for age and sex, it only represents some

determinants of renal function. Although the true GFR may be

overestimated in cirrhotic patients with reduced muscle mass, eGFR

determined by MDRD remains a convenient method for clinical

use (30). Third, HRS may occur in patients with preoperative CKD,

the so-called acute-on-chronic renal failure. However, no patients

with HRS were diagnosed with CKD before LT in this cohort, and

these patients may require more attention in future studies. Finally,

the small sample size might have caused inevitable biases in the

results; therefore, a large prospective study is required to confirm

these findings.
Conclusions

In our study, the renal function much improved after LDLT

especially in HRS type 1 patients. The significant survival rate

and improvement of renal function makes LDLT is a safe and

effective treatment option for HRS patients. However, long-term
Frontiers in Surgery 09
renal dysfunction remains problematic for these patients. Early

renal-sparing strategies to preventrenal function deterioration and

kidney transplants for patients progressing to ESRD are

recommended to achieve a better long-term quality of life.
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